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Executive Summary 
 
The subject of this report is an international approach or 'model' for nutrient risk 

assessment developed by a scientific technical Workshop held 2-6 May 2005 in Geneva, 

Switzerland.  Specifically, the model outlines the key considerations relevant to 

establishing upper levels of intake for nutrient substances and to characterizing such risk. 

The Workshop was convened jointly by the Food and Agriculture Organization of the 

United Nations (FAO) and the World Health Organization (WHO).       

 

The increased use of fortified foods, dietary/food supplements, specially formulated 

foods, and so called 'functional foods' has increased the intake of nutrient substances 

around the world.  In turn, there has been growing interest in an international basis for 

determining the levels of intake that may pose risk.  This report and the model for 

nutrient risk assessment that it presents provide a starting point for work to identify 

international science-based upper levels of intake for nutrient substances.  Although the 

model is internationally focused, it can also be useful to those at national or regional 

levels who must take into account the levels of nutrient substances within the overall diet 

in order to ensure a safe food supply.  Additionally, the model may assist in harmonizing 

efforts to conduct nutrient risk assessment and in facilitating trade. 

 

The purpose of this technical Workshop was to address the question of determining risk 

posed by high levels of intake of nutrients and related substances.  The Workshop did not 

address the risk presented by diets containing inadequate amounts of nutrient substances.  

Activities by FAO and WHO to convene this Workshop are not intended to detract from 

or replace concerns for risk resulting from nutrient deficiency states.   

 

Setting the stage 

Through their deliberations, the Workshop participants (the Group) examined the extent 

to which existing approaches to assess risk associated with non-nutrients could be 

relevant to the development of a model for nutrient risk assessment.  Classic (i.e. non-
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nutrient) assessment consists of four general tasks or steps:  (i) hazard identification, (ii) 

hazard characterization, (iii) exposure assessment, and (iv) risk characterization.  

'Problem formulation' precedes these steps and includes a dialogue among all interested 

parties, including risk assessors and risk managers.  As such, it provides the context and 

expectations for the assessment.  Overall, the Group found many aspects of classic risk 

assessment to be relevant to nutrient risk assessment.   

 

However, modifications to the classic non-nutrient risk assessment approach are needed 

for nutrient substances because, unlike non-nutrients, nutrient substances are biologically 

essential or have a demonstrated favourable impact on health at specified levels of intake.  

This consideration influences approaches used to adjust for uncertainty associated with 

the data used to estimate an upper level of intake and also necessitates that the 

homeostatic mechanisms specific to essential nutrient substances be taken into account.    

 

Reports on nutrient risk assessment from three authoritative national/regional bodies 

helped to inform the decisions the Group made in developing an international nutrient 

risk assessment model.  Several annexes to this report contain examples of useful 

comparisons among the national/regional reports and show a number of areas in which 

the approaches to nutrient risk assessment converge—and a number in which they differ.  

Additionally, because the goal of nutrient risk assessment is to meet certain scientific 

information needs of the nutrient risk manager, the Group considered the nature of those 

needs and highlighted the important role that risk characterization serves in effectively 

communicating the conclusions of the nutrient risk assessor to the nutrient risk manager. 

 

During its discussions, the Group concluded that a clear separation between hazard 

identification and hazard characterization as portrayed in the classic risk assessment 

model is not meaningful in the case of nutrient risk assessment because these processes 

are so closely inter-linked and iterative in nature.  Further, in setting the stage for a 

nutrient risk assessment model, the Group noted that hazard identification and 

characterization are globally relevant steps:  that is, the outcomes of these two steps are 

derived from data applicable to all (sub)populations.  Since data specific to the 
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(sub)population of interest are used for dietary intake assessment and, in turn, for risk 

characterization, these latter two steps in the process are population specific.  That is, 

they cannot be generalized to other (sub)populations that have a different food supply and 

different dietary patterns.  However, the methodologies used to conduct dietary intake 

assessments and to some extent risk characterization can be the same in principle.  Thus, 

the Group's interest for dietary intake assessment and risk characterization was in 

specifying methods to foster harmonization of the process.   

 

The Group used the following definitions for four key terms for the purposes of nutrient 

risk assessment:   

An adverse health effect is a change in morphology, physiology, growth, 

development, reproduction or life span of an organism, system, or (sub) 

population that results in an impairment of functional capacity, an impairment 

of the capacity to compensate for additional stress, or an increase in 

susceptibility to other influences.   

Hazard is the inherent property of a nutrient or related substance to cause adverse 

health effects depending upon the level of intake. 

Habitual intake is the long-term average daily intake of the nutrient substance.   

The upper level of intake (UL) is the maximum level of habitual intake from 

all sources of a nutrient or related substance judged to be unlikely to lead to 

adverse health effects in humans.   

 

Workshop participants indicated a preference for the term 'intake' rather than 'exposure' to 

refer to the ingestion of nutrient substances.  

 

The dual curve relationship for risk for nutrient substances was highlighted as a hallmark 

of the nature of the substance the model is intended to address.  In this respect, the Group 

considered the homeostatic mechanisms uniquely associated with nutrient substances and 

which operate at both low and high levels of intake to maintain the amount of nutrient 

substance in the body within an acceptable range.  Due to the differences in homeostatic 
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mechanisms among age/sex/lifestage subpopulations, the Group emphasized the value of 

specifying ULs on the basis of age, sex, and lifestage (e.g. pregnancy).   

 

Further, the Group addressed the nature of adverse health effects and biomarkers of effect 

associated with nutrient substances.  The increased use of valid causally associated 

biomarkers as surrogates for adverse health effects is highlighted as desirable for the 

purposes of nutrient risk assessment.  After identifying the sequence of observable effects 

in the causal pathway for adverse health effects—from initial non-specific biochemical 

changes to clear clinical outcomes—the Group concluded that, assuming the biomarker 

meets other relevant criteria including causal association, biochemical changes outside 

the homeostatic range can be relevant surrogates for adverse health effects associated 

with nutrient substances.   

 

The model 

Description 
Based on their Workshop discussions, the Group identified the model for nutrient risk 

assessment that is illustrated schematically in Figure ES-1.  The model links hazard 

identification and characterization, and it highlights the iterative aspects of the process by 

the use of a double-headed arrow.  Information from the dietary intake assessment is 

combined with the information from hazard identification and characterization to carry 

out risk characterization.  The entire process is preceded by a problem formulation step.  

Key activities for each component are on the right side of the figure. 
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Figure ES-1.  Model for Nutrient Risk Assessment (equivalent to Figure 7-1) 
 
 
 
_____________ Key Topic Areas ____________                _____________Key Activities ___________  
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
  
 

 

 

Nutrient hazard identification/characterization 

The linked hexagon symbols in Figure ES-1 represent hazard identification and 

characterization.  The data evaluation relevant to hazard identification and 

characterization is iterative:  it requires dialogue and refinement activities among the 

assessment participants.  The process begins with the identification of adverse health 

effects associated with the nutrient substance and makes use of human, animal, and in-

vitro data.   

 

Problem  formulation 

Hazard 
identification 

Dietary 
intake 

assessment

▪ Foster interactions between risk managers and risk assessors to ensure  
  common understanding of the problem and to refine problem formulation as 

needed.  

▪ Define data search strategy a priori.  
▪ Identify adverse health effects and related levels of intake. 
▪ Rate and summarize data objectively. 
▪ Determine basis for selection of the critical adverse health effect. 
▪ Clarify intake–response relationship to identify benchmark intake (BI),  
  no observed adverse effect level (NOAEL), or lowest observed adverse  
  effect level (LOAEL). 
▪ Adjust the BI, NOAEL, or LOAEL for uncertainty; and establish upper  
  level of intake (UL). 
▪ As necessary, adjust UL derived for a studied subpopulation to derive Uls 
 for unstudied age/sex/lifestage subpopulations. 

▪ Specify need for total dietary intake or targeted dietary intake data. 
▪ Specify need for habitual intake or acute intake data. 
▪ Modify or add to available composition data as needed. 
▪ Take into account strengths and limitations of available consumption 
  data. 
▪ Determine method to estimate intake of nutrient substance. 
▪ Make statistical adjustments to estimated intakes as appropriate. 
▪ Provide caveats for estimates based on uncertainties, and describe the  
 impact of uncertainties.

▪ Integrate hazard characterization and dietary intake assessment. 
▪ Identify types of information needed by managers and the presentation format.  
▪ Include relevant descriptions of:  the nature of the critical adverse health effect 

and other effects as appropriate, severity and reversibility of effects, and nature 
of threshold levels and dose–response relationship. 

▪ Describe the impact of uncertainty on conclusions. 

 
Hazard 

characterization 

 
Risk 

characterization 
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The rating of study quality and the use of tables to summarize the data and the ratings 

were deemed highly useful and relevant to transparency.  For these purposes, certain 

aspects of evidence-based systematic reviews were viewed as providing valuable 

techniques that enhance documentation and thereby transparency.  Such techniques 

include a priori definitions for data searches, the use of summary tables, and ratings for 

individual studies.  However, as currently practiced, other aspects of evidence-based 

systematic review, notably the kinds of questions it works to address, were generally 

viewed as not appropriately suited to nutrient risk assessment. 

 
A pivotal point in the assessment process is the selection of the critical adverse health 

effect.  This is the effect upon which the UL is based—or, more specifically, the effects 

upon which a set of ULs for the various age/sex/lifestage subpopulations is  based.  

Notably, the UL is one of the key outcomes of hazard identification and characterization.  

The process for selecting of the critical adverse health effect focuses on identifying the 

effect associated with a level of intake most likely to provide public health protection.  In 

practice, this usually is the adverse health effect that occurs at the lowest level of intake 

within the (sub)population of interest—or at the lowest experimental dose if only animal 

data are available.  For a given nutrient substance, different critical adverse health effects 

may be selected for the different age/sex/lifestage subpopulations because metabolic and 

physiological differences among these subpopulations mean that adverse health effects 

may manifest differently.  Issues related to the physiological severity of the adverse 

health effect are considered separately rather than as a component of selecting the critical 

adverse health effect.   

 

Derivation of the UL then moves to assessing the intake–response relationship for the 

critical adverse health effect.  Depending on the type of intake–response data available, 

the nutrient risk assessor determines a no observed adverse effect level or, alternatively, a 

lowest observed adverse effect level.  In rare circumstances the data may be sufficient to 

derive a benchmark intake, which is the preferred estimate.  Following this, the important 

step of accounting for uncertainties must occur; this step requires careful and detailed 

scientific judgement on the part of the nutrient risk assessor.  If available data allow, a 
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quantitative adjustment for uncertainties may be applied to the value derived from the 

intake–response assessment.  Generally, however, adjustments for uncertainty must make 

use of uncertainty factors.  It is preferable to develop a single composite uncertainty 

factor rather than to apply numerous separate uncertainty factors.  In any case, these 

uncertainty considerations must be checked against the level of recommended intake 

relative to biological essentiality or the levels of intake associated with the demonstrated 

impact on health.     

 
After uncertainties are taken into account, the resulting value is the UL for the specified 

subpopulation.  When data are insufficient for setting a UL for one or more 

age/sex/lifestage subpopulations (as often is the case), the risk assessor fills the gap by 

adjusting a UL that has been established for another subpopulation.  It is desirable to 

make these adjustments based on understandings of the physiological differences 

between the groups.  Lacking such information, however, an alternative is the use of 

scaling based on [body weight]0.75.  This type of scaling adjusts the UL on the basis of 

energy requirements.        

Dietary intake assessment 

The triangle symbol in Figure ES-1 represents the dietary intake assessment step.  In the 

interests of providing useful and globally applicable methodologies for dietary intake 

assessment, this report first discusses techniques for updating, augmenting, or adjusting 

existing composition data.  The application of these techniques can improve the quality 

and relevance of the data and help harmonize the approach to dietary intake assessment.   

 

If available, intake data obtained from individuals is the most useful type of data for 

dietary intake assessment because it allows the estimation of an intake distribution.  The 

Group recognized, however, that such data are rare in most regions of the world.  Thus, 

the report outlines approaches that allow the use of aggregated data.  The derivation of an 

intake distribution may be accomplished even with limited aggregated data by using 

special statistical methods to estimate and refine a distribution curve for the 

(sub)population of interest.  Special considerations were given to strategies for combining 

data from different sources in order to estimate intakes.   
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Nutrient risk characterization 

The cylinder symbol in Figure ES-1 represents risk characterization.  During this final 

stage of nutrient risk assessment, the outcomes of hazard characterization are combined 

with the dietary intake assessment in order to describe the overall nature of the risk and 

its magnitude.  Nutrient risk characterization is described as a critical 'hand off' to risk 

managers.  As such, it should be designed to meet the needs of risk managers and 

facilitate their decision-making processes.  Reviewing the problem formulation, which 

should have preceded the nutrient risk assessment, can be very useful in determining how 

nutrient risk characterization can meet the risk manager’s specific needs. 

Overarching aspects of the model 

Because the nutrient risk assessment process is based on the available data (which 

typically are limited and do not include the results of well-designed studies intended to 

determine the risk of nutrient substance intake), the Group noted certain overarching 

aspects of the model and its use.   

1. Scientific judgement is a key aspect of nutrient risk assessment, but the basis for 

decisions should be well documented to enhance the transparency of the decision-

making process. 

2. Because of the reality that available data are limited, the model is designed to 

carefully take into account data uncertainties. As a result, it is unlikely that users 

of ULs need to devise additional corrections.    

3. Because the nutrient risk manager typically needs a UL even in the face of limited 

data, efforts should be made to establish ULs if at all possible.  Of course, the 

nutrient risk assessor clarifies the degree of uncertainty surrounding the value of 

the UL, which in turn enables the nutrient risk manager to take this factor into 

account in his or her decision making.   

4. The absence of evidence of an adverse health effect is not equivalent to evidence 

of the absence of an adverse health effect.  This means that it is inappropriate to 

make conclusions about the risk or lack of risk associated with nutrient substances 

based solely on studies designed for purposes other than studying risk.  
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Applicability of the model 

The Group determined that the model is generally applicable to the range of nutrient 

substances; that is, to substances that are inherent constituents of food and are 

biologically essential or have a demonstrated health impact.  Substances that are essential 

have been reasonably well identified, and they are associated with established 

recommended intakes.  Substances that have a favourable impact on health reflect an 

emerging area of interest; much work is needed in order to clarify their role and 

metabolic functions as well as to determine the levels of intake associated with a 

favourable impact on health. 

 

The Group identified situations in which the applicability of the model may be limited.  

Because the model is based on the identification of the point along the continuum of 

increasing intake at which risk may occur, the model is of limited value for nutrient 

substances with no known adverse health effects.  In these cases, the Group 

recommended the use of a highest observed intake level as a strategy.  Also, specific 

investigations are needed regarding the use of the model for substances identified as 

having no known intake level below which risk does not occur.  A related challenge is 

presented by nutrient substances for which a recommended level of intake appears to 

overlap the level associated with risk.  Several useful strategies are discussed, but the 

Group acknowledged the need for further study to address these concerns.     

 
The model was considered applicable to (sub)populations in the world that are 

inadequately nourished and/or likely to be experiencing infectious diseases that change 

their metabolic states.  Given their special metabolic states, it was considered likely that 

separate ULs are needed for such (sub)populations. However, the lack of data about the 

nature of these metabolic states currently limits the ability to use the model to develop 

these types of ULs.  When more data become available, the model can be applied to 

address the nutrient risk assessment needs associated with these (sub)populations.    
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Future needs 

The process of developing the model and recognition of the nature of data concerning 

nutrient risks alerted the Group to various data gaps and to the need for additional 

targeted discussions in the future.  Next steps also were discussed.  The Group compiled 

a list of such gaps and needs to guide future work.  The listing is not comprehensive but 

was viewed by the Group to include relevant tasks that will result in improved estimates 

of risk associated with high levels of intake of nutrient substances.      
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1.  Introduction 
 
The subject of this report is the development of a science-based international approach to 
nutrient risk assessment by a working group of scientific experts assembled by the World 
Health Organization (WHO) and the Food and Agriculture Organization (FAO).  In 
particular, the working group addressed nutrient risk assessment as it relates to 
establishing upper levels of intake for nutrients and related substances.  In this report the 
substances of interest—nutrients and related substances—generally are referred to as 
'nutrient substances' or occasionally as 'nutrient(s)' (as in 'nutrient risk assessment').  
Others may refer to such substances as 'nutrients and other substances with a nutritional 
or physiological effect' or as 'nutrients or substances with demonstrated public health 
relevance.'  For this report, they are regarded as inherent constituents of food that are 
either biologically essential or have a demonstrated favourable impact on health.  They 
do not encompass food additives or substances such as food contaminants, pesticides, 
microbiological pathogens, or other food-borne hazards.  However, no effort was made to 
delineate specific substances as nutrient substances. 
 

The compelling interest for addressing nutrient risk assessment at this time is that nutrient 
substances are notably different from substances that have neither biological essentiality 
nor the ability to impact health favourably.  In classic risk assessment for non-nutrients, it 
is assumed that (i) exposures occur to substances with no desirable or essential 
physiological roles, (ii) homeostatic mechanisms for the specific substance do not exist or 
detoxification pathways are not likely to be chemical-specific, and (iii) risk does not 
occur when levels of intake decrease.  A model that takes into account these differences 
was the focus of this workshop. 
 
Section 1 of the report covers the importance and uses of nutrient risk assessment and the 
growth of interest in this topic, a description of a workshop conducted to develop the 
harmonized approach, and the charge to the workshop.  Section 2 provides background 
information, and Section 3 covers terminology and other special considerations of 
nutrient risk assessment.  Sections 4 through 6 take the reader through the steps of the 
nutrient risk assessment process developed by the workshop participants, and Section 7 
presents the model for nutrient risk assessment that was developed by the working group.  
Section 8 discusses the model's applicability to the range of nutrient substances, Section 9 
considers special populations that are inadequately nourished, and Section 10 highlights 
data gaps and future needs.   
 
The workshop participants included nutrition and toxicology experts as well as those 
from related fields such as statistics and food science.  The target audience for the report 
includes those tasked with establishing internationally-applicable upper levels of intake; 
the model as developed addresses the key considerations related to such work.  However, 
the report may be useful to others as well, as described below, and over time it may assist 
with harmonizing efforts to conduct nutrient risk assessment and with facilitating trade.  
 



 
  

   2
 

1.1  Reasons for the Workshop 
There is growing international interest in the use of nutrient risk assessment to identify 
upper levels of intake for nutrients and related substances.  Some nutrient substances can 
produce adverse health effects if intake exceeds a certain amount.  In turn, the increased 
consumption of fortified foods, dietary/food supplements, specially formulated foods, and 
so called 'functional foods' has spurred concerns about excessive intake.   
 
Nutrient risk assessment is relevant to these concerns.  It offers a science-based approach 
to identify and characterize the potential for a nutrient substance to cause an adverse 
health effect in a (sub)population.  Therefore, nutrient risk assessment is germane to the 
protection of public health and to the practice of setting science-based international 
standards for foods, supplements, and other related products. Although risk assessment 
models for additives, contaminants, and other non-nutrient substances in foods have been 
well established (see Section 2.2), the nutrient risk assessment process is still evolving.  
Its development can draw on the existing approach for non-nutrients, but the model 
cannot be applied directly to nutrient substances without modification.  Moreover, while 
several national/regional bodies have carried out work on nutrient risk assessment, an 
internationally-applicable model has not been identified. 
 

Beyond the general need for an international model to address nutrient risk assessment, 
other interests compel this work.  These interests stem from activities related to the 
Codex Alimentarius Commission and the WHO International Programme on Chemical 
Safety (IPCS).   
 
First, the draft document entitled Codex Requests to FAO and WHO on Scientific Advice1 
includes a request for FAO/WHO to provide scientific advice concerning upper levels of 
intake for vitamins and minerals.  Furthermore, a FAO report2 to the 24th Session of 
Codex Committee on Nutrition and Foods for Special Dietary Uses specified FAO 
progress towards a risk-based approach for establishing upper 'limits' for nutrients and the 
intent to outline general principles related to upper levels and the safety of vitamins and 
minerals. While the nature of the FAO/WHO request for scientific advice is a set of 
specific upper levels of intake for nutrient substances, the task cannot be undertaken 
without first identifying an internationally-applicable science-based model for nutrient 
risk assessment. 
 

Second, the development of such a model needs to be responsive to the interests of the 
international harmonization of methods for risk assessment.  WHO/IPCS and other 
organizations have recognized the importance of the harmonization of risk assessment 
procedures to (i) enhance the quality of risk assessments, (ii) achieve greater consistency 
when evaluating the risks from different sources of exposure, (iii) improve the 
                                                 
1 Codex Alimentarius Commission, Codex Requests to FAO and WHO on Scientific Advice (draft) (2004), 
unpublished; see ALINORM 04/27/4 (http://www.codexalimentarius.net, accessed 1 May 2005). 
2FAO report to the 24th session of Codex Committee on Nutrition and Foods for Special Dietary Uses 
CX/NFSDU 02/9, unpublished; see ALINORM 3/26A at para 119 (http://www.codexalimentarius.net, 
accessed 1 May 2005). 
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transparency of the risk assessment process, and (iv) facilitate risk communication.  In 
response to the Intergovernmental Forum on Chemical Safety Priorities for Action 
Resolution (IFCS, 1994) adopted at Forum I in 1994, IPCS undertook a project to 
harmonize approaches to the assessment of risk from exposure to chemicals. The goal of 
that IPCS project was to globally harmonize approaches to risk assessment through 
increased understanding—focusing on specific issues and striving for agreement on basic 
principles.  Successful harmonization efforts will result in the efficient use of resources 
and in consistency among assessments.  In addition, an international nutrient risk 
assessment model could benefit member countries that lack resources to carry out their 
own analyses.   
 
In response to these interests, FAO/WHO convened a technical workshop in May 2005. 
This report reflects the deliberations of the workshop—formally called the Joint 
FAO/WHO Technical Workshop on Nutrient Risk Assessment: A Model for Establishing 
Upper Levels of Intake for Nutrients and Related Substances (hereafter called the 
Workshop).  The conduct of the Workshop is described in Section 1.2 below. The 
Workshop was not intended to establish upper levels of intake for nutrient substances.  
Instead, within the context of existing approaches for risk assessment, the Workshop was 
to specify the nature of an international model for that purpose and to provide 
clarification of the specified nutrient risk assessment process.  The discussions focused 
on key considerations for decision-making, the specification of factors that are especially 
important for nutrient substances, and the identification of data and research gaps at the 
international level.    
 

The Workshop participants (usually called the Group in this report) were asked to 
develop a model that would be applicable across the range of nutrient substances.  Much 
of the available data on nutrient risk assessment relates to vitamins and minerals.  
However, there are nutrient substances beyond vitamins and minerals for which risk 
assessment needs have been identified.  Certain types of dietary fibres, amino acids, fatty 
acids, and dietary antioxidants all have been suggested as subjects for nutrient risk 
assessment.  Principles related to risk assessment for vitamins and minerals should have 
applicability to risk assessment of other nutrient substances.   
 
The Workshop report can assist FAO and WHO in developing scientific advice about 
upper levels of intake of nutrient substances, and it could have application in a variety of 
other venues.  The report may assist nutrient risk assessors overall by describing a 
process for identifying upper levels of intake and characterizing risk.  Likewise, this 
report can benefit nutrient risk managers and those with related responsibilities and 
interests who need science-based information from nutrient risk assessment for public 
health decision-making.  By providing a set of principles and criteria useful in guiding 
national/regional risk assessors in conducting nutrient risk assessment, international 
harmonization can be encouraged.  Moreover, the availability of such guiding principles 
could provide a scientific basis for discussing disagreements, if and when they occur, as 
to conclusions reached about the risk of particular nutrient substances. 
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The decision by FAO and WHO to undertake this work in no way detracts from or 
replaces concerns for risk resulting from nutrient deficiency states.   
 

1.2  Organization of the Workshop 

1.2.1  Preparation  
The FAO and WHO decision to begin work to address nutrient risk assessment was 
announced via the organizations’ websites in September 2004.  The notice specified the 
plan to develop a background document and to solicit public input on key issues.  
FAO/WHO provided a background paper in November 2004 that outlined key issues and 
the scientific challenges related to nutrient risk assessment.  The paper requested 
comment on a series of questions.  The paper was posted on the organizations’ websites, 
and relevant electronic listservs and newsletters available to the organizations were used 
to make its availability known.  All interested parties and members of the public were 
invited to submit responses electronically.  The comments received were posted on the 
website so that all interested parties could view the submissions.  In addition, a Call for 
Information was conducted.   
 
These preparation activities closed in January 2005.  The background paper and the 
comments received can be found on the website:   http://www.who.int/ipcs/en/. 
 

1.2.2  Identification of scientific experts 
Requests were made for nominations, including self-nominations, of qualified scientists 
for participation in the Workshop.  The qualifications for experts were outlined in the 
Call for Experts issued by FAO and WHO via their websites and relevant listservs and 
newsletters.  These qualifications included training as well as professional experience at 
the national and/or international level in the areas of nutrition, toxicology, dietary 
exposure, statistics, food technology, biochemistry, pharmacology, and/or other closely 
related disciplines.  The selection of Workshop participants was conducted collectively 
by FAO/WHO.  The process took into account appropriate interdisciplinary balance of 
expertise, equitable geographical representation, and a reasonable balance of males and 
females.  All experts completed a Declarations of Interests statement.  Persons who made 
applications in response to the Call for Experts were notified of their selection/non-
selection in February 2005.  The Call for Experts can be found on the website:  
http://www.who.int/ipcs/en/. 
 

In total, 18 scientific experts were identified to take part in the Workshop scheduled for 
2–6 May 2005 at WHO headquarters in Geneva, Switzerland.  The names and affiliations 
of participants are in Annex 1.    

1.2.3  Conduct of the Workshop 
At the time the identified experts agreed to serve as workshop participants, they were 
provided with the background paper, the comments from interested parties and other 
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information received by FAO/WHO, and the specific FAO/WHO charge to the 
Workshop.  Two telephone conference calls were held with participants, during which 
they identified the need for four discussion papers.  Four workshop participants were 
tasked with the development of the discussion papers.  These papers are included in 
Annexes 2–5 of this report.  The discussion papers were completed and distributed four 
weeks prior to the meeting of the Workshop.  Two more telephone conference calls were 
held prior to the Workshop to identify key issues and topics for discussion during the 
Workshop. 
 

Concurrent to the writing of the discussion papers, FAO/WHO developed a context paper 
for the workshop participants.  The paper contained relevant background information and 
specific questions germane to the general charge (see Section 1.3 below).  The context 
paper can be found on the website:  http://www.who.int/ipcs/en/.  Four weeks before the 
Workshop took place, the context paper was posted on the website and available for 
public viewing along with a draft Workshop agenda.     
 
Plenary as well as small working group discussions took place during the five days of the 
meeting.  Participants worked collaboratively to develop the Workshop report.     
 

1.3  Charge to the Workshop 
The charge to the Workshop was given as follows:   
 
• Workshop participants will specify a scientifically valid international model to 

establish upper levels of intake and conduct nutrient risk assessment.  As part of this 
process participants will: 

• As a starting point consider the existing national models for nutrient risk assessment 
developed at the national and regional level (note: other models or frameworks that 
are available in the public domain also may be taken into account); 

• Develop the essential components/characteristics of hazard identification and hazard 
characterization to provide for a uniform approach to these activities internationally; 

• Identify general principles for harmonizing the process (rather than the outcome)of 
exposure assessment and risk characterization which by their nature vary from 
region to region because the relevant data vary from region to region; 

• Check the model (and its application of the principles) by testing it using several 
representative nutrients or substances, specifically Vitamin A, Iron and Vitamin 
C/Antioxidant; 

• Work within the initial context of a model relevant to adequately nourished 
populations, and then identify the special considerations needed to apply the model to 
inadequately nourished populations.  (FAO/WHO, 2005) 
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2.  Background  
 
This section first describes the classic approach to risk assessment for non-nutrient 
substances in food—substances that include additives, contaminants, and pesticides. The 
information provides a foundation for deriving a model for nutrient risk assessment, with 
the expectation that modifications to the classic approach will be needed because of the 
unique properties of nutrient substances.  Next, this section highlights nutrient risk 
assessment reports from three national/regional authorities; these reports informed the 
Workshop concerning existing approaches.  To provide a context for nutrient risk 
assessment, the section then addresses applications of nutrient risk assessment and the 
role of problem formulation in focusing the assessment. 
 

2.1  Classic non-nutrient risk assessment  
Risk assessment is a component of risk analysis and is formally defined as follows: 
 

Risk assessment:  A process intended to calculate or estimate the risk to a given 
target organism, system, or (sub)population, including the identification of attendant 
uncertainties, following exposure to a particular agent, taking into account the 
inherent characteristics of the agent of concern as well as the characteristics of the 
specific target system. (IPCS, 2004a)  
 

Risk analysis is defined as:  
 

A process for controlling situations where an organism, system, or 
(sub)population could be exposed to a hazard. (IPCS, 2004a)  

 
Schematic illustrations of risk analysis usually use overlapping circles to identify the 
interrelationships among risk assessment, risk management, and risk communication (see 
Figure 2-1). 
 
Risk assessment provides the science-based information required by risk managers who, 
in turn, use that information along with other data in making decisions regarding actions 
to take to manage risk. To preserve the independence, and hence the scientific objectivity, 
of the assessment, the overall model for risk analysis emphasizes the separation of risk 
assessment activities from risk management activities.  In this context, the role of a risk 
assessment is to serve as a basis for and provide transparent justification of a public 
health decision—but not to specify the decision.  Although risk managers should and 
often do interact with risk assessors in determining the scope and problem formulation 
for the assessment (IPCS, 2004b), it remains important to ensure that the risk assessment 
presents the state of the science but does not provide conclusions or recommendations 
that address decisions appropriately tasked to risk managers.    
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Risk 
Assessment 

Risk 
Management 

Risk Communication 

Figure 2-1. Interrelationships in Risk Analysis 
 

 

  
 
In the area of food safety and non-nutrients, a number of organizations have identified 
models for risk analysis and, in turn, risk assessment.  One of the first risk analysis 
frameworks for public health was put forward by the US National Academy of Sciences 
(NRC, 1983) to assess the risk of cancer from chemicals in food.  Internationally, FAO 
and WHO have played roles in the development of food safety risk analysis. Many of the 
key principles associated with non-nutrient risk assessment are highlighted in a recent 
draft report on modelling dose–response (IPCS, 2004b).  Moreover, the Procedural 
Manual of the Codex Alimentarius Commission includes “Working Principles for Risk 
Analysis for Application in the Framework of the Codex Alimentarius” (Codex 
Alimentarius Commission, 2004, pp 42-48).   
 
At its most basic, risk assessment estimates risk.  It addresses the relationships between 
exposure to a substance and the likelihood that an adverse health effect will occur in the 
exposed population. With regard to food safety, exposure refers to the ingestion of the 
substance.  The conclusions of the risk assessment rest on an objective data review 
followed by scientific judgement, with decisions made during an established four-step 
process that is documented clearly.  Uncertainties and variability in the data are identified 
and highlighted as part of the risk assessment.  The uncertainties may be due to 
limitations of the available data, questions about the appropriateness of inferences made 
in the absence of sufficient data, or other factors.  
 

Figure 2-2 shows the four steps of classic risk assessment.  It is assumed that these steps 
are preceded by the formulation of the problem(s) to be addressed.   
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Figure 2-2.  Steps in Risk Assessment 
 
  

  

 
 
 
 

   
 
 
 
 

 
 
 
 
Each step of classic risk assessment is described briefly below: 
 

• Hazard identification:  The identification of the type and nature of adverse effects 
that an agent has an inherent capacity to cause in an organism, system, or 
(sub)population (IPCS, 2004a).   

 
Classic hazard identification involves the collection, organization, and review of all 
information pertaining to the adverse effects associated with a given substance.  This step 
provides an overview of the ability of the substance to cause one or more types of toxicity 
in humans.  While the selection of the critical adverse health effect upon which to base 
the assessment is generally carried out as the first step of hazard characterization, 
sometimes hazard identification may encompass this activity.     

 

• Hazard characterization:  The qualitative and, wherever possible, quantitative 
description of the inherent property of an agent or situation having the potential 
to cause adverse effects.  This should, where possible, include a dose–response 
assessment and its attendant uncertainties3 (IPCS, 2004a).   

                                                 
3 Definition also indicates the following: Hazard assessment has also been identified⎯ i.e, a process 
designed to determine the possible adverse effects of an agent or situation to which an organism, system, or 
(sub)population could be exposed⎯ and focuses on the hazard  in contrast to risk assessment where 
exposure assessment is a distinct additional step.   

Risk characterization 
- Estimate proportion of 
   population,  if any, who may 
   exceed upper level  
- Indicate severity 
- Identify special at-risk   
  subpopulations 

Hazard identification 
Collection, organization and evaluation 

of information about adverse effects 

Hazard characterization 
- Evaluation of adverse effects 
- Dose-response/effect assessment 
- Development of uncertainty  factors 
- Derivation of upper level, guidance  
level, 'starting point' or explanation of 
why upper level cannot be derived 

Exposure assessment 
Compilation and analysis 

of  data on intake 
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Classic hazard characterization focuses on the detailed evaluation of the nature of 
the adverse health effects associated with the substance, or it may be limited to 
evaluation of the critical adverse health effect.  It largely involves the assessment 
of a dose–response.  In fact, some groups refer to hazard characterization as 
'dose–response assessment.'  A dose–response assessment is a process whereby 
scientific evidence common to all human physiology is used to specify the 
relationship between dose and response over an appropriate range of exposure.  
Based on the evaluation, an estimate of an upper level of exposure or intake 
(usually referred to as the upper level) is derived taking into account uncertainties 
such as those related to the data base, those associated with differences between 
species and/or the variability of humans, and those resulting from any needed 
extrapolation among age/sex/lifestage subpopulations.  Overall, the hazard is 
characterized and vulnerable (sub)populations are identified, if applicable. 

 
• Exposure assessment:  Evaluation of the exposure of an organism, system, or 

(sub)population to an agent (and its derivatives) (IPCS, 2004a).   
 
Classic exposure assessment is the process of compiling and analyzing data about 
the exposure to (intake of) the substance for the (sub)population of interest.  
Typically, the analysis includes the application of statistical adjustment factors 
and other data adjustments that allow conclusions about the amount of a substance 
being consumed on a 'usual' basis or over a lifetime.   

 
• Risk characterization:  The qualitative and, wherever possible, quantitative 

determination, including attendant uncertainties, of the probability of occurrence 
of known and potential adverse effects of an agent in a given organism, system, or 
(sub)population, under defined exposure conditions (IPCS, 2004a).   
 
Classic risk characterization, the final step of the process, pulls together relevant 
information obtained during the previous steps of the assessment in order to 
characterize and describe the risk.  Sometimes risk characterization is called 
'advice for decision-making.'  The tasks focus on integrating the hazard 
characterization and its resulting upper level of intake with the intake/exposure 
assessments for the general population of interest and for vulnerable 
subpopulations (e.g. children).  Risk characterization includes identification of the 
proportion of the population who may have intakes that exceed the upper level , 
the degree to which their intakes exceed the upper level, and information about 
the impact of the hazard. Usually there is a discussion of the severity of the 
adverse effect and the likely reversibility of the effect.  Some risk 
characterizations include indications as to the overall public health significance of 
the risk.  Any other scientific information is included if it could be useful in 
managing the problem.   

 

In brief, hazard identification is followed by and integrated with hazard characterization.  
The result produces an upper level along with an overall characterization of the hazard.  
An exposure assessment is also conducted, during which information about the overall 
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exposure of the (sub)population to the substance is compiled and analyzed.  The 
information obtained is compared to the upper level and combined with other hazard 
characterization information to produce a risk characterization.  Risk characterization 
identifies the proportion of the (sub)population likely to exceed the upper level and 
highlights important considerations, including the severity and nature of the adverse 
effect, a description of uncertainties, and the identification of any special subpopulations 
at risk.  
 

In non-nutrient risk assessment, the upper level of intake has been expressed on a body 
mass basis or other appropriate basis.  It may reflect a point below or at which no adverse 
effect is expected to occur or, conversely, above which there is potential for an adverse 
effect.  Because non-nutrient risk assessments often provide an upper level on a body 
mass basis, such upper levels usually are not provided for separate age/sex 
subpopulations; but upper levels of intake may be specified for certain lifestages (e.g. 
pregnancy).  Strictly speaking, the risk assessor does not specify the upper level as being 
tolerable or safe in terms of its application to food standards or related activities.  This is 
a definitional task that generally falls within the domain of the risk manager.  In practice, 
however, risk assessors have used a variety of terms (not all synonymous) including 
tolerable upper levels, tolerable daily intake, safe upper levels, and upper range of safe 
intake.   
 

2.2  National/regional reports on nutrient risk assessment 
At the time of the Workshop, it was recognized that nutrient risk assessment outcomes 
produced by different bodies have varied in their approaches— suggesting that work was 
needed to identify an international approach.  The nutrient risk assessment activities 
conducted by several national authorities and related bodies and certain private groups 
and industry organizations have been informative and in many ways ground-breaking.  
Clearly, consideration of existing reports would be informative to the development of an 
international model for nutrient risk assessment.   
   
At the start of its work, the Group specifically reviewed reports (EC/SCF, 2000a, 2000b, 
2002; EFSA, 2004; EVM, 2003; IOM, 1997, 1998a, 1998b, 2000, 2001) prepared for 
three national/regional (NR) authoritative bodies (hereafter referred to as NR-reports):  
 

• EFSA-SCF:  European Food Safety Authority, European Union and (the former) 
Scientific Committee on Food, European Commission;  

• EVM:  Expert Group on Vitamins and Minerals, Food Standards Agency, United 
Kingdom; and 

• IOM:  Institute of Medicine of the National Academies, United States of America 
and Canada. 
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These NR-reports provide meaningful comparisons for the purposes of this Workshop 
because they are quantitative in outcome and relatively comprehensive in scope. Both 
EFSA-SCF and IOM have prepared a series of reports to address different nutrient 
substances.  EVM has issued a single report covering many nutrients; the report was 
accompanied by separate comprehensive reviews of each of the nutrients.  
 
Comparison summary tables based on all the reports assisted the Group with its review. 
An example of a summary table, which addresses the risk assessment approaches for 
vitamin A, is provided in Annex 6.  Furthermore, a detailed comparison of systematic 
nutrient risk assessments is included as an annex in Discussion Paper 2 “Uncertainty and 
Adjustment" (see Annex 3 of this report). 
 

Based on its review, the Group made the following general observations:  
 
• Transparency and documentation are desirable at all steps in nutrient risk 

assessment.  In some cases, the NR-reports provided insufficient documentation 
to allow an understanding of the nature of the scientific judgements.  Whenever 
possible, principles or guidelines should be established for making scientific 
judgements.   

• Although uncertainties in dietary intake assessments can be substantial, they have 
received less consideration than other types of uncertainties.  Given the 
difficulties that arise with the use of conservative (large) correction factors for 
nutrient risk assessment, uncertainties in dietary intake assessment take on greater 
meaning and should be better incorporated into nutrient risk assessment 
outcomes.  

• The unique aspects of nutrient substances as compared to non-nutrient substances 
underscore the value of bringing together nutrition expertise and toxicological 
expertise to provide an integrated approach for determining upper levels of intake 
for nutrient substances.  

 
Also based on its review, the Group made specific observations related to a model for 
nutrient risk assessment; these observations appear in following subsections. 

2.2.1  Terms of reference (problem statements) for the three 
national/regional reports 
The terms of reference specified for each NR-report are given in the table below.  They 
reflect the 'problem statements' or general questions asked of the nutrient risk assessor by 
the nutrient risk manager or by those responsible for deliberations about addressing 
public health issues.  The terms of reference are similar in many ways.  They each call for 
reviewing levels of intake for nutrient substances, primarily vitamins and minerals, in 
relation to the risk of adverse effects.  All three also refer to establishing or 
recommending an upper level with a low or unlikely risk of adverse effects.   
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Box 2-1. Terms of Reference for Three National/Regional Reportsa 

EFSA-SCFa EVMb IOMc 

 

 Review upper levels of daily 
intakes of individual vitamins 
and minerals that are unlikely 
to pose a risk of adverse health 
effects; 
 Provide a basis for the 
establishment of safety 
factors, where necessary, for 
individual vitamins and 
minerals to ensure the safety 
of fortified foods and food 
supplements containing these 
nutrients. 

 
 Establish principles on which 
to base controls for ensuring 
the safety of vitamin and 
mineral supplements sold 
under food law; 
 Review the levels of 
individual vitamins and 
minerals associated with 
adverse effects; 
 Recommend maximum levels 
of intake of vitamins and 
minerals from supplements if 
appropriate; report to the Food 
Advisory Committee. 
 Advise on the levels of 
vitamins and minerals in 
fortified foods, when 
appropriate. 

n.b., EVM preferred to frame 
advice in terms of additional 
intake, covering both 
supplements and fortified foods, 
rather than as separate 
categories. 

 
 Develop a model to establish 
the maximum level of a 
nutrient intake that would pose 
a low risk of adverse effects. 
Apply the model to [the 
substances in question] to 
develop Tolerable Upper 
Intake Levels. 

a  EC, 2003. 
b EVM, 2003 
c IOM, 1998a 
 
 
For EFSA-SCF, the request was to provide the basis for the establishment of safety 
factors for ensuring the safety of fortified foods and food supplements.  For EVM, the 
interest was in establishing principles on which to set controls for ensuring the safety of 
vitamin and mineral supplements (and fortified foods when appropriate).  The IOM terms 
of reference specify only the development of a model and the establishment of an upper 
level for nutrient substances. 

2.2.2  Nutrient hazard identification and characterization 
To compare the nutrient risk assessment approaches used in preparing the NR-reports, the 
Group selected the work conducted for Vitamin A.  Report comparison summary tables 
were developed for the adverse health effects considered for setting upper levels (see 
Annex 7, “National/regional model comparison:  Adverse health effects”) and for the 
scientific review of data concerning vitamin A and bone density (see Annex 8, 
“National/regional model comparison:  Scientific review of data on vitamin A and bone 
density”).  The NR-reports (EC/SCF, 2002; EVM, 2003; IOM, 2001) used essentially the 
same references regarding vitamin A; but because the timing of the reports differed 
somewhat, some references were not available when the IOM review (IOM, 2001) was 
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conducted.  However, the hazards identified and the weight given to particular hazards 
differed across the NR-reports to a degree greater than could be attributed to differences 
in the available data.   
 
Differences in various conclusions—beyond those attributable to information from newer 
data—probably are due to the necessary reliance on relatively limited data.  Reliance on 
limited data, in turn, requires considerable use of scientific judgement.  Even when faced 
with the identical set of limited data, it is possible for risk assessors to come to different 
conclusions.  When conclusions in the NR-reports lacked clear or sufficient 
documentation—as often was the case—the Group could not determine the reasons for 
differences.     
 
Furthermore, the Group noticed differences in approaches relating to toxicological and 
nutritional perspectives.  In some cases, approaches taken seemed to be entirely 
toxicological in their thrust, with little or no reported discussion about nutritional aspects 
of the issue.  In other cases, the approach was almost entirely nutritional in its 
considerations, and the application of relevant principles from toxicology appeared to be 
minimal.  This difference was associated with the national/regional source of the NR-
report rather than with the nutrient.  This finding suggests that it may have been 
challenging to form workgroups/expert panels that have individuals who are 
knowledgeable in both areas.  In addition, the history of collaboration by these two 
disciplines may be limited because nutrient risk assessment is an emerging concern.  

2.2.3  Nutrient exposure/intake assessment 
Comparisons were made of exposure/intake assessments as part of NR-reports.  A 
summary of findings is shown in Annex 9, “National/regional model comparison:  
Scientific review of data on vitamin A and bone density.”  Not unexpectedly, the 
approaches differed somewhat.  Each report compared estimates of the upper 'tail' (the 
extreme upper end) of intake distributions to an upper level of intake.  In each case, data 
from different sources were combined to provide a total picture of intake from foods, 
supplements, and, when applicable, water.  No national/regional body had access to a 
single database developed explicitly for the purposes of risk assessment.  Some 
differences in the assessments were due to differences in the types of data available for 
the population of interest.  These differences called for different strategies for assessment.  
In addition, different statistical methodologies were used by the national/regional bodies.   
 
The EFSA-SCF reported intake data generally for households, men, and women.  The 
EVM reported a single population intake on the basis of food, supplement, and water 
consumption; they also reported a maximum intake by summing these.  The IOM 
reported total intakes by age/sex/lifestage subpopulations, but at times the intakes were 
broken down by foods and supplements.  The IOM provided the entire distribution of 
intake, while the others provided less information (e.g. only the mean and 97.5th 
percentile intakes).  
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2.2.4  Nutrient risk characterization 
The Group also examined the NR-reports with regard to the presentation of risk 
characterization.  The presentations differed both in content and format.  Since the terms 
of reference differed somewhat (see Box 2-1 above), some differences in presentation 
would be expected.  Nonetheless, some of the differences result from the different 
approaches to risk assessment taken in the steps that precede risk characterization.   
 
As described in more detail in Section 6, the NR-reports varied in their generic 
descriptions of the information to be provided in the risk characterization.  The EFSA-
SCF and the IOM reports describe different approaches to the content and format of the 
risk characterization. The EVM does not describe a risk characterization section per se 
but indicates that elements of risk characterization will be present in the concluding risk 
assessment summation section for each nutrient. 
 

2.3  Application of nutrient risk assessment outcomes 
Because the goal of nutrient risk assessment is to meet certain scientific information 
needs of the nutrient risk manager, the general nature of these needs should be 
understood when developing a model for international nutrient risk assessment.  For an 
internationally-applicable model, the output needs to address the likely range of risk 
management decisions or policy options that may be needed in the international setting.  
Moreover, understanding the information needs also helps to differentiate the types of 
decisions that reside with risk assessors from those that reside with risk managers.  The 
types of decisions made by risk assessors were introduced in Section 2.1 above.  Types of 
decisions made by risk managers follow.  Boxes 2-2 through 2-5 specify the types of 
information needed for different types of decisions. 
 
Risk managers are likely to make two types of decisions in sequence:  those concerning 
(i) the need to take action; and, (ii) if action is needed, the nature of that action. The 
examples below demonstrate how policy options may define the questions asked of risk 
assessors, and they highlight the defining role that the policy options may have in setting 
the stage for risk assessment.  It is possible that the risk manager may identify 
information needs outside the scope of these examples and ask different questions of the 
risk assessor.  This could occur when there is interest in a relatively specific nutrient risk 
analysis or under other circumstances appropriate at a national or regional level.  

2.3.1 Nutrient risk management decisions about the need to take 
action 
Presumably a risk manager will request a nutrient risk assessment because there is reason 
to believe that risk is associated with intakes of one or more nutrient substances.  The risk 
assessor must establish the risk and provide certain information to equip the manager to 
determine if the risk warrants immediate action, close monitoring, or no action at the 
current time.   
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Examples of information relevant to the need-to-take-action decision are given in Box 2-
2 below.  As shown, the nutrient risk assessor develops certain scientific information and 
the nutrient risk manager uses that information in conjunction with other data and 
considerations.  
 
Box 2-2. Information Used by Nutrient Risk Managers Relative to the Need to Take 

Action, by Source 
Source of information: risk assessor Source of information: risk manager 

• Nature of adverse health effects 
o Severity 
o Vulnerable age/sex/lifestage 

subpopulations 
o Specification if risk is for all forms of 

nutrient/substance (i.e. total intake) or 
if for certain forms (e.g. folic acid 
supplements or food folate; pre-formed 
vitamin A or. beta-carotene) 

• Specification of upper level of intake (UL) 
for age/sex/lifestage subpopulations and 
basis for UL (e.g. total intakes or particular 
nutrient form) 

• Identification of vulnerable subpopulations 
and their status relative to UL: 
o intake distributions of appropriate 

nutrient form relative to the UL: 
  ▪ percentage exceeding the UL 
  ▪ distribution approaching UL and at 
risk of exceeding UL with relatively 
small changes in intake 

o magnitude of intakes exceeding UL 
(level of intake compared with the UL; 
narrowness between intake and UL) 

• Other at-risk subpopulations (e.g. 
malnourished, persons using certain drugs 
or with certain diseases) and nature of their 
risk. 

• If applicable, reasons why UL could not be 
established (e.g. insufficient data quality 
and/or quantity; risk present but not able to 
identify a threshold level) 

• Description of uncertainties involved in 
each of the above findings.  

 

• Additional data (e.g. manufacturing data, 
feasibility of change, existing regulatory 
authorities and limitations, cost) needed to 
clarify the immediacy of the need for 
action 

• As appropriate, risk managers ask risk 
assessors for a scientific evaluation of 
impact  

 
 
 
 
• For other subpopulations at risk (e.g. 

subpopulations with relevant diseases):a 
o percentage exceeding UL or the 

appropriate risk intake level if different 
from the UL for the general population 

o magnitude of intakes exceeding UL 
(how close or far away from UL) 

o numbers of people in these 
subpopulations exceeding UL 

 
 
 
 

 
 

 
• If no UL because there is no threshold 

dose, identification of intake level at which 
adequacy is metb 

 
• Determination of implementation 

terminology as needed or as appropriate,  
vis-à-vis 'tolerable upper level' or 'safe 
upper level'    

a  Because this information initially would have been outside the scope of that considered by risk assessors, the task 
may fall to risk managers.  However, risk managers may consider options for engaging risk assessors in relevant 
scientific evaluations pertaining to such information.    
b  Because such data needs could not necessarily be anticipated prior to the risk assessment, the evaluation of the topic  
likely will take on an iterative aspect between nutrient risk managers and risk assessors. 
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2.3.2  Nutrient risk management decisions about interventions or 
regulatory options 
Assuming that the nutrient risk manager needs to take some type of public health action, 
he or she has several general options available.  Each option requires different 
information from the nutrient risk assessor. The nutrient risk manager must combine that 
information with additional information and considerations from other sources. The 
options that the risk manager may pursue depend upon the nature of the risk as well as 
the nature of the nutrient substance, the food supply, existing regulatory frameworks, and 
other factors.  These options generally include the following: 
 

• Reduce the nutrient level in the food supply (if regulatory capacities and nature of 
substance/food products allow) through 
- specifying provisions and standards for product formulation, quality control, 

etc.; 
- limiting certain uses and additions to foods, including foods targeted to 

vulnerable subpopulations.  
 

• Specify label information so that consumers can be informed and take action as 
appropriate.  (Specific labelling may be done if reducing entry of the substance 
into the food supply is not feasible or it may be in addition to reducing entry.)  
Labelling mechanisms include 
- the use of a warning label; and 
- providing directions for 'safe use.'  

 
• Educate relevant 'players'  to foster overall risk reduction through  

- educational campaigns for consumers to limit or reduce consumption; 
- advice to health professionals to monitor and educate the subpopulation at 

risk; 
- increased dialogue with industry to promote strategies that foster risk 

reduction.  
 

Examples of information needed to select the appropriate intervention(s) to reduce risk 
appear in Boxes 2-3 to 2-5 below.  As shown, the nutrient risk assessor provides certain 
scientific information and the nutrient risk manager uses that information in conjunction 
with other data and considerations.  
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Box 2-3. Information Used by Nutrient Risk Managers Relative to Reducing the 

Level of a Nutrient Substance in the Food Supply, by Source 
Source of information: risk assessor Source of information: risk manager 

 
• Form of nutrient substance associated with 

risk:  all forms (total intake) or specific 
forms  

• Role of bioavailability in risk and factors 
affecting bioavailability (e.g. nutrient 
substance form; interactions with other 
meal or food components) 

• Description of any nutrient-nutrient 
adverse interactions. 

• Description of uncertainties involved in 
information provided 

 

 
• Data needed to clarify outcomes of policy 

decisions such as the relative contribution 
of particular product types or classes to 
total daily intakes, or—if a staple product 
is the source of exposure—exploration of 
whether a substitute staple product that 
contains a smaller amount of  the substance 
can be made available.a  

• Development of  'what-if scenarios' such as 
(i) the likely impact if amounts or types of 
nutrients were changed in specific types of 
foods, or (ii) the impact of using nutrient 
requirements (or some level thereof) as a 
starting point for setting limits on amounts 
in food so as to limit exposure to the 
degree possible. As appropriate or possible, 
request evaluation of scientific issues by 
risk assessor. 

 
a  As appropriate, risk managers may engage risk assessors for scientific evaluation of such data. 
 
 

 
 

Box 2-4. Information Used by Nutrient Risk Managers Relative to Product 
Labelling, by Source 

Source of information: risk assessor Source of information: risk manager 
 

• Ability of individuals within 
subpopulations at risk to self-identify their 
risk 

• Use conditions likely to increase or 
decrease risk (e.g. consumption with or 
without meals, bolus or continual 
exposures) 

• Description of uncertainties involved in  
the information provided 

 

 
• Evaluate likelihood that vulnerable 

subpopulations use food products 
containing the substance 

• Evaluation of the likelihood that vulnerable 
subpopulations are able to control 
conditions of use to decrease risk 

• Evaluation of the utility and 
understandability of label information by 
high-risk subpopulations 
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Box 2-5. Information Used by Nutrient Risk Managers Relative to Education, by 
Source 

Source of information: risk assessor Source of information: risk manager 
 
• Ability of individuals within 

subpopulations at risk to identify their risk  
• Description of uncertainties involved in 

each of the information needs above.  
 

 
• Consumer studies on components and 

effectiveness of educational programs 
• Consultation with health professional and 

industry groups 

 

2.3.3  Other applications  
Nutrient risk assessment outcomes and the establishment of upper levels of intake likely 
would be useful in a variety of ways related broadly to nutrition and health.  For example, 
the IOM considered upper levels of intake when proposing revisions of the amounts and 
kinds of foods to be provided though the US Special Supplemental Nutrition Program for 
Women, Infants and Children (IOM, 2005).  Moreover, since food fortification programs 
must take into account the possibility of excessive intake of fortified products, nutrient 
risk assessment is very germane to addressing these possibilities.   

2.3.4  Role of problem formulation  
Problem formulation is a preliminary activity to risk assessment that considers whether 
an assessment is needed, who should be involved in the process and the further risk 
management, and how the information will provide the necessary support for risk 
management (Renwick et al., 2003).  It sometimes is referred to as the initial step in the 
process of risk assessment.  However, since it consists of a dialogue among relevant 
stakeholders including risk assessors and risk managers as well as appropriate food 
industry representatives, consumers, and health professionals, it generally is considered 
to set the stage for risk assessment rather than to be a step in risk assessment.   
 
In a general sense, problem formulation may lead to a variety of tasks, depending upon 
the issue at hand and the environment surrounding the needed assessment.  
Considerations for problem formulation may include: 

• whether a risk assessment is needed; 
• who should be involved in the risk assessment and risk management processes; 
• how the assessment will provide the information necessary to support the risk 

management decision; 
• whether data are available to embark on an evaluation of risks; 
• what level of resources is available; and 
• the timeline for completing the assessment. 

 
Specific information to be gathered for problem formulation may include: 

• a detailed inventory of prior knowledge; 
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• identification of the (sub)populations to be the focus for the risk assessment, 
geographical areas or consumer settings to be covered; 

• relevant route(s) of exposure;  
• (in some cases) the health endpoints to be considered. 

 
In terms of issues associated with the application of the outcomes of nutrient risk 
assessment, problem formulation activities should not be overlooked.  That is, the risk 
characterization needs to be in a form relevant to the problem that was identified initially.  
Part of the process of ensuring that nutrient risk characterization meets the needs of the 
nutrient risk manager is ensuring that the needs are specified, understood, and then 
clarified as needed. 

 

2.4  Summary 
This section covered two major topics that the Group considered as it began its work:  1) 
the classic approach to risk assessment for non-nutrient substances in food and 2) 
differences among nutrient risk assessment reports prepared by three national/regional 
authoritative bodies.  Because the goal of nutrient risk assessment is to meet certain 
scientific information needs of the nutrient risk manager, the Group also carefully 
considered the nature of those information needs.  Section 3 which follows presents 
additional information about factors important to developing a model and carrying out 
nutrient risk assessment. 
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3.  Considerations for nutrient risk assessment 
 
This section provides an overview of the Group’s discussions pertaining to setting the 
stage for a nutrient risk assessment model.  It presents information about the relevance of 
an international approach to nutrient risk assessment and key terms used in the report. It 
also describes the important role homeostatic mechanisms play for nutrient substances 
and discusses the nature of adverse health effects including biomarkers of effect. 
 

3.1  An international approach 

3.1.1  Global application 
One of the goals of an international model is to foster harmonization to the extent 
possible.  In the case of a model for nutrient risk assessment, an important consideration 
is whether the outcomes of risk assessment can be harmonized.  That is, can all the 
components of risk assessment be addressed globally; or are there some components that 
may be amenable to internationally consistent approaches and principles, but that produce 
different outcomes because they must take regional considerations into account?  The 
nature of the data to be used for risk assessment makes it clear that there are globally 
relevant steps and population-specific steps, as described below. 
 
Globally-relevant steps.  Some steps in the nutrient risk assessment process are based on 
the available scientific/medical literature.  These steps identify and interpret the 
biological, physiological and chemical evidence for relationships between intake and the 
potential for harm to humans.  By their nature, these data are relevant across wide and 
diverse (sub)populations.  That is, they reflect science pertaining to humans regardless of 
their region of origin; they have global relevance and application.  This global relevance 
does not, of course, preclude the possibility of subpopulation-specific hazard. 
 
Population-specific steps.  Other steps use information about the (sub)population being 
targeted for risk assessment.  This information includes data about the consumption of 
foods and supplements and about the composition of the food and supplements 
consumed—data used in the exposure/intake assessment step.  The exposure/intake 
assessment is population relevant.  That is, it is dependent on the types of foods and 
supplements consumed and on dietary patterns within a region or nation-state.  Since risk 
characterization includes considerations of the globally relevant hazard characterization 
within the context of the exposure/intake assessment, risk characterization also is 
population relevant.    
 
These differences are illustrated in Figure 3-1. 
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Figure 3-1. Steps in Risk Assessment Categorized by Global 
and Population Relevance 

 
 

Global relevance 

 

Population relevance 
 

Scientific/medical data 
Biological and physiological information 

-- -- 
    

 
Population-derived data 

Intake estimates, population conditions 
-- -- 

    
 
 
 
 

 
 
 
 

  

 
Hazard identification 

 

 
Exposure assessment 

 
 

Hazard characterization/UL 
 
 
 

Risk characterization 
 

 
Note: UL = upper level of intake 
 
 
Figure 3-1 depicts that the use of the principles for hazard identification and 
characterization results in an outcome, notably the upper level of intake, which is 
globally relevant.  The figure also shows that exposure/intake assessment and risk 
characterization produce outcomes that are population relevant.  This means that risk 
characterizations can be inherently different depending upon the target population.  This 
difference holds true even when the assessments are conducted in a consistent manner 
using internationally-applicable guiding principles. 

3.1.2  Inadequately nourished and 'diseased' populations 
The health and nutritional status of the (sub)population generally has received little 
attention related to the broad application of scientific principles for determining and 
characterizing risk for nutrient substances. In fact, however, estimates of upper levels of 
intake derived for adequately nourished and 'generally healthy' populations may not be 
appropriate for—or may need adjustments to be useful to—(sub)populations that are 
nutrient deficient and/or are generally subject to disease conditions such as malaria.  If a 
model is to be applicable internationally, it must include considerations regarding high 
levels of intake for specific nutrient substances as may occur among (sub)populations 
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experiencing general conditions of nutritional inadequacy.  Information in this regard is 
useful in making decisions about the use of public health measures to provide special 
nutrient interventions or supplementation for such groups.  A discussion of applications 
of the nutrient assessment model to inadequately nourished (sub)populations appears in 
Section 9.   
 

3.2  Terminology 
Current definitions and terminology as developed by IPCS/WHO and Codex 
Alimentarius were used to provide a starting point for the Workshop.  The Group was 
aware of the overall importance of terminology as it relates to nutrient risk assessment 
because existing terms have been developed for the assessment of risks posed by non-
nutrients.  Although it was anticipated that most available terms would be entirely 
compatible with nutrient risk assessment, it was acknowledged that several terms and/or 
their definitions might require modification.  The Group selected terms and definitions to 
review and modified them when appropriate to enhance their applicability to nutrient 
substances.   
 
The definition of risk is  
 

Risk is the probability of an adverse effect in an organism, system or (sub) population 
caused under specified circumstances by exposure to an agent. (IPCS, 2004a) 

 
 
The Group initially noted that risk is assessed in part by the process of characterizing 
hazards that are reflected by the occurrence of adverse effects.  That is, 'risk'  is the 
likelihood of an adverse effect occurring; and it is determined by combining the output of 
the process of characterizing 'hazards' (e.g. upper level of intake) with estimates of intake 
in exposed (sub)populations.  Within this context, the Group concluded that the definition 
of risk4 needed no modifications.  However, the Group modified the definition for hazard 
and modified the term adverse effect to adverse health effect.  Also, the Group specified a 
definition for upper level of intake.  These efforts are described below. 

3.2.1  Adverse health effects 
The Group considered the term adverse effects and determined that it was useful to insert 
the word health—thus modifying the term to adverse health effects.  This modification 
better describes the nature of the effects described:  that is, 'effects' could include non-
health effects (such as changes in product sales, which clearly were not implied in the 
definition).  No definition for 'adverse health effects' was found, but the Group agreed 
that it would be appropriate to use the existing definition from IPCS (IPCS, 2004a) for 
'adverse effects' to define 'adverse health effects,' as follows:   
 

An adverse health effect is a change in morphology, physiology, growth, 
development, reproduction or life span of an organism, system, or (sub) 

                                                 
4 The probability of an adverse effect in an organism, system or (sub) population caused under specified 
circumstances by exposure to an agent (IPCS, 2004a). 
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population that results in an impairment of functional capacity, an 
impairment of the capacity to compensate for additional stress, or an increase 
in susceptibility to other influences.   

3.2.2  Hazard 
The Group noted that the term 'hazard' and its application to nutrient substances was 
highlighted as important for consideration in the comments received by FAO and WHO 
prior to the Workshop (see Section 1.2.1).  Based on its review of definitions from IPCS5, 
Codex Alimentarius6, and IUPAC7 and on the unique characteristics of nutrient risk 
assessment, the Group defined hazard for the purposes of nutrient risk assessment as 
follows:   
 

Hazard is the inherent property of a nutrient or related substance to cause adverse 
health effects depending upon the level of intake. 

 
Many hazards depend upon the level of intake/exposure, and the Group specifically noted 
that the IUPAC definition of the hazard includes the phrase “depending on the degree of 
exposure” (IUPAC, 2005).  They further noted that the IPCS/WHO and Codex 
definitions do not include this phrase.  The Group then discussed the special challenge 
presented by nutrient substances:  at one level of intake they are biologically essential or 
have a favourable impact on health, but at a different level of intake they may present 
risk. 
 
The discussion focused on whether the term inherent property, as used in other 
definitions of hazard, was applicable to nutrient substances.  It was decided that the 
inherent property of the substance is responsible for the risk associated with high levels 
of intake.  Further, it was noted that the inherent property is also responsible for the 
effects associated with biological essentiality or the favourable health impact.  However, 
the inherent property of the nutrient substance is not responsible for risk associated with 
deficiency states.  Rather, this type of risk is caused by the absence or insufficient 
amounts of a nutrient substance. 
 
In short, nutrient substances present the unique situation that their inherent property is 
responsible for risk at high levels of intake and for the 'health benefits' that occur at a 
different level of intake, but they are not responsible for risk at low levels of intake. 
 
The Group decided that it was important to include the concept of inherent property in 
the definition for the purposes of this Workshop intended to address upper levels of 
intake.  But participants also wished to highlight the difference between the inherent 
                                                 
5 An inherent property of an agent or situation having the potential to cause adverse effects when an 
organism, system or (sub) population is exposed to that agent (IPCS, 2004a). 
6 A  biological, chemical or physical agent in, or condition of,  food with the potential to cause an adverse 
health effect (Codex Alimentarius Commission, 2004). 
7 Set of inherent properties of a substance, mixture of substances, or a process involving substances that, 
under production, usage, or disposal conditions, make it capable of causing adverse effects to organisms or 
the environment, depending on the degree of exposure; in other words, it is a source of danger (IUPAC, 
2005). 
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property of a nutrient substance to cause adverse health effects at high intakes and the 
inherent property of a nutrient substance to meet biological essentiality or to have a 
favourable impact on health at a different level of intake.  Thus a reference to intake level 
was incorporated into the definition.  Its inclusion was intended to clarify that the 
manifestation of the inherent property of nutrient substances to cause adverse health 
effects depends on the amount of nutrient substance consumed.  
 
Then, noting that the inherent property of a nutrient substance is not responsible for the 
risk associated with inadequate intakes, the Group concluded that a different definition 
would be needed for this type of risk (which is not the subject of this Workshop).  The 
definition presumably would focus on the lack of the nutrient substance rather than on its 
inherent property.  Therefore, for this report, the term hazard as specified above is 
applicable only to the adverse health effects of a nutrient substance at high intakes, not to 
deficiency states associated with inadequate intakes. 

3.2.3  Habitual intake 
The Group reviewed the time frame for dietary risk assessment and considered ways to 
express it.  Since nutrient risk assessment generally addresses long-term or chronic 
intake, most of the discussion focused on the specification of such a time period.  
Specification of time period also was addressed during discussions of dietary intake 
assessment (see Section 5.2.2).    
 
Specifically, the Group noted that the concept of a 'lifetime' intake (or 'lifetime' exposure) 
is less relevant to nutrient risk assessment than to other types of risk assessment that use 
the concept.  As a rule, nutrient substances are subject to complicated homeostatic 
mechanisms (see Section 3.3 below) that may control or alter absorption, utilization, 
storage, and transport of the substance.  These mechanisms vary with age, sex, and 
lifestage.  Therefore, these mechanisms preclude the possibility that all persons who 
ingest a specific amount of nutrient substance are 'exposed' to that substance at a similar 
rate and in a similar manner during a lifetime.   In light of evidence that there are 
differences in the response to excessive nutrient substance intake by different 
age/sex/lifestage subpopulations (see Section 3.4.3.2 below), upper levels of intake would 
be more useful if determined as a long-term or chronic intake for the particular 
subpopulation.   
 
Although the Group recognized that the term 'usual intake' commonly appears in the 
nutrition literature and often is used to suggest long-term intake of perhaps a year or 
more, the Group chose to use the term habitual intake. The rationale was based on the 
awareness that long-term intake pattern for nutrient substances are characterized by 
considerable day-to-day and seasonal variation both among and within (sub)populations.  
The term 'usual intake' suggested to the Group that such variation is an aberration rather 
than the norm.  The Group preferred the use of the term 'habitual intake' because it better 
matches the reality of the diverse patterns of intake that exist and because it gives a sense 
of the larger dietary context.  For the purposes of this report, habitual intake is 
synonymous with usual intake and defined as follows:   
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 Habitual intake is the long-term average daily intake of the nutrient substance.   

3.2.4  Upper level of intake 
3.2.4.1  Definition 
After a review of several established definitions for the term upper level of intake, as well 
as the working definition from the Context Paper (FAO/WHO, 2005)8, the Group agreed 
upon the following definition: 
 

For the purposes of nutrient risk assessment, the upper level of intake (UL) is 
the maximum level of habitual intake from all sources of a nutrient or 
related substance judged to be unlikely to lead to adverse health effects in 
humans.   

 
The Group considered the use of the word 'quantitative' before 'level' to be unnecessary.  
However, the term 'maximum' was inserted to clearly indicate that the interest was in the 
effect of high levels of intake as opposed to inadequate levels of intake and related 
deficiency concerns.  The Group made it clear that the term 'maximum' is not intended to 
connote any regulatory or policy action levels and emphasized that a UL is not a 
recommended intake.  
 
Upon occasion, a UL may be established for a short-term or acute effect.  In such cases, 
the term habitual intake would be replaced with acute intake in the definition for the UL 
and the process of risk assessment would proceed as dictated by those special 
considerations.  
 
3.2.4.2  Upper levels for age/sex/lifestage subpopulations  
Although a number of risk assessment approaches—including some nutrient risk 
assessments (EVM, 2003)—express ULs in terms of lifetime exposures, the Group 
concluded that, to establish ULs for nutrient risk assessment, the most appropriate general 
approach is to develop separate ULs for age/sex/lifestage subpopulations.  As the data 
allow, the ULs can be based on different endpoints as applicable to the sensitivity of the 
subpopulations. 
 
Physiological differences among age and sex groups and during certain stages of the 
lifecycle (such as pregnancy or lactation) result in different intake–response relationships 
for the nutrient substance—sometimes including the manifestation of different adverse 
health effects.  Recent discussions pertaining to risk assessment for essential trace 
elements point out age-related factors associated with variable responses to levels of 
intake (IPCS, 2002).  For example, encephalopathy has been identified as an adverse 
health effect in an infant ingesting large amounts of vitamin B6 (de Zegher et al., 1985), 
whereas sensory neuropathy has been identified as an adverse health effect among adults 
(Schaumburg et al., 1983).  Annex 7 indicates some differences in adverse health effects 
that may result from high intakes of vitamin A by different subpopulations.   

                                                 
8 A science-based quantitative level of total intake at which, or below, no risk is expected to occur 
assuming nutrient adequacy is met (FAO/WHO, 2005).  
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Furthermore, consideration of age/sex/lifestage is a hallmark of the approach for 
developing nutrient recommendations.  For example, recommended intakes for iron for 
women of child-bearing age differ from those both for men and for postmenopausal 
women.   
 
Given these considerations, there is a compelling reason to develop nutrient substance 
ULs for subpopulations (that is, on the basis of sex/age/lifestage).  Under these 
circumstances, 'deriving the UL' refers to the process of deriving a set of ULs (as the data 
allow) for different sex/age/lifestage subpopulations.  Of course, other subgroups that 
have special physiological characteristics would need to be addressed as well.   

3.2.5  Other terminology  
Two additional terms have broad application to nutrient risk assessment and thus are 
highlighted here:  specifically, the terms dose and exposure.  The Group agreed that the 
term intake should be used in place of those two terms, as explained below. 
  
The term dose suggests a discrete and controlled amount, such as would occur when a 
single source (e.g. a drug) provided a specified amount.   In contrast, multiple food and 
food product sources provide nutrient substances; and total intakes vary within a given 
individual from day-to-day, and they vary across individuals as well.  Thus, the Group 
decided that, for nutrient risk assessment purposes, the term intake (which suggests a 
continuous distribution on average) is preferable to the term dose (which implies a finite 
number of discrete and well-defined quantities).   
 
The Group recognized that exposure generally refers to total body burden and represents 
the cumulative systemic amount of the substance from all sources, including both food 
and non-food sources.  Although this definition is applicable to nutrient risk assessment, 
it has a drawback.  The English language meaning of the term exposure as related to 
nutrient substances does not translate fully into all languages.  Moreover, intake is the 
more familiar and commonly used term relating to nutrient substances.  Therefore, the 
Group concluded that the term intake is preferable to exposure.   
 
The term intake is used in this report from this point forward in order to be more 
consistent with the field of nutrition, but its use is not meant to suggest scientific 
differences from 'exposure' or 'dose' or differences in the application of the associated 
principles.   
 

3.3  Homeostatic mechanisms for nutrient substances  
An important component of the Workshop discussions was the recognition of the role of 
homeostatic mechanisms uniquely associated with those nutrient substances that are 
biologically essential.  Homeostasis is defined as “a tendency to stability in the normal 
body states (internal environment) of the organism.  It is achieved by a system of control 
mechanisms activated by negative feedback" (Dorland, 2003). For essential nutrient 
substances, the body has evolved specific homeostatic mechanisms to regulate the 
acquisition, retention, storage, and excretion of the substance.  For instance, the blood 
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concentrations of many essential nutrient substances (e.g. zinc, calcium) are controlled 
such that they do not change significantly with changes in intake.  
 
Nutrient-related homeostatic mechanisms include a host of responses and changes 
involving organ systems such as the liver, the gastrointestinal tract, and kidneys as well 
as enzyme systems, for example by down-regulation of metabolic responses.  Examples 
of homeostatic mechanisms associated with nutrient substances are given in Table 3-1. 
 

Table 3-1. Examples of Homeostatic Mechanisms for Nutrient Substances 

Nutrient substance Homeostatic mechanism 

Iron Absorption increases or decreases with changes in iron stores 

Vitamin D Renal conversion of the nutrient substance to the active 
hormone is regulated by the blood calcium level 

Calcium Intestinal absorption, deposition and release from bone, and 
urinary excretion of calcium are under complex physiologic 
control, in which active vitamin D hormone plays a key role 

Vitamin C Renal excretion of the vitamin occurs when the blood level 
exceeds a threshold value 

Vitamin A Storage of excess vitamin A increases in the liver until the 
storage capacity is exceeded 

 
 
In short, homeostatic mechanisms allow the maintenance of normal body functions in the 
presence of a variable 'nutrition environment.'  
 
No doubt both the need for and nature of these nutrient-related homeostatic mechanisms 
are related to the unique dual risks that are posed by inadequate intake of an essential 
nutrient substance in one case and by excessive intake of the substance in the other case, 
as shown in Figure 3-2.  In contrast, the relationship for risk associated with non-nutrients 
(e.g. food additives, contaminants, and pesticides) is notably different.  The risk for non-
nutrient substances reflects only an increase in risk with an increase in intake, i.e. it is 
characterized by one curve. 
 
Figure 3-2 illustrates that the dual nature of the risk for nutrient substances results in an 
intake-response curve associated with deficiency states (left curve) and a second intake-
response curve associated with high levels of intake (right curve).  These two separate 
intake–response curves are almost certainly associated with different mechanisms and 
pathways and are not (as perhaps mistakenly understood by some) a single 'U-shaped' 
curve.  Moreover, these curves often are shown as symmetrical; but, in fact, they may 
have quite different shapes and degrees of steepness depending upon the nutrient 
substance and the subpopulation.  The area between these two curves has been referred to 
variously as 'range of safe intake' or 'acceptable range of intake,' but such terms are not 
meant to imply recommended intakes.    
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Figure 3-2. Dual Curves for Risk Relationship: Percentage of (sub)population at 
risk of 'deficiency' and then 'adverse health effects' as intake levels move from 

low to high 
 
 

 
Note: Modified from Environmental Health Criteria 228 (IPCS, 2002).   
 
 
For essential nutrients, homeostatic mechanisms are associated with both low and high 
levels of intake to maintain the amount of nutrient substance in the body within an 
acceptable range.  Should intakes increase or decrease, it is assumed that homeostatic 
responses of some type occur, and that the responses may vary by age/sex/lifestage.  
However, homeostatic adaptations have a limited capacity and can be overwhelmed by 
excessive intake.  At the extremes, as the capacity of the homeostatic mechanisms is 
exceeded, the incidence and/or impact of specific adverse health effects increase(s).  
Nutrient substances that are not established as essential but that have a demonstrated 
favourable impact on health are not known to be associated with homeostatic 
mechanisms.  It is possible, however, that their risk could be reflected by dual curves.  In 
these cases, the concern associated with the left curve would presumably be the failure to 
optimize health.  The distinctions between essentiality and a demonstrated favourable 
health impact require further elucidation and clarification, and such issues would benefit 
from discussions in the future as data evolve.     
 

3.4  Adverse health effects and biomarkers of effect  

3.4.1  Adverse health effects 
The identification of adverse health effects underpins nutrient risk assessment, including 
the establishment of a UL.  According to the definition in Section 3.2.1, a change can be 
considered adverse if it results in an impairment of functional capacity, an impairment of 
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the capacity to compensate for additional stress, or an increase in susceptibility to other 
influences. Thus, if high levels of intake of a nutrient substance result in any of these 
changes, the change can be considered as 'adverse.' As such, adverse health effects can 
range from mild and reversible effects, such as osmotic diarrhoea, to life-threatening 
effects such as neuropathy or liver damage.  
 
A nutrient substance may trigger an adverse health effect either locally in the 
gastrointestinal tract and/or systemically after absorption.  For example, a large amount 
of non-absorbed nutrient substance may produce an adverse health effect by interfering 
with the absorption of other nutrients, and/or, in some cases, the production of 
undesirable fermentation products.  Excessive amounts of non-absorbed nutrient 
substances also may produce osmotic or mucosal effects that, over time, could result in 
an adverse health outcome.  If the intestines absorb excessive amounts of the nutrient 
substance, the excess may cause adverse changes in the liver or other tissues or organs.  
Such changes may arise through the uptake and deposition of harmful amounts of the 
nutrient substance in a storage organ; or the excess nutrient substance may interfere with 
normal cellular function, for example by interacting with enzymes or producing 
metabolites with the potential to cause harm. For some nutrients that are present in high 
concentration in the blood, the kidneys act to reduce the concentration by excretion into 
the urine.  A high urinary concentration of the substance or one of its metabolites may 
result.  This has been observed for vitamin C, for example; and high urinary oxalate 
concentration (from excessive vitamin C intake), may increase the risk of developing 
kidney stones. 
 
Annex 7 lists adverse health effects identified by the NR-reports for three selected 
nutrients (vitamin A, iron, and vitamin C).  The nature of the adverse health effects is 
diverse and includes gastrointestinal changes, systematic conditioning, excessive uptake 
from the gut, genotoxicity, carcinogenicity, increased serum cholesterol, and cancer.  
 
The measurable effects of high nutrient substance intake within the causal pathway of an 
adverse health effect can range from biochemical effects without functional significance 
(e.g. certain changes in enzyme activity) to clinical effects that signify irreversible 
impairment of organ function. Figure 3-3 shows the sequence of the observable effects—
from initial non-specific biochemical changes to clear irreversible clinical outcomes 
(Renwick et al., 2004).    
 
This flow diagram is generic in nature.  In practice, the process of specifying the 
sequential measurement of the development of an adverse health effect would need to be 
developed for each type of adverse health effect.  That is, the sequence would have to be 
fully characterized for each endpoint.  For example, the sequential series of effects would 
need to be mapped separately for bone health effects, for liver damage, or for disorders of 
substrate metabolism.     
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Figure 3-3. Identifying Adverse Health Effects: Sequence of 'effects' in increasing 
order of severity 

 
Note: Adapted from Renwick et al., 2004; 'features' includes signs and symptoms 
 
 
Clearly, steps 4 through 7 represent adverse health effects manifesting specific clinical 
features such signs and symptoms, and for this reason they can be used readily for risk 
assessment in the usually accepted manner.  However, the Group went on to consider 
whether some of the effects that occur prior to step 4 could constitute appropriate 
'biomarkers.'  That is, it was acknowledged that because such effects reflect 'critical 
events,' they could serve as surrogates for adverse health effects.  There was therefore a 
need to specify the desirable characteristics of such effects for this purpose, noting that 
biochemical effects without functional significance should not be regarded as adverse 
health effects (IPCS, 2002).    
 
Based on its discussions related to Figure 3-3 and noting the effects that occur at steps 1 
through 3, the Group concluded that:   
 

When data are available, the optimal endpoint for use in setting a UL would be an 
effect at step 3 and possibly step 2, with steps 4 to 7 reflective of clinical features 
such signs or symptoms.  Step 2 may be applicable in some cases in which 
sufficient information is available to suggest that changes outside a homeostatic 
range that occur without known sequelae would be relevant as a surrogate for an 
adverse health effect.    

  
Considerations related to the use of steps 2 and 3 for the purposes of nutrient risk 
assessment required further discussion of the desirable characteristics of such effects—or  

1. Biochemical changes within the homeostatic range and without indication of adverse 
sequelae 

↓ 
2. Biochemical changes outside the homeostatic range without known sequelae 

↓ 
3. Biochemical changes outside the homeostatic range that represent a biomarker of 

potential adverse effects due to excess 
↓ 

4. Clinical features indicative of a minor but reversible change 
↓ 

5. Clinical features of significant but reversible effects 
↓ 

6. Clinical features indicative of significant but reversible organ damage 
↓ 

7.  Clinical features indicative of irreversible organ damage. 
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'biomarkers'—as surrogates of adverse health effects.  This discussion is outlined in 
Section 3.4.2 below. 

3.4.2  Biomarkers of effect 
The task of specifying the nature of an appropriate biomarker was an important 
component of building a nutrient risk assessment model for two reasons.  First, the use of 
biomarkers in setting the UL may offer a margin of safety relative to protecting public 
health because biomarkers identify a situation in which metabolic dysfunction or 
abnormal gross features may not yet be present but, if left uncorrected, could result.  In a 
way, the use of biomarkers to predict increased risk of nutrient excess is analogous to the 
use of biomarkers to predict increased risk of nutrient insufficiencies (e.g. plasma or red 
blood cell folate as a predictor of increased risk of inadequacies).   
 
Second, it is impractical to rely on data related to the clinical manifestation of adverse 
health effects for nutrient substances given the state of existing data (especially for 
humans), and expectations for data likely to be available in the near future. In carrying 
out its discussions, the Group was aware of the classically established preference for 
using 'hard endpoints' as part of risk assessments conducted for other substances.  That is, 
while classic risk assessment does use a range of markers for adverse effects, such as 
changes in serum enzymes, the ability to specify clinical features of an adverse health 
effect (i.e. steps 4 through 7 in Figure 3-3) has been a central guiding tenet.  While the 
Group recognized that an adverse health effect at a step of 4 through 7 brings 
considerable value to the risk assessment process, it concluded that, in general, nutrient 
risk assessment must make routine use of biomarkers for adverse health effects.  That is, 
an approach that can readily incorporate biomarkers as surrogates for 'hard endpoints' 
was a key aspect of the model.  
 
The Group first considered the general definition of a biomarker. Generically, biomarkers 
are regarded as substances, structures, or processes that can be measured in the body or 
its products. The specific interest was, of course, biomarkers 'of effect' rather than 
biomarkers of exposure or susceptibility (but the Group noted that biomarkers of 
exposure and susceptibility are relevant for other aspects of nutrient risk assessment).  
The following discussion pertains only to biomarkers of effect. 
 
In terms of biomarkers of effect, the 1993 Environmental Health Criteria 155 (IPCS, 
1993) defines a biomarker as a measurable biochemical, physiological, behavioral or 
other alteration within an organism that, depending upon the magnitude, can be 
recognized as associated with an established or possible health impairment or disease 
[emphasis added]. The 2001 Environmental Health Criteria (IPCS, 2001) defines a 
biomarker as any substance, structure or process that can be measured in the body or its 
products and influences or predicts the incidence of outcome or disease [emphasis 
added].  It further specifies that useful biomarkers are relevant and valid.  In this case, 
relevance refers to the appropriateness of biomarkers to provide information on questions 
of interest and importance to the risk assessment.  Validity of biomarkers refers to a range 
of characteristics and is a matter of degree rather than an all-or-none state. 
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There is an array of measurable biomarkers that may be associated with adverse health 
effects.  However, although measures of association may be of general clinical interest, 
an association alone does not allow the biomarker to serve as an appropriate surrogate for 
an adverse health effect for the purposes of nutrient risk assessment.  Correlation does not 
necessarily reflect causality.  A valid and useful biomarker is involved in the causal 
pathway.   
 
Therefore, biomarkers were sub-divided into two classes: 

1.   factors:  biomarkers that represent an event and are directly involved in the 
process of interest—that is, they are causally associated with the adverse health 
effect;  

2.   indicators:  biomarkers that represent correlated or associated events and that   
have not been shown to be in the causal pathway. 

 
In addition, the Group clarified some terms to facilitate meaningful discussions:   

• A 'causal' biomarker is always 'predictive' of an adverse health effect, but all 
'predictive' biomarkers are not necessarily 'causal.'   

• Biomarkers that 'influence' an event are 'causal.'  
• 'Diagnostic' biomarkers, such as certain enzymes that are diagnostic of liver 

damage, also exist and were considered by the Group to be useful for the purposes 
of nutrient risk assessment.   

 
Overall, the recommended approach for nutrient risk assessment is to seek out and use 
biomarkers that are causally associated with the adverse health effect—that is, those 
biomarkers regarded as factors.  The Group concluded that the appropriate biomarkers for 
nutrient risk assessment are those that reflect a measurable biochemical, physiological, 
behavioral or other alteration within an organism that, depending upon the magnitude, 
can be recognized as causally associated with an established or possible health 
impairment or disease.  Further, diagnostic biomarkers are useful.  And finally, under 
some circumstances, biomarkers that are predictive (but not causally associated) also are 
appropriate for nutrient risk assessment.   
 
In short, biomarkers that serve as surrogates for adverse health effects related to nutrient 
substances are either: 

• causally associated with the adverse health effect; 
• diagnostic of the adverse health effect;  
• if deemed appropriate for use, predictive (but not causally associated) of the 

adverse health effect. 
 

The guiding principle for selecting biomarkers for nutrient risk assessment is that they are 
feasible, valid, reproducible, sensitive, and specific.  They must, however, also be 'used 
intelligently and appropriately' by the risk assessor.  In addition to causal association, 
general characteristics of biomarkers include: 

• changes in the biomarker have a plausible relationship with changes in the risk of 
an adverse health outcome;  
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• change is usually outside homeostatic range;  
• change is generally associated with adverse sequelae; and  
• measurement of the biomarker can be accomplished accurately and is 

reproducible between laboratories. 
 
The Group considered both conceptual and analytical factors to be key aspects of the 
validity of biomarkers for nutrient risk assessment.  That is, conceptual validity is 
associated with the biomarker's ability to truly serve as a surrogate for an adverse health 
effect.  Analytical validity reflects robust and accurate measurement methods that are 
reproducible between laboratories.  Overall, the Group underscored the importance of 
relevance when it came to selecting and studying biomarkers.  They noted the adage:  
"Do not be seduced by increasingly precise but physiologically and nutritionally 
meaningless results."  
  
Finally, the Group noted that although intakes that exceed homeostatic capacity should be 
regarded as potentially leading to an adverse health effect, currently we lack information 
needed to clarify what is a normal homeostatic range of biochemical values for many 
nutrient substances.  Moreover, it is possible that under certain circumstances changes 
within the homeostatic range could also be causally associated with adverse health 
effects.  Thus, the ability to specify certain measured values as indicative of adverse 
health effects is limited.   
 
As additional knowledge is accumulated, homeostatic ranges and deviations from these 
ranges undoubtedly will play an increasing role in nutrient risk assessment if they are 
predictive of adverse health effects caused by excessive intakes.  That is, an increase in 
the number of identified valid biomarkers of effect could be used to enhance public 
health protection by identifying consequences of excessive intake before they progress to 
clinically evident adverse health effects.  
 
Two specific needs were highlighted relative to biomarkers for adverse health effects 
associated with nutrient substances: 
 

1. Need:  work to characterize the patho-physiological pathways associated with 
nutrient substances, and identify early changes. 

-  Many currently recognized biomarkers are remote both mechanistically and   
temporally from the outcome of interest.   

-   The nature of the biomarker's link to the event of interest is not always clear;  
     there is the danger of measuring a change just because "it is there."   

2. Need:  establishment of collaborative networks and fostering of knowledge 
transfer. 
-     Biomarkers are not standardized and not subject to benchmark quality control. 
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3.5  Summary 
This section describes the relevance of an international approach to nutrient risk 
assessment, defines a number of key terms used in the report, and addresses roles of 
homeostatic mechanisms for nutrient substances.  Importantly, it characterizes the 
sequential nature of different effects of high intake relative to development of adverse 
health effects and addresses the key role that biomarkers of effect play in determining 
risk from nutrient substances.   
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4.  Nutrient hazard identification and characterization 
 
The goals of nutrient hazard identification and characterization are to identify hazards 
and evaluate available data in order to establish ULs and to describe the nature of the 
hazard.  In particular, these tasks are carried out as follows: 
 

1. identify adverse health effects associated with intake; 
2. select the critical adverse health effect; 
3. establish ULs after taking into account uncertainties; and 
4. characterize the hazard and identify vulnerable subgroups. 
 

Hazard identification and characterization classically are portrayed as two separate 
sequential steps for the risk assessment process.  However, after considering the nature of 
data evaluation for nutrient risk assessment, the Group concluded that hazard 
identification and characterization are better reflected as a closely linked, integrated 
activity performed for the most part as a single step—one that is characterized by 
iterations and refinements in data gathering and evaluation.   
 
This section describes the nutrient hazard identification/hazard characterization process, 
beginning with a discussion of data evaluation and how the evaluation strategies integrate 
and combine the activities of hazard identification and characterization.  The section then 
covers the four steps listed above.  The Group identified clear, comprehensive 
documentation as an integral part of these activities.  Such documentation helps ensure 
that the nutrient risk assessment process is transparent and clarifies the nature of the 
scientific judgements that are made.  
 

4.1   Data search and evaluation for hazard identification and 
characterization: an iterative process   
Hazard identification and characterization, as well as risk assessment in general, are most 
useful when (i) the approach to and results of an objective data review are clearly and 
adequately described and (ii) a detailed documentation is provided regarding the 
decisions made throughout the process.  

4.1.1  Nature of approach 
Compared to the science base for the risk assessment of chemicals approved for food use, 
the science base for nutrient risk assessment is more limited.  In general, studies have not 
been undertaken either specifically or systematically to assess the safety of nutrient 
substances and to characterize the hazards they present.  Thus, most of the evidence for 
nutrient risk assessment comes from research designed to study potential benefits of a 
nutrient substance and related mechanisms.  Existing studies frequently lack key 
information needed for risk assessments, and they rarely contain data pertinent to the 
identification of susceptible subgroups. Importantly for nutrient risk assessment, the need 
for the data relates to substances and food products already available and marketed to 
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consumers.  Since decisions generally cannot wait until the evidence becomes robust, 
scientific judgement must occur within the context of public health protection.  This type 
of scientific judgement is a defining characteristic of nutrient risk assessment.    
 
Because of the limited nature of the available data for nutrient risk assessment, the 
evidence that is gathered initially may not answer all the questions directly.  As the 
process unfolds, the original questions may need to be modified and the review criteria 
may be changed. Therefore, as described in following subsections, the hazard 
identification and characterization process usually involves refining data sets and 
combining data in order to gain a more complete picture of the risks associated with high 
levels of intake.    
 
Standardized approaches may be used for the literature search and for the collation and 
summarization of data relative to specific questions. Under certain circumstances, these 
activities may be conducted by those who are not risk assessors.  However, the data 
integration and judgements concerning the meaning of the data require evaluation by 
qualified risk assessors.  These scientists often find it necessary to request additional or 
revised data searches to obtain a full complement of evidence, help clarify the nature of 
the evidence, and draw conclusions.  The overall process, then, is best characterized as 
iterative. 
 
In comparing the results of recent nutrient risk assessments for vitamins and minerals 
conducted by national/regional bodies (see discussion in Section 2.2), it became apparent 
to the Group that the reports differed in the studies that were selected and used for 
making decisions during the hazard identification and characterization steps—despite 
generally similar access to the same scientific evidence.  Because the reports relied upon 
narrative rather than systematic reviews to evaluate the selected studies, they lacked a 
consistent or sufficient basis for the user to ascertain why different studies were selected 
for review or used as the basis for various decisions. The Group thus considered whether 
the scientific quality and transparency of the scientific review process could be improved 
by using a more systematic process for conducting and documenting the selection and 
review of the scientific literature.  The 'evidence-based systematic review' (EBSR) is one 
type of systematic scientific review process that has been widely used in generating 
clinical practice guidelines and in identifying research gaps and needs for specific topic 
areas.  EBSR is the subject of a Workshop discussion paper (see Annex 2). 

4.1.2  Evidence-based systematic review 
4.1.2.1 Brief overview of evidence-based systematic review 
An ESBR is done prior to, and conducted separately from, work by the expert group that 
will subsequently use the review results to develop clinical practice guidelines or to 
identify research needs.  The EBSR process is characterized by a focused study question 
that narrows the review to a specified relationship between a specified intervention and 
(a) hypothesized outcome(s) within a specified population group.  The entity that requests 
the review develops the focused study question.  The question forms the basis of the 
systematic review, which often is done independently of the requestor.   
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Once the focused study question is articulated, the systematic review that follows 
includes a detailed description of the search strategy (including inclusion and exclusion 
criteria), the types of data to be abstracted from each article, and the methods to be used 
for synthesizing and presenting the data.  Results of these reviews frequently include 
summary data tables and ratings of the methodological quality of each of the reviewed 
studies.  Results also describe the strength of the evidence (consistency across studies 
within and among diverse approaches) for the hypothesized relationship and the 
magnitude (strength) of the relationship between the intake and the effect.   
 
4.1.2.2  Applicability of evidence-based systematic review in nutrient risk assessment 
After considering the merits of the EBSR, the Group noted that some aspects of this type 
of review process would enhance nutrient risk assessment.  In particular, Group members 
identified two very useful components of an ESBR for the purposes of nutrient risk 
assessment:  1) the a priori definition of the search strategy criteria, and 2) the 
summarization of study results into table formats.  In addition, the Group found the 
inclusion of ratings of the methodological quality of reviewed studies to be useful 
additions to their reviews.   
 
On the other hand, the Group noted that other aspects of EBSR—primarily the nature of 
the questions addressed, as currently outlined and practiced—appeared to be inconsistent 
with the kind of scientific judgement that characterizes the nutrient risk assessment and 
therefore not appropriately suited to the process. 
 
A report from the U.S. Agency for Healthcare Research and Quality, Systems to Rate the 
Strength of Scientific Evidence (West et al., 2002), specifies the nature of the questions 
relevant to EBSR (which the report calls 'technology assessments').  The report indicates 
that the strength of the effect and the consistency of the relationship are highly relevant to 
EBSR.  However, according to the report, criteria such as 'coherence' (i.e. biological 
plausibility)—an important cornerstone of nutrient risk assessment—are not relevant to 
EBSR.  Furthermore, EBSR is characterized as not applicable to questions of specificity 
and temporality.  Rather, the report indicates that specificity and temporality are 'more 
appropriate for measuring risk' than for evidence-based reviews.  This suggests that, at 
present, there are important differences between EBSR and the type of questions relevant 
to nutrient risk assessment. 
 
The questions key to nutrient risk assessment are different from those for developing 
clinical practice guidelines or for identifying research needs as commonly associated with 
the use of EBSR.  For example, the starting question for nutrient risk assessment is likely 
to be, “What adverse health effects are associated with the intake of the nutrient 
substance, and at what levels of intake do they occur?” This is in contrast to EBSR 
questions focused on the validity and effect size of a specified hypothesized relationship 
limited to a particular population group, such as whether a thyroid function test using 
dried-blood spot specimens obtained from newborns during the first week of life 
adequately screens for congenital hypothyroidism.  
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In turn, the nature of the data needs critical to nutrient risk assessment differs from the 
questions that initiate EBSR as usually practiced.  For instance, to address the question 
about adverse health effects stated above, the Group considered it necessary to conduct a 
comprehensive literature review to identify the full range of adverse health effects and 
their associated intake levels across population groups.  This is a very broad approach 
that contrasts to the use of the more narrowly defined hypothesized relationships that 
generally form the basis for EBSR.   
 
The Group identified that the full range of both human and animal data was useful.  Even 
if good human studies are available, the inclusion of animal studies could provide 
valuable data on the nature of the intake-response relationship or aid in identifying 
particularly sensitive biomarkers of effect.  The nutrient risk assessor considers not only 
the intake–response relationship but also data related to mechanisms of toxicity, kinetics, 
and metabolic response.  Examining a broad range of data allows the assessor to combine 
and evaluate effects between species and population groups.  These activities presently 
are not an integral or established characteristic of EBSR. 
 
Additionally, the initial literature review for nutrient risk assessment should reveal any 
unanticipated adverse health effects mentioned in the studies selected for review.  If 
unanticipated adverse health effects are identified in this way, the review scope would 
need to be expanded to retrieve all studies relevant to those unanticipated effects.  That is, 
the identification of unanticipated adverse health effects triggers a new focused search 
related to that effect.  As currently structured, EBSR does not anticipate this type of 
refinement and iterative needs.   
 
Other differences between the approach needed for nutrient risk assessment and the 
current practice of EBSR were noted.  In particular, the search strategy often used during 
the formulation stage limits population groups and/or intake levels.  If such limited search 
strategy were used for nutrient risk assessment, it would miss important information 
needed by the nutrient risk assessor to understand the intake–response relationship fully 
and to identify vulnerable population groups.  Also, the Group indicated that risk 
assessors should pose questions for the literature review and evaluation as part of an 
iterative process; however, the nature of EBSR associated with clinical practice 
guidelines is generally predicated on a set research question.  Further, EBSR focuses on 
the size of the effect in addition to the validity of the relationship.  Nutrient risk assessors 
must focus on the extremes of the intake–response distribution; the magnitude (effect 
size) of the relationship is of less relevance to their conclusions.  Finally, the Group also 
noted the need to expand the types of quality ratings assigned to each reviewed study 
beyond the methodological study quality ratings that generally are associated with EBSR.  
These additional quality ratings would be identified by the risk assessor on a case-by-case 
basis and are likely to address, for example, relevance to the risk assessment of the intake 
and response measures used.  
 
The Group provided three main reasons for its conclusion that, if EBSR is to be relevant 
to nutrient risk assessment, the usual approach outlined for such reviews must be adapted.  
These reasons are 1) the open-ended nature of the starting questions, 2) the dependence 
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on the integration of many types of information in order to obtain an adequate 
understanding of intake–response relationships and to develop uncertainty factors, and 3) 
the potential need for refinements of the data search and evaluation process as the 
decision making process evolved.  The Group acknowledged the opinion of some that the 
EBSR approach may be more flexible and less rigid than currently practiced and that it 
also may be modified to include expert input through iteration during an early phrase of 
the question formulation. They recognized the possibility that the only immutable 
component of EBSR is the clear delineation and documentation of the literature search 
process and criteria, the critical assessment of evidence, and a strategy to grade 
evidence— all of which would benefit nutrient risk assessment.    

4.1.3  Summary of approach to data search and evaluation 
Overall, considering the nature of available data and the type of data evaluation needed, 
the Group concluded there is an iterative path from nutrient hazard identification through 
nutrient hazard characterization.  This iterative path requires input and refinement on the 
part of risk assessor as well as the 'fine tuning' of data searches, summaries and analyses.  
The process starts very broadly and becomes more refined as the risk assessor collates 
and summarizes the information needed for each of the decision-making steps.  
Pragmatically, a clear dividing line between nutrient hazard identification and 
characterization is not consistent with this real-world process.   
 

4.2  Step 1:  identifying adverse health effects associated with 
intake 
As noted earlier, an important starting question is:  “What are the adverse health effects 
associated with the intake of the nutrient substance, and at what levels of intake do they 
occur?”  The basis for identifying which effects are adverse is ideally determined a priori 
and should include use of biomarkers of effect (see discussion in Section 3.4).  This first 
part of the hazard identification and characterization process centers on producing an 
objective rating of the studies and compiling a clear summary of the findings regarding 
adverse health affects associated with intake.  It also includes the grading of evidence.  It 
does not include overall data integration and data interpretation.   

4.2.1  Combining data to link intakes and adverse health effects 
The initial review of the available data and the development of a dataset suitable for the 
hazard characterization pose challenges.  One major challenge is the need to combine 
available data in order to establish the link between intake and a response.  Although 
human data are preferable to animal data for establishing this link, in reality human data 
for nutrient substances are limited.  Human studies often fail to provide complete 
information on causal linkages, yet the risk assessment will need to rely upon a causally 
associated link.  
 
Figure 4-1 illustrates the general nature of links between a nutrient substance and an 
adverse health effect. The evidence that intake of the nutrient substance is linked to the 
adverse health effect may be direct (arrow C), or the evidence may be based on a 
biomarker of effect (arrows A and B). 
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Figure 4-1. Generic Model Linking Adverse Health Effect to Nutrient Substance 
 

 
 
 
Note: Adapted from Discussion Paper 1, “An Evidence-based Approach to Nutrient Hazard Identification,”  
Figure 1, Annex 2. 
 
 
When the nutrient risk assessor faces significant data gaps in the effort to make the 
needed link—which often is the case—it is desirable to combine data from available 
human studies and make use of animal and in-vitro studies to complement human data.  
Animal data are particularly useful if they have been designed specifically to address 
questions of nutrient substances and a related adverse health effect.   
 
Figure 4-2 illustrates how combining information from different kinds of studies can 
provide a more complete picture of the relationship between intake and the adverse health 
effect.  In the figure, a human dataset lacking evidence to link an adverse health effect 
with a biological effect (that is, lacking evidence that the biological effect is a biomarker 
of effect) is combined with animal and in-vitro data that demonstrate relationships 
between (i) the intake and the adverse health effect, (ii) the intake and the biological 
effect, and (iii) the biological effect and the adverse health effect.  In-vitro data provide 
further support for a causative relationship between the intake and the biological effect, 
and presumably the biological effect is determined to be a valid biomarker of effect.  
Even though the evidence from each dataset may be insufficient, taken together the 
consistency of the findings strengthens the body of evidence.    
 
As a companion activity to combining data, the risk assessor needs to gather information 
that is relevant to interpreting the findings from the studies.  In the likely event that this 
need for information could not be specified a priori, the risk assessor would call for 
additional data searches as the process proceeds—again, underscoring the iterative nature 
of the data searches.  There are numerous types of information useful for interpreting 
findings including (i) variability of the efficiency of intestinal uptake and transfer of the 
nutrient substance arising from the composition of the diet and of the food matrix 
containing the substance; (ii) variability in intake and in metabolic states arising from 
age, sex, physiological conditions, and nutritional status; (iii) person-to-person variability 
of unknown origin; (iv) known genetic differences in the absorption and metabolism of 
the nutrient substance; and (v) short-term exposures during critical periods that greatly 
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alter the risk and nature of adverse health effects (e.g. developmental effects in fetuses, 
infants, and young children) (IPCS, 2002).   
 

Figure 4-2. Combining Data to Establish a Link Between Nutrient Substance and 
Adverse Health Effect 

 

 
 
Note: Adapted from Discussion Paper 1, “An Evidence-based Approach to Nutrient Hazard Identification,” 
Figure 2, Annex 2. 
 
 
4.2.1.1  Use of human data 
Human data provide highly relevant evidence for nutrient risk assessment, but it is well 
recognized that relatively few human studies are conducted to study hazards. There is no 
authoritative body responsible for conducting such research and data are not sought 
systematically.  Just as importantly, classically definitive research may not be ethical 
since it likely would involve carrying out studies in humans based on evidence that the 
substance causes adverse health effects in animals.   
 
To the extent that human data are available, acceptable studies include those with 
experimental designs (randomized controlled trials, crossover studies, and clinical 
interventions), observational data such as cohort studies (prospective, retrospective), 
case–control studies, and case series.  However, different types of human studies have 
different advantages and disadvantages for nutrient risk assessment.   
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An experimental design such as a double-blind placebo-controlled trial is generally 
regarded as the ‘gold standard’ among study types.  If such data meet the quality criteria 
(e.g. sufficient power and duration of study), they provide the most reliable form of 
evidence.  However, the availability of experimental data is likely to be limited for 
reasons cited above.  In any case, experimental studies have the advantage of using 
defined intake levels.  However, the design and conduct of randomized controlled trials 
may still present challenges to the risk assessor.  For example, the form of the nutrient 
substance and method of administration (e.g. a series of bolus doses) might reduce the 
study’s relevance to normal dietary intakes.  The results of the study may be limited to 
the subpopulation used.  Other challenges may occur.  These challenges include the 
testing of only one intake level, no data reported about the additional intake from the diet, 
and nonsystematic reporting of adverse health effects.   
 
In the absence of experimental studies, observational reports are used to provide 
information about adverse health effects in humans.  In observational epidemiology and 
case–control studies, the intakes are not controlled, and the levels of intake may be 
studied as ranges rather than specified amounts.  Lack of specific intake data introduces a 
considerable level of uncertainty into the assessment.  Also, the possibility of bias in 
reporting must be considered for case–control studies. The use of observational studies is 
known to result in challenges to attributing causality based on associations between diet 
and outcome.  Other limitations associated with epidemiological data for risk assessment 
purposes have been reviewed recently (van den Brandt et al., 2002) 
 
 4.2.1.2  Use of animal and in-vitro data  
 Animal and in-vitro studies have long provided an important basis for hazard 
identification and characterization, especially for chemicals that undergo an approval 
process prior to human use.  When properly conducted, such studies can offer key pieces 
of information for risk assessment purposes.  Relevant internationally accepted guidelines 
such as those produced by the Organisation for Economic Co-operation and Development 
(OECD, 1998, 2000) are useful in designing these studies. 
 
Nonetheless, nutrient risk assessors need to exercise caution in their use of data from 
animal and in-vitro studies.  For instance, if very high amounts of the nutrient substance 
are fed to animals to increase the potential to produce adverse health effects, 
extrapolating to lower levels of intake poses a challenge.  Feeding very high amounts also 
introduces the possibility that the high intake of one nutrient would interfere with the 
gastrointestinal absorption of another nutrient, thus producing a nutritional imbalance that 
would be irrelevant to lower levels of intake.  Nonphysiological concentrations of a 
nutrient substance can also be used in-vitro, which would pose similar problems of 
extrapolation and interpretation.  Notably, although such study designs may present 
complications, they also may offer useful information.  For example, when animals are 
given high intakes of nutrient substances to prevent the adverse health effects of another 
experimental intervention, a comparison of the normal controls and the controls with a 
high intake of the nutrient substance may reveal unexpected toxicity in the latter.   
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However, as is the case with human studies, most nutrient-related animal and in-vitro 
studies have been designed primarily for other purposes, such as investigating possible 
benefits.  When available, however, data from animal studies can be very helpful and 
may be used to complement and clarify information gleaned from human studies—
especially for identifying mechanisms, deriving biomarkers of effect, determining 
biological plausibility, and evaluating the intake–response relationship.  Data from in-
vitro studies may further support the available evidence for humans and animals. 

4.2.2  Identification and selection of data 
For nutrient risk assessment, the nature of the initial data search may vary; but the search 
characteristically starts broad and becomes narrower and more focused as the likely 
adverse health effects are identified.  Thus, the search criteria should be documented not 
only at the beginning but each time the search is revised.   
 
Although comprehensive searches help ensure that candidate adverse health effects are 
not missed, broad unfocused reviews can be very labor intensive.  Therefore, 
consideration must be given to focusing the initial 'sweep' for data so that the process of 
hazard identification does not become unwieldy.  The data search can be focused in at 
least two ways, depending on the conditions: 
 

1. If the adverse health effects of interest are well documented and clearly specified 
in available recognized authoritative reports, the search strategy may focus on 
identifying more recent studies and on obtaining clarifying information to 
improve characterization of the hazard and to reduce uncertainties.  

2. If new understandings about biochemical pathways or other factors raise a 
concern about the potential for previously unidentified adverse health effects, then 
a search for the outcomes/biomarkers of effect/measures of interest would be used 
to supplement the information. 

 
Both search strategies depend on the use of recently published reviews by recognized 
expert groups as a starting point—assuming that the quality and scope of the reviews are 
acceptable as judged by the documentation of their search strategies. Examples of such 
reviews may include the NR-reports mentioned earlier (EC/SCF, 2000a, 2000b, 2002; 
EFSA, 2004; EVM, 2003; IOM, 1997; 1998b; 2000, 2001) and any updates. The 
information in such reports would be augmented by searches for more recent data or 
clarifying information as appropriate.  
 
Broad-based searches of the medical literature and other relevant sources of data are 
needed if there is no existing review or established data set relevant to hazards associated 
with the nutrient substance.  Broad searches are also justified if 1) there is interest in 
identifying previously unrecognized adverse health effects (e.g. interactions with drugs or 
other nutrients, adverse health effects revealed as part of studies conducted for other 
purposes), and/or 2) there is interest in adverse health effects that appear to occur at 
intakes below an established UL.  In these cases, broad-based searches also can help 
clarify the biological plausibility and likely validity of these potential hazards.   
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With regard to nutrient risk assessment, inclusion criteria have not been established for 
studies, and approaches to weighting studies have not been clearly specified.  An 
examination of the three NR-reports relative to bone density and vitamin A (Annex 8) 
suggests that different inclusion criteria were used for studies and that the weighting of 
studies differed.  The documentation for the inclusion and weighting decisions is 
generally insufficient in the three reports to allow identification of the nature of the 
scientific judgement used and the reasons for the differences.  
 
Guidance regarding study inclusion/exclusion criteria requires more in-depth 
consideration than was possible during the Workshop.  However the Group suggested 
that, at this point in time, nutrient risk assessors attempt to use an established or at least a 
documented approach to the selection of data for nutrient risk assessment.  One such 
approach is the PICO method described by Counsell (1997).  The acronym PICO stands 
for: Participants, Intervention, Comparator, and Outcomes.  Such an approach can be 
useful in developing criteria to define the rules of admissible evidence to address the 
assessment questions.  For example, factors to specify in human studies include the age 
and sex of the participants, the spectrum of participants with co-morbidities, and 
vulnerable subgroups.  For animal or in-vitro studies, the types of acceptable animals or 
cell or organ cultures should be defined. Further work is needed to identify appropriate 
inclusion/exclusion criteria for nutrient hazard identification.  

4.2.3  Initial review of data 
4.2.3.1  Rating data quality 
Rating and specifying data quality are key aspects of hazard identification. The ability to 
rate the quality of studies underpins data interpretation as well as decisions about the 
extent and nature of the uncertainties in the data.  Furthermore, an established and 
documented approach to rating the evidence is a hallmark of a transparent and well 
supported review. 
   
A system of rating data quality evaluates and assigns a rating to the studies within each 
type of study design strata, but it does not attempt to assess the comparative validity of 
studies across different designs.  If the database is suitable for meta-analysis, a 
quantitative factor that reflects the quality should be assigned to the relevant groups of 
evidence. 
 
Rating the quality of studies is desirable, but it is difficult.  Quality scales can be 
problematic in that they may lead to contradictory conclusions when different scales are 
used (Juni et al., 1999).  Nonetheless, checklists and quality scales are helpful and often 
are used for the assessment of adverse effects for other areas of study such as drug safety.  
Such scales generally consist of several to many factors believed to be associated with 
study quality.  Weights, usually arbitrarily determined, are assigned to each of the quality 
factors assessed.   
 
Potentially relevant data should be assessed against criteria specific to the study design 
(e.g. randomized controlled trials, prospective cohort study, case–control study).  If data 
from experimental or intervention studies in humans are available, the rating associated 
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with such data usually focuses on the accurate reporting of the number of study drop-
outs, blinding for treatment and outcome assessments, ability to accurately assess intake 
and subsequent effects, and the appropriateness of the statistical analysis.  Because of the 
paucity of experimental human data for nutrient substance hazards, however, most of the 
available data will be observational in nature.  Since observational data are scarce as well, 
any study that meets the minimal inclusion criteria will likely be accepted as evidence for 
hazard identification and characterization.  The Group noted that the number of study 
participants may serve as a key inclusion/exclusion criterion in such circumstances. 
 
For each included study, it is important to critically evaluate the methodological quality 
and the thoroughness of monitoring for adverse health effects.  The rating criteria for 
observational studies used should be criteria developed specifically for such studies—
criteria that consider the characteristics listed in Box 4-1.  
 

Box 4-1. Recommendations for Practice:  Useful characteristics to identify high- 
quality observational studies 

• Unbiased selection of the cohort (prospective recruitment of subjects) 
• Adequate description of the cohort 
• Use of a validated dietary assessment method 
• Quantification of the type and amount of nutrient intake 
• Use of a validated method for ascertaining the endpoints/clinical outcomes 
• Documentation of drugs prescribed/used  
• Low number and random distribution of drop-outs 
• Adequate follow-up period 
• Complete follow-up 
• Appropriate analysis (e.g. multivariate adjustments) and reporting of results 
• No know pre-existing illness 

 
 
 
Because the quality of evidence is multidimensional, a single metric is unlikely to fully 
capture the information needed to interpret hazard data about nutrient substances.  In fact, 
information on individual components of a study may be more useful than a single 
summary score.  Although it might be of interest to rank the quality of all studies on the 
same scale regardless of study design, experience with this approach is limited and has 
never been validated.  In fact, using a single rating scale for all studies creates potential 
problems. For example, a hierarchy of study design places randomized controlled trials 
above cohort studies in terms of methodological rigor; but, if a randomized trial is 
seriously flawed, the results may be more biased than those from a well-done cohort 
study.  
 
In addition to extracting specific information as described above, one can assign a single 
overall quality grade to each study:  e.g. either A, B, or C.  Box 4-2 lists useful categories 
for a single summary rating of study quality.  This approach provides a generic rating 
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system for study quality that is applicable to each type of study design but does not 
replace the multi-component rating suggested above.  Variations of this approach are 
widely used by many healthcare technology assessment organizations.  
 

Box 4-2. Recommendations for Practice: Useful categories for specifying a single 
summary rating of study quality 

 

A:  Least bias, results are valid.  A study that mostly adheres to the commonly held 
concepts of high quality for the particular level of study design; clear description of 
the (sub)population or study subjects, setting, intakes, and comparison groups; 
appropriate measurement of outcomes; appropriate statistical and analytic methods 
and reporting; no reporting errors; clear reporting of dropouts; and no obvious bias.   

B:  Susceptible to some bias, but not sufficient to invalidate the results. A study that 
does not meet all the criteria in category A.  It has some deficiencies but none likely 
to cause major bias. Study may lack information—thus making assessment of the 
limitations and potential problems difficult. 

C:  Significant bias that may invalidate the results.  A study with serious errors in 
design, analysis, or reporting.  These studies may have large amounts of missing 
information or discrepancies in reporting. 

 
 
The rating of animal and in-vitro studies should not be overlooked.  In principle, the same 
general approach used for human data could be applied to the results from studies in 
animals and from in-vitro studies even though certain special and different factors come 
into play (IOM, 1998a).  Information from an animal species whose biological responses 
are most like those of humans should be sought.  However, it is important not to overlook 
data from species whose similarity to humans is unknown for the effects of concern.   
Other important factors include the route of intake (preferably the one that most 
resembles human intake) and consideration of the digestive state (for example, fed or 
fasted). If such information is not available, this lack should be reflected in the rating 
because its lack constitutes an important source of uncertainty.    
 
4.2.3.2  Use of meta-analysis to synthesize data 
The Group considered the use of meta-analysis—a method that is increasingly used to 
synthesize results of scientific studies and that has utility for hazard identification and 
characterization.  Meta-analysis can be a powerful tool to discover otherwise unapparent 
information.  Some hazards cannot be identified until the data are 'taken together as a 
whole.' Meta-analysis thus can be helpful as part of hazard identification when several 
studies of the same design have addressed similar research questions.  By combining data 
from several studies, meta-analysis also may identify candidate adverse health effects.  
With regard to hazard characterization, it may provide a more complete understanding of 
intake–response relationships than could be obtained from individual studies.  If 
conducted on the basis of subpopulations, meta-analysis may provide particularly useful 
information.  
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Specific discussions of meta-analysis methods for nutrient risk assessment are beyond the 
scope of this report but can be found in a number of publications (Cooper and Hedges, 
1994; Laird and Mosteller, 1990; Lau et al., 1997, 1998; Stroup et al., 2000).  The key 
consideration is that the analysis must be executed appropriately, and its limitations must 
be understood by the risk assessor prior to the decision to conduct meta-analysis. 
 
 4.2.3.3  Addressing uncertainty 
Hazard identification should serve to collect and summarize data in a manner that allows 
for ready specification of uncertainties in the dataset.  Even if performed according to 
stated guidelines, the process is influenced by uncertainties that are due primarily to the 
lack of data from systematic studies with the desirable characteristics—namely, a range 
of well-defined intakes, sufficient duration, and a design that assesses the occurrence of 
adverse health effects that can be used a priori for the process.    
 
Uncertainty as a risk assessment concern can be regarded as "imperfect knowledge 
concerning the present or future state of an organism, system or (sub)population under 
consideration" (IPCS, 2004b).  As described by others (NRC, 1994), uncertainty may 
encompass variability; but variability is not synonymous with uncertainty. Uncertainty 
may arise because of (i) necessary adjustment steps, as to account for differences in body 
size between species; (ii) inadequate data; (iii) weighting of data; and (iv) judgements 
about the impact of the observed effect. Variability, on the other hand, is a consequence 
of the distribution of exposure and/or of susceptibility to toxic effects in the 
(sub)population due to age, developmental stage, sex, disease, or genetic heterogeneity in 
homeostatic or metabolic pathways.  If not taken into account through some type of 
adjustment, variability can contribute substantially to the overall uncertainty of the risk 
assessment process. The risk assessment must address both the uncertainty that is due to 
data deficiencies and the uncertainty due to variability. 
  
Notably, data uncertainties may be greater for nutrient substances than for chemicals or 
contaminants, which, as a group, have undergone more systematic review.  Nonetheless, 
while standard approaches to correcting for non-nutrient uncertainties use conservative 
(that is, 'large') uncertainty factors (IPCS, 2002; SSC, 2000), the use of highly 
conservative correction factors is precluded for many nutrient substances because the 
method of addressing uncertainty must not result in ULs that fall below the recommended 
intakes associated with ‘health benefits.’  Nutrient hazard identification, therefore, is a 
critical point for obtaining information that leads to carefully refined judgements about 
uncertainty and strategies to account for it.   
 
Section 4.4.3 provides a discussion of how the uncertainties associated with hazard 
identification/characterization are taken into account at several points in the process of 
deriving the UL and of how to specify these uncertainties so as to caveat conclusions.  
There are, of course, uncertainties associated with other steps in the nutrient risk 
assessment process, specifically with dietary intake assessment (see Section 5).   
 
Uncertainty surrounding hazard identification can be reduced by the a priori application 
of a strictly structured approach to identifying hazards, one characterized as:   
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• based on a comprehensive search of data from human, animal, and in-vitro studies;  
• containing evidence ranked according to strength and statistical significance; and 
• including a detailed explanation of the judgements made in identifying hazards. 
 
In practice, however, such an approach is likely to be limited by the overall paucity of 
available data. Common sources of uncertainty associated with hazard identification are 
listed in Box 4-3.   
 
  

Box 4-3.  Recommendations for Practice:  Identifying sources of uncertainty with 
potential to affect hazard identification 

 
Potential sources of uncertainty include the following: 
• Problems in estimating the study subjects’ total intake of a nutrient substance from all 

sources.  This applies especially to human epidemiological studies but also to 
intervention studies, which sometimes lack data quantifying the intake from the 
background diet and from other non-intervention sources of the nutrient; 

• Problems of reliability of data.  These may be due to study design, study conduct, and 
statistical evaluation; sample size and study duration; the selection of a particularly 
sensitive or insensitive study subgroup; and insufficient assessment of compliance 
and of adverse health effects (as opposed to beneficial effects that the study was 
designed to address); 

• Clinical significance of observed/measured effects and the reversibility of effects; 
• Biological mechanisms causing the observed adverse health effect; 
• Differences in the bioavailability of different forms of the nutrient substance and the 

influence of food matrices on bioavailability; 
• Differences in the nature of hazards following bolus intakes versus intakes from food 

sources; 
• Influence of age, sex, genetic polymorphisms, or medications; 
• Relevance for humans of data derived from animal studies;  
• Gaps in knowledge of the variability in kinetics and dynamics of a nutrient substance 

between species; 
• Limited data that are of high quality, e.g. in-vitro data only and/or data from a study 

(in animals or humans) that used only one intake level. 
 

4.2.4  Summarizing and presenting results 
The identification of candidate adverse health effects sets the stage for the selection of the 
critical adverse health effect, which, in turn, serves as the basis for deriving a UL and 
allows characterization of the hazard.  The risk assessor provides data concerning adverse 
health effects in a coherent summary, evaluates and rates studies, and presents 
meaningful information in summary form. 
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Overall, the summary from the nutrient substance hazard identification process contains 
all relevant information and documentation on the approaches used.  At a minimum, the 
presentation of findings should include a summary description that includes the 
information listed in Box 4-4. 
 

Box 4-4. Information Important to the Review of Individual Studies 
 
• Subjects’ age, sex, health, race/ethnic background (or, in the case of animal studies, 

species and strain) 
• Size of study 
• Nature of nutrient substance studied 
• Range of intakes  
• Duration of intakes 
• Background diet and intakes from (as applicable) food, supplements, and water  
• Intake assessment method(s) 
• Characteristics of the nutrient substance studied 
• Endpoints investigated 
• Relationship between intake and response (i.e. adverse health effect)  
• Nature of critical adverse health effect (validation and quality criteria for the selected 

endpoint, i.e. biomarker of effect or clinically observable effect) and why selected 
• Effect size (relationship with intake, subgroups, other factors)  
• Confounders (e.g. susceptibility, use of medications) and effect modifiers 
 
 
The Group underscored the usefulness of summary tables for organizing and presenting 
the evidence.  In particular, they supported the development of an initial table of findings 
from the available studies to present the levels of intake associated with adverse health 
effects arrayed by study type, as illustrated by Table 4-1.  When completed, such a table 
would help the risk assessor to take the starting step for specifying the critical adverse 
health effect.  That is, he or she could quickly scan the available dataset and identify the 
lower levels of intake from among the candidate adverse health effects.     
 
Another useful table would be one that focuses on the quality and objective ratings of the 
studies in the available dataset for each identified adverse health effect.  The data could 
be arranged in several ways.  Table 4-2 provides an example of a format for such a 
summary.  Its column headings cover factors that need to be considered in making an 
objective assessment of the data.  A separate table would be needed for each adverse 
health effect that may become the focus for hazard characterization and derivation of the 
UL.  Note that only some of the studies cited in Table 4-1 may provide data for effects 
“X . . .Z” in Table 4-2. 
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Table 4-1. Model Summary Table:  Nutrient substance intake levels associated with 
candidate adverse health effects, by study type and reference 

 
Study Type and 

Reference 
Effect X Effect Y Effect Z Effect etc. 

 Intake level (value and unit of measurement)  

Randomized-controlled trial 

Study A, etc.     

Cohort 

Study B     

Study C     

Study D, etc.     

Case–control  

Study E     

Study F, etc.     

Case series 

Study G     

Study H     

Study I     

Animal or in-vitro studies 

Study J     

Study K, etc.     

 
Table 4-2. Model Summary Table: Evidence characteristics for effect X 

Type of 
study and 
reference 
(Authors, 
year of 
study) 

Number of 
subjects 

Subject demographics: 
age, sex, country, 

co-morbidities 

Intake level,  
duration 

Intake 
assessment 

method 

Background 
diet 

Effect 
assessment 

method 

Study quality grade 
(A, B, or C), other 

comments 

Randomized-controlled trial 

  Study A        

Cohort 

  Study D        

Case–control  

  Study E        

  Study F        

Case series 

  Study H        

Animal or in-vitro 

  Study I        

  Study K        
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4.3  Step 2:  selecting the critical adverse health effect 
After compiling and summarizing data pertaining to candidate adverse health effects, the 
process generally moves to the derivation of the UL and finally to the characterization of 
the hazard.  In order to establish a UL, a critical adverse health effect must be selected to 
serve as the basis of the UL. By definition, the 'critical effect' is the adverse health 
effect(s) judged to be most appropriate for deriving the UL (IPCS, 1994).    
 
As described in Section 3.4, adverse health effects can range from what may be 
considered 'less serious,' such as osmotic diarrhoea, to 'more serious,' such as life-
threatening effects such as hypertension or liver damage.  However, the severity of an 
effect is not used as the basis for setting a UL.  Rather, the goal is to select the adverse 
health effect that occurs at the 'intake of greatest concern.'  The intent is to provide public 
health protection by maximizing the protection of the (sub)population.  At times the 
selected intake level may be one associated with the most sensitive members of the 
(sub)population or perhaps even with the steepest intake–response curve.  However, in 
practice it is likely to be the effect occurring at the lowest intake within the range of 
intakes investigated.  Protecting people from the effects seen at the lowest intakes also 
will protect them from more serious effects seen only at higher intakes. Although 
judgements concerning seriousness or even reversibility are not considerations in 
selecting the critical adverse health effect, the overall hazard characterization should 
contain a description of the nature and health impact of different adverse health effects at 
different intakes and of related factors such as reversibility.   
 
As an aside, while such factors do not affect the selection of the critical adverse health 
effect, they may have an impact on uncertainty factors used later in the derivation of the 
UL.  At times, the selection of uncertainty factors has been influenced by considerations 
of the severity of the effect (e.g. for women of child-bearing age in the case of vitamin 
A), as well as reversibility or non-reversibility of the selected critical adverse health 
effect (e.g. in the case of magnesium and selenium, respectively).  Although this is not 
the uncertainty that comes from insufficient data, it reflects the caution that is taken into 
account in selecting the uncertainty factor and thereby influencing the value of the UL.  
The Group noted the tendency to rely on scientific judgement in these cases and indicated 
benefit in developing a more systematic and documented approach to such considerations 
in the future.  
 
The risk assessor screens the candidate adverse health effects and focuses on the levels of 
intake that produce the effects.  Human and animal datasets should be screened 
separately; and it should be noted that the adverse health effect occurring at the lowest 
intake may differ between animal and human data.  At times, the critical effect may be 
based on evidence from animal studies.  In-vitro data may be useful to support the 
rationale for a UL established from either animal or human data and to evaluate 
interspecies differences when the UL is based on animal data.  Several sequential 
screenings may be necessary. The assessor must be aware of ways that the quality of data 
can affect the selection of the adverse health effect.  For example, if animal data are used, 
it is important that the evidence be from animals that are appropriately sensitive and that 
are of appropriate age and sex.  In this respect, the Group acknowledged the future need 
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to identify approaches for comparing sensitivity between animals and humans, for 
example the identification of a method to compare a systematic toxicological endpoint in 
humans and a developmental toxicological endpoint in a rat. 
 
The initial selection of the critical adverse health effect may be followed by additional 
literature searches to (i) gather other data related to the intake–effect relationship and (ii) 
obtain information (e.g. the mechanism of toxicity) that may not have been pursued 
during the initial candidate identification process.  If data allow and it is deemed 
appropriate, different critical adverse health effects for different age/sex/lifestage 
subpopulations may be selected as the basis for the UL for that specific subpopulation. 
 
In some cases, risk assessment approaches have been conducted by selecting more than 
one critical adverse health effect at the initial stages of the process  If the data suggest 
that there are several candidate effects that would all provide the desired level of health 
protection (e.g. all occur at low levels of intake), then the process may proceed for all 
these identified effects through the activities of specifying ULs—in this case, a set of 
tentative ULs.  Carrying out the process simultaneously for several effects may reveal 
database strengths that support the selection of one effect as the final critical adverse 
health effect as compared to the others.  This determination and its rationale should be 
carefully documented.  
  

4.4  Step 3:  quantifying the upper level 
Once the critical adverse health effect is identified, the process moves to deriving the UL.  
Again, iterations may occur between this activity and those conducted for the preceding 
step of hazard identification. The first step is to analyse and clearly describe the 
relationship between the intake of the nutrient substance and the onset of the adverse 
health effect for those age/sex/lifestage subpopulations for which data are available.  The 
analysis is called the intake–response assessment, and its outcome is the specification of 
one of the following three values depending upon the nature of the existing evidence: 
 

1. a benchmark intake (BI)9:  the intake of a substance that is expected to result in a 
prespecified level of effect.  The abbreviation BI is used for this report, but other 
risk assessments refer to this value as benchmark dose (BMD);   

2. a no observed adverse effect level (NOAEL):  the greatest concentration or 
amount of a substance, found by experiment or observation, which causes no 
detectable adverse alteration of morphology, functional capacity, growth, 
development or life span of the target organism under defined conditions of 
exposure (IPCS, 1994); or  

3. a lowest observed adverse effect level (LOAEL):  the lowest concentration or 
amount of a substance, found by experiment or observation, which causes a 
detectable adverse alteration of morphology, functional capacity, growth, 

                                                 
9 The abbreviation BI is used rather than BMI because the latter is a widely used abbreviation for body 
mass index. 
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development or life span of the target organism under defined conditions of 
exposure (IPCS, 1994).  

 
Given the limited experience in developing BIs and the many aspects of the process that 
remain to be explored, the discussions in this report focus primarily on the process 
associated with the NOAEL and LOAEL.   
 
Following the identification of a NOAEL, LOAEL, or BI, the risk assessor then makes 
adjustments for uncertainty in order to establish a UL.  If needed, this is followed by 
scaling or extrapolating data to derive ULs for those age/sex/lifestage subpopulations for 
which there are no data available and which presumably are unstudied.  The sequence of 
steps is illustrated in Figure 4-3.   
 
 

Figure 4-3. Steps in Quantifying the Upper Level of Intake 
 

 
Identify critical adverse health effect  
(for age/sex/lifestage subpopulation) 

 
 
 
 

Determine NOAEL, LOAEL or BI  
 

                                                                      
                                                             Quantitative adjustment 

                   (if data available)                              
 
 

                                                                         [Adjusted NOAEL, LOAEL or BI] 
 
 

                                       Application of  
                                                           composite uncertainty factor 

 
Specify UL (for age/sex/lifestage subpopulation) 

 
                           Adjust ULs for unstudied  

                                     age/sex/lifestage subpopulations 
 
 

Complete set of ULs for relevant age/sex/lifestage subpopulations 
 
 
 
Note: BI =  benchmark intake (called benchmark dose in other risk  assessment  reports);  LOAEL = lowest observed 
adverse effect level; NOAEL = no observed adverse effect level; UL =  upper level. 
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4.4.1  Intake–response assessment 
The aim of an intake–response assessment for hazard identification/characterization is to 
use the available evidence to characterize the relationship between different levels of 
intake, the occurrence of an adverse health effect, and the changing impact of that effect 
(such as an increasing loss of renal tubular function as the intake increases). The intake–
response relationship is a hallmark of risk assessment, but its purpose and methods of 
assessing intake as a part of intake–response assessment are different from those of the 
dietary intake assessment process. (That process is described in Section 5 and is a 
separate component of nutrient risk assessment.)  Moreover, for certain nutrient 
substances an intake–response curve cannot be specified.  This situation is discussed 
further in Section 8. 
 
An array of types of data can be used in the intake–response assessment; these include 
human, animal, and in-vitro evidence from experimental and observational studies.  
Animal studies are particularly useful if the critical effect demonstrated in animals has 
not been studied in humans or if human data are not adequate for the purpose.  As noted 
earlier, in most circumstances it is important to use data from the most sensitive animal 
species, strain, and sex.   
 
Measurements related to intake or 'exposure' are of two types:  (i) quantitative intake data 
for the nutrient substance, and (ii) biomarkers of the internal amount of the nutrient 
substance after absorption. Usually quantitative dietary intake is the only type of data 
available and therefore is used as a proxy for the 'systemic exposure' or true amount of 
the nutrient substance 'taken in' by the body. This amount will depend on intake and the 
chemical form of the substance, but it can be influenced by the intestinal uptake and 
transfer of the nutrient into the body.  Uptake and transfer, in turn, can be subject to 
dietary and homeostatic influences and to metabolic states.  Since these factors usually 
are not well understood, they seldom can be taken into account.  A biomarker of the 
intake of the nutrient substance could be a helpful measurement for examining systemic 
effects, but at present few such biomarkers have been identified for nutrient substances. 
When identified, these biomarkers—the nature of which would vary for different nutrient 
substances—would have to be validated in relation to nutrient substance intake. They 
also would need to reflect the intake for the period during which the adverse health effect 
was generated.   
 
Key elements of the assessment of intake–response appear in Box 4-5.   
 
The Group noted that meta-analysis, when correctly conducted, can be a very useful tool 
for determining intake–response relationships.  Good examples of its application can be 
found in the literature (e.g. see the meta-analysis for sodium and potassium intake in 
relation to blood pressure described in Geleijnse et al. (2003). 
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Box 4-5. Recommendations for Practice:  Key considerations for the 
assessment of intake–response 

 
• Obtain qualitative and quantitative descriptions of the levels and duration of the 

intake causing the adverse health effect ; 
• Consider the nature and size of the human populations studied; the routes, magnitude, 

frequency, and duration of intake; relevant information on the diet history of the 
subjects; and blood values and urinary excretion data; 

• Consider the method of estimating the nutrient substance intake; 
• If possible, incorporate data on the total intake of the nutrient substance rather than 

relying solely on data about the test 'doses' of the same nutrient substances 
administered in experimental studies.  Since in human studies the variability and 
distribution of the background dietary intake of the tested nutrient substance can 
introduce considerable uncertainty, knowledge of total intake can improve the intake–
response assessment. 

• As appropriate, consider conducting a meta-analysis for the purpose of enhancing the 
intake–response assessment. 

 
 
In all cases, information about the precision associated with the intake–response should 
be recorded.  For example, in observational studies with a range of intakes, individuals 
who respond with adverse health effects may be those at the extreme upper end of the 
intake range, where typically the intake values are associated with considerable error.   If 
a food frequency questionnaire has been used for the study, there can be gross errors in 
the resulting intake estimates (see Section 5.4).  When it is possible to estimate 
differences in the fractional absorption of the nutrient in the study population, the 
differences should be taken into account.  Since many uncertainties have an impact on the 
intake–response assessment, they need to be documented carefully, and information must 
be provided on the decision process used to take them into account.    

4.4.2  Specification of the NOAEL, LOAEL, or BI 
The NOAEL is the highest intake of a nutrient at which the critical adverse health effect 
has not been observed.  If the data are not adequate to demonstrate a NOAEL, then a 
LOAEL (the lowest intake at which an adverse effect has been demonstrated) may be 
used (Renwick et al., 2004).   The NOAEL and LOAEL are based on observed intake 
levels that are set as part of the study design.  Neither takes into account the shape of the 
intake–response relationship that would be seen at other levels of intake.  If data allow, 
the specification of a BI would be preferred over specifying a NOAEL or LOAEL 
because the BI allows the derivation of the ULs to be carried out with greater certainty.  
In any case, any of the three values can serve as the starting point for deriving the UL.  
 
There is a long history of the use of NOAELs and LOAELs for risk assessments purposes 
(IPCS, 1987, 1994).  The rationale for the identification and use of a NOAEL is that it 
approximates the biological threshold, which is an intake below which the adverse health 
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effect is not produced.  However, since the levels administered often are widely spaced, 
in some cases the observed value of the NOAEL can be considerably lower than the true 
biological threshold (IPCS, 1994).  By definition, the LOAEL is an intake that produces a 
measurable level of response, but it may be less 'true' as an actual threshold compared to 
the NOAEL.  
 
The ability to derive a BI as part of nutrient risk assessment currently is quite limited due 
to the lack of suitable data.  Future research efforts should include studies that would 
provide data to allow the calculation of a BI.  In particular, the mathematical modeling 
used to estimate a BI requires high quality studies with multiple intakes showing graded 
responses at different levels of intake. The BI would take into account the entire intake–
response curve and the variation in response within the studied population. A regression 
function would be fitted on the response data to estimate the intake at which the adverse 
health effect  starts to occur or, alternatively, the intake at which one can detect a 
specified percentage increase (over the background level) in the occurrence of the 
adverse health effect. The intake giving this level of response would be called the BI.  A 
statistical lower bound, often the 95% lower bound on the intake, would be used to 
account for statistical uncertainties in the intake–response data.  This lower bound would 
be the benchmark intake lower confidence limit or BIL.  Figure 4-4 illustrates 
relationships among the BI, NOAEL, and LOAEL for nutrient risk assessment.   
 

Figure 4-4. Lower Part of Intake–Response Curve for an Adverse Health Effect: 
NOAEL, LOAEL and BI 

 
Note:  NOAEL = no observed adverse effect level; LOAEL = lowest observed adverse effect level; BI =  benchmark 
intake.  Dotted line represents the 95% upper confidence level. BI2.5 represents the level at which 2.5% of 
the individuals experience an adverse health effect over the background level. BIL2.5 represents the lower 
confidence interval of the BI2.5, i.e. the level at which no more than 2.5% of the individuals experience the 
adverse health effect estimated with 95% confidence. Adapted from IPCS, 2002.  
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The Group noted that the BI approach would be particularly useful when the adverse 
health effect is seen within the range of the current levels of human intake and a NOAEL 
cannot be identified.  This would apply to sodium, for example. Under such 
circumstances, the BI or BIL is useful because it defines a point on the intake–response 
relationship that is reliable and relevant to the minimization of the risk of adverse health 
effects that result from high intake.  
 
Discussion Paper 2 (see Annex 3) describes the use of the BI approach to explore the 
relationship between drinking water fluoride, urine fluoride, and serum fluoride and the 
occurrence of dental fluorosis in children from cities or villages with different 
concentrations of fluoride in the drinking water.  Theoretically, other types of analysis 
can be used to estimate the BI.  For example, meta-regression analysis allows assessors to 
extend the range of intakes by combining data from studies that are similar with respect 
to parameter, population, design, form of nutrient, duration, and study design.  However, 
there appear to be no examples in which meta-regression has been applied in the 
identification of a BI with the intention of establishing a UL.  
 
Overall, the datasets available for nutrient substances usually are not designed to assess 
intake–response for adverse health effects.  Therefore, not only is the estimation of a BI 
problematic, there are challenges associated with establishing the NOAEL or LOAEL.  In 
particular, study quality and design for both human and animal data are notable issues for 
the NOAEL (or LOAEL), and they should be carefully considered.  Several 'study-
dependent' factors that influence the magnitude of the value observed include the group 
size; the sensitivity of the methods used to measure the response; the duration of intake, 
and the selection of intake levels.  For animal studies, important factors include species, 
strain, sex, age, and developmental status.  

4.4.3  Dealing with uncertainties and setting the upper level 
The NOAEL or LOAEL cannot be used as the final value for the UL—except in the 
unlikely situation that the value was derived from a large study that is truly representative 
of the exposed population and contains no uncertainties and negligible errors.  Given that 
available data will contain uncertainties, risk assessment principles stipulate that the risk 
assessor must take these into account.  Therefore the NOAEL or LOAEL value is 
adjusted for uncertainties in order to establish a UL.  The BI, if established, would also be 
adjusted for uncertainty but as it is not clear as how the considerations for uncertainty 
associated with the NOAEL and LOAEL would apply to BI, only the NOAEL and 
LOAEL are discussed. 
 
4.4.3.1  Quantitative adjustment 
In dealing with uncertainty for setting the UL, the first consideration is whether there are 
sufficient data to make a quantitative adjustment to the NOAEL or LOAEL:  that is, do 
the data allow the magnitude of uncertainty or variability to be defined?  Quantitative 
adjustments are data-derived factors that provide a basis for adjusting the NOAEL or  
LOAEL either upward or downward based on information relevant to the target 
population but not addressed in the data used to derive the values.  These adjustments are 
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objective and based on specific data, and they can relate to either kinetic or dynamic 
aspects of the nutrient substance in different species (IPCS, 1994).  
 
While quantitative adjustments are theoretically possible for all uncertainties, in practice 
available data usually allow relatively few quantitative adjustments to be made when 
setting the ULs for nutrient substances.  One example of the use of quantitative 
adjustment is the process used to address differences in body size between test animals 
and humans.  Bioavailability is another uncertainty for which quantitative adjustments 
may be used, particularly when data are available both for the kinetics and dynamics of 
different forms of the same nutrient substance.  This adjustment could, in principle, lead 
to setting different ULs for different forms of the nutrient substance, for example the 
nicotinic acid and nicotinamide forms of niacin.  
 
4.4.3.2  Using uncertainty factors 
Uncertainty factors10 are needed because (i) quantitative adjustments such as those 
described above are not available for all known uncertainties and (ii) for some 
assessments quantitative adjustments may not be possible at all.  Uncertainty factors are 
commonly used to address the interspecies adjustments, inter-individual variability in 
humans, inadequacy of the overall database or of certain pivotal studies, and the nature of 
the adverse health effects.  Like quantitative adjustments, uncertainty factors provide 
assurance that intake levels below the UL are unlikely to pose a risk.  Moreover, 
uncertainty factors may be used concomitantly with a quantitative adjustment to best 
account for the full range of uncertainties. 
 
In the case of non-nutrient substances, uncertainty factors have relied on conservative 
default values such as 10-fold corrections for species differences and 10-fold corrections 
for human variability.  As a result, the product of the two values—namely a 100-fold 
uncertainty factor—would be applied (for example, to a NOAEL expressed in milligrams 
per kilogram of body weight from an animal study).  The use of precautionary defaults 
that are appropriate for non-nutrient substances poses a potential problem for nutrient 
substances:  the resulting UL could be a value that is below the intake required to ensure 
nutritional adequacy.  The concerns focus primarily on those nutrient substances that 
have recommended intakes that are relatively close to intake levels that demonstrate risk; 
the examples given commonly include iron, zinc, copper, and sometimes calcium.  Now 
it is widely recognized that the use of such large defaults, which have the advantage of 
providing considerable assurances about the 'safety' associated with an estimation of the 
upper level of intake, are not usually applicable to nutrient risk assessment.  Rather, 
uncertainty factors used in nutrient risk assessment require consideration on a case-by-
case basis and must be placed within the context of established intake requirements. 
 
Box 4-6 highlights the nature of uncertainty factors that have been derived when the 
uncertainty in question cannot be quantitatively adjusted as described in Section 4.4.3.1.   
The listing is not inclusive; other important uncertainties may be identified during a 
                                                 
10 The term 'uncertainty factor' is a more appropriate expression than the term 'safety factor' since it avoids 
the notion of absolute safety and because the size of this factor is proportional to the magnitude of 
uncertainty rather than to safety. 
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specific nutrient risk assessment.  Moreover, not all uncertainties apply equally to all 
nutrient substances because the available datasets for each substance differ in quality and 
completeness.   
 

Box 4-6. Nature of Uncertainty Factors Associated with the Derivation of an 
Upper Level for a Nutrient Substance 

 
• Uncertainty:  Human variability 

Description:  Predicted but uncharacterized human variability not covered by study 
group or by quantitative adjustments for species differences 
Nature of uncertainty factor:  If the NOAEL or LOAEL is based on a less sensitive 
subpopulation, an uncertainty factor usually is applied to the value to cover more 
sensitive subpopulations. This might be done, for example, to cover inadequately 
nourished populations if decisions are not taken to develop a separate UL for such 
groups.  For non-nutrient substances, traditionally a factor of 10 has been used for a 
NOAEL or LOAEL that is based on a small study in healthy volunteers; this 
uncertainty factor is intended to allow for common polymorphisms and all the life 
stages. A factor of 10, however, may be too high in the case of specific nutrients 
(examples include vitamin A in fertile women, vitamin D in adults and young 
children, vitamin E).  Clearly, appropriate modifications include considerations of 
requirements for the nutrient substance.  
 

• Uncertainty:  Interspecies differences   
Description:  Kinetic and/or dynamic aspects not covered by any quantitative 
adjustment and typically associated with absorption, metabolism, and/or excretion 
Nature of uncertainty factor:  Scaling according to metabolic body weight (BW0.75) is 
more suitable for nutrient substances than is the 10-fold default uncertainty factor 
associated with non-nutrients.  A degree of uncertainty will remain, however, in 
relation to possible species differences in tissue or target organ sensitivity.  
 

• Uncertainty:  Use of a LOAEL rather than a NOAEL 
Description:  The LOAEL is a clear effect intake and is not equivalent to the 
biological threshold; additional uncertainty relates to the relationship between the 
LOAEL and the possible position of the undefined NOAEL 
Nature of uncertainty factor:  An uncertainty factor may be necessary to account for 
the differences introduced by the use of a LOAEL rather than a NOAEL.  The 
magnitude of the factor should take into account the available intake–response data at 
intakes above the LOAEL; usually, a value between 1 and 10 would be used.  In cases 
where the intake–response data included a sufficient number of intake levels 
producing the critical adverse health effect, an alternative and more scientific 
approach would be the estimation of the BI or BIL if data allow.  
 

• Uncertainty: Short duration of study 
Description: Duration of the studies used as the basis for the NOAEL or LOAEL 
insufficient for full expression of the adverse health effect 
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Box 4.6. Continued 
________________________________________________________________________

Nature of uncertainty factor:  An uncertainty factor has been used for non-nutrient 
substances when data were unavailable from long-term studies.  For nutrient 
substances, it is possible that the study duration used to derive the UL is too short for 
the adverse health effect to be expressed. Under such circumstances, an uncertainty 
factor may be introduced to take the short duration into account.  Using an 
uncertainty factor for this purpose may be particularly important for nutrient 
substances with storage mechanisms. However, using an uncertainty factor also might 
be useful if an effect on homeostasis were used to set the UL—for example, for the 
nutrients copper or vitamin E.  A case-by-case approach is needed.   
 

• Uncertainty:  Inferior quality of the study(ies) 
Description:  Quality of the studies used to define the UL is limited with regard to the 
sensitivity of the methods used, number of individuals studied, etc. 
Nature of Uncertainty Factor:  Studies of lesser quality, especially in terms of 
identifying adverse health effects and of defining adequately the NOAEL or LOAEL 
require an uncertainty factor related to the quality of the data.  The magnitude of the 
factor should reflect the extent to which the study data may have over-estimated the 
true threshold. 
 

• Uncertainty:  Specific population groups 
Description: Circumstances in which a UL may be inappropriate for a subgroup 
within the age/sex/lifestage subpopulation   
Nature of uncertainty factor:  Some identified 'at risk' groups—for example 
subgroups with phenylketonuria or those with different nutritional status than the 
studied subpopulation—may require separate consideration and separate values.  This 
would require case-by-case determinations and would be elaborated upon in the risk 
characterization. An example would be setting the UL for iron intake for individuals 
with hereditary haemochromatosis. 
 

Note:  NOAEL = no observed adverse effect level; LOAEL = lowest observed adverse effect level; UL = upper level 
intake   
 
Uncertainty factors are not likely to be independent of each other (Calabrese and Gilbert, 
1993), and adjusting the NOAEL or LOAEL using a variety of individual uncertainty 
factors may not be the best approach.  Consideration should be given to the use of a 
composite uncertainty factor as described below. 
 
4.4.3.3  Deriving a composite uncertainty factor 
Rather than applying individual uncertainty factors to the NOAEL or LOAEL, it is 
preferable to derive a composite uncertainty factor.  This single composite factor adjusts 
the NOAEL or LOAEL for uncertainty after any available quantitative adjustments have 
been made.  Because the risk assessment of nutrient substances has to consider both 
toxicity and essentiality, the use of a composite factor increases the likelihood that the 
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completed adjustment will not be so large as to result in a UL that is lower than the 
required intake of the nutrient substance. 
  
The steps for deriving a composite uncertainty factor are listed in Box 4-7.  The choice of 
the magnitude of individual uncertainty factors and of the composite uncertainty factor 
requires careful judgement as to the quality of the available evidence (Dourson et al., 
1996). 
 

Box 4-7. Recommendations for Practice:  Steps to derive a composite 
uncertainty factor 

 
• Identify all uncertainties not addressed by a quantitative adjustment.  
• Grade or rank uncertainties by their expected impact level (e.g. high, medium, low, 

none) on the total amount of uncertainty for each of the different population groups.   
• Develop a listing or table of the rankings, including a description of the rationale for 

the assigned level of impact.   
• Ensure that the choice of the uncertainties that are incorporated into the composite 

uncertainty factor is consistent with the ranking of their expected impacts.    
Clearly and explicitly describe the basis for the composite uncertainty factor.  This 
helps focus on the scientific and objective nature of the activity.   

 
 
 
Presenting the information in a manner similar to that shown in Table 4-3 will provide a 
record of the identified concerns relative to uncertainties and of the weights given to each 
as part of the establishment of the UL. 
 
Table 4-3. Sample Format for Organizing Data Used for Deriving a Composite 
Uncertainty Factor 

Type of 
uncertainty 

Specific concerns for 
dataset 

Level of 
impact1 

Rationale for level of impact 

    
    
    
    
1Specified as:  high = major source of uncertainty and determinant of the composite uncertainty factor;  
medium = a moderate source of same; low = a slight source of same; none = no impact but should be 
recorded. 
 
As shown in Figure 4-3 presented earlier, the UL is established as the value resulting 
from the various adjustments (i.e. a quantitative adjustment(s) and/or a composite 
uncertainty factor) that were made because of uncertainty surrounding the NOAEL or 
LOAEL. 
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4.4.4 Adjustment of upper level of intake for unstudied age/ 
sex/lifestage subpopulations  
Data are scarce for many age/sex/lifestage subpopulations other than 'normal' adults.  
Therefore, although it is desirable to establish ULs based on data and endpoints relevant 
to the specific subpopulation, it may be necessary to establish a UL by adjusting the adult 
UL.  To adjust or 'scale' adult ULs in order to estimate ULs relevant to children, three 
possibilities exist:  adjustment based on (i) the quantified reference body weight 
established for the age group; (ii) body surface area, which is calculated using the 
reference body weight taken to the power of 0.66 (i.e. BW0.66); or (iii) energy 
requirement, which is sometimes referred to as metabolic body weight and is calculated 
using the reference body weight taken to the power of 0.75 (i.e. BW0.75).  Although an 
approach based more directly on knowledge of differences in the metabolism, 
homeostatic mechanisms, and toxicokinetics between children and adults would be 
preferable, in the absence of such data, appropriate scaling is needed. 
 
Scaling according to reference body weight uses the formula  

(ULchild) = (ULadult) (weightchild / weightadult). 

This method of scaling does not take into account intermediary metabolic rates, energy  
intake, and basal metabolic rate.  The ULs for children that are extrapolated in this 
manner are consistently lower than ULs scaled by body surface area or metabolic body 
weight.  In fact, ULs for children that are derived from scaling based on body weight may 
be lower than the established requirements for the children.  Therefore, reference body 
weight scaling may be an inappropriate approach to scaling.  
 
Because nutrient substances usually are components of normal intermediary metabolism, 
scaling on the basis of either surface area (i.e. BW0.66 ) or energy requirement (i.e. 
BW0.75)  is likely to be more appropriate.  Scaling according to surface area uses the 
formula   
 

(ULchild) = (ULadult) (weightchild / weightadult)0.66 
 
and scaling on the basis of energy requirement  uses the formula  
 

(ULchild) = (ULadult) (weightchild / weightadult)0.75. 
 
Scaling using either approach results in higher UL values than scaling on the basis of 
reference body weight. Table 4-4 illustrates how the ratios that form the basis for the 
scaling differ depending on the method used and on the age group of the child.  For 
example, if scaling the UL for an adult on the basis of energy requirement to obtain the 
UL for a 1-year-old child, one could divide the adult UL by 4.4.  Notably, the difference 
in ratios among the scaling methods becomes smaller with increasing age. 
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Table 4-4. Comparison of Three Ratios That Could be Used for the Scaling of the 
Adult UL to Obtain the UL for a Child, by Weight of Child 

Ratio, a by type of scaling factor  
Age, yr 

 
Child’s reference

weight, kg 
Reference body

weightb 
Surface areac Energy 

requirementd 

0 (birth) 3.5 21.2 7.7 10.0 

0.5 7.7 9.7 4.4 5.5 

1 10.3 7.3 3.8 4.4 

10 34.0 2.2 1.7 1.8 
a 75 kg is the reference weight for the adult that is used to compute the ratio. 
b ratio = (weightadult / weightchild)  
c ratio = (weightadult / weightchild)0.66)  
d ratio = (weightadult / weightchild)0.75

 
Note: UL = upper level intake 
 
 
Scaling according to basal metabolic rate, which is a function of metabolically active 
body mass, appears to be a more logical approach than scaling according to body weight.  
The assumption is that energy turnover and nutrient turnover change in a parallel manner.  
(With the notable exceptions of thiamine and niacin, however, data that show a 
relationship between energy intake and nutrient requirement admittedly are scarce.)  Such 
an assumption supports adjustment of the UL on the basis of body weight to the 0.75 
power (i.e. BW0.75) for humans of different size.  However, such an adjustment does not 
take into account differences in adaptive and homeostatic mechanisms among the nutrient 
substances with regard to absorption and elimination, and it does not take into account 
differences in metabolism and in the synthesis of body tissue during growth.  Moreover, 
BW0.75 should not be used for pregnancy and possibly not for the elderly.  Elderly 
persons may have a lower body mass than do younger adults; but, unlike children, their 
metabolic activities are lower than those of younger adults.  In any case, an explanation 
based on scientific evidence should be provided as to the choice of the scaling method for 
a particular nutrient substance.  

4.4.5  Summary: setting an upper level intake 
In summary, the available data provide the basis for deriving a UL.  The risk assessor 
follows the steps shown in Figure 4-3 to evaluate and incorporate the available evidence.  
Uncertainties surrounding the values derived must be addressed as appropriate through 
quantitative adjustment and/or the application of a composite uncertainty factor.  Other 
adjustments must be considered for unstudied age/sex/lifestage subpopulations.   
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4.5  Step 4:  characterizing the hazard and identifying vulnerable 
subgroups  
 
At the final stages of nutrient hazard identification and characterization, the risk assessor 
characterizes the hazard by preparing a concise narrative that summarizes the conclusions 
reached and the basis for those conclusions, identifies vulnerable subgroups, and 
indicates other pertinent information about the hazards associated with the intake of the 
nutrient substance.  The purpose of the narrative is to present scientific information in an 
organized way so that it can be used in the next steps of nutrient risk assessment.  
 
Hazard characterization can be done in tabular form, narrative form, or a combination of 
both.  A narrative would include an overview of available data and the uncertainties 
encountered.  Particular attention should be given to the nature and limitations of the 
intake–response relationship.  Important information should be highlighted.  Although 
severity and reversibility are not to be considered for selecting the critical adverse health 
effect, these factors need to be specified as part of the descriptive summary of hazard 
characterization.  Matters of genetic diversity (for example, the presence of traits for 
hemolytic anemia) should also be highlighted.  Overall, facts about vulnerable subgroups 
and the nature of their vulnerabilities should be made clear as part of the hazard 
characterization.  Relevance of the UL to vulnerable subgroups can be included as 
appropriate. 
 

4.6  Summary 
This section of the report presents guidance for conducting hazard identification and 
hazard characterization for nutrient risk assessment.  The approach is based on a 
combined iterative process.  Key elements include identifying adverse health effects 
associated with nutrient substance intake, selecting the critical adverse health effect, 
quantifying the UL giving careful consideration to uncertainties in the data, identifying 
vulnerable subgroups, and characterizing the hazard in a summary form. Given current 
limitations in the data needed for hazard identification and characterization, the Group 
identified a number of data gaps and future needs to guide research.  These appear in 
Section 10.  
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5.  Dietary intake assessment 
Dietary intake assessment is akin to the 'exposure assessment' conducted as part of risk 
assessment for non-nutrients.  As described in this section, the Workshop participants 
first considered definitions relevant to dietary intake assessment and then moved to the 
task of identifying principles universally applicable in determining the process (rather 
than the outcome) of dietary intake assessment.  These principles should foster 
harmonization and are specified in the subsections that cover the six major steps of 
dietary intake assessment.  
 

5.1   Overview:  definitions, principles, and harmonization 

5.1.1  Definitions 
During discussions of dietary intake assessment, the Group acknowledged that different 
regions may vary in their definition of what constitutes a dietary source of a nutrient 
substance depending upon existing regulatory frameworks or other related considerations.   
For clarity within this report, the Group defined dietary intake as follows: 
 

Dietary intake is the quantitative amount of the nutrient substance 
ingested from sources that generally include foods (and beverages), 
fortified foods, specially formulated foods (sometimes called  functional 
foods), dietary/food supplements, water, and other non-drug products 
such as botanicals and plant extracts.  

 
The definition underscores the possibility that the focus of nutrient risk assessment can be 
wide-ranging.  For clarity, the Group distinguished between the terms dietary 
consumption and dietary intake as follows.   
 

Dietary consumption refers to the amounts of products (e.g. food, 
supplements, water) consumed that provide nutrient substances.   
 
Dietary intake refers to the ingested amounts of the nutrient substance 
obtained through dietary consumption. 

 
As described earlier, the Group defined the term 'habitual intake':  

Habitual intake refers to the long-term average daily intake of the nutrient 
substance.  

 
As used in this report, habitual intake is synonymous with 'usual intake'—the term that 
appears in much of the scientific literature on this topic.  See Section 5.2.2.1 for more 
information. 
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5.1.2  Objectives and key principles for dietary intake assessment 
By providing a quantitative estimate of the intake of a nutrient substance by the 
(sub)population of interest, dietary intake assessment provides the information needed to 
estimate the proportion of the (sub)population that is likely to exceed the UL.  When 
combined with the UL and other information gleaned from hazard 
identification/characterization, the dietary intake assessment is essential to describing the 
risk associated with excessive intake.  
 
A major task of dietary intake assessment is to use data about the composition and the 
amounts of the dietary items consumed to estimate the total nutrient substance intake for 
the (sub)population of interest.  The risk assessor compiles data, conducts analyses, 
makes the appropriate statistical adjustments, and then compares intakes to the UL.  
 
Box 5-1 lists six principles for dietary intake assessment that are applicable for all 
regions/countries.  
 

Box 5-1. Recommendations for Practice:  Six principles for dietary intake 
assessment 

 
The assessment should:   

1. be conducted and presented in a manner that answers the questions posed by the 
risk manager;   

2. be based on a distribution of habitual intakes when possible;  
3. be developed to reflect the age/sex/lifestage groupings for which the upper level 

intake has been established; 
4. take into account the uncertainties associated with estimating intakes of nutrient 

substances;  
5. use reasonable strategies to produce needed estimates when data are not available; 

and 
6.   contain full documentation for all aspects of the intake assessment.   

 
 
 
The use of distributions of intake (principle #2 above) for the (sub)population is more 
informative than the use of one or several fixed values (such as a mean and a 90th 
percentile) because distributions offer an overall picture of the intake pattern and can be 
of greater utility when policy options are assessed by risk managers.  Moreover, 
distributions based on individual dietary intakes provide a more accurate estimation of 
intake for persons in the population than do data derived from 'availability information' 
such as food balance sheets, food disappearance records, or sales data.  Since information 
on consumption by individuals is not available in many parts of the world, however, other 
strategies must be employed to estimate intake (principle #5 above). 
 
In any case, consistent with the interest in improved transparency and documentation, 
essential information includes specification of the data sources used for analysis 
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(including, for example, sample sizes, instruments used to collect dietary consumption 
data, and year(s) of data collection) and a description of the methods for analysis, dealing 
with uncertainties, and addressing incomplete data sets.   
 
No matter how dietary intakes are determined, they are estimations of intake.  As such, 
dietary intake assessment can introduce considerable uncertainty into the risk assessment 
process.  Uncertainties may be due to analytic strategies for estimating intake, the quality 
of the composition and consumption data, and methods used to combine data from 
different sources.  Moreover, true intake or 'exposure' cannot be known precisely because 
it is affected by the absorption, assimilation, and transport of nutrients. Even under ideal 
circumstances, these post-ingestion factors cannot usually be taken into account 
adequately during the dietary intake assessment process. 

5.1.3  Harmonization of methods for dietary intake assessment  
Dietary consumption, which determines dietary intake of a nutrient substance, varies in 
different parts of the world for a wide range of environmental and cultural reasons.  Thus, 
as discussed in Section 3.1, dietary intake assessment is population relevant rather than 
globally relevant, and the Group worked toward identifying a harmonized process for 
conducting dietary intake assessment.  That is, the Group worked to identify methods and 
practices that can assist with harmonizing and improving the process for deriving the 
estimate.  The intent is to describe a dietary intake assessment process that will provide 
the most accurate estimate of intake possible for the (sub)population of interest.  Using 
such a process would result in comparisons to the UL that are as accurate and relevant as 
possible.      
 
As a starting point in developing a proposal for the harmonization of methods, the Group 
considered the dietary intake assessments described in the reports of three 
national/regional bodies discussed in Section 2.2.  A table showing the results of this 
effort appears in Annex 9.  Examination of those data shows wide variation in data types 
used for dietary intake assessment.  It also shows wide variation in the methods of 
analysis and presentation of the findings.  Distinctive aspects of the approaches used by 
each national/regional authoritative body follow. 

5.1.3.1  European Food Safety Authority–Scientific Committee on Food  
The EFSA–SCF draws on the array of available consumption data:  2-day, 7-day, and 8-
day dietary records; 24-hr dietary intake recalls; and household surveys.  The reports state 
mean/median intake estimates and estimates of the 97.5th percentile of intake from the 
combined intakes from food and supplements, typically for males and females.  For some 
nutrients, the EFSA–SCF also presents per capita household-level estimates.  

5.1.3.2  Expert Group on Vitamins and Minerals  
To derive estimates of intakes from food sources, the EVM draws primarily on data from 
weighed 4-day or 7-day records from a 1986–1987 national nutrition survey.  To obtain 
estimates of nutrient intakes from supplements, the EVM uses manufacturers’ 
information on the nutrient content of supplements available in the United Kingdom (as 
labeled on the products) and information from an over-the-counter registry on 
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supplement sales.  The report presents population estimates of the mean and 97.5th 
percentile of nutrient intakes from food sources and identifies population subgroups with 
the potential to have high intakes.  To provide further indication of risk, the EVM 
provides estimates of maximal intake using the sum of the estimated 97.5th percentile of 
nutrient intake from food sources for the population as a whole, the highest nutrient dose 
available per unit of supplements, and, where relevant, an amount from drinking water 
based on maximal concentration allowed in the water and an assumed quantity of water 
consumed per day. 

5.1.3.3  Institute of Medicine   
The IOM relies on dietary intakes that are based on 24-hour recalls and quantitative 
assessments of water and supplement intakes from nationally-representative U.S. surveys.  
It also uses data for Canada drawn from a few provincial surveys.  The Canadian data 
include 24-hour recalls and assessments of supplement intake.  The IOM used the data to 
estimate the distributions of habitual intake for different age, sex and lifestage (pregnancy 
or lactation) subpopulations, adjusted for day-to-day variation in intake.  For nutrients 
(e.g. iodine) not captured in the surveys, the IOM derived intake estimates from a market 
basket survey and made no adjustment for day-to-day variation in individuals’ intakes.  
To present a judgement of the magnitude of the risk of adverse effects in the population, 
the IOM reports compare the estimated distributions of habitual nutrient intakes from 
food and supplements for specific age, sex, and lifestage subpopulations to the ULs for 
those subpopulations.   
 
Based on review of the reports from the three national/regional bodies, as well as their 
own experience, the Group identified methodological needs including the following four 
special areas of concern:   
 
• identification of a unified statistical approach for estimating intakes, recognizing that 

more than one methodology is needed because not all regions have the same type of 
data available;   

• a process for combining data from two or more sources when necessary.  Currently, 
information regarding the composition and consumption of supplements, certain 
fortified foods, functional foods, and non-drug dietary items usually is not available 
from the same source as standard information about ‘food’ composition and 
consumption;   

• methods of handling uncertainties in the intake estimates and the potential impact of 
the uncertainties on risk characterization; and 

• appropriate simulation or modeling approaches to use in situations in which data are 
limited or virtually non-existent. 

 
The Group developed a six-step approach to dietary intake assessment that can foster 
harmonization in the face of different types of data.  The six steps are identified in Box 5-
2 and described in detail in Sections 5.2 through 5.7. 
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Box 5-2. Six Steps of a Harmonized Approach to Dietary Intake Assessment 
 

Step 1:  specifying the type of dietary intake assessment 

Step 2:  using composition data 

Step 3:  using consumption data 

Step 4:  estimating intake 

Step 5:  dealing with uncertainties 

Step 6:  reporting the dietary intake assessment 
 

 

5.2  Step 1:  specifying the type of dietary intake assessment 
Specification of the type of dietary intake (total or targeted) and the time frame of 
concern will drive the overall characteristics of the dietary intake assessment that is 
needed.  In many—perhaps most—cases, nutrient risk assessment requires estimation of 
total intake of the nutrient substance from all sources over a long period of time.  
Important exceptions are covered below.   As a general principle, dietary intake 
assessments should be conducted to produce intake estimations for the same 
age/sex/lifestage subpopulations as specified for the ULs.   

5.2.1  Specification of intake of interest  
5.2.1.1  Total dietary intake 
Once ULs are established for a nutrient substance as a part of hazard characterization, 
risk assessment usually proceeds to consider how much of the substance is being ingested 
overall by the population.  Dietary intake assessment therefore characteristically focuses 
on total intake of the substance from all sources.  These sources may include foods (and 
beverages), fortified foods and functional foods, supplements, water, and other ingested 
non-drug products such as botanicals and plant extracts.  The challenge arises in 
obtaining enough consumption and composition information on all the sources of the 
nutrient substance to be able to estimate total intake with a reasonable degree of 
accuracy.   

5.2.1.2  Targeted dietary intake 
At times, the focus of the nutrient risk assessment may be exclusively a particular source 
of the nutrient substance. such as nutrient supplements or a limited number of fortified 
foods.  Similarly, the interest may be only one chemical form of the nutrient substance, 
such as synthetic folic acid.  In these situations, the assessment of dietary intake is 
appropriately limited to the estimation of intake from those specified sources or to intake 
of the particular form of the nutrient substance. 
 
Nonetheless, certain considerations may call for a more comprehensive analysis of intake 
despite the interest in targeted dietary intake.  These considerations include a need for 



 
  

   70
 

information on the background intake of the nutrient substance from the overall diet or 
the presence in the diet of other nutrient substances and dietary components that interact 
with the nutrient substance in question and alter its bioavailability.  

5.2.2  Specification of time frame of interest  
5.2.2.1  Habitual intake 
The Group devoted considerable discussion early in the Workshop to the nature of the 
time frame for nutrient risk assessment.  This topic was carried forward to discussions 
concerning dietary intake assessment.  Since nutrient risk assessment is generally 
conducted within the framework of a long-term or chronic intake, the Group's discussions 
focused on the specification of such a time period.   
 
As highlighted in Section 3.3.3, the concept of a 'lifetime intake' or 'lifetime exposure'—a 
concept used in some other types of risk assessment—generally lacks relevance to 
nutrient risk assessment.  Nutrient substances as a rule are subject to complicated 
homeostatic mechanisms that may control or alter absorption, utilization, storage, and/or 
transport of the substance.  The nature of these mechanisms varies with age, sex, and 
lifestage.  This variation precludes the possibility of a meaningful interpretation of a 
measure for total lifetime intake.  Moreover, in light of different adverse health effects for 
different age/sex/lifestage subpopulations, dietary intake estimations presented on the 
basis of age/sex/lifestage are likely to be more informative for nutrient risk assessment.    
 
Although the term 'usual intake' commonly appears in the nutrition literature and 
frequently is used to suggest long-term intake of perhaps a year or more, the Group 
selected the term ‘habitual intake’ to convey this meaning. The rationale for selecting 
term 'habitual intake' was based on the awareness that long-term intake patterns for 
nutrient substances are characterized by considerable day-to-day and seasonal variation 
both among and within (sub)populations.  The term 'usual intake' suggests to some people 
that such variation is an aberration rather than the norm.  Thus, the use of 'habitual intake' 
was preferred:  it better matches the reality of the diverse pattern of intake that exists, and 
it gives a sense of the larger dietary context.  For the purposes of this report, 'habitual 
intake' is synonymous with 'usual intake.'   
 
Habitual intake is defined as the long-term average daily intake of the nutrient substance.  
Ideally, if daily intake of nutrient substances could be observed over a large number of 
days at different times of the year for each individual, the long-term intake would be 
estimated as the mean intake over those days for each individual.  Many days of data are 
needed to accurately estimate intakes for individuals because day-to-day variation in 
nutrient substance intakes can be quite large.  In practice, however, it is not feasible to 
collect so much information.  Rather, intake estimations are made by collecting data for 
shorter periods of time from a representative sample of individuals and then generalizing 
from these data to the particular population.   

5.2.2.2  Acute intake 
In some cases, an adverse health effect may occur as a result of short-term or acute intake 
of a nutrient substance.  In such a case, data are not needed on the habitual or long-term 
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average intake.  Instead, the estimates of intake should be based on the amounts of the 
nutrient substance that are consumed during the length of time known to be associated 
with the development of the adverse health effect:  perhaps one day or less, five to seven 
days, or  some other period of time.  The approach to estimating such intakes must be 
developed case by case.  Clearly, the intake analysis and the overall risk assessment 
should be adjusted considerably in relation to the usual model in order to provide the 
information needed for the risk assessment of an acute effect of a nutrient substance.   
 

5.3  Step 2:  use of composition data 

5.3.1  Sources of data  
The starting point for dietary intake assessment is obtaining information about the 
amount of the nutrient substance contained in specified amounts of the dietary items 
consumed by the population.  The science of developing and compiling such composition 
data has been well described elsewhere (Greenfield and Southgate, 2003; Ireland et al., 
2002; Leclercq et al., 2001; Rand et al., 1991; Schakel et al., 1997).  However, the ability 
to acquire and maintain useful and up-to-date composition databases is a growing 
challenge because of the changing food supply and the increased use of supplements, 
fortified foods, and less common sources of nutrient substances.  Some dietary sources of 
a nutrient substance are formulated products for which current manufacturing practices 
result in frequent changes in composition.  If the addition of nutrient substances to food 
products is a discretionary practice under the responsibility of the manufacturer and is 
used to stimulate sales of a product line, formulation changes can be substantial as well as 
rapid.  Manufacturers may frequently introduce new versions of the same dietary item 
with a different content of one or more nutrient substances. Thus, food composition 
databases can easily become out of date.  Moreover, national or regional changes in 
fortification policies or regulations (e.g. the mandatory fortification of enriched grain 
products with folic acid in some countries) also affect the accuracy of available 
composition data.   
 
Chemical analysis of dietary items can provide the most accurate food composition data. 
However, the accuracy of the composition values is only as good as the ability to analyze 
a sufficient number of samples to account for the relevant variability in the product.  
Since analytic methods are resource intensive, expensive, and time-consuming, the ability 
to analyze large numbers of samples often is limited.  Obtaining composition values from 
the analysis of a small number of samples introduces some uncertainty, but less than that 
from data obtained indirectly.  As described below, other strategies are employed to 
estimate composition when valid laboratory data are unavailable.   
 
The composition of multi-ingredient dietary items can be obtained through calculations 
based on the known composition of the ingredients used to make such items.  The recipe 
approach to estimate composition is used frequently.  However, commonly-consumed 
mixed dishes can be prepared using different recipes.  Even a reasonably comprehensive 
database cannot possibly include all versions of the dishes.  For home-prepared items, 
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detailed ingredient information for mixed dishes may be obtainable from the respondent, 
but the resource implications of this additional data collection often mean it is not done.    
Composition data obtained directly from manufacturers or declared on the label may be 
valuable for filling in gaps, but the use of this type of data can introduce two notable 
sources of uncertainties. 
  

1. Manufacturers must label in accordance with existing regulations for the country 
or region in which the product will be distributed, and different control authorities 
in different countries allow different margins of tolerance between labeled and 
analyzed values.  In the United States, for example, manufacturers are in violation 
if their product declares more of a certain nutrient substance than is contained in 
the product.  For this reason, U.S. manufactures tend to label at the low end of the 
distribution of content.  Any randomly-chosen product, such as a box of cereal, 
likely will contain a higher content than that listed on the label (Rader et al., 
2000).  In the United Kingdom, on the other hand, manufacturers list the expected 
(or average) content of the nutrient in the product.   

2. In anticipation of the decay of some nutrients over time, manufacturers may add 
overages—amounts that exceed the labeled amount—of those nutrients to food 
products (EVM, 2003).  Thus, the content of a specific nutrient substance may 
depend partly on the date of consumption relative to the date of manufacture. 

 
Although information about the nutrient substance composition of dietary items around 
the world is increasing, numerous instances occur in which little or no information is 
available about specific dietary items.  In principle, it is reasonable to share food 
composition data or databases among nations or regions; in many cases this is the only 
approach available and must be used.  However, mismatches can arise due to differences 
in the dietary items between the regions.  Moreover, different growing conditions (such 
as soil and weather characteristics) may introduce variability in composition.   
 
Differences in fortification policies and practices among the regions introduce another 
variable. The absence of accurate data for the local food can seriously distort exposure 
estimates, especially when a region relies heavily on local food for its diet.  
Characteristics of desirable composition data can be identified and represent a goal to 
work towards. Box 5-3 contains a listing of these characteristics. 
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Box 5-3. Characteristics of Desirable Composition Data 
 
In principle, composition data should be:     

• complete, comprehensive, and detailed (i.e. data include all dietary items consumed 
and reflect a wide range of nutrient substances, provide information on variations of 
the same dietary items, include brand-names, contain specification of nutrient 
substances by chemical form) and physiochemical nature, and specify the date of the 
analysis or update; 

• accurate (i.e. composition corresponds to actual average nutrient substance content); 
• current (i.e. contains recent changes in formulations and reflects fortification 

practices);  
• in accordance with standard international nomenclature; 
• well documented, including applicable dates; and 
• available in electronic form. 
 
 
 
Data available today often do not reach these goals, but the characteristics listed in the 
box serve to remind risk assessors of the need to take into account existing limitations in 
data and the uncertainties those data limitations introduce into nutrient risk assessment.  
The characteristics reflect the interest in providing accurate and relevant data and in 
making available flexible data sets that are well documented.  If composition data can be 
provided in a manner that allows the data to be easily adjusted, modified, or rearranged in 
ways that are relevant to the nutrient risk assessment at hand, their utility is greatly 
enhanced.   

5.3.2 Modifying and adjusting composition data 
It often is useful to modify existing composition data sets to make them more current or 
to add information needed to complete the assessment at hand (e.g. Holden et al., 1999).  
The tailoring of a set of data to enhance its usefulness is an often-ignored approach to 
obtaining more accurate estimates of dietary intake.  Appropriate strategies relate to 
adding missing information, updating, and making certain adjustments (e.g. to account 
for the bioavailability of the substance).  Specific consideration should be given as to the 
amount and type of detail provided by the composition database for the nutrient 
substance(s) of interest.  If insufficient, additional data should be obtained to augment 
available data as needed or to create new databases for the assessment.  Modifying and 
adjusting composition data can be accomplished as described below. 

5.3.2.1   Adding missing data 
If composition data are incomplete or do not exist for the region of interest, it is best to 
begin with the existing data set that most faithfully corresponds to local characteristics.  
One works to insert the composition information for each missing dietary item into the 
most relevant  existing data sets.  Obtaining the information may require some special 
initiatives.  In all cases the additions must be completely documented, including the 
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rationale used and assumptions made.  While the missing information ideally is obtained 
by direct laboratory analysis of the dietary items, information more commonly is 
obtained by: 

• gathering data from other sources; 
• contacting manufacturers or reading labels; 
• substituting data on the nutrient content of similar foods;  
• estimating content from data on the ingredients used to prepare the food (recipe 

calculations). 

An example from the literature that outlines a modification to an existing database for 
Malaysia can be found in Siong et al. (1997). A description of a database developed 
primarily using nutritional data calculated from recipes is provided by Dehne et al. 
(1999).   

5.3.2.2  Updating information 
As needed, a data set can be updated on an item-by-item basis to facilitate accurate 
estimates of intake. This is a particularly useful method following a major change in the 
food supply, such as that resulting from a change in required fortification.  Updating a 
database to respond to a change in the fortification of commonly used ingredients 
requires de-aggregating items that contain the fortified ingredient, calculating the 
changed content of the nutrient substance for each of the fortified ingredients, and then 
re-aggregating items and calculating the updated composition.  Examples of such an 
approach can be found in the IOM report Dietary Reference Intakes:  Applications in 
Dietary Planning (IOM, 2003).  The publication by Lewis et al. (1999) also demonstrates 
the updating of folate composition information for the United States.  The updating 
occurred when the mandatory folate fortification of enriched cereal-grains was expected 
to increase the contribution that foods containing these ingredients made to the total 
intake of folate.    

5.3.2.3  Adjusting for bioavailability  
In some cases, it may be possible to make adjustments for bioavailability in order to 
obtain a better estimate of the amount of the nutrient likely to be absorbed.  The needed 
information would include (i) the correction factor for the nutrient substance or a specific 
form of the substance, (ii) as appropriate, the proportion of the total nutrient substance 
per dietary item that represents the form of interest, and (iii) if relevant, the amount of 
potentially competing substances (e.g. information on phytates when the interest is intake 
of a mineral such as copper or zinc).  This type of data set modification has been carried 
out to correct folate intakes for the apparently higher bioavailability of synthetic folic 
acid present in fortified foods and supplements Lewis et al. (1999), as compared to 
naturally-occurring folate.   
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5.4  Step 3:  use of consumption data 
Data to identify and quantify the amounts of the dietary items consumed (when combined 
with information about composition) are an important cornerstone of dietary intake 
assessment.  For the purposes of this report, discussion about consumption data are 
grouped depending upon whether they are based on (i) consumption reported by or for 
individuals or (ii) other types of data including aggregated availability data or 
marketing/sales information.  It is preferable to estimate intakes using information 
collected from individuals, assuming data exist and are representative of the population 
of interest.  Clearly, other data must be used when individual intake data are not 
available, but they have limitations and introduce additional uncertainties into the 
estimations.  Box 5-4 lists characteristics of desirable consumption data—a listing that 
represents a goal rather than a reality. 
 

Box 5-4. Characteristics of Desirable Consumption Data 
 
In principle, such consumption data should provide:  
 
• unbiased estimates of daily consumption by individuals based on a sample size and 

study design that allow generalization;  
• sufficiently comprehensive consumption reports so as to include all dietary items of 

interest; 
• data for age/sex/lifestage subpopulations of interest; 
• current estimates of consumption; 
• full documentation; and 
• data in electronic format and based on accepted terminology and units of 

measurement.    
 
 
Representative consumption data with the characteristics listed in Box 5-4 are not widely 
available around the world.  While other types of data certainly can be used in many 
nutrient risk assessments, the limitations of such data must be understood and their 
impact on the uncertainties associated with assessments acknowledged.  In all cases, 
regardless of the quality of the data, it is highly desirable to develop data sets that provide 
sufficient documentation and to format data in a way that allows the data to be adjusted 
and rearranged to suit the nutrient risk assessor’s needs or to allow the assessor to carry 
out post-analysis 'what-if' scenarios.    

5.4.1  Data on individuals  
Data on daily food consumption by individuals are collected routinely in nationwide 
surveys in some countries and can provide reasonably accurate, up-to-date information 
for a large sample.  Instruments for collecting consumption data at the individual level 
are 24-hour recalls obtained in face-to-face or telephone interviews, multiple-day records 
of weighed food consumption, multiple-day food diaries, and food frequency 
questionnaires.  Available publications (Biro et al., 2002; Ferro-Luzzi, 2003; Gibson, 
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2005; van Staveren and Ocke, 2001) can provide useful reviews of dietary assessment 
methods.  Additional information also is included in Discussion Paper 3, “Estimating the 
Distribution of Usual Nutrient Exposures in Populations” (see Annex 4).  Table 5-1 lists 
the strengths and limitations of these methods for collecting consumption data.  
 

Table 5-1. Strengths and Limitations of Different Types of Consumption Data 

Type of data Strengths Limitations 

Individual-level 
consumption (24-hr recalls 
or multiple day records) 

 Capture individual daily 
consumption 
 Best suited for estimating 
habitual intake 
distributions (Lee and 
Nieman, 2003; Subar et 
al., 2003) 

 

 Subject to measurement error: in some but 
not all countries, underreporting of energy 
and protein intake estimates obtained from 
24-hour recalls has been demonstrated for 
adults (Goris and Westerterp, 1999; Goris 
et al., 2000; Harrison et al., 2000; 
Johansson et al., 1998; Subar et al., 2003) 
and overreporting has been demonstrated 
for children younger than 2 years 
(Devaney et al., 2004); in the case of 
multiple-day records, modification of food 
consumption patterns by subjects has been 
documented (Gibson, 2005) 
 Costly and time-consuming 

Individual food frequency 
questionnaires 
 
(Bingham, 1987; Dwyer, 
1994; Medlin and Skinner, 
1988; Subar et al., 2003 ) 

 Relatively easy to design 
and administer 
 May be well suited to 
collect consumption 
information about a few 
foods or supplements 
 May capture consumption 
of foods and/or 
supplements consumed on 
an irregular basis 

 Tend to be inaccurate.  Not well suited to 
collect total dietary consumption because, 
by construction, questionnaires can 
include a limited number of foods   
 Must be redesigned and validated for 
each country/region and particular uses 
 Can be used for quantitative intake 
estimation but results, especially at the 
lower and upper tails of the habitual 
intake distribution, may be unreliable 

Household surveys  Available in many 
countries 
 Level of aggregation less 
than that of national data 
 Permit estimation of 
individual nutrient intake 

 

 Capture food purchased at the household 
level, not consumed 
 Do not capture food consumed away 
from home—potentially a significant 
source of nutrients, especially for 
school-aged children and persons who 
work outside the home 
 May lack information on the 
consumption of fortified foods, water, or 
supplements  



 
  

   77
 

Table 5-1. Continued.  
Type of data Strengths Limitations 
  ▪ Provide no direct information on individual     

consumption; individual consumption can be 
estimated from house-hold level data under 
some assumptions, but disaggregation might 
produce accept-able individual-level intake 
estimates for macronutrients but not 
micronutrients 

National food 
balance sheets  
 

 Available for most 
countries 
 Uniform design:  their 
construction is well 
documented 

 

 Overestimate per capita intake 
 Unlikely to provide (directly) a per capita 
consumption for different sex/age/ethnic 
groups  
 - Require many assumptions 

Global 
Environmental 
Monitoring System 
/food regional diets 
 

 Same as national food 
balance sheets above 
 May be more 
appropriate when 
regional-level intake 
assessment is sought or 
when a country does not 
have a food balance 
sheet 

 Same as national food balance sheets above 
 By construction, regional diets are common 
to all countries within the same region but 
do not allow for country-specific differences 
in diet 

 
Individual recalls and records are best suited for estimating habitual intake distributions, 
but they can tend toward underestimation of energy and protein intake.  Furthermore, 
depending upon the number of days of records for each individual and the sample size, 
they may miss information on intermittent consumption—for example, the  consumption 
of a supplement or highly fortified food only once every week or two.  Food frequency 
data, on the other hand, may either overestimate or underestimate consumption.  The 
estimate depends upon the foods in the food list and the assumptions for questionnaire 
items that represent  more than one dietary item (e.g. citrus fruit).  However, food 
frequency questionnaires may capture intermittent use of dietary items of interest.  

5.4.2  Aggregated availability data and marketing/sales data 
Aggregated consumption data can be categorized as (i) household-level data, (ii) 
national- or regional-level data, (iii) regional diets, and (iv) marketing and sales 
information. 

5.4.2.1  Aggregated data at the household level  
 Household-level data may include household purchasing or budget surveys, food 
inventories, or food disappearance. This type of information does not differentiate food 
consumption by different household members, and it may not reflect waste or foods 
obtained away from home.  In the absence of information on individual consumption, 
data about dietary items available to the household combined with information on the 
household demographics can be adjusted and modeled to provide estimates of the 
consumption of foodstuffs and, in turn, of the individuals’ intake of nutrient substances.   
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5.4.2.2  Aggregated data at the national or regional level   
Data have been developed to reflect the overall pattern of availability (or disappearance) 
of foodstuffs at national or regional levels.  A notable example is the FAO Food Balance 
Sheets (FAOSTAT, 2005).  A Food Balance Sheet provides a comprehensive picture of 
the pattern of a country's food supply during a specified period of time. For each primary 
commodity and for a number of processed commodities potentially available for human 
consumption, the Food Balance Sheet shows the sources of supply and their use. The 
Balance Sheet addresses production within the country, quantities imported and exported, 
changes in stocks, amounts used for agricultural and other purposes, losses during storage 
and transportation, and food supplies available for human consumption. Related data on 
the population consuming the food are used to estimate per-capita food supplies.  Then 
appropriate food composition factors can be applied to estimate the energy and nutrient 
substance content provided by those dietary items. 

5.4.2.3  Regional representative diets   
'Typical' or representative diets have been created for certain regions using information 
about dietary patterns and food availability. These representative diets can be helpful in 
making estimates about nutrient substance intake when more specific consumption data 
are not available, or they can be used as a check on other data.  Regional diets have been 
developed as part of the Global Environmental Monitoring System (GEMS/Food, 2005). 
GEMS/Food has created five regional diets—African, European, Far Eastern, Latin 
American, and Middle Eastern—and more regional diets are under development.  The 
European Regional Diet represents Europe, Australia, Canada, New Zealand and the 
United States of America.  Each regional diet is composed of raw and semi-processed 
food commodities— a total of about 250 individual food items. The diets are based on 
selected FAO Food Balance Sheets and represent average per-capita food consumption.  
These regional diets have been used at the international level by organizations such as the 
Joint Expert Committee on Food Additives and the Joint Meeting on Pesticide Residues, 
primarily to assess the long-term dietary intake of contaminants and other agents in food. 

5.4.2.4  Marketing and sales data 
In some regions, it may be possible to obtain information on the sales and/or production 
data of certain dietary items—ranging from supplements to fortified foods and functional 
foods.  Such information can be useful in filling data gaps and may provide rough 
estimates of the availability of nutrient substances.  Because these data are highly 
aggregated, however, they require the use of many assumptions in order to make them 
relevant to estimating dietary intake.  In some instances, manufacturers may voluntarily 
provide sales data and may even offer details on consumption possibilities based on their 
marketing studies and knowledge about sales patterns.   
 
As indicated by the listing of the strengths and limitations of these methods in Table 5-1, 
aggregated availability data and marketing data likely result in over-estimation of intake.  
At best they reflect only a population mean and are unlikely to provide meaningful data 
for vulnerable subgroups.   
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5.4.3  Combining consumption data to estimate intake from all 
sources 
The nature of available consumption databases frequently results in the need to combine 
different types of consumption data or data obtained from different surveys using 
different samples to create a complete picture of intake.  This process may involve using 
a database reflective of the consumption of foods and fortified foods and adding to it 
information from a separate data set on dietary supplement intake. Lewis and colleagues 
(1999) report an example of the process.   
 
When supplement intake data are not available, it is difficult to estimate the distribution 
of habitual total nutrient substance intake in a group.  In many parts of the world, the use 
of supplements is increasing and high levels of total intake—perhaps exceeding the UL 
for a nutrient—may occur when supplements are included in diets that also contain a 
range of foods and fortified foods.  To account for supplement intake when data are 
lacking, observed intakes from food sources sometimes are augmented by adding, either 
to individual consumptions or to selected percentiles of the estimated habitual nutrient 
intake distribution, an amount meant to represent the consumption of supplements by 
individuals in the group. 

5.4.3.1  Analysis to examine selected methods of combining data on food and 
supplement consumption 
The effect of various choices of estimated supplement consumption on the distribution of 
total nutrient intake is demonstrated by an analysis based on consumption data from the 
third U.S. National Health and Nutrition Examination Survey (NHANES III) (NCHS, 
2005).  In this survey, food intake was measured using 24-hour diet recall interviews and 
supplement intake was measured using a frequency-type of questionnaire.  Information 
about product formulation for all supplements available in the US market also is included 
in the survey.  For example, for vitamins B12 and C and for zinc, the maximum available 
doses are 2,000 µg, 4,000 mg and 100 mg, respectively. 
 
Method based on combining individual data on nutrient intake from food and from 
supplements.  A subgroup of Workshop participants estimated the habitual intake 
distributions of zinc, vitamin B12, and vitamin C for women aged 19 to 30 years using 
NHANES III information. The subgroup also estimated the distribution of total nutrient 
intake for the same group of women as described in Carriquiry (2003). To do so, the 
subgroup added the self-reported habitual supplement intake to the estimated habitual 
nutrient intake from food sources for each woman in the group. 
 
Method based on combining individual data on nutrient intakes and aggregated data 
regarding supplement intake.  The effect of estimating total nutrient intake if no 
information on actual supplement intake is available at the individual level was assessed 
as follows: 
 
• For each of the three nutrients, the subgroup first estimated the distribution of 

available doses in commercially available products.  For example, for vitamin C, the 
median available dose is 90 mg, the 75th percentile of the dose distribution is 300 mg, 
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and only 5% of all supplements containing vitamin C provide more than 1,000 mg of 
the nutrient. 

• The subgroup then shifted the estimated habitual nutrient intake distribution (based 
on food consumption only) by various amounts corresponding to selected percentiles 
of the dose distribution. 

• The subgroup compared the results of method 1 (actual total nutrient intake 
distribution) to the results of method 2 (distributions that result from assuming certain 
levels of supplement consumption).  

 
Results from this limited simulation study (see Tables 5-2 through 5-4 below) provide 
some insight on the effect of estimating nutrient substance intake when no supplement 
consumption information is available.  Various percentiles of the estimated total nutrient 
intake distribution are shown in the columns of the table; each row represents a different 
estimate of the intake distribution.  The habitual intake distribution obtained using only 
observed nutrient consumption from food is given in the first row for each nutrient. 
 
In most cases, shifting the habitual nutrient intake distribution by some fixed amount 
assumed to represent supplement consumption in the subpopulation results in an over-
estimation of the actual total U.S. nutrient substance intake for this age and sex group.  
The overestimation occurs because shifting the nutrient intake distribution is equivalent 
to assuming that everyone in the subpopulation consumes an amount of the nutrient from 
supplements that is equal to the amount used to shift the distribution.  Analyses of dietary 
intake surveys suggest that not everyone in a subpopulation consumes supplements. For 
example, in the case of NHANES III, only about 30% of the women who responded to 
the survey reported consuming supplements at all (Arab et al., 2003).  
 
Another limitation occurs because supplement consumers also tend to be individuals with 
relatively high nutrient intake from food sources.  As a consequence, the habitual nutrient 
intake distribution based on total nutrient consumption tends to have a left tail (extreme 
end) and median that are similar to those of the habitual nutrient intake distribution that is 
based only on food consumption.  Changes are observed only on the right tail of the 
distribution. This effect is not taken into account when the entire distribution of nutrient 
intake based on food consumption is shifted to the right by a fixed amount intended to 
mimic additional nutrient consumption from supplements. 
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Table 5-2. Estimated Percentiles of the Habitual Nutrient Intake Distribution of 

Zinc for Women Aged 19–30 Years, Assuming Different Levels of Zinc 
Consumption from Supplements 

Percentiles of habitual intake distribution  
Type of intake data 50th 75th 95th 99th 

Intake from food 9.6 11.4 14.4 17.1 

Actual food + supplement intake 9.9 12.2 27.5 38.8 

Food + maximum supplement (100 mg) 109.6 111.4 114.3 117.1 

Food + 95th pctl supplement dose (33.3 mg) 42.9 44.7 47.6 50.4 

Food + 90th pctl supplement dose (25 mg) 34.6 36.4 39.3 42.1 

Food + 50th pctl supplement dose (15 mg) 24.6 26.4 29.3 32.1 

Food + 25th pctl supplement dose (7.5 mg) 17.1 18.9 21.8 24.6 
Notes: pctl = percentile; intake and supplement data are from the third U.S. National Health and Nutrition 
Examination Survey.  All distributions were estimated using the Iowa State University method (Nusser et 
al., 1996). 

  

 
 

Table 5-3. Estimated Percentiles of the Habitual Nutrient Intake Distribution of 
Vitamin B12 for Women Aged 19–30 years, Assuming Different Levels of B12 

Consumption from Supplements 
Percentiles of habitual intake distribution  

Type of intake data 50th 75th 95th 99th 
Intake from food 3.8 4.9 7.5 9.7 

Actual food + supplement intake 4.1 5.9 14.4 37.6 

Food + maximum supplement (2,000 mg) 2,003.8 2,004.9 2,007.5 2,009.7 

Food + 95th pctl supplement dose (167 mg) 170.8 171.9 174.5 176.7 

Food + 90th pctl supplement dose (75 mg) 78.8 79.4 82.5 84.7 

Food + 50th pctl supplement dose (6 mg) 9.8 10.9 13.5 15.7 

Food + 25th pctl supplement dose (5 mg) 8.8 9.9 12.5 14.7 

Notes: pctl = percentile; intake and supplement data are from the third U.S. National Health and Nutrition 
Examination Survey.  All distributions were estimated using the Iowa State University method (Nusser et 
al., 1996). 
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Table 5-4.  Estimated Percentiles of the Habitual Nutrient Intake Distribution of 
Vitamin C for Women Aged 19–30 Years, Assuming Different Levels of Vitamin C 

Consumption from Supplements 
Percentiles of habitual intake distribution  

Type of intake data 50th 75th 95th 99th 

Intake from food 86.0 113.5 161.5 216.0 

Actual food + supplement intake 94.1 130.6 227.4 591.5 

Food + maximum supplement (4,000 mg) 4,086.0 4,113.5 4,161.5 4,216.0 

Food + 95th pctl supplement dose (1,000 mg) 1,086.0 1,113.5 1,161.5 1,216.0 

Food + 90th pctl supplement. dose (500 mg) 586.0 613.5 661.5 716.0 

Food + 50th pctl supplement dose (90 mg) 176.0 203.5 251.5 306.0 

Food + 25th pctl supplement dose (60 mg) 146.0 173.5 221.5 276.0 

Notes: pctl = percentile; intake and supplement data are from the third U.S. National Health and Nutrition 
Examination Survey.  All distributions were estimated using the Iowa State University method (Nusser et 
al., 1996). 
 

5.4.3.2  Acceptable approaches to combining consumption data 
For women aged 19 to 30 years in the United States, it appears that a reasonable approach 
for obtaining total intake from food and supplements would be to add the median (50th 
percentile) supplement dose to each individual intake from food sources.  Further 
simulations would be needed to determine whether this approach would be reasonable in 
other countries and for other subpopulations.  Regardless, it is clear that using the 
maximum supplement dose or even the 95th percentile of supplement doses substantially 
overestimates intakes. To improve the accuracy of inferences based on the combined 
data, it also would be useful to collect information on the proportion of persons who 
consume supplements in the subpopulation and on the individual characteristics that are 
likely to be associated with supplement consumption.  In the meantime, Box 5-5 presents 
acceptable approaches to combining consumption data to estimate intake. 
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Box 5-5.  Recommendations for Practice:  Acceptable approaches to combining 
consumption data to estimate nutrient substance intake 

 
Acceptable approaches to combining data vary depending upon the type of data available. 

• In the best scenario, information on consumption from different sources is available 
on the same set of individuals. For example, in a survey an individual may be asked 
to report food intake using a 24-hour recall or a food diary and to report supplement 
intake using a frequency questionnaire. In this case, an estimate of total habitual 
nutrient intake would be obtained by first adjusting the intake from food sources and 
then adding to that the self-reported habitual intake from supplements in the 
frequency questionnaire. If both food and supplement consumption are collected 
using frequency questionnaires, then a habitual daily intake is derived from each 
questionnaire first, and then the two estimated habitual daily intakes are added to 
obtain the total. A recent report by Subar et al. (2003), however, suggests that 
estimates of intakes of energy obtained using frequency questionnaires tend to 
correlate poorly with actual energy consumption as measured with a biomarker. 

• For the more challenging situation in which different sources provide intake 
measurements collected on different sets of respondents, combining these sources of 
information will inevitably result in inaccurate estimates of individual total nutrient 
intake. Three possible approaches are proposed: 

 
1. A very conservative approach for risk estimation would be to add to each 

individual intake from food sources what is likely to be an overestimate of 
individual supplement intake such as the 90th percentile of the distribution of a 
particular nutrient in the supplement marketing data.  (Tables 5-2 through 5-4 
suggest that this approach will overestimate total intakes substantially);  

2. A lower estimate (and less conservative approach to risk estimation) would be 
obtained by adding the median or a representative dose, e.g. a weighted 
average across the companies of the doses with the greatest sales; and  

3. Where information on the likelihood of supplement consumption as a function 
of socio-demographic variables is available, allocating different amounts of 
nutrient intake from the supplement source to different types of individuals11 
would reduce overestimates of intakes among non-users of supplements. 

 
11 For example, in the United States,  persons who already consume adequate amounts of nutrient from 

food sources tend also to supplement their nutrient intake (Arab et al., 2003); and, in general, persons 
with a healthy lifestyle have been shown to be more likely to consume supplements. 

 
Combining data is an emerging area for dietary intake assessment and has received little 
study as to the best methodologies for accomplishing these combinations.  Results from 
these assessments must be interpreted cautiously because they may present uncertainties 
that are difficult to quantify.  
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5.4.4  Strategies to obtain additional consumption data 
The active compilation of additional information on consumption may be essential prior 
to conducting a dietary intake assessment.  In practice, this usually takes the form of 
strategies to quantify consumption from supplements, highly fortified foods, or special 
dietary items such as functional foods or non-drug products such as botanicals.  These 
items often are not found in available consumption data sets because either they have 
been introduced into the food supply too recently to have been included in the surveys or 
data were not collected. The quality of such data is as good as the care taken in collecting 
them.  As always, full documentation is needed on the approach used to obtain the data.     
 
One possible approach, described above, is the use of marketing and sales data to 
estimate the unavailable data. Alternatively, or in addition, it may be feasible to conduct a 
small, focused survey of the age/sex/lifestage groupings of interest to determine the 
nature and amount of the consumption of these dietary items.  Publications by Gibson 
and Ferguson (1999) and by Cameron and van Staveren (1988) provide some guidance 
that may be helpful for this purpose.  In general, frequency questionnaires are most useful 
to obtain this additional information.  The accuracy of the estimate can be increased in 
the following ways: 
 
• Ask respondents to recall their habitual consumption over a short period of time. 

Most individuals can recall the frequency with which they consumed a special 
fortified food or a supplement during the last two weeks more accurately than they 
can recall frequency during the past two months. 

 
• Ensure that the information requested covers a sufficient period of time to identify 

any possible seasonal effects on intake (this may call for several interviews during a 
one-year period). If feasible, a preliminary survey may be useful to ascertain the 
possibility of seasonal variation in intake of the items of interest.   Because items such 
as supplements and fortified foods may be consumed consistently throughout the 
year, they might not require seasonal interviews.   

 
• Ask about a minimum number of items, focusing on the fortified foods and/or 

supplements that are of interest.   Respondents tend to remember the frequency of 
consumption of a short list of specific items more accurately than that of a longer list.  
Further, a focused and shorter list of items allows for the collection of more detailed 
information on specific nutrient intakes.  

 
These additional data can be combined with other consumption data (see Section 5.4.3 
above).  Alternatively, if they are intended for a targeted intake assessment, they can be 
used to create an intake distribution—with the caveat that they would underestimate total 
intake because other dietary sources have not been taken into consideration.  Even though 
frequency questionnaires have been shown to be imprecise instruments when attempting 
to capture total nutrient substance intake, the estimates derived from these instruments for 
specific nutrient substances are expected to be more reliable than those derived from 
national or regional food availability data.   
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5.5  Step 4:  methods for estimation of intake  
Table 5-5 summarizes qualities of different types of dietary consumption data, 
approaches to estimating intakes that are discussed in this subsection, and the reliability 
of the estimates. 
 
Table 5-5. Summary of Qualities of Different Types of Dietary Consumption Data, 

Approaches to Estimating Intakes, and the Reliability of the Estimates 
Food 
consumption 
data 

Supplement 
consumption 
data 

Food 
composition
data 

 
 
Suggested approach 

 
Reliability of 
Estimates 

Individual: 
multiple 24-h 
recalls 

Individual: 
multiple 24-
h recalls 

Adequate  Compute total daily 
intake 
 Remove day-to-day 
variance  
 Obtain distribution of 
habitual intake 

 Most reliable 
 Biases may result 
from under-reporting 
and from overages in 
fortified foods and 
supplements 

Individual: 
multiple 24-h 
recalls 

Individual: 
food 
frequency 
questionnair
e (FFQ ) 

Adequate  Adjust individual 
habitual intake from 
food to remove day-to-
day variance 
 Add self-reported 
habitual supplement 
consumption 
 Distribution of intake is 
distribution of total 
adjusted intake 

 Supplement FFQ 
may not reflect true 
habitual intake 
 Same causes of bias 
as above 

Individual: 
multiple 
weighed food 
records 

Individual: 
multiple 24-
h recalls or 
FFQ 

Adequate  As above, depending on 
the type of supplement 
consumption data 
 Adjust for correlation 
between consecutive 
days of intake 
 Obtain distribution of 
habitual intake  

 Same causes of bias 
as above. 
 Recording food 
consumption may 
alter consumption 
practices (Gibson, 
2005) 

Individual:  
food diaries 

Individual: 
multiple 24-
h recalls or 
FFQ 

Adequate  As above, depending on 
the type of supplement 
consumption data 
 Adjust for correlation 
between consecutive 
days of intake 
 Obtain distribution of 
habitual intake  

 Same causes of bias 
as above 
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Table 5-5. Continued 

Food 
consumption 
data 

Supplement 
consumption 
data 

Food 
composition 
data  

 
 
Suggested approach 

 
Reliability of 
Estimates 

Individual: 
single 24-h 
recall or 
record 

Individual: 
single 24-h 
recall 

Adequate  Add food and 
supplement intake 
 Borrow adjustment 
factor from 
comparable country 
 Remove day-to-day 
variance  
 Obtain distribution of 
habitual intake 

 Day-to-day intake 
pattern may not be the 
same in country from 
which adjustment 
factor is obtained 
 Biases as above 

Individual: 
FFQ 

Individual: 
FFQ 

Adequate (for 
foods in FFQ) 

 Assume that self-
reported intake is 
habitual intake 
 Add supplement and 
food habitual intake 
 Intake distribution is 
distribution of self-
reported total intakes 

 Low correlation 
between FFQ report 
and actual intake 
 May be biased 
downwards if FFQ 
does not include all 
foods with high 
nutrient content 

Household:   
dis-
appearance 
data or food 
accounts 

 
 

Household:   
purchasing 
data 

Adequate  Adjust household 
disappearance data for 
spoilage and waste 
 Disaggregate 
household level data 
using information on 
household 
composition, relative 
energy requirements 
 Use supplement 
information to 
allocate intake to 
household members 
 Compute an 
approximate total 
daily intake per 
individual 

 Actual food and 
supplement intake 
may not correspond to 
needs by body weight 
and sex 
 Biases at individual 
level may depend on 
socioeconomic status 
of household 
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Table 5-5. Continued 

Food 
consumption 
data 

Supplement 
consumption 
data 

Food 
composition 
data  

 
 
Suggested approach 

 
Reliability of 
Estimates 

Household:   
disappearance 
data 

None Adequate • Disaggregate food 
intake data as above. 

• Infer a per capita 
supplement 
consumption from 
sales and label 
information 

• Compute 
      approximate total  
      daily intake per 
      individual. 

• If intake from 
supplement is main 
determinant of 
upper tail of intake 
distribution, serious 
biases may occur 
due to lack of 
individual 
consumption data. 

• Other biases 
      as above may     
      occur. 
 

National: mean  
consumption 
of 
commodities  
per capita  

None Composition 
of 
commodities 
available 

• Estimate upper tail 
quantities such as 
95th and 99th 
percentiles as the 
corresponding 
percentiles in other 
countries shifted by 
the difference 
between the two 
countries’ mean 
intakes. 

• Inaccuracies and 
biases as above. 

• In addition, strong 
assumption about 
similar intake 
patterns in two 
countries. 

• Small 
      difference may    
      result in   
      significant biases  
      at the upper tail.  

National:  food 
balance sheet 

None Composition 
of 
commodities 
available 

• Disaggregate national 
data into individual 
data using 
information on 
demographics and 
food requirements by 
age, sex, and life 
stage. 

• Proceed as above. 
 

• Same as above. 
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5.5.1  Intake estimation using data on individuals  
Individual-level consumption data combined with high quality composition data and the 
application of appropriate statistical methods provide the best starting point for the reliable 
estimate of a habitual intake distribution for the (sub)population of interest.  Estimations that rely 
on data from 24-hour recalls or food records are among the most reliable.  Food frequency data 
are generally less appropriate unless that assessment is a targeted intake.  Although habitual 
intake distributions can in principle be estimated from aggregated household data, the 
uncertainty around these estimates is considerable.  The goal is to estimate the proportion of 
individuals with intakes above (or below) the UL, and compute standard errors for those 
estimates taking into account the survey design.   
 
Even in the best designed studies or surveys, it is impossible to completely avoid the effects on 
intake measurement of factors such as the day of the week, interview method, interview 
sequence, or season. Thus, it is recommended that observed intake data be statistically adjusted 
to remove the potential confounding effect of these factors.  Many approaches can be used for 
this purpose.  For example, Nusser et al. (1996) offer a simple ratio adjustment based on a 
regression model for factors such as day of week and survey method. A similar approach can be 
used to adjust for the effect of factors other than those considered in their work.  
 
An important statistical adjustment to address is the need to lessen day-to-day variability of 
intake within individuals.  Discussions found in Hoffman et al. (2002) and information 
highlighted in Discussion Paper 3 (Annex 4) provide useful guidance.  Discussion Paper 3 also 
includes a table to illustrate the importance of removing the day-to-day variance in daily intakes 
within individuals. Removing day-to-day variance in intake is highly germane to nutrient risk 
assessment because such adjustment has a large impact on the estimated upper percentiles of the 
intake distribution.  Moreover, removing day-to-day variance is highly relevant to assessing 
intakes for nutrient substances that are consumed in very different amounts from day to day.   

 
In brief, adjusting distributions for day-to-day variance in intake can be addressed by at least two 
methods, given data obtained from 24-hour recalls or multiple-day records.  These methods are 
the approach proposed by the National Research Council (NRC, 1986) and the approach known 
as the Iowa State University method (Nusser et al., 1996). Both methods rely on a simple 
measurement error model predicated on daily intakes of an individual deviating (above or below) 
from that individual’s habitual intake. Although other approaches have been proposed, they have 
not been shown to perform better than the Iowa State University approach (Hoffman et al., 
2002).   
 
If not properly adjusted to remove within-individual variance, distributions of total daily intake 
distributions will have tails for the distribution that are too long. Estimates of upper (and lower) 
tail percentiles will be biased. Adjusting the data increases the precision of the estimates of 
intake levels at the tails of the distribution. When daily intakes are collected over consecutive 
days (as is the case with multiple-day food records), the estimation of the habitual intake 
distribution must take into account the correlation among nutrient intakes over consecutive days. 
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5.5.2  Intake estimation using other types of data 

5.5.2.1  Household data 
Information on food availability at the household level may be available when consumption 
reports for individuals within the household are not. There are several approaches for collecting 
household level food consumption or food availability data, including food accounts, list-recalls 
inventories (or disappearance), and household food records data.  While the level of detail of the 
data that are collected and the respondent burden vary across the methods, the general aim is to 
estimate the per-capita food consumption of household members during the survey period.  
 
The food accounts and the inventory methods account first for all food that is in the house at the 
beginning of the recording period.  The methods then add to that accounting all food purchased 
and otherwise obtained for the household—as through gardens, hunting and gifts—during the 
survey period.  The food remaining in the house at the end of the period is subtracted.  Often, 
food eaten away from home, given to pets, or thrown away is not accounted for (Gibson, 2005; 
Lee and Nieman, 2003). Box 5-6 provides a method for disaggregating household-level data into 
individual-level data. 

 

Box 5-6. Recommendations for Practice:  Disaggregating household-level data into 
individual-level data 

The following steps may be taken to disaggregate household level data into individual-
level intake data (see also Table 5-5): 
   
• Household member:  records the eating occasions and the number of meal 

participants (including visitors) at each occasion during the survey period.  
• Risk assessor:  

- calculates the consumption per person and per meal of each item during the 
survey period by dividing the total amount of the food consumed during the 
survey period by the number of person-meals (the number of persons at each 
eating occasion summed over the eating occasions); 

- calculates the average intake of the nutrient substance at each meal using food 
composition data and the food consumption data from the step above—that is, 
calculating the total amount of the nutrient consumed during the survey period 
divided by the number of person-meals; 

- calculates the daily intake for each person as the sum (over the meals in which 
they participated) of the average intake of the nutrient substance at each meal by 
each person; 

- if information on age, sex, and weight of each household member is available, 
prorates the overall per-capita intake according to the average caloric 
requirements of each person;  

- obtains the distribution of per-capita intake of a nutrient substance (perhaps even 
            by age, sex, and lifestage groupings) as the distribution of mean per capita intakes 
            over households in the survey. 
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The household-level data method has two potential limitations:  first, it requires literacy of at 
least one household member; and second, it is almost impossible to account for the differential 
allocation of foods within the household.  It may be possible to estimate the mean daily intake of 
each person within the household more accurately by making adjustments for differences in the 
age, sex, and weight of household members and, if possible, for social and cultural context.  
Then one could obtain a rather approximate estimate of the daily nutrient intake distribution of 
persons in a sex/age/lifestage group from the mean daily intakes computed from each household. 
Thus, household level data can provide some idea about the upper percentile of intake of a 
nutrient in a given subpopulation.   

5.5.2.2  National or regional availability data 
When national balance sheets or regional diets are the best source of consumption data available, 
the upper percentiles of the habitual intake distribution might be estimable from information on 
mean per-capita intake. It is important to note, however, that these estimates are likely to be very 
inaccurate and must be based on strong assumptions that are difficult to test in practice (Dowler 
and Ok Seo, 1985; Gibson, 2005; Lee and Nieman, 2003).  
 
For example, if it is assumed that per-capita intakes are normally distributed, and if a coefficient 
of variation (CV) can be determined by “borrowing” information from other countries, then a 
standard deviation (SD) of intake could be computed. The 97.5th percentile of the intake 
distribution could then be obtained by multiplying the SD by two and adding the product to the 
mean per capita intake. A second, slightly more sophisticated, approach would rely on the well-
known fact that, for most nutrient substances, intake distributions are skewed rather than 
symmetric.  This second approach would assume a log-normal or other such distributional form 
to estimate an upper-tail percentile. In any case, an estimate of the CV (or of the SD) of the 
intake distribution would need to be available or would have to be assumed. 
 
Either approach given above is likely to result in extremely inaccurate estimates of the upper 
intake levels of a nutrient substance in a group. Such estimates should be relied upon only when 
there are no other alternatives, as is the case in many regions of the world where individual or 
even household-level intake data are not available. Box 5-7 provides a more detailed description 
of how to use national or regional availability data to estimate upper percentiles of the habitual 
intake distribution. 
 

Box 5-7. Recommendations for Practice:  Using national or regional availability 
data to estimate upper percentiles of the intake distribution 

 
•          First, link each food in the food balance sheet or regional diet with the best 

available composition data.  (Note:  In most instances, intake from water and 
supplements will not be included in national or regional data. Further, in many 
countries, adjustments for spoilage and waste or for losses that may occur during 
processing, marketing, storage, and cooking are not conducted. This may result in 
an overestimate of the per-capita consumption of the nutrient substance.) 
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Box 5-7. Continued 
• Second, estimate a per capita nutrient substance intake for each 

age/sex/lifestage group, using average energy requirements to derive a factor to 
allow quantification of the nutrient substance intake in each demographic 
group.    

One assumes that intakes are distributed among the age/sex/lifestage groups in 
the same proportion as are energy intakes. For example, if the energy 
requirement of a child is estimated to be one third of the energy required by an 
adult male, then one assumes that vitamin and mineral intake for the child also 
will be one third of the vitamin and mineral intake of the adult male.  (Note:  
Such assumptions are not testable with these limited data and may result in 
inaccurate estimates, thereby introducing biases.) 

●         Third, using the estimated mean nutrient substance intake in each population of 
interest, derive one or more upper-tail percentiles of the habitual intake 
distribution by relying on some type of distribution (e.g. normal, log normal) 
and an assumed CV or SD of intake. 

 
●          Finally, try to estimate the distribution of the total nutrient substance 

distribution—that is, the distribution that includes nutrients from supplements 
or major sources other than those included in the food balance sheet or regional 
diet.  This could be done by shifting the percentile obtained from the food 
balance sheets by an amount derived from marketing or sales data of 
supplements (or other major sources) in the country. 

 
That is, if marketing or sales data are available and suggest that a substantial  
proportion of the population consumes supplements, then the risk assessor 
could adjust the percentile distribution by the amount in a representative dose, 
e.g. a weighted average across the companies of the doses with the greatest 
sales.  A worst-case scenario would be obtained by adding to the percentile 
obtained from the food balance an intake from supplements equivalent to an 
upper percentile obtained from sales data. This implicitly assumes that 
individuals with large nutrient consumption from food sources also are the 
ones who tend to consume more supplements..  In countries in which persons 
receive supplements via food aid packages, the opposite assumption may hold. 

 
 
With the resulting data, the proportion of individuals in each age/sex/lifestage grouping with 
habitual intakes at or above the UL can be identified, albeit in a very approximate manner.  Such 
an approach to dietary intake assessment is likely to result in an over-estimate of the proportion 
of the population at risk for the following reasons:  (i)  per capita estimates of food consumption 
are based on national or regional food availability data, which do not include important sources 
of food waste, spoilage, and other losses; and (ii) the estimates of intake from supplement 
sources and possibly from highly fortified foods attribute intake of such dietary items to all 
persons rather than just to the product users. 
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The size of the over-estimation is not known. In the short term, it would be useful to calibrate 
this type of assessment—at least in some regions.  Calibration could be done using data from 
small, focused food intake surveys designed to provide the information needed to test some of 
the sweeping assumptions that are necessary when only a national per capita intake can be 
derived from food balance sheets. 

5.5.2.3  Marketing and sales data 
Because marketing and sales data are highly aggregated and generally reflective of specific 
products rather than widely available commodities (which usually are the foods included in food 
balance sheets), their primary use in estimating intakes occurs in the making of total intake 
estimates: that is, marketing/sales data are added to other data to provide a more complete 
estimate of overall intake.  Marketing and sales data may be used directly to estimate intake, but 
generally only if these  products are the specified target of the intake estimate and marketing and 
if these data are the major or only source of information about consumption of the products.  
Unless the products are very widely consumed, data about average per-capita intake flattens the 
distribution curve.  Some adjustments could be made to attribute their intake to the proportion of 
users in the population, but such adjustments may not adequately reflect the nature of upper 
levels of intake.  

5.5.2.4  Other 
Even when data are very limited, it may be possible to roughly estimate the intake of nutrient 
substances by modeling diets based on dietary guidelines for the country or region. 12  The 
assumption is that the guidelines would reflect some information about the foods available and 
about a possible consumption pattern.  Clearly, intakes estimated using diets modeled on dietary 
guidelines will be less accurate than those using food consumption data, but such estimates may 
be of some assistance when consumption data are unavailable and questions of safety need to be 
addressed.  
 
Finally, in the face of no data, it may be possible to model dietary scenarios using observations, 
information on the types of food sold, or other assumptions.  In essence, the risk assessor creates 
a diet for the subpopulations of interest and proceeds to estimate the intake of the nutrient 
substance from this scenario. This truly is a last-resort approach.    
 

5.6  Uncertainties associated with assessments 
A critical component of any type of risk assessment is the specification of the uncertainties 
involved in generating the outcome.  Building on earlier work by WHO (WHO, 1997), the Group 
reviewed factors that may introduce uncertainty into the intake estimates and their potential 
impact on risk characterization.  Uncertainties and biases in the estimation of habitual nutrient 
substance intake distributions can be due to inaccuracies in the composition and consumption 
data and to shortcomings in the analytical or statistical methods used. Uncertainties associated 
with dietary intake assessment can be substantial.     
 
                                                 
12 Use of estimated levels of intake based on diets modeled from available dietary guidelines may also be used 
generally for nutrient risk assessment as a check on the estimated intakes obtained by other means and to clarify 
whether current public health recommendations are non-problematic relative to issues of nutrient substance risk.   
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Risk assessment uncertainties related to estimates of intake have not been well explored, and 
often they have not been taken into account. One reason for this may be that non-nutrient risk 
assessment can take advantage of conservative (i.e. large) uncertainty factors for the data 
associated with hazard identification and characterization (see Section 4.4.3).  In classic 
assessment, the relatively conservative adjustments for the uncertainties associated with hazard 
identification and characterization often have been viewed as obviating the need to adjust for the 
uncertainties associated with the dietary exposure assessment step.     
 
However, the emerging area of nutrient risk assessment is different in that nutrient substances are 
associated with risk as well as the ability to meet biological essentiality or provide a 
demonstrated impact on health.  Therefore, in the case of nutrient risk assessment, the 
uncertainty factors used for hazard identification and characterization do not have the 'luxury' of 
being overly large and thereby highly conservative.  Rather, they must be fine-tuned enough to 
preclude the setting of a UL that is lower than the level of intake needed to achieve the 'health 
benefit' of the nutrient substance. Because uncertainty factors used in nutrient hazard 
identification and characterization cannot be overly large, they are less likely to overwhelm or 
make inconsequential the uncertainties associated with dietary intake assessment.  Thus, in turn, 
the uncertainties associated with dietary intake assessment take on importance.  Ideally, the 
nutrient risk assessment process would work to incorporate both types of uncertainties.  

5.6.1  Composition data 
Even the highest quality composition databases introduce some unquantifiable error into the 
estimate of intake for a number of reasons: 
 
• The average content of a dietary item may be inaccurate because the number of samples for 

chemical analysis was not large enough to reflect true content.  It is unknown to what extent 
overestimates and underestimates of the amount of a specific nutrient substance cancel out 
across dietary items. 

• Dietary items for which there are composition data may not be sufficiently similar to those 
for which intake is reported.  In this case, the nutrient substance content would be 
misrepresented when the item is entered into the record.  For example, one brand of corn 
flakes cereal may be considerably different in composition from the composition specified in 
the database for 'cereal, corn flakes.' 

• Nutrient substance composition may be out of date and thus inaccurate, or it may be 
incomplete. The speed with which reformulation occurs for certain key products such as 
fortified foods and supplements and the difficulty of tracking and identifying these changes 
add to the tendency for databases to be quickly out of date. 

• Bioavailability of the nutrient substance may vary depending upon the matrix of the dietary 
item, other contents of the diet, and physiological characteristics of the consumer.  Moreover, 
not all forms of a nutrient are equally bioavailable.  

• Reliance on labeled content information may result in underestimation of composition if 
labeling requirements focus on minimum declarations or if manufacturing practices involve 
the addition of overages.   
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5.6.2  Consumption data 
Uncertainties arise when the data have not captured the true consumption of the dietary items.  
Factors that influence this include: 
 
• Sample size is too small or not inclusive of all age/sex/ lifestage groupings; 

• Replicate interviews or observations on same individual were not conducted; 

• A decrease in accuracy of estimates occurs at the upper tails of distribution (usually the 
key aspect of the distribution for nutrient risk assessment):  the tails always are less 
accurate than estimates derived from the center of the distribution; 

• Systematic errors in measurements of food consumption are introduced by self-reports.   
When dietary intake assessments of adults have been compared to intake measured using 
biomarkers of energy and nutrient, there is evidence of underreporting of food 
consumption, particularly as it relates to energy intakes, at least in North America.  
Although the magnitude and structure of the error differ depending on the assessment 
method (Kipnis et al., 2003), no method of assessment that relies on self-reporting 
appears immune from this problem.  Systematic over-reporting of consumption may 
occur among some individuals as well, but errors of this type appear to be less common 
(Black and Cole, 2001) and have been the focus of much less study to date.   

5.6.3  Analytical methods and corrections 
Even the most accurate consumption data may lead to erroneous estimates of upper-tail intakes if 
inappropriate statistical methods are used for analysis.  In the ideal scenario, where total intake 
information is available for individuals who are representative of the subpopulations, it is 
important to apply methods that permit reducing the effect of measurement error (such as errors 
arising from survey-related factors and day-to-day variability) on intakes. Failure to reduce the 
measurement error results in estimated habitual nutrient intake distributions with inflated 
variance (IOM, 2001).  That is, the estimated number of individuals with intakes greater than the 
UL is likely to be too high. 
 
When only data at the household level or at the national level are available for estimation,  and 
when these data must be combined with highly unspecific data such as sales of supplements, it is 
necessary to rely on strong hypotheses (which may not be testable) to arrive at individual-level 
estimates of upper-tail consumption. Inevitably, the grossly simplified analytical methods that 
can be implemented in these cases will lead to estimators with very large errors. 
 

5.7  Reporting the dietary intake assessment  
In order to provide for transparency and increased utility, the report for the dietary intake 
assessment should contain complete documentation.  Documentation is an essential aspect of 
dietary intake assessment—and nutrient risk assessment in general—but at times it has been 
noticeably absent from reports.  Just as importantly, the report of the dietary intake assessment 
should be responsive to the information needs for the nutrient risk assessment.  A general 
framework for reporting the dietary intake assessment appears in Box 5-8. 
 



 
  

   95
 

Box 5-8. Recommendations for Practice:  Reporting on the dietary 
intake assessment 

 
• Provide intake distributions as percentiles 

- for subpopulations 
- for appropriate nutrient substance form, for example: 

o total intake from all sources 
o specific chemical forms only (e.g. preformed vitamin A, retinyl esters) 
o synthetic form (e.g. folic acid) 
o amount adjusted for bioavailability (e.g. folate equivalents) 
o categories of dietary items 

- with standard errors for estimated percentiles. 
• Specify adjustment factors or other calculations, for example adjustments and 

calculations used to estimate the upper tail of the distribution when imputed from 
national data. 

• If not possible to estimation distribution, provide reasons. 
• Identify the database(s) and analytical method(s) used, and the rationale for the 

selection. 
• Specify uncertainties, particularly for the following: 

- composition data 
o timeliness, inclusion of fortified foods/supplements/other 
o nature of data:  analyzed values, recipe calculations, based on label 

declarations  
- consumption data  

o nature of data collection instruments (individual recalls, frequency data, 
availability data, scenarios, etc.) and sample 

o nature of mix of information (if needed) to simulate total intake 
- estimation of intake distributions. 

• Guidance on how results should be interpreted relative to ULs. 
 

 

5.8  Summary 
Dietary intake assessment provides quantitative estimates of the intake of a nutrient substance by 
the (sub)population(s) of interest—that is, the information needed to estimate the proportion of 
the (sub)population that is likely to exceed the UL. The discussions above lay the groundwork 
for harmonizing the approach to dietary risk assessment—an approach that uses the best 
available data and methods to generate intake estimates and document findings to aid the risk 
manager.  When possible, the aim should be to obtain individual-level consumption data and up-
to-date food composition data and then to use appropriate statistical approaches to estimate the 
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distribution of intake.  In the absence of such high quality data, dietary intake assessments can 
and should continue with the recognition that caution is needed in analyzing and interpreting the 
data.  The Group stressed the importance in all cases of clear, transparent, and detailed 
documentation of the approach used.  
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6.  Nutrient risk characterization 
 
This section discusses the functions of nutrient risk characterization and notes the approaches 
used by the three national/regional authoritative bodies (see Section 2.2).  It then addresses basic 
components of nutrient risk characterization and identifies elements of nutrient risk 
characterization that provide information relevant to key types of decision-making by nutrient 
risk managers.  Emphasis is placed on the importance of ensuring that risk characterization 
communicates information to address the needs of the risk manager.   

6.1 Overview 
Nutrient risk characterization focuses on risk estimation and is the final step of nutrient risk 
assessment.  In essence, it is a process that integrates the outcomes of the preceding steps to 
provide an estimation of risk for the specified (sub)population.  It also provides descriptions of 
strengths and weaknesses of the estimates and other characterizing information about the risk 
(IPCS, 2004b).  The quality of a nutrient risk characterization is highly dependent upon the 
scientific rigor and appropriateness of the steps that precede it.   
 
In other words, the nutrient risk characterization functions to integrate the outcomes of the earlier 
steps into a set of conclusions that address the nutrient risk managers' need for scientific 
information to make risk management decisions.  The information provided to the risk manager 
is both quantitative and qualitative (Renwick et al., 2003).  Like hazard 
identification/characterization, risk characterization often is an iterative and evolving process.  
Quantitative information includes upper levels of intake (ULs) and estimates of risk at different 
levels of intake, while qualitative information includes specification of (sub)populations believed 
to be at highest risk, reasons for the risk, and descriptions of the nature and severity of the risk.  
Furthermore, risk characterization outlines all key assumptions and gives a clear explanation of 
the uncertainties involved in the assessment.  For example, when the risk assessment is based on 
animal data, the validity of such data needs to be specified and supported.  Also, uncertainties 
associated with the extrapolation of data from studies in animals to predict human risk should be 
presented.  Finally, scientific information should be specified on susceptible subpopulations, 
including those with greater potential exposure and/or specific physiological conditions or 
genetic factors.  To facilitate improved communication, the information for risk managers can be 
in the form of a comparison of the relative risks among risk management options.   
 
The nutrient risk characterization that is produced is followed by either a risk management 
decision or a by a request for further analysis.  In principle, the risk assessment process may 
never end (IPCS, 2004b).  However, from a risk management standpoint, there usually is some 
imperative and timeline that concludes the process. Therefore, in practice, the risk assessment 
ends when the risk management decision is made. The record produced by a risk assessment 
stands as a justification for a decision at the time the decision was made. However, with 
additional information—such as a new study that demonstrates an adverse health effect not 
previously identified or data that can reduce the uncertainties identified in the existing risk 
assessment—the risk assessment may be reopened (IPCS, 2004b) 
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6.2  Examples of nutrient risk assessment 
The principles associated with risk characterization for non-nutrients can be very informative for 
the development of nutrient risk characterization.  Additionally, since risk characterization is the 
risk assessor 'talking' to the risk manager, the Group considered it useful to review the 
approaches for nutrient risk characterization described in the NR-reports issued by the three 
national/regional authoritative bodies identified in Section 2.2.  Group members looked for 
commonalities in the approaches and reasons for differences.  Since the risk characterization step 
is population-relevant (see Section 3.1.1), the identification of differences in the approaches 
could be informative.  A comparison listing can be found in Annex 10.   
 
While the above-mentioned NR-reports included basic scientific information useful to risk 
managers (see Annex 10), the risk characterizations provided by each of the NR-reports differ 
both in content and format.  In particular, the reports varied in their generic descriptions of the 
information to be provided in the risk characterization.  The approach to content and format used 
by the European Food Safety Authority and by the Scientific Committee on Food (EFSA/SCF) 
differed from that of the IOM.  The Expert Group on Vitamins and Minerals (EVM) did not 
specify a risk characterization section per se but indicated that elements of risk characterization 
would be present in the concluding risk assessment summation section for each nutrient.   
 
To some extent, the content and format of the risk characterizations would be expected to differ 
among the NR-reports since the terms of reference (see Section 2.1) indicate that the goals differ 
somewhat for the three national/regional authorities.  In many cases, however, the NR-reports 
specify different ULs for the same nutrient, which no doubt contributed to different risk 
characterizations and advice for decision-making. It was difficult to make meaningful 
comparisons as to the nature of the content. Moreover, no identifiable commonalities for format 
and organization of presentation emerged. 
 
However, in terms of the roles of risk assessors and risk managers, one issue in particular was 
noted.  Notably, the NR-reports include some risk characterization components that appear to 
contain prescriptive risk reduction recommendations.  Examples include advice to provide 
warnings that women planning to become pregnant should not consume cooked animal liver and 
advice that men and postmenopausal women avoid iron supplements and foods highly fortified 
with iron.  These prescriptive recommendations could be argued to have been the result of the 
risk assessor taking on the role of the risk manager.   In considering the prescriptive 
recommendations found in NR-reports, however, the Group noted that at times the requests from 
risk managers may have influenced the nature of the risk characterization:  a priori the risk 
managers may either inadvertently or for specific reasons have identified questions for risk 
assessors that (i) generally have been considered to belong in the domain of risk management or 
(ii) appear to invite the risk assessor to give advice in risk management terms.  For example, the 
terms of reference for the EVM make reference to “controls for ensuring the safety of vitamin 
and mineral supplements,” and risk assessors are to “advise on levels of vitamins and minerals in 
fortified foods.”   
 
The Group agreed that there is some latitude for where to draw the line between risk assessment 
and risk management, and that this line may move depending upon the issue at hand and the 
needs of national/regional authorities.  For an international model for nutrient risk assessment, 
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however, the specification of some general guidance could help achieve the desirable outcome 
that risk assessment does not overextend its conclusions into risk management.  The Group noted 
that the risk characterization step is most susceptible to overextending of conclusions, but other 
steps in nutrient risk assessment may be vulnerable to the same problem. 
 

6.3  Components of nutrient risk characterization 

6.3.1  Basic components 
The Group saw value in developing either (i) a standard approach to nutrient risk 
characterization and format for presentation of information, or (ii) at least an identified process 
to ensure that the risk characterization contains the needed components. Such an approach or 
process could help ensure that basic scientific components of nutrient risk characterization are 
addressed consistently, and it could help differentiate between risk assessment and risk 
management.  In both cases, consideration should be given to the format and organization of the 
characterization.  Key components of the scientific information needed to provide a nutrient risk 
characterization appear in Box 6-1. 
 

Box 6-1. Recommendations for Practice:  Key scientific components to include in  
nutrient risk characterization 

• nature of adverse health effects, particularly the critical adverse health effect; 
• indication of the severity and reversibility of adverse health effects 
• nature of dose–response relationship; indication of threshold levels for response 

when they exist; 
• use of uncertainty and quantitative factors and degree of uncertainty surrounding 

key considerations including intake, data extrapolation to general population or 
between species, data insufficiency, and significant gaps in data (including dose–
response data);  

• derivation of the UL; 
• description of approach to intake assessment; 
• estimation of proportion of (sub)population exceeding UL; consideration given to 

individuals with average intakes and those with high intakes 
• identification of special subpopulations at risk; 
• if known, specification of the magnitude of the risk above the UL (for example 

through the use of intake–response models); 
• indication of exceptions for which exceeding UL may be warranted; 
●   mechanisms and conditions of effect. 

 
Undoubtedly the importance of ensuring that the key elements of the science are present in the 
characterization is paramount, but it is also essential to make the characterization relevant to the 
decisions that the risk manager must make.  The consideration of relevance to the risk manager 
would benefit from much more time and resources than were available to the Group.  As a 
starting point, however, the Group developed Table 6-1 to identify elements of risk 
characterization that provide information relevant to key types of decision-making by risk 
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managers (see Section 2.3 for information regarding risk managers and the types of decisions 
they make). 
 
 

Table 6-1. Elements of Risk Characterization to Inform Key Decisions Made by Risk 
Managers 

Decisiona Element 
Need to take action  

▪Adverse health effect 

    - Severity 

    -Vulnerable subpopulations  

 ▪ UL, By age and sex 

 ▪ Total intake distributions 

    - for all subpopulations with UL 

    - for specific food product categoriesb 

     For both, include 

         i. magnitude of intakes exceeding UL 

            ii. numbers of people exceeding UL 

         iii. reasons intakes are above UL 

 ▪ Special subgroups potentially at risk   

 ▪ If no UL established, explanation as to why 

 ▪ Uncertainties related to each of the above, including under-
reporting biases, for example 

 ▪ Products high in the substance, when intake exceeds UL 

 ▪ Systemic biases in intake data, when intake is close to UL 

Reducing level in 
food supply  

▪ All forms or specific sources and identification by food product 
category if data allowc 

 ▪ Bioavailability, interactions with other food components or other 
nutrients 

 ▪ Relative contribution to daily intake of particular product types or 
classes if data allow 

 ▪ Uncertainties related to each of the above 

 ▪ Data gaps in respect of a food or product category 
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Table 6.1. Continued________________________________________________ 
Decisiona________ Element______________________________________________ 

Need to take action ▪ High level intake interventions to address inadequate nutrition 

Product labelling ▪ Ability of individuals at risk to self-identify 

 ▪ Practices, behaviours, or use conditions likely to increase or 
decrease risk 

 ▪ Uncertainties related to each of the above 

Education ▪ Ability of individuals at risk to self-identify and related 
uncertainties 

aSee Section 2.3, Boxes 2-2 through 2-5 
bAdditionally, risk managers at the national or regional level may specify food product categories of interest 
cAlthough the identification and development of 'what if' scenarios are outside the scope of the role of the risk assessor relative to 
a generic international model for nutrient risk assessment, national and regional risk managers may specify questions for risk 
assessors that relate to the scientific evaluation and impact of particular scenarios related to changes in product formulation or 
changes in intakes from certain sources.   
 
 
If the questions asked by the risk manager at the national or regional level focus the assessment 
on a limited task, some of the elements may be relatively unimportant.  However, for an overall 
international model for nutrient risk assessment intended to serve a range of uses, the 
specification of the elements listed in Table 6-1 is useful.  Importantly, risk characterization for a 
generic model is most likely to have maximum utility for a range of purposes if it addresses risk 
by age and sex subpopulations to the extent the available data make possible.  
 
On the other hand, the elements identified for a general model in Table 6-1 cannot be expected to 
serve every nutrient risk characterization need. In some instances, the option for the risk manager 
may not have been clear a priori, or the options may need to be amended in response to a change 
in circumstances or to increased understanding of the issue. Especially at the national or regional 
level, the risk manager may need to request that the risk assessor address additional science 
issues that relate to an adjustment to, or to a specific aspect of, a particular policy option or risk 
management decision to be made.  In short, there could be value in further iterations between the 
risk assessor and risk manager.  Some examples of the questions that could be posed to the 
nutrient assessor in such an iterative dialogue are: 
 
• What would happen to the distribution of intake of a nutrient substance by different 

subpopulations if the fortification level of a food were increased by specified amounts to 
address problems of inadequacy?  This could involve iterations with different fortification 
levels and different foods. 
 

• If limits were placed on the content of nutrient X in certain fortified foods or supplements in 
an attempt to reduce the population’s exposure to the nutrient, what would happen to the 
distribution of nutrient intakes of subpopulations or vulnerable subgroups with lower 
intakes? 
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6.3.2  Considerations to foster an improved interface between assessor and 
manager 
The Group noted that relatively little attention has been given to the characteristics of risk 
characterization that allow meaningful communication between the nutrient risk assessor and the 
nutrient risk manager. For instance, certain kinds of information have the potential to be 
overlooked but may be especially valuable to the risk manager.  While these kinds of information 
are clearly specified as needed components of the risk characterization, the review of the 
available NR-reports suggests that they may be overlooked.  Examples of kinds of points to be 
sure to include follow: 
 
• reporting that data for dose–response are extremely limited, as appropriate; 
• clear indication of data gaps, such as: “The effect of taking nutrient substance X at doses 

between A mg and B mg is unclear;”  
• calling attention to the fact that specific behaviors may change risk, such as:  

- “Intake from supplements by [subpopulation Y] and the consumption of highly fortified 
foods may increase the proportion of the [subpopulation] with [particular adverse health 
effect],” and  

- “Some users of high dose supplements may exceed the UL.” 
 
The Group concluded that improved understanding of nutrient risk managers' needs would 
reduce the chance that relevant information might be overlooked.   
 
The Group also noted that insufficient attention has been given to the problem formulation step 
for the purposes of assisting risk characterization.  Others (IPCS, 2004b; Renwick et al., 2003) 
suggest that problem formulation can be a useful step to enhancing the usefulness of the risk 
characterization to the risk manager.  As described in Section 2.3.4, problem formulation for risk 
assessment consists of a dialogue among relevant stakeholders and includes discussion of how 
the information will provide the necessary support for risk management.  This specific activity 
can be critical to ensuring the utility and appropriateness of the risk characterization for the risk 
manager.  Problem formulation needs more attention in future nutrient risk assessments.  Other 
useful topics to address are covered in Section 10, “Identified research/data gaps and needed 
future discussions.”   
 

6.4  Summary  
Nutrient risk characterization is the final step in nutrient risk assessment.  Its roles are to 
integrate the outcomes of the preceding steps in risk assessment and also to serve as an important 
interface between risk assessors and risk managers. This section discusses risk characterization 
from the perspective of its key components, and it identifies the need to give further 
consideration to planning for the transfer of information from assessor to manager and to 
formulating the risk characterization so that it is maximally useful to the manager.   
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7.  The model for nutrient risk assessment 
 
After the Group considered the steps of hazard identification/characterization, dietary intake 
assessment, and risk characterization, a general model emerged.  This section presents the model, 
outlines key questions and activities associated with the model, and addresses implications for 
the use of a 'data-driven' model. 
 

7.1  The general model 
The model is illustrated schematically in Figure 7-1.  As shown, the model links hazard 
identification and characterization, and it highlights the iterative aspects of the process by the use 
of a double-headed arrow.  Information from the dietary intake assessment is combined with the 
information from hazard identification/characterization in order to carry out risk characterization.  
The entire process is preceded by a problem formulation step.  Key considerations for each 
component are included on the right side of the figure. 
 

 
Figure 7.1. Model for Nutrient Risk Assessment 

 
 
_____________ Key Topic Areas ____________      _____________Key Activities ___________  
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
  
 

Problem  formulation 

Hazard 
identification 

Dietary 
intake 

assessment

▪ Foster interactions between risk managers and risk assessors to ensure  
  common understanding of the problem and to refine problem formulation as 

needed.  

▪ Define data search strategy a priori.  
▪ Identify adverse health effects and related levels of intake. 
▪ Rate and summarize data objectively. 
▪ Determine basis for selection of the critical adverse health effect. 
▪ Clarify intake–response relationship to identify benchmark intake (BI),  
  no observed adverse effect level (NOAEL), or lowest observed adverse  
  effect level (LOAEL). 
▪ Adjust the BI, NOAEL, or LOAEL for uncertainty; and establish upper  
  level of intake (UL). 
▪ As necessary, adjust UL derived for a studied subpopulation to derive Uls 
 for unstudied age/sex/lifestage subpopulations. 

▪ Specify need for total dietary intake or targeted dietary intake data. 
▪ Specify need for habitual intake or acute intake data. 
▪ Modify or add to available composition data as needed. 
▪ Take into account strengths and limitations of available consumption 
  data. 
▪ Determine method to estimate intake of nutrient substance. 
▪ Make statistical adjustments to estimated intakes as appropriate. 
▪ Provide caveats for estimates based on uncertainties, and describe the  
 impact of uncertainties.

▪ Integrate hazard characterization and dietary intake assessment. 
▪ Identify types of information needed by managers and the presentation format.  
▪ Include relevant descriptions of:  the nature of the critical adverse health effect 

and other effects as appropriate, severity and reversibility of effects, and nature 
of threshold levels and dose–response relationship. 

▪ Describe the impact of uncertainty on conclusions. 

 
Hazard 

characterization 

 
Risk 

characterization 
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7.2  Key questions and activities associated with the model 
The process of nutrient risk assessment is underpinned by a series of questions that are addressed 
by the various decision-making steps described in earlier sections of this report.  The four tables 
that follow list key questions for nutrient risk assessment and related activities for addressing 
them.  The applicability of the model to the range of nutrient substances is discussed in Section 
8.    
 
Nutrient risk assessment is preceded by the important step of problem formulation which 
involves stakeholders including the risk manager (Table 7-1).  This activity is critical in setting 
the stage for the assessment, and it also helps to ensure that the information provided to risk 
managers meets the needs for risk management. 
 
 

Table 7-1. Key Questions and Activities for Problem Formulation 
Key questions Activities 
► What are the goals and 
reasons for the nutrient risk 
assessment? 
 

Conduct dialogues among stakeholders, 
particularly between nutrient risk 
assessors and nutrient risk managers, to 
ensure common understanding of the 
problem and the purpose of the 
assessment.   
Refine problem formulation as needed, 
based on these interactions.  

 
Nutrient 
problem 
formulation 

► What is the nature of available 
prior knowledge? 

Collect and evaluate key elements of 
prior knowledge to determine whether 
risk assessment is necessary. 

 
 
The process of hazard identification and characterization is carried out by the risk assessor 
(Table 7-2).  The process reflects combined and iterative efforts that result in the derivation of a 
UL and a characterization of the hazard associated with high levels of intake of the nutrient 
substance.   
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Table 7-2. Key Questions and Activities for Nutrient Hazard Identification and 

Characterization 
Key questions Activities 

► What are the adverse health 
effects and the intake levels 
associated with the effect? 

 

►How will the search for adverse 
health effects be conducted and 
summarized? 

Consider whether there is sufficient a priori 
knowledge to narrow the review or, 
alternatively, how broad the review should be. 
Define and document data search strategy a 
priori. 
Design table formats appropriate for 
summarizing results of each study type.  
Identify information to be collated and 
summarized for individual studies; document 
this information a priori. 
Consider both the quality of methodology and 
the relevance to nutrient substance–adverse 
health effect relationship. 
Identify quality ratings to be used when 
reviewing  each study.  

►What background information 
about the nutrient substance and 
adverse health effect is needed? 

Obtain and summarize relevant information 
regarding: 
▪ chemistry, nomenclature, and function; 
▪ sources and forms of nutrient; 
▪ bioavailability and bioconversion; 
▪ absorption, transport, tissue distribution, 
body 
   stores, metabolism, and excretion; 
▪ interactions; 
▪ homeostatic mechanisms; 
▪ assessment of intakes and outcomes; 
▪ mechanisms of toxicity; 
▪ comparative metabolism and kinetic data. 

► [Are the observed health effects 
adverse, and are biomarkers of 
effect (if used) valid/reliable 
predictors of observable clinical 
outcomes?] 

[Consider Figure 3-3 ranking, the nature of 
the homeostatic mechanisms, and data on the 
validity of biomarkers of effect. 
NOTE 1:  If possible, this is done a priori—
that is, before the search—but data findings 
and the nature of data may require this 
activity as part of this step.] 

► How is the upper level (UL) 
established? 

 

 
Nutrient 
hazard 
identification 
and 
characterization 

►What criteria are used to select 
the relevant data set? 

Specify criteria for selecting or excluding 
specific studies from the search results and 
for weighing this evidence in the decisions to 
be made. 
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Table 7-2. Continued 

 Key questions Activities 

►What is the critical adverse health 
effect to be used as the basis for the 
UL? 

Select the effect most likely to provide 
public health protection.  In practice, it is the 
effect that occurs at lowest level of intake; 
or, as appropriate, the effect likely to protect 
the most sensitive members of the 
(sub)population; or, as appropriate, the effect 
with the steepest intake–response. 
[NOTE 2: As appropriate, different critical 
adverse health effects may be selected for 
different subpopulations.] 
[NOTE 3: The approach may also be carried 
out so that several 'candidate' critical adverse 
health effects, all providing public health 
protection, are explored through the 
derivation of a set of tentative ULs prior to 
selection of the 'final' critical adverse health 
effect.] 

► For what subpopulations are 
there sufficient data to establish a 
UL?  

Examine data for groups such as children of 
different ages, pregnant women, young 
adults. 

►What is the NOAEL (or LOAEL) 
or BI for the critical adverse health 
effect? 

Examine intake–response data and estimate 
curve for the relationship for each of the 
subpopulations with sufficient data. 

►Can quantitative adjustments for 
uncertainty be carried out for the 
NOAEL (or LOAEL) or BI value? 
What is nature of uncertainties 
unaccounted for by quantitative 
adjustments?   

Consider the nature of uncertainties as well 
as the quality and strength of evidence.  
Identify data available to make quantitative 
adjustments to the observed values. 
Identify composite uncertainty factor—a 
single value that reflects the uncertainties 
that were not addressed by quantitative 
adjustment factor. 

►What is the quantitative value for 
the  UL? 

Apply the quantitative adjustment and/or 
composite uncertainty factor to the NOAEL 
(or LOAEL) and as appropriate to the BI to 
derive a UL for each of the subpopulations 
with sufficient data.  

Nutrient 
hazard 
identification 
and 
characterization, 
continued 

 
 

►Are there unstudied 
age/sex/lifestage subpopulations? 

Adjust derived ULs by appropriate methods 
to provide ULs for unstudied subpopulations. 

 
 
The dietary intake assessment (Table 7-3) provides important information about the current 
levels of intake for a (sub)population.  When combined with information about the levels of 
intake that cause risk, the nutrient risk assessment can move to characterizing the risk.  
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Table 7-3. Key Questions and Activities for Dietary Intake Assessment 
Key questions Activities 

► What type of dietary intake 
estimate is needed? 

Determine whether the estimate should 
reflect total dietary intake or a targeted 
dietary intake.   
Determine whether the need is for an 
estimate of habitual intake or of acute 
intake. 

► What are the possible 
approaches to estimating dietary 
intake of a nutrient substance? 

Make or request any needed 
modifications to improve utility of 
composition data. 
Choose source of consumption data 
considering strengths and limitations of 
available datasets—including suitability 
of the data for estimating intake 
distributions. 
As needed, combine estimates of intake 
from different sources to ensure that the 
data set reflects intake from all sources. 
 Make statistical and/or other 
adjustments to estimated intakes based 
on validated and documented 
approaches. 

 
Dietary 
intake 
assessment 
 
 

► Is there additional information 
that would assist in nutrient risk 
assessment? 

Identify caveats pertaining to 
uncertainties in data, and describe impact 
of uncertainties. 

 
 
Finally, nutrient risk assessment concludes with risk characterization (Table 7-4), which acts as 
an important interface between the outcomes of the risk assessment and the information needed 
by risk managers for decision-making. 
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Table 7-4. Key Questions and Activities for Nutrient Risk Characterization 

Key questions Activities 

► What is the nature of the risk? Characterize the nature of the threshold 
levels and the intake–response 
relationship.   
Integrate data and develop descriptions 
of the nature of the critical adverse 
health effect including seriousness, 
reversibility, and rarity. 
Identify vulnerable or sensitive 
subgroups, and describe the risk and its 
impact for each. 

► What is the magnitude of the 
risk? 

Determine what proportion of each 
subpopulation of interest has a (habitual 
or acute) intake that exceeds the upper 
level (UL); information about 
distributions above the UL may be 
included. 

 
Nutrient risk 
characterization 

► What information is most 
useful to the risk manager? 

Identify types of information needed by 
risk managers; this should be informed 
by the problem formulation step. 
Identify and use the presentation format 
most informative for meeting the risk 
manager’s needs. 
Consider interacting with risk managers 
to enhance the utility and 
appropriateness of risk characterization. 
Ensure that uncertainties are highlighted 
and described as appropriate for the risk 
manager’s purposes. 

 

 

7.3  Implications of a data-driven model 
The nutrient risk assessment model is designed to make use of the available data.  It does not rest 
on the assumption that it is preceded by an organized and appropriately designed set of research 
activities that are specifically tasked with creating a complete database for nutrient risk 
assessment.  Rather, the model works to acknowledge and account for the uncertainties inherent 
in the datasets so as to provide the best estimates of ULs and associated risk under the 
circumstances.  While it is, of course, preferable to have a high quality dataset that provides 
more than adequate information, application of the model is expected to proceed using the data 
available.         
 
This 'data-driven' nature of the model and its design for taking data uncertainties into account has 
several implications that were discussed during the Workshop:    
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1. Documentation of scientific judgement is necessary.  Available data are limited.  

Furthermore, the decision-making that occurs for nutrient risk assessment relates to 
substances and food products already available and marketed to consumers.  Timely 
decisions about appropriate level of intake are almost always needed in the absence of a 
robust database.  For this reason, the use and interpretation of data for the purposes of 
nutrient risk assessment often require scientific judgement.  In fact, scientific judgement 
within the context of public health protection is a hallmark of the nutrient risk assessment 
process.  Importantly, the utility and transparency of the outcomes of the assessment are 
greatly enhanced when the decision-making process is clearly described—including 
documentation of the assumptions made and the rationale underpinning the decisions.  
This often is overlooked in reports on nutrient risk assessment. 

 
2. ULs are adequately adjusted for uncertainty.  Because much of the available data 

concerning nutrient substance risks is less than ideal, the process for setting the UL 
deliberately and systematically takes into account uncertainties associated with the data.  
As a result, the process sets a UL that meets its definition:  the highest level of habitual 
intake likely to pose no risks of adverse health effects for almost all individuals in the 
target (sub)population, including the most sensitive individuals. Thus, ULs can be applied 
by the user with confidence that they provide public health protection.  It is unlikely that 
users of ULs need to devise additional corrections.   
 
Specifically, by taking into account all the uncertainties, a UL value is established that is 
quantitatively lower than the lowest point on the distribution for the observed intakes 
associated with the adverse health effect.  In turn, the nature of the uncertainties 
determines the size of the difference between the lower end of the observed 
intake/adverse health effect relationship and the derived UL.  Greater uncertainties result 
in lower ULs so as to allow maximum public health protection. Intakes maintained below 
the UL (but at or above the requirement, if applicable) thus can be consumed without 
appreciable risk to health throughout the age range or lifestage for which the UL is 
intended. 

 
In this sense, the basis for establishing ULs is somewhat similar to the basis for 
establishing recommended intake levels for nutrient substances.  Both reflect values at 
the extreme ends of their respective intake distributions so that virtually all members of 
the target subpopulation are protected.  However, a recommended intake is a value 
consistent with the high end of the intake/requirement distribution, while the UL is a 
value consistent with the low end of the intake/adverse health effect distribution. 

   
3. Limited data do not mitigate need for ULs.  The need to establish ULs for nutrient 

substances often arises in the absence of an ample database.  Since the purpose of a UL is 
to assist risk managers who must make decisions relative to public health, the absence of 
a UL, particularly if risk is known to exist, is problematic for the risk manager.  If a UL is 
not set, the risk manager has no scientific basis for decisions that he or she must make in 
any case.  Therefore, assuming some data are available, it is preferable to establish a UL 
if at all possible and, in turn, work to describe the limitations and unknowns regarding the 
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value of the UL.  This approach is not intended to restrict the quantitative options 
available to the risk manager; he or she has the option of seeking alternative approaches 
to providing public health protection.   
 
Sufficient detail must be provided so that the risk manager understands the uncertainties 
and can take them into account in making his or her decisions.  Moreover, the degree of 
uncertainty surrounding the value of the UL is best conveyed solely through the risk 
characterization description provided to risk managers.  Using different names for ULs 
based upon their degree of uncertainty can be confusing to end users and is likely to be 
unnecessary when the only difference is level of certainty.  Even in situations in which no 
adverse health effects have been associated with the consumption of the nutrient 
substance, the risk assessor often is called upon to provide assistance to risk managers.  
As described in Section 8.2.1, a process for providing risk managers with a highest 
observed intake (HOI) can be used in these situations.   
 

4. Absence of evidence does not mean evidence of absence.  The Group emphasized that the 
absence of evidence of an adverse health effect is not equivalent to evidence of the 
absence of an adverse health effect.  Considerable caution must be exercised when the 
available data reflect studies designed for purposes other than determining the safety of 
the nutrient substance.  For example, if studies designed to study the health benefit of a 
substance consumed at different levels of intake report no adverse health effects, this lack 
of evidence cannot be considered adequate to demonstrate the absence of adverse health 
effects.  The absence of adverse health effects should be determined through the use of a 
priori protocols that prescribe and apply appropriate methods for identifying adverse 
health effects.  

 

7.4  Summary 
The model for nutrient risk assessment is a process based on using the available data and, for this 
reason, ensuring that its limitations are taken into account.  The model outlines activities central 
to establishing ULs, determining and characterizing the risk, and providing scientific information 
useful to risk managers in a manner that makes the uncertainties clear.  The model anticipates 
that risk managers will need guidance even in the face of data limitations. Therefore, it 
incorporates methods of relaying information about the nature of the database so that the risk 
manager is fully informed.  Because the model specifies that considerable correction for 
uncertainty be incorporated in the ULs, it is unlikely that users of ULs will need to devise 
additional corrections, assuming the value is used for the intended (sub)population.  Finally, the 
model is based on the understanding that the absence of evidence of an adverse health effect is 
not equivalent to evidence of the absence of an adverse health effect.   
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8.   Applicability of the model to the range of nutrient 
substances 
This section considers the extent to which the nutrient risk assessment model is applicable to the 
wide range of nutrient substances.  In particular, it addresses the general applicability of the 
model and three types of nutrient substances for which the model has limited application:  (i) 
nutrient substances with no identified adverse health effects, (ii) nutrient substances for which no 
intake level without risk has been identified, and (iii) nutrient substances for which available data 
suggest that the levels of intake that pose risk overlap the levels of intake that pertain to 
biological essentiality or favourable impact on health.  Strategies relevant to these situations are 
provided. 
 

8.1 General applicability and 'test nutrients' 
At the start of its discussions, the Group recognized that nutrient substances are not well defined 
as a class and that regulatory provisions around the world vary as to the specific substances that 
may be regarded as nutritional.  Some national/regional authorities may limit nutrient substances 
to only those demonstrated to be essential.  Others may define nutrient substances more 
broadly—including substances with a demonstrated favourable impact on health in addition to 
including essential nutrients.  The Group, without disputing such national/regional 
considerations, developed a model relevant both to substances that are biologically essential and 
to substances with a demonstrated health impact.     
 
Substances that are essential have been reasonably well identified, and they are associated with 
established recommended intakes.  Substances that have a favourable impact on health reflect an 
emerging area of interest.  Various substances have been suggested as candidates for this 
category of nutrient substances, ranging from dietary fiber to so-called 'bioactive' constituents of 
food.  Also, the concept of nutrient substances may include macronutrient substances that are 
inherent constituents of foods but not regarded as uniquely essential—for example, certain 
carbohydrates or fatty acids—but for which recommended intakes have been specified either as 
increased or decreased levels of intake so as to have a favourable impact on health.  Those 
associated with recommendations to lower intake may present special considerations relative to 
the model, as described below.      
 
In any case, the model is applicable to substances that—because they are associated with 
specified levels of intake known to provide a 'health benefit' and distinct from the levels of intake 
intended to protect against risk from high levels of intake—are consistent with the dual curve 
relationship for risk as discussed in Section 3.3.  Based on the nutrient risk assessment model, 
such substances should be addressed using an approach that incorporates special considerations 
related to the uncertainty adjustments made to the NOAEL, LOAEL or BI so that such 
adjustments do not result in the nonsensical outcome that the UL is a lower value then the 
recommended intake associated with the 'health benefit.'  Moreover, the approach used must 
carefully incorporate considerations related to the specific homeostatic mechanisms known to 
exist for essential nutrient substances.  
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Regarding other aspects of the model's general applicability, the Group noted that a very wide 
range of adverse health effects can be taken into account by the model—that is, effects as diverse 
as cancer, heart disease, reduced kidney function, and liver toxicity can all be addressed.  In 
short, the nature of the endpoint does not change the applicability of the model.  The ability to 
determine valid biomarkers for the endpoints of interest (e.g. cancer) may be challenging; but 
once they are determined, the model can be applied.  
 
Finally, as part of discussions about the applicability of the model, the Group paid particular 
attention to three 'test nutrients':  vitamin A, iron, and vitamin C (and its antioxidant functions).  
The participants considered the decision points/questions as organized by the model within the 
context of addressing nutrient risk assessment for these three nutrients.  They concurred, in the 
absence of in-depth analysis, that the approach in general would be likely to address the key 
aspects important for determining and assessing adverse health effects associated with these 
nutrient substances. 

8.2 Special applications 
The model's apparent flexibility cannot, however, be relied upon to readily address nutrient 
substances that do not demonstrate a threshold level for an adverse health effect or nutrient 
substances for which the levels of intake associated with risk appear to overlap with levels 
associated with biological essentiality or favourable impact on health.  These situations, listed in 
Box 8-1, reflect deviations from the dual curve relationship for risk associated with nutrient 
substances.  The Group viewed these situations as separate from situations involving 
inadequately nourished (sub)populations and/or (sub)populations experiencing disease states 
such as malaria (see Section 9) for which the focus is on obtaining more data to be used with the 
model.  In the situations listed in Box 8-1, the model may have limitations.    
 
 
 

Box 8-1. Situations for Which the Nutrient Risk Assessment Model 
has Limited Applicability 

 

• Nutrient substances for which no adverse health effects have been identified but 
for which risk management authorities require that a UL be specified.  These 
tend to be nutrients for which there is insufficient evidence to identify an adverse 
health effect but for which the usual conceptual model of risk associated with 
both inadequate and excessive intakes would be expected to apply.   

• Macronutrient substances that are not essential, that are inherent constituents of 
food, and that pose a risk at usual levels of consumption (and thereby are 
associated with authoritative recommendations to lower intake).   Such 
substances are contained in many foods that are important sources of essential  
nutrient substances, and avoiding those foods could be detrimental.  
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Box 8-1. Continued 
_______________________________________________________________________ 

•    Nutrient substances for which available evidence suggests that there is little if 
any separation between the intake–response curve for risk and the curve for 
biological essentiality or favourable impact on health.  In such cases, the curve 
for risk appears to overlap the curve for the 'health benefit.'  (Note:  probably 
this situation is caused by limited and conflicting data rather than actual 
physiological mechanisms.) 

 
 
For non-nutrients, approaches outlined for the risk assessment include special discussions for 
substances that are demonstrated to have similar non-threshold effects (IPCS, 1994).  However, 
there is no clear consensus on appropriate methodology when the non-nutrient critical effect may 
not have a threshold, as is the case for example for genotoxic carcinogens and germ cell 
mutagens.  Moreover, in setting values such as upper levels for non-nutrients without thresholds, 
attempts to base approaches on characterizing a dose–response relationship are not considered to 
be helpful.  Under these circumstances, the values are said to require "socio-political judgements 
of acceptable health risk" (IPCS, 1994).  To what extent these considerations apply to the risk 
assessment of nutrient substances is unclear.   
 
Each of the situations specified in Box 8-1 requires further exploration and development in order 
to be fully addressed by a nutrient risk assessment approach.  The subsections below provide 
possible interim approaches to handling nutrient substances that demonstrate the characteristics 
specified in Box 8-1.  Given the need for considerable future work in this area, relevant issues 
are covered in Section 10, “Identified research/data gaps and needed future discussions.”   

8.2.1 Nutrient substances with no identified adverse health effects:  highest 
observed intake values  
For some nutrient substances, no credible evidence has demonstrated adverse health effects even 
at the highest intake used or observed.  Vitamin B12 is an example of such a nutrient substance 
(IOM, 1998b).  In such cases, the biological threshold for an adverse health effect, if it exists, 
may be many times higher than the highest intake studied.  Lacking data, however, this amount 
is not known.  If no studies have revealed adverse health effects for a nutrient substance but the 
risk manager needs scientific advice concerning an upper intake, the highest observed intake 
(HOI) can be used to give guidance to risk managers.  The Group specified the following 
regarding the HOI: 
 

The highest observed intake (HOI) is derived only when no adverse health effects 
have been identified.  It is the highest level of intake observed or administered as 
reported within (a) study(ies) of acceptable quality. 

  
To the extent judged appropriate by the risk assessor, other aspects of the nutrient risk 
assessment process could be addressed by applying principles associated with the model, 
including considerations of uncertainty and scaling of the HOI to subpopulations for which no 
data are available.  However, given the lack of data about risk, relatively few of the components 
of the model would be relevant. A descriptive narrative could accompany the HOI to explain that 
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it represents a value that is based on a different kind of data than a UL and may overestimate risk 
by a wide margin.  Moreover, given the substantial differences between the methods for setting 
HOIs and ULs, it is preferable to specify HOIs as HOIs and not to refer to them as ULs. 

8.2.2 Inherent macronutrient substances with no known intake levels 
without risk 
Certain macronutrient substances inherent in foods are not essential but are widely distributed in 
or otherwise included in the food supply.  Some of these substances are consumed at levels 
known to cause risk, but there is no identifiable level of consumption that can be considered to 
present no risk. Since some risk is associated with each level of intake, there is no apparent 
threshold level of risk.   
 
This is an emerging area of nutrient risk assessment.  The Institute of Medicine (IOM, 2002–
2005) addressed this situation in its effort to set a UL for saturated fatty acids, nutrient 
substances for which adverse health effects are well-documented.  The data demonstrated that 
any increment in saturated fatty acid intake is associated with increased risk for coronary heart 
disease.  The IOM found no threshold level—that is, no level of intake below which no risk 
could be established.  Moreover, specifying zero as the UL was not an option:  eliminating 
saturated fat from the diet would mean eliminating an extremely large number of foods, 
including major sources of essential nutrients.  Thus, setting the UL at zero would not be 
practical from a public health perspective.  In particular, it would prevent individuals from 
obtaining sufficient levels of other nutrient substances (e.g. protein, essential fatty acids, 
micronutrients) carried by the foods that contain saturated fatty acids.   
 
One possible approach in this case could be to 'model' or simulate dietary patterns to determine 
the lowest amounts of the foods that would provide needed amounts of essential nutrients while 
minimizing the intake of the ‘risky’ nutrient substances (e.g. saturated fat and dietary 
cholesterol).  Then it might be possible to establish a quantitative level of intake that could be 
useful to risk managers.  The Group contemplated whether ‘UL’ is an appropriate label for such 
a level of intake and to what extent other principles in the nutrient risk assessment model would 
apply, but it came to no conclusion.  

8.2.3  Apparent overlap between level of intake associated with risk and 
'health benefit.'  
For at least one nutrient substance—vitamin A—evidence suggests there may be overlap 
between the current recommendations for intake related to the accepted 'health benefits' and the 
emerging understanding about levels associated with risk as reflected by decreased bone density 
and increased risk of hip fracture.  Information on this issue can be gleaned from the three NR-
reports (EC/SCF, 2002; EVM, 2003; IOM, 2001) described in Section 2.  One report (EC/SCF, 
2002) concluded that causality had not been demonstrated, but a likely mechanism of action for 
the adverse health effect may be explained by studies in laboratory animals (EVM, 2003).  In any 
case, the data can be used to specify a graded response curve for the risk.  This response curve 
shows that levels of intake that are associated with risk are very close to the recommended intake 
for vitamin A.  None of the three national/regional authorities set a UL based on this adverse 
health effect which occurs at a low level of intake.  One report's assessment (IOM, 2001) was 
concluded prior to publication of most of the relevant evidence.  Of the two other NR-reports, 
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one (EC/SCF, 2002) cited conflicting data about bone density and used other effects such as 
hepatotoxicity as the basis for the UL. The other report (EVM, 2003) cited insufficient evidence 
for each of the adverse health effects and opted to set a guidance level rather than a UL.   
 
Addressing nutrient risk assessment needs in situations such as that for vitamin A relies heavily 
on scientific judgement.  Although such judgement understandably may conclude that the 
available data are quite premature and thus questionable as a basis for providing advice, 
consideration also should be given to the need to protect public health. Some options may be 
possible assuming that (i) the seriousness and concern for the adverse health effect can be 
established (with or without a known mechanism); (ii) the data are limited regarding intake–
response, and there seems to be an overlap between recommended intake and risk; and (iii) delay 
in considering the adverse health effect seems inappropriate.   
 
Given that it may be desirable to set a UL under these conditions for the purposes of assisting 
risk managers, it would be prudent first to specify that the UL should be at or higher than the 
recommended intake (even if not very much higher).  The hazard characterization would need to 
inform risk managers about the approach used by the assessor to address the possibility of 
overlapping risks.  Any scientific information that would help to inform risk managers about 
decisions related to managing the risk above the UL should be included in the risk 
characterization step.  In any case, even if a different adverse health effect is used as the critical 
effect on which to base the UL, hazard characterization should include the scientific information 
related to such a potentially serious adverse health effect.  
 

8.3  Summary 
The nutrient risk assessment model as developed is flexible and can respond to assessments 
needed for a broad range of nutrient substances.  The nature of the endpoint used does not affect 
the model's applicability.  However, there are certain nutrient substances that either do not 
demonstrate a threshold level of intake for the adverse health effect or appear to have levels of 
intake associated with risk that overlap levels associated with benefit.  In these cases, the model 
has limited applicability.  Alternative strategies need to be considered and developed further.   
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9.  Applicability of the model to inadequately nourished 
(sub)populations 
 
Nutrient risk assessment has well-recognized applications for (sub)populations that are both 
adequately nourished and 'generally healthy' and that consume an array of fortified foods, 
formulated foods, 'functional foods,' and supplements.  Existing models for nutrient risk 
assessment at the national/regional level were developed consistent with the characteristics of 
such (sub)populations. However, not all (sub)populations that may receive such foods and 
supplements are adequately nourished and 'generally healthy.'  
 
This section of the report provides an overview of the applicability of the model to inadequately 
nourished (sub)populations.  It then reviews concerns related to homeostatic considerations and 
the development of ULs within the context of inadequately nourished (sub)populations.  While 
outside the scope of the report, the impact of infectious disease is briefly discussed as well.   
 

9.1  Overview 
Certain populations in the world and many subpopulations within adequately nourished 
populations may not be receiving adequate levels of nutrients, may be experiencing nutritional 
deficiencies, and may be in environments in which disease or other adverse conditions affect 
their metabolic states.  An important question is, “Are these inadequately nourished 
(sub)populations at special or different risk when exposed to high intakes of a nutrient 
substance?"  The Group readily acknowledged that there are many successful nutrition 
intervention and supplementation programs that have benefited inadequately nourished 
(sub)populations substantially.  However, the Group’s interest here was to achieve a better 
understanding of the factors that should enter into the decision-making for assessing nutrient risk 
within such (sub)populations.  The interest is grounded in, but distinct from, the study of the 
effects of xenobiotic metabolism and pharmacokinetics in undernourished individuals.    
 
Initially, the Group discussed the meaning of the term 'inadequately nourished' and concluded 
that it is characterized primarily by undernutrition.  Depending on the type, undernutrition that 
persists may result in single nutrient deficiencies or multiple nutrient deficiencies.  Group 
members recognized that the broader term 'malnourished,' which encompasses both overnutrition 
and undernutrition, also has meaning for the application of the nutrient risk assessment model.  
In overnutrition, interactions between nutrients become important if they enhance or impair 
physiological mechanisms such as absorption.  However, undernutrition (inadequate 
nourishment) remained the focus of the Group’s discussion regarding 'inadequately nourished.'  
In addition, the Group recognized that inadequate nutriture usually is associated with living in 
adverse circumstances—including environments prone to high prevalence of infectious disease.  
For this reason, the Group also briefly addressed the question of the impact of infectious disease 
on nutrient risk assessment.   
 
Overall, the Group acknowledged that the major concern was insufficient scientific knowledge to 
allow the study of the impact of these conditions on nutrient risk assessment.  It was agreed that 
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the general process established for setting a UL was appropriate regardless of nutriture. In order 
to provide appropriate ULs for the inadequately nourished, however, the process is dependent 
upon better scientific information about the metabolic states of these (sub)populations  
 

9.2  Homeostatic considerations 
The literature contains a number of studies documenting important metabolic changes associated 
with inadequate nutriture that have relevance for nutrient risk assessment.  In short, homeostatic 
mechanisms that help protect against nutrient deficiency may be overwhelmed among 
inadequately nourished (sub)populations.  Indications of the limits of homeostatic mechanisms 
range from depleted plasma pools of nutrient transport proteins during protein-energy 
deficiencies (Morlese et al., 1997) to reduced liver function (Elia and Lunn, 1997).  Given earlier 
discussions concerning the role of homeostatic mechanisms in nutrient risk assessment (see 
Section 3.3), the metabolic impact of inadequate nutriture can affect a range of outcomes 
including, for example, intake–response determinations and uncertainty factors.  
 
Clinical reports regarding the results of high levels of intake of nutrient substances under 
conditions of undernutrition are limited—with the exception of the concern about the presence of 
free iron resulting from reduced transport protein production under conditions of protein-energy 
malnutrition (Dempster et al., 1995; Golden, 1985).   
 
The Group noted the serious limitations in much of the available scientific literature and 
highlighted the need for further research.  Not only are studies lacking that are relevant to 
nutrient risk assessment for inadequately nourished (sub)populations, there is little data to 
characterize the changes in metabolic states associated with undernutrition.  The study conducted 
by Dunipace et al. (1998) was noted as an example of a valuable type of study for this area of 
nutrient risk assessment.  Using inadequately nourished rats, the authors studied the effect of 
different fluoride doses in animals that were protein-energy deficient or calcium deficient, or 
both.  
 
Most of the small body of existing literature has focused on single nutrient deficiencies and their 
impact on metabolism. Considerably less is known about multiple nutrient deficiencies, despite 
their being more common than single deficiencies on a world-wide basis. The early work of 
Grande et al. (1958) suggests that individuals without enough food slow down metabolically.  
Slowed metabolism is reflected by changes in various physiologic functions (e.g. reduced  
activity of the kidney).  If slowing of physiologic functions interferes with homeostatic 
mechanisms that are normally protective, such a result might impair the body’s ability to adjust 
to high habitual or acute intakes of a nutrient substance.  Moreover, little is known about how 
differences in age affect the body's ability to adjust to conditions of inadequate nutriture—for 
example, the metabolic differences that may occur in children and the elderly as compared to 
young adults when subject to undernutrition. 
 
The following topics were discussed by the Group: 

• Metabolism:  Protein deficiency requires special consideration regarding the determin-
ation of a UL.  Vitamin A provides an example of a nutrient affected by protein 
deficiency.  Decreased formation of both transport and binding protein may impair the 
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normal mechanism for handling large intakes of vitamin A. Thus, free retinol/retinoic 
acid could enter the circulation.  As a result, a UL specified for a well-nourished 
(sub)population could be too high for an undernourished (sub)population.  

• Metabolism:  Decreased ability to absorb a nutrient substance may affect the risk posed 
by certain intakes of the nutrient.  With conditions of undernutrition and/or chronic 
infection, iron absorption may decrease.  Average or upper levels of iron intake may exert 
adverse health effects, including infection, because more iron will remain unabsorbed in 
the gut.  In turn, infection decreases iron absorption. Information such as this is important 
for nutrient risk assessment relative to the inadequately nourished. 

• Diet:  Certain inadequately nourished (sub)populations ingest large amounts of phytates 
from the diet.  Phytates may interfere with the absorption of certain minerals. 
Establishing ULs for those minerals may require that phytate intake be considered when 
the concern is inadequately nourished (sub)populations.  

 

9.3  Establishing upper levels for inadequately nourished 
(sub)populations 
The Group considered the potential differences between a UL established for an adequately 
nourished (sub)population as compared to a UL for an inadequately nourished (sub)population.  
The differences are not necessarily consistent.  At times the value of the UL may need to be 
lower and at times it may need to be higher for undernourished (sub)populations than for 
adequately nourished (sub)populations.  A study by Majumdar et al. (2003) suggests that a UL 
for iron for iron-depleted children may be higher than the UL for iron-replete children.  This 
study, conducted in India, demonstrated adverse effects from iron therapy in subjects who were 
iron-replete as compared to iron-depleted children.  The converse may be the case for persons 
with infectious disease conditions such as malaria or human immunodeficiency virus (HIV) (see 
below); such persons may require ULs that are lower.    
 
The Group came to the conclusion that the appropriateness of a UL established for adequately 
nourished (sub)populations cannot be assumed to transfer to inadequately nourished 
(sub)populations.  Although the basic process of nutrient risk assessment decision-making would 
remain the same regardless of the nutritional status of the (sub)population of interest, the Group 
considered it likely that inadequately nourished (sub)populations would need a different set of 
ULs because of important differences in metabolism and the vulnerability that can result from 
these differences. However, the Group also concluded that too little is known about the effects of 
inadequate nutrition on the absorption, distribution, metabolism, and elimination of nutrient 
substances to allow specification of considerations relevant to adjusting ULs  to make them 
appropriate for inadequately nourished (sub)populations). 
 

9.4  Impact of infectious disease 
Emerging data suggest that high intake of at least one nutrient may exacerbate infectious 
responses.  Although this topic was outside the scope of the Workshop, it provides an example of 
the multi-faceted issues that face nutrient risk managers.  Iron deficiency is widespread, and 
many countries have national policies that address the problem. In some cases, programs have 
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been implemented to improve the iron status of pregnant women and young children.  While the 
benefits of such programs are well established, there is a body of evidence to suggest that among 
children with malaria and/or undernutrition, supplementation with oral iron may be associated 
with some risk of increased severity of infectious diseases (Oppenheimer, 2001).  In short, there 
appears to be complex set of interactions of iron deficiency and iron supplementation with 
infectious susceptibility.   
 
The Group was aware of a number of recent reports (Sazawal et al., 2006a [In press], 2006b [In 
Press]; Tielsch et al., 2006 [In press]) concerning nutrient supplementation programs. In 
particular, these investigators compared the impact of iron and zinc supplementation on 
morbidity and mortality in young children in certain areas where malarial transmission is intense 
and occurs year round, and in other areas where exposure to malaria is low.  The evaluation 
indicated that the supplementation was effective for its purposes.  However, information from 
the trial in the malarious area also revealed the possibility of an adverse impact of iron 
supplementation.  Specifically, both hospitalization for severe illness and mortality were 
increased for the subjects who received iron supplementation when compared to those who 
received placebo.  Oppenheimer (2002), using a pre-existing database of 11 controlled studies of 
iron intervention (therapeutic doses), found increased risk for clinical malaria with oral iron 
supplementation (> 2 mg/kg/day) in malarious regions at times of malaria transmission.  Oral 
iron supplementation was not shown to cause an increased risk for infection in nonmalarious 
counties.   
 
The Group noted the caveats associated with such findings including the need for further 
documentation.  They also noted that the outcomes were not related to fortification or foods that 
are naturally rich in iron, but only to supplements containing iron.  However, these observations 
underscore the need both to examine other venues in which iron supplementation may impact 
infectious disorders (e.g. HIV or tuberculosis) and to foster a sensitivity for the factors that 
should be taken into account when supplementation occurs in certain (sub)populations.  Clearly, 
more data are needed to address this important topic more fully.   
 

9.5  Summary 
The Group determined that ULs set for adequately nourished (sub)populations may not be 
appropriate to use for inadequately nourished (sub)populations that are comparable in 
age/sex/lifestage.  Because of a lack of suitable data, the Group could not clarify the nature of the 
metabolic differences that would impact the nutrient risk assessment and in turn the values of the 
ULs, but recognized that in some cases they may be considerable.  As these issues are addressed 
in the future, the risk assessment process—and notably the risk characterization—must provide 
clear documentation of the factors considered and the uncertainties encountered. 
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10.  Identified research/data gaps, needed discussions, and 
next steps  
   
Nutrient risk assessment relies on the available data to develop upper levels of intake (ULs) and 
characterize risk.  These outcomes would be enhanced if more relevant data were available.  
Moreover, nutrient risk assessment could be carried out more readily, as well as harmonized 
more easily, if work is undertaken to specify internationally-applicable guidelines for the 
analysis, interpretation, and presentation of data.  
 
The Workshop participants identified a number of data gaps and areas of need that require future 
consideration.  They caution, however, that their listing is not comprehensive.  The identified 
gaps and needs are organized under general topic areas discussed during the Workshop. 
 

10.1  Nutrient hazard identification and characterization 
The Group determined that the needs for this topic area encompassed research to elucidate 
nutrient substance metabolism and to identify/describe adverse health effects.  Methodologies 
and guidelines for data evaluation and for addressing uncertainties also require attention.     

10.1.1  General metabolism of nutrient substances 
The critical need to clarify homeostatic mechanisms and obtain more information about nutrient 
substance metabolism was a major concern. The Group acknowledged that a certain amount of 
research relevant to nutrient metabolism is currently being conducted but that the outcomes often 
go unpublished or are not included in study reports.  The Group encourages researchers to make 
these results available.   
 
The following needs were specified: 

• conduct of studies especially designed to characterize the metabolism of nutrients and related 
substances, and release of all relevant data including those reflective of 'no effect;' 

• investigation of the effects on metabolism when subjects switch from 'normal' to 'high' 
intakes of a nutrient substance, or vice versa;  

• exploration of the use of biomarkers of adaptation to high intake so as to enhance 
understanding and utility of metabolic studies; identify such biomarkers through use of the 
new and emerging 'nomics' techniques; 

• specification of nutrient-nutrient interactions and of interactions of nutrient substances with 
non-nutrient substances;  

• clarification of the nature of the bioavailability of nutrient substances found in 'normal' diets 
versus bioavailability associated with isolated pure substances;  

• determination of bioavailability equivalence among chemical forms of the same nutrient 
substance;  
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• development of study designs and animal/in vitro models to study nutrient substance 
metabolism when needed research cannot be conducted in humans; 

• identification of approaches for comparing sensitivity between animals and humans,  
 
The Group discussions concerning (sub)populations that could not be considered to be 
adequately nourished or 'generally healthy' concluded that there was insufficient data about 
metabolic mechanisms under these conditions.  Therefore, there are urgent needs to: 

• study the impact of inadequate nutriture on the absorption, metabolism, and elimination of 
nutrient substances ingested in relatively large amounts;   

• clarify the nature of interactions among infectious disease, chronic inadequate nutriture, and 
the ingestion of relatively large amounts of a nutrient substance.   

 

10.1.2  Nature of adverse health effects, including biomarkers of effect 
The Group noted the paucity of clinical data concerning the risk associated with nutrient 
substances at high levels of intake.  While they acknowledged clinical trials in humans could 
provide valuable information, they recognized the difficulties that are due to resource limitations, 
confounding in study protocols, and—most probably—ethical concerns.  In short, creative 
methodologies are needed to address the data gap.  For this reason, the Group specified the 
following need: 

• develop methodologies for identifying and studying adverse health effects for nutrient 
substances that use animals, in vitro techniques, computer simulations, and/or other 
combined or innovative strategies to increase the understanding of the adverse health effects 
associated with high levels of intake in humans.      

Also, the Group's discussion focused on the need for research to: 

• clarify the homeostatic range for measures of nutrient substances in the human system in 
order to increase the availability of biomarkers of effect; 

• identify, validate, and elucidate mechanisms of action for causally associated biomarkers of 
clinically evident adverse health effects; 

• specify the length of time required for specific adverse health effects, including the time-
course for changes in biomarkers of effect; 

• develop approaches to better describe the relationship between the distribution of intake and 
the sensitivity of the biomarker or adverse health effect for the purposes of hazard 
characterization.   

 

Further, the Group noted that compilation of adverse health effects associated with high levels of 
nutrient substance intake—sometimes called indexing of endpoints—needs further attention.  
The lack of an organized effort to catalogue adverse health effects hampers efforts to conduct 
and harmonize the nutrient risk assessment process.   

Therefore the group identified a need to: 
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• create a specific international database, or expand and combine existing databases, to 
catalogue agreed-upon adverse health effects associated with nutrient substances.  If possible, 
it would be helpful to include a prioritized listing of nutrient substances for which risk 
assessment is especially needed as well as a listing of needed research efforts to improve the 
nutrient risk assessment of each substance. 

 

10.1.3  Data evaluation and uncertainties 
The Group emphasized that work should be undertaken to articulate guidelines relative to the 
selection and interpretation of available data.  Topics to be addressed include: 

• specification of inclusion/exclusion criteria for and weighting of individual studies, 
particularly for observational data; 

• identification of strategies and guiding principles for the use of meta-analysis to 
appropriately combine available data to enhance, for example, the estimation of intake–
response; 

• exploration of ways to adapt the current practice of evidence-based systematic review to 
make it more relevant to nutrient risk assessment.    

 

It was acknowledged that increased attention to should be given to increasing the data base 
needed to establish a BI.  In the absence of full biological understanding, the Group indicated 
that attention should be directed to uncertainties and the adjustments made for uncertainties.  The 
relevant research and discussions would cover a range of topics including adequacy of the 
database, nature of the toxicity, extrapolation from LOAEL to NOAEL, inter-species 
extrapolation, scaling ULs for unstudied subpopulations, and ways to address inter-individual 
variability in humans.  Overall, there is a need to develop valid criteria to determine the 
magnitude of uncertainty factors in different situations. The Group highlighted the following 
gaps: 

• identification and validation of methods to extrapolate evidence obtained from animals, in 
vitro systems, or related subpopulations to a subpopulation of interest for which data are 
lacking;   

• exploration of the kinetics and dynamics of nutrient substances so as to enable the enhanced 
use of quantitative adjustment for uncertainties; 

• exploration of kinetics and dynamics specific for a nutrient substance to enable the scaling or 
estimation of intake–response;  

• identification and validation of physiologically appropriate methods for adjusting a UL 
established for a studied subpopulation (e.g. adults) to a UL for an unstudied subpopulation, 
such as children.  
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10.2 Dietary intake assessment 
Research and related activities are needed to enhance methodologies that are applicable world-
wide for the purposes of estimating dietary intake.  Dietary intake assessment would benefit if 
the following were addressed:   

• in general, improve and validate the methods for obtaining data on nutrient substance intake 
with the accompanying goal of simplifying and reducing the need for statistical corrections; 

• enhance and develop relevant statistical approaches for estimating habitual intake, including 
an approach for estimating the 'joint habitual intake distribution' (to estimate the proportion 
of individuals in a group whose habitual intakes of two or more nutrients exceed the ULs); 

• determine the most accurate options for using mean per capita intake data to estimate upper 
percentiles of habitual intake distributions;   

• develop and validate dietary assessment tools to improve their utility under regional/local 
conditions;  

• continue to develop, enhance, and update food composition databases generally; and work 
more actively to include data on fortified foods, supplements, formulated foods, 'functional 
foods,' and bioactive constituents and related substances (e.g. lignins, flavonoids, 
phytosterols, and polyphenols); 

• continue to develop composition databases for regional conditions.  

In addition, estimation of nutrient substance intake would be greatly improved if biological 
measures could accompany and perhaps partially replace the use of current measures of intake 
such as self-report.  Biological measures also could be useful in the absence of reports on intake.  
To this end it would be advantageous to: 

• identify and validate biomarkers of nutrient substance intake as well as biomarkers of 
nutritional status. 

 

10.3  Risk characterization 
Risk characterization is an important interface between the risk assessor and the risk manager.  
Further discussions are needed to define and clarify this interface.  Needs include: 

• identification of key elements of the problem formulation process in order to better specify 
the needs and expectations of the risk manager;  

• investigation of the value of strategic tiering for in-depth review of data obtained from earlier 
steps of the risk assessment.  For example, 

- if the quantitative difference between the UL and the estimated current intake level is 
small, should the risk characterization ensure that intake data are examined for systemic 
biases that could result in under- or over-reporting and for a need to weigh the different 
methods used in collection of intake data? 

- if the quantitative difference between UL and the estimated current intake level is large, 
should it be determined that intake data do not require further elaboration? 
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- if intake assessment indicates (sub)population intakes are greater than the UL, should 
there be investigation of products that may be contributing to the high intake? 

• clarification of the types of information that would be most useful to risk managers, such as 
(i) uncertainties in dietary intake assessments, (ii) individuals at increased risk, (iii) high 
habitual intakes of more than one nutrient substance concurrently, and (iv) different duration 
and patterns of nutrient substance intake;   

• clarification and/or guidance on the nature of interpretative risk assessment statements that 
address the information needs of risk managers but allow for an appropriate separation 
between assessment and management; 

• specific studies of risk characterization outcomes to identify (i) what information was used, 
how it was used, and results; (ii) what aspects of the characterization were not helpful or led 
to confusion, and (iii) what aspects led to secondary risk assessment requests.   

 

10.4  Applicability of the model 
The Group concluded that the model may not be relied upon to readily address nutrient 
substances that do not demonstrate a threshold level for an adverse health effect or nutrient 
substances for which the levels of intake associated with risk appear to overlap with levels 
associated with essentiality or the demonstrated favourable impact on health.  Therefore, 
research and future consideration should be directed to exploring ways in which these types of 
nutrient substances can be addressed.  Specific needs include approaches to: 

• clarify relevant methodologies for nutrient substances intrinsic in the food supply for which 
there is no identifiable level of consumption that can be considered to present no risk; 

• provide guidelines for the conduct of nutrient risk assessment when the evidence for a 
particular substance suggests that the recommended intakes related to essentiality or the 
demonstrated favourable impact on health overlap those associated with increased risk. 

 

10.5   Next steps 
The model developed during the workshop provides an international science-based approach for 
nutrient risk assessment.  It can be applied on a case-by-case basis to many nutrient substances.  
The next step—to develop ULs, as requested of FAO/WHO by the Codex Alimentarius 
Commission—will require considerable resources, scientific expertise, and technical support.  It 
may be of interest to conduct targeted activities to enhance and refine the use of the model.  
These can be accomplished in several ways including small case studies to explore aspects of 
nutrient risk assessment for certain representative nutrient substances.  These studies and 
associated discussions could be carried out by involving a range of scientists and stakeholders 
including representatives from industry, non-government organizations, and professional 
associations.   
 
Additionally, the harmonization of nutrient risk assessment would benefit from efforts to put in 
place ad hoc tasks forces among interested international parties. The goal would be to identify 
opportunities for coordination and further discussions.     
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1  Background 
Hazard identification is part of the process of nutrient risk assessment. This step is intricately 

linked to and aims to provide information to hazard characterization. It does not make 

judgements as to whether a nutrient is hazardous at a certain level of intake, which is a task for 

hazard characterization; and it does not address issues related to risk–benefit if hazards are 

identified, which is a task outside the scope of this workshop.  Hazard identification serves to 

answer specific questions, and it summarizes the evidence on clinical effects or biological 

endpoints associated with a specific amount of nutrient intake.  In some reports, the hazard 

identification step also has considered effects associated with nutrient-nutrient interactions. 

 

In some cases, different organizations performing nutrient risk assessment have proposed 

different upper levels (UL) for the same nutrient. While minor variations in the recommended 

ULs may be expected because of differences in background diets and local factors in different 

countries, the evidence upon which the recommendations are based should be nearly the same. 

Review of publications shows that different groups sometimes use different evidence in the 

hazard identification step of nutrient risk assessment (see Annex 8,“National model comparison:   

Scientific review of data on vitamin A and bone density,”  of the Context Paper).  This table 

shows that the EU-SCF, EVM, and IOM included different studies as the evidence to establish 

recommendations for the UL. The differences remain even after adjusting for the publication 

date of the reports. A more detailed analysis of the vitamin A and bone effects data appears in 

Annex A of this paper. 

 

Inconsistent use of evidence by different nutrient risk assessment groups could lead to 

differences in the characterization of the hazards, which in turn may lead to different 

recommendations for the UL. This possibility points to a need for a standard approach to 

identify, evaluate, synthesize, and interpret nutrient hazard data when developing a nutrient risk 

assessment model with international applicability. The consistent application of a standardized 

approach also would facilitate the updating of future assessments. 
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This paper is limited to an approach to assess the evidence of health risk related to high levels of 

intake of nutrients in otherwise healthy populations; it does not address nutrient under-

consumption or benefits. 

 

It is acknowledged that there often is little direct evidence from human studies for the assessment 

of nutrient hazards. Nonetheless, decisions need to be made.  To provide a foundation for 

developing a standard approach to the hazard identification step of nutritional risk assessment, 

the objectives of this paper are:  

• using published reports on nutrient risk assessments, identify key problems in the hazard 

identification process;  

• propose a framework to identify and assess nutrient hazards—one that could be used to 

synthesize diverse types of data; 

• discuss issues in the synthesis of nutrient hazard data, both with regard to meta-analysis 

and to the presentation of the hazard identification results; 

• using the example of vitamin A and bone health, illustrate the application of an evidence-

based method to review scientific studies of nutrient hazards. 

 

2 ‘Evidence-based’ approach to identify and assess nutrient hazards 
2.1  Evidence-based method 

Methodologies initially developed for “Evidence-Based Medicine (EBM)” now are widely used 

in many areas of healthcare other than medicine (Oxman, 1993). The premise of ‘evidence-

based’ healthcare (or in our case, nutrition policy) is that systematic reviews of scientific data 

allow reliable (i.e. scientifically defensible) decisions to be made—decisions that are based on 

systematic and critical appraisal and on syntheses of the available evidence. Systematic reviews 

involve many steps, including: formulating the research question(s), establishing the eligibility 

criteria, searching the literature, abstracting data, critically appraising the data, synthesizing the 

data, and interpreting the results (Chalmers, 1995). In addition to providing answers to research 

questions, the review process also identifies knowledge gaps, thus pointing the way to future 

research needs. 
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Systematic review strives for transparent, comprehensive, and objective evaluation of scientific 

evidence. An evidence-based review states the method used to ensure completeness in 

identifying the available publications, the rationale for the selection of studies, and the method of 

analysis and interpretation. Systematic reviews conducted by different groups addressing the 

same question using the same data should come up with similar results. However, subjective 

judgements sometimes are unavoidable during the process of evaluating the evidence and 

interpreting the results. Discrepancies that occur should be readily identifiable if the protocols 

and decisions are well documented. Differences of results may sometimes be explained by 

variations in the research questions, the specification of the eligibility criteria, the literature 

search process, statistical methods of synthesis, outcomes assessed, or the interpretation of the 

evidence. 

 

2.2  Formulating research questions 

Formulating the initial research question(s) is a critical first step in the systematic review 

process. A well-formulated question will improve the likelihood that obtaining an answer is 

feasible.  It focuses and defines the scope of the problem and helps guide the literature evaluation 

and data synthesis. The EBM community commonly uses the “PICO” approach to formulating 

research questions to evaluate healthcare interventions. The acronym PICO stands for: 

Participants, Intervention, Comparator, and Outcomes (Counsell, 1997).  By unambiguously 

specifying the parameters for each of these attributes, a research question could be created that 

potentially could be answered directly. An example of a focused question might be, “What is the 

overall 5-year mortality (Outcome) in men 50 years and older without a prior history of 

cardiovascular disease (Participants) treated with 1mg of folic acid daily (Intervention) compared 

with those taking a placebo (Comparator)?” Minor modifications of this approach to formulating 

questions could be adopted to study nutrient hazards in humans, as well as in animals. 

Formulating a question often is an iterative process that considers tradeoffs between the desire 

for ideal knowledge and the reality of limited data. Notably, any research questions thus 

formulated would affect the interpretation of the answers directly. In particular, answers from a 

narrowly defined subgroup would have limited generalizability to the general population. 

However, consistent results from a broad range of subgroups likely will be generalizable. 
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A broad ranging question such as “What should be the UL for vitamin E?” is not answerable 

directly. This question would need to be decomposed into a number of smaller and more focused 

questions that, hopefully, some data would be available to address. By answering these well-

focused questions, we then can generalize their results to a broader context. Research gaps will 

need extrapolations of indirect evidence from related populations, different animal models, or in-

vitro systems. A grading system could help to interpret the evidence. Useful grading systems 

incorporate the directness of evidence and the methodological quality of the evidence. This 

information can be used in the nutrient hazard characterization process to derive uncertainty 

factors. Questions may need to be modified depending on the nature and availability of data. For 

example, the lack of data to address a specific question may require broadening of the original 

question or of review criteria.  Such measures increase the uncertainty of the direct relevance of 

the findings to the target (sub) population. 

 

2.3 Analytic framework 

Concurrent with formulating specific research questions, an analytic framework could be 

constructed to assist the synthesis and interpretation of the results from systematic reviews. Two 

concurrent approaches can be used to identify evidence of nutrient hazards. In most instances, 

the harmful effects of high intake level of nutrients are well known (e.g. very high doses of 

vitamin A cause bone fragility and fractures in humans and in animal models). In many cases, 

the biological mechanisms of the harmful effects also have been identified and studied. A 

nutrient may have numerous hazards. Each hazard needs to be identified.  Later in the hazard 

characterization step, some system can be developed for determining which hazard will be used 

to determine the UL.  For example, vitamin A hazards might include bone fractures, 

teratogenicity, and hepatotoxicity in high-risk subgroups. 

 

In evaluating a diverse body of evidence, which might include different types of data and 

different study designs, we need an explicit framework to decide what is relevant and how each 

piece of information should be considered. This information could be used to construct a causal 

model (Figures 1, 2) in which specific linkages between the components of a model (i.e. the 

nutrient, biological effects, clinical outcomes, and potential effect modifiers) correspond to 

associations or causality.  
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Figure 1. A generic evidence model that links biological effects and adverse health outcomes.  
Arrow ‘A’ depicts the association of a biological effect with exposure to a nutrient.  Arrow ‘B’ 
depicts the association of a biological effect with an adverse health outcome.  Arrow ‘C’ depicts 
the association (or causality) of a nutrient exposure with an adverse health outcome.  Dashed 
arrows ‘D’ and ‘E’ depict indirect linkages between high-dose nutrient use and other biological 
effects.  
 

Figure 1 depicts a generic causal evidence model describing the relationships of nutrient 

exposure with biological effect(s) and adverse health outcome(s). The association of biological 

effect(s) with exposure to a nutrient is depicted as arrow “A”. For example, the ingestion of high 

dose of vitamin A may result in increased bone resorption and decreased bone formation. Studies 

providing this evidence support this link. The association of a biological effect (e.g. decreased 

bone mineral density) with an adverse health outcome (e.g. fracture) is depicted by arrow “B”. 

Since the information for “B” is generally well-established scientific knowledge, an extensive 

literature search usually is not required. However, if this information is not readily available, this 

information should be sought. Sometimes the association of a biological effect with an adverse 

health outcome is not specific.  In this case, direct evidence is needed to establish the association 
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(depicted by arrow “C”). Sometimes the biological effect attributable to the nutrient may not 

directly cause adverse health outcomes. The biological effect due to high dose nutrient use may 

be indirectly linked to adverse health outcomes via other biological effects (dashed arrows “D” 

and “E” in Figure 1).  In both instances, a study directly linking nutrient use with adverse health 

outcomes (arrow “C”) can establish the causality (if it is a controlled trial) or association (if it is 

an observational study)—even if the mechanism has not been established.  This generic evidence 

model could be applied to both human and animal data (IOM, 2004). 

 

Each link in a causal model represents a research question (analogous to a hypothesis) in which 

evidence would be sought from experimental or observational studies. Systematic reviews of the 

literature would be conducted to search for evidence addressing each of these questions (i.e. links 

in the causal model). Completion of the evidence reviews for these linkages could firm up or 

disprove these hypotheses, thus giving guidance to the interpretation of the evidence. This 

process also would identify areas of research gaps and where indirect evidence might be sought, 

if appropriate. 

 

To identify hazards that may not be well known (e.g. interactions with drugs or other nutrients or 

adverse effects that may occur at intakes below an established UL), the traditional method of 

hazard signal detection should be employed. Sometimes nutrient risks have been identified when 

trials were conducted to assess potential benefits (e.g. in studies of beta-carotene and lung 

cancer) or when meta-analyses of  trials of benefit were performed (e.g. a meta-analysis that 

addressed benefits of vitamin E supplementation). Broad-based searches of medical literature 

and relevant databases should be conducted to identify these potential hazards. Once a signal is 

detected, it may be used to generate research questions as outlined above. 

 

Individual systematic reviews typically focus on one or a few questions. Nutrient hazard 

identification and characterization need to examine the diverse manifestations of the nutrient’s 

hazards. Thus, as suggested by Figure 1, a causal model will need to be developed for each major 

endpoint of concern. For example, separate causal models for hepato-toxicity, teratogenic-

effects, and bone effects should be developed for vitamin A hazard assessments. 
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Figure 2.  A hypothetical scenario of types of data that might be available to assess the health 
effects of high intake of a nutrient.  Since nutrient hazard data often are sparse and incomplete, 
appropriate syntheses across different types of data may allow a coherent appreciation of the 
hazard. The arrows in this figure represent the availability of evidence. Bold arrow indicates 
areas where the evidence is stronger (quantity and magnitude). 
 

Figure 2 illustrates that some evidence from human, animal, and in vitro studies is available to 

link the intake (exposure) of a nutrient with a biological effect. Even though the evidence may be 

weak for individual types of data, the consistency of the evidence across these data taken 

together strengthens the belief about the association or causality. Additionally, the belief of 

association is strengthened by the availability of human data that link the same biological effect 

with adverse health outcomes on another substance related to the chemical structure of the 

nutrient—and by the availability of animal data showing the same. The assessment may be 

repeated for each intake/exposure level of concern or a dose-response analysis may be sought 

within each type of data.  

 

2.4  Specifying systematic review criteria 

For each research question, a set of study eligibility criteria is used to identify relevant studies to 

be included in the evidence review. The PICO method described earlier needs to be expanded to 
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incorporate factors specific to characterize nutrient hazards. These criteria define the rules of 

admissible evidence to address each question. For example, in human studies, the age and sex of 

the participants of interest should be specified, as well as the spectrum of participants with co-

morbidities and vulnerable subgroups. For animal or in-vitro studies, the types of acceptable 

animals or cell or organ cultures should be defined. 

 

For nutrient exposure, studies should report available information about the intake such as the 

dose, route and duration, plasma levels or urinary excretion, and the dietary history of the 

participants. Studies should include a description of the method of nutrient intake estimation. 

 

The effects of high-level intake of many nutrients are generally known. These effects include 

clinical outcomes as well as biological endpoints. For example, the ranking scheme by Renwick 

(2004) is an approach that has been proposed for the classification of these effects. Each known 

effect could be the basis of a research question, or several questions could address the human and 

animal data separately. 

 

In addition to the above, the type of acceptable study design should be specified. For human 

clinical endpoint studies, acceptable studies include randomized controlled trials, cohorts, case–

control, and case series. It is acknowledged that few randomized controlled trials will be 

available to address hazard issues.  If such trials are available and if they meet quality criteria 

(e.g. sufficient power and duration of study), they represent the most reliable form of evidence. 

However, data for nutrient hazard identification for some nutrients comes primarily from 

observational studies. Specifying a minimum number of participants in the study may be a useful 

inclusion criterion. 

 

Because of the paucity of data on nutrient hazards, it is likely that any study that meets the 

minimal inclusion criteria will be accepted as evidence for hazard identification, regardless of the 

quality of the data. Therefore, for each included study, it is important to evaluate critically with 

regard to methodological quality and thoroughness of monitoring for adverse events. The overall 

quality of each study should be indicated, and this information should be considered in the 

assignment of an uncertainty factor to the evidence. 
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An example illustrating the effect of applying study inclusion criteria on study selection is shown 

in Annex B of this discussion paper. 

 

2.5 Specific factors to considered in evaluating studies with nutrient hazard data 

Identified studies that provide potentially relevant nutrient hazard data should be assessed based 

on evaluation criteria established a priori. The scientific literature is replete with many excellent 

and comprehensive discussions about the merits and limitations of different types of data and 

study designs in the assessment of nutrient hazards (e.g. IOM, 2004). Therefore, these issues will 

only be highlighted here. The following list includes items that should be considered in the 

evaluation of each study. 

 

i. Type of data (human, animal, in vitro) 

• Directness of the evidence relating to the analytical framework: direct human outcomes 

of interest, human intermediate outcomes 

• Relevance of the data to humans: animal, tissue culture, biochemical structures, etc. 

• Relevance of the human data to the target (sub) population addresses the applicability or 

generalizability of the data; variables that should be considered include: diet, behavior, 

sex, age, world region, known genetic differences (genotypes, phenotypes), etc. 

 

ii. Methodological quality (study designs, reliability of the data) 

Experimental data 

• Randomized controlled trials 

• Crossover studies 

• Clinical interventions (e.g. small controlled trials in metabolic units) 

Observational data 

• Cohort (prospective, retrospective) 

• Case-controls 

• Case reports/case series (e.g. MEDWATCH) 
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iii. Nutrition and dietary issues 

• Background diet, baseline nutrient intakes (to facilitate the interpretation of the 

comparability of study (sub) populations) 

• Chemical form(s) of nutrient  

• Duration of exposure  

• Magnitude of exposure (acute, chronic) 

• Food or supplement 

• Source of water 

 

iv. Other specific factors 

• Age, sex, race or ethnic background, health status (e.g. protein-calorie malnutrition) 

• Consumption of other nutrients that might alter metabolism or bioavailability.  Examples 

include vitamin C with Fe, fiber with Zn, tryptophan in addition to niacin, folate and B12.  

Consumption of non-nutrient factors that might alter metabolism or bioavailability.  Examples 

include vitamin A and isotretinoin, pyridoxine and isoniazide. 

 

v. Other general considerations in the evaluation of a study 

• The size of the study (number of humans/animals/etc.)  

• Effect size (relationship with dose, subgroups, other factors) 

• Weighing of the evidence (individual study, aggregate) 

• Multiple adverse effects (may have different toxicity manifestation at different dosages) 

• Seriousness and severity of the hazard;  

• Reversibility of the effect 

 

3  Grading and synthesizing evidence 
3.1 Grading the methodological quality of nutrient hazard studies 

Studies are designed, conducted, analyzed, and reported with various degrees of methodological 

rigor and completeness. Deficiencies in any of these processes may lead to biased reporting or 

interpretation of the results. A summary of poor quality studies that are likely to be unreliable or 

biased is of limited value. It is desirable to grade individual studies in the hazard identification 
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step to inform hazard characterization about the degree of potential bias, but grading the quality 

of evidence is complex.  

 

In the grading of the quality of randomized controlled trials used to evaluate healthcare 

interventions, quality has been defined as the “confidence that the trial design, conduct, and 

analysis has minimized or avoided biases in its treatment comparison” (Moher, 1995). Quality 

assessment may suggest the extent to which trial design and methodology prevented systematic 

error, and it may explain differences in the results of systematic reviews. However, the factors 

commonly used to assess the quality of randomized controlled trials often have not been related 

to the direction or magnitude of the reported effect size (Juni, 1999; Balk, 2002). There is still no 

uniform approach to grade published studies reliably based on the information reported in the 

literature. This problem is magnified several fold for nutrient hazard identification for two main 

reasons:  many different types of data and study designs are encountered, and little empirical 

evidence supports proposed approaches to evaluate the quality of observational studies. 

 

Checklists and quality scales commonly are used to assess the methodological quality of 

individual studies in a systematic review. These generally comprise several to several dozen 

factors believed to be associated with study quality. Weights, usually arbitrarily determined, are 

assigned to each of the quality factors assessed. For the assessment of randomized controlled 

trials, the commonly used quality indicators are adequacy of concealment of random allocation, 

accurate reporting of the number of withdrawals, the degree of reporting accuracy, the 

appropriateness of statistical analysis, and blinding in the assessment of outcomes. The theory 

behind these indicators of study quality is that studies with poor ratings of these qualities are 

more likely to result in biased outcomes. For example, compared to double-blinded studies, non-

blinded studies may be more likely to find a greater benefit of treatment (e.g. a larger odds ratio, 

or effect size, of cure). Quality scales, however, may be fraught with problems, including 

contradictory conclusions about the quality of studies when different scales are used (Juni, 1999). 

Limited empirical evidence indicates that only lack of concealment of randomization and double 

blinding are related to exaggerated effect sizes.  The studies differed, however, regarding the 

extent to which the quality indicators were related to effect sizes. The relevance of these factors 

to the assessments in nutrient hazard studies is uncertain. 
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In the case of non-randomized studies such as cohort and case–control studies, no empirical data  

supports the use of elements that should comprise a core set of quality indicators. Because 

prospective cohort and case–control studies do not have randomization, allocation concealment, 

and blinding, a core set different from that used for randomized controlled trials must be defined 

for them. The following criteria frequently are used to assess the quality of prospective cohort 

studies: 

• Unbiased selection of the cohort (prospective recruitment of subjects) 

• Adequate description of the cohort 

• Use of a validated dietary assessment method 

• Quantification of the type and amount of nutrient intake 

• Use of a validated method for ascertaining of endpoints/clinical outcomes 

• Concomitant use of drugs  

• Number of drop-outs 

• Adequate follow-up period 

• Completeness of follow-up 

• Analysis (multivariate adjustments) and reporting of results. 

 

Despite the above caveats, it is necessary to assess and provide an indication of the quality of a 

study after a critical appraisal of an article.  Although a simple evidence-grading system using a 

single metric would be desirable, as discussed above, the quality of evidence is 

multidimensional:  a single metric cannot fully capture the information needed to interpret a 

study with nutrient hazard data.  When providing information for nutrient hazard identification, 

individual components of a study may be more useful than a single summary score.  It is 

suggested that the hazard identification include specific items that are important to interpret the 

study and an overall grade: both are useful in the hazard characterization step. 

 

Potentially relevant studies with nutrient hazard data should be assessed against criteria specific 

to their study design (e.g. randomized controlled trials, prospective cohort study, case–control 

study).  In addition to extracting specific information, a three-category (A, B, C) quality grade 

could be assigned to each study.  This approach defines a generic grading system for study 
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quality that is applicable to each type of study design. Minor variations of this approach are 

widely used by many healthcare technology assessment organizations. The categories are defined 

as follows: 

A. Least bias, results are valid.  A study that mostly adheres to the commonly held concepts 

of high quality for the particular level of study design; clear description of the (sub) 

population or study subjects, setting, interventions, and comparison groups; appropriate 

measurement of outcomes; appropriate statistical and analytic methods and reporting; no 

reporting errors; less than 20% of and clear reporting of dropouts; and no obvious bias. 

B. Susceptible to some bias, but not sufficient to invalidate the results.  A study that does not 

meet all the criteria in category A.  It has some deficiencies but none likely to cause 

major bias. Study may be missing information—thus making assessment of the 

limitations and potential problems difficult.  

C. Significant bias that may invalidate the results.  A study with serious errors in design, 

analysis, or reporting.  These studies may have large amounts of missing information or 

discrepancies in reporting. 

The quality grading system evaluates and grades the studies within each of the study design 

strata. By design, it does not attempt to assess the comparative validity of studies across different 

design strata (e.g. it does not compare randomized controlled trials to case–control studies). 

Thus, in interpreting the methodological quality of a study, one should note both the study design 

and the quality grade that it received. Although it might be desirable to rank the quality of all 

studies on the same scale regardless of study design, experience with this approach is limited and 

has never been validated. In fact, using a single rating scale for all studies creates potential 

problems. For example, a hierarchy of study design that places randomized controlled trials 

above cohort studies in terms of methodological rigor is commonly accepted. However, if a 

randomized trial is seriously flawed, the results may be more biased than those from a well-done 

cohort study. 

 

3.2  Meta-analysis to synthesize evidence 

Occasionally, several studies of the same study design may address the same or similar nutrient 

research questions and provide nutrient hazard information. In these instances, meta-analyses 
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may be feasible to provide more precise estimates of the hazards and to explore dosage 

relationships. Meta-analyses are typically conducted toward the end of the systematic review 

process if there is adequate data for analysis (Lau, 1997; Lau, 1998). For example, a recently 

published meta-analysis that analyzed 19 clinical trials involving over 135 000 participants 

reported that high dose vitamin E supplementation might increase all-cause mortality (Miller, 

2005). The primary purpose of these trials was to evaluate benefits, not to detect nutrient 

hazards. In performing this meta-analysis, the authors suggested that vitamin E supplementation 

of 400 IU/d or more may increase all-cause mortality and should be avoided. The authors also 

conducted a meta-regression (where each study is the unit of analysis) analysis relating the study 

dosage to overall mortality, which suggested that increased risk begins to occur at dosages 

greater than 150 IU/d. 

 

The decision as to whether to combine studies in a meta-analysis and the subsequent selection of 

statistical methods can be challenging and subject to criticisms. In the case of the vitamin E 

meta-analysis, numerous letters to the editors (http://www.annals.org/cgi/eletters/0000605-

200501040-00110v1#1443) criticized the appropriateness of combining data across disparate 

groups, the statistical models used in the analyses, and the generalizability of the results. The 

U.S. National Institutes of Health held a special workshop soon after this paper was published to 

discuss the paper and its ramifications. 

 

Meta-analysis is increasingly used to synthesize results of scientific studies in many health 

sciences areas, including nutrient studies. It can be a powerful tool to discover otherwise 

unapparent information. Subgroup analyses and meta-regression techniques could be used as an 

integral part of nutrient hazard identification to explore dose effects. However, the meta-analysis 

must be executed appropriately and its limitations must be understood. Detailed discussions 

about meta-analysis methodologies and issues are beyond the scope of this paper. This 

information is readily available in numerous books (Cooper, 1994) and journal articles (Laird, 

1990; Stroup, 2000). 
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4  Conclusions 
Evidence-based methodologies are well suited to perform nutrient hazard identification. While 

there are some unique elements in the evaluation of nutrient hazards, the basic methods are the 

same. The following are the key guiding principles in this approach: 

 

• Well-formulated research questions with clearly defined criteria for systematic review of 

evidence will greatly facilitate the tasks of nutrient hazard identification. 

• A causal model (analytic framework) is useful to facilitate the framing of the issues and the 

reporting of evidence discovered at this stage, and to assist the integration of diverse data. 

• When hazards are known for a nutrient, experts in the nutrient assessment workgroup can 

generate specific research questions. Additional hazards should be identified through broad-

based literature search. 

• Only studies that meet the inclusion criteria should be analyzed and included as evidence to 

address a specific question. Studies that do not directly address a research question or meet 

the inclusion criteria should not be considered. Studies that are peripheral to the research 

questions may be used as background information but should not be considered as part of the 

evidence review. As a corollary, if an expert believes that a certain study should be included 

despite the fact that the study does not meet the criteria for any of the initially established 

research questions, a new research question should be generated or the review criteria should 

be modified. 

• The hazard identification step should provide detailed information and analysis of the 

evidence found that is related to the specific questions. This information includes: study 

design, type of data (human, animal, in-vitro), characteristics of the study (sub) population, 

methodological quality of the study, applicability of the data to the target (sub) population, 

the magnitude of effect, and the quantity (or uncertainty) of the evidence.  

• If sufficient data are available, sensitivity analyses to examine potential effect modifiers, and 

analyses of dose effect should be performed (e.g. meta-analyses of subgroup data or meta-

regression), as an integral part of hazard identification.
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ANNEX A 
 

Discrepancies in the review of Vitamin A data by different workgroups: An illustration of 

how different workgroups might have asked different questions and used different 

inclusion criteria in reviewing evidence 

The 27 studies listed in the Draft Table of Vitamin A and Bone Density that are referenced by the 

three nutrient risk assessment workgroups  (EU-SCF, EVM, IOM) (Annex 8, “Summary of the 

Workgroups' Scientific Review of Data on Vitamin A and Bone Density,” of the Context Paper) 

are used to illustrate the point that each workgroup might have applied different literature review 

criteria to select studies for its report. The lack of a common set of research questions and review 

criteria might have led to the selection of different studies. The lack of a predefined analytic 

framework of the specific outcomes to assess, the uses of different types of studies, and the 

weighting of the evidence might also have led to different interpretations of the evidence and 

characterization of the hazard. 

 

Table 1 of this paper lists the studies chronologically as they appear in the Annex 8 of the 

Context Paper. Information provided in that annex was used to derive entries under each column. 

Information not provided in Annex 8 was obtained by review of the abstracts of the original 

articles. The three rightmost columns in this table provide an indication of which workgroup 

report used the study. It should be noted that the full text of each of these 27 studies was not 

reviewed; and, therefore, the information in the table may not be completely accurate. Table 2 of 

this appendix reorders the studies according to animal, human, or in-vitro data to highlight how 

each workgroup selected different studies for its review. 

 

In Table 2, it can readily be seen that there are 8 animal studies, 14 human studies, 4 in-vitro 

studies, and 1 review article. The EU report referenced 20 studies out of the entire pool of 27 

studies, the EVM report referenced 13 studies, and the IOM report referenced 4 studies.  

 

Use of animal studies 

The EU report used five of the total eight animal studies, the EVM report used three non-

overlapping animal studies, and the IOM report used only one animal study—a study that also 
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was used by the EU report. Without having the explicit review criteria from these reports or 

reviewing the original full articles, it would be difficult to determine why the EU and EVM 

reports selected non-overlapping animal studies.  

 

Use of in-vitro studies 

In-vitro studies were used only in the EU report.  

 

Use of human studies  

It appears that the IOM report primarily used data from large human trials or cohort studies. 

Because the IOM report was published in 2001, studies published in 2001 and 2002 were not 

included. The EU report appears to have accepted any human study that reported data on 

Vitamin A and a bone endpoint. It also referenced one review article. It is unclear whether this 

review article also reported on original data. The EVM report appears to have excluded case 

reports and small studies, but it appears to use a looser criterion in another aspect. It used three  

studies (numbers 11, 12, and 13) that did not have both vitamin A intake assessment and bone 

endpoints in the same study.  

 

Interpretation 

From the types of studies used in each report, one can deduce the general approaches that might 

have been taken by each of the workgroups. Considering that the workgroups used different 

studies, some overlapping with those used in another report and some not, it should not be too 

surprising that each workgroup came up with different decisions about an UL for vitamin A. 

Detailed discussion about the process of coming up with an UL is beyond the scope of this paper. 

In addition to information about each hazard discovered in the hazard identification step, other 

factors that need to be assessed include the seriousness and severity of the hazards, concerns for 

vulnerable subgroups, the sizes of the subgroups at risk, as well as the consideration of benefits. 

Formal decision analytic framework, such as the use of a decision tree or cost-benefit analyses, 

could be used to determine such an UL threshold explicitly. More commonly, as the case for the 

three reports analyzed here, this task is accomplished with expert judgement. 
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Differential selection of articles for review and their interpretation may reflect the lack of a well-

delineated literature review protocol, or it may reflect the composition of the workgroup 

members and their respective areas of expertise. An explicit analytic framework with an a priori 

formulated research question could minimize the discrepancies identified in Vitamin A risk 

assessment. 
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ANNEX A, Table 1. Vitamin A and bone density—References cited by three reports, listed in chronological order  

 Author Year Study Design Type Specifics Outcome EU EVM IOM 

1 Nieman  1954  A “Animals” Bone fragility X   

2 Leelaprute 1973  A  Rats  Bone resorption  X  

3 Dhem 1984  A  Rats  Bone fragility, fracture X    

4 Freudenheim 1986 Longitudinal and 
cross-sectional 

analyses 

H  Clinical trial of 
Ca++ supplement 
in 99 women 

Vit A and BMD X  X  X  

5 Frankel 1986  A  Rats  Vit A and PTH  X   

6 Hough 1988  A  Monkey Bone resorption, formation  X   

7 Biesalski 1989 Case reports H  Several children Bone changes X    

8 Sowers 1990 ? Cohort H  Postmenopausal  Vit A intake, radial bone 
mass, fracture history 

X  X   

9 Scheven 1990  IV Bone culture Osteoclast effect X    

10 Hathcock 1990  A  “Animals” Histopathological changes X    

11 Cruz 1991 Diet intake H   No bone outcome  X   

12 Johnell 1992 National osteoporosis 
register 

H  MEDOS study 
group 

No vitamin A data  X   

13 Melton 1995 Book chapter 
? original data 

H   Hip fracture rates of  
N. Am vs. Scandinavia 

 X   

14 Kindmark 1995  IV Mouse calvarial 
bones 

Osteoclast formation, bone 
resorption 

X    

15 Houtkooper 1995 Cohort  H  66 women 
premenopausal 

Vitamin A intake and 
BMD 

X  X  X  
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 Author Year Study Design Type Specifics Outcome EU EVM IOM 

16 Lapadula 1995  A  12 exp rabbits  
4 controls 

Vitamin A induced 
osteoarthritis; 
histopathological changes 

X    

17 Theiler 1995 Case reports H  3 cases Vit A intoxication is 
related to osteoarthritis 

X    

18 Saneshige 1995  IV  Gene expression X    

19 Melhus 1998 Nested case-control H  247 cases, 873 

controls; women 

BMD, hip fracture X  X  X  

20 Cohen-Tanugi 1998  IV Cell culture Osteoclast differentiation X    

21 Rohde 1999  A  Rats  Vit A and D interaction X   X  

22 Binkley 2000 Review article A,I,H   X    

23 Ballew 2001 NHANES H   Retinyl esters and BMD X  X  ? 

24 Johansson 2001  H  9 volunteers Vit A and D interaction X   ? 

25 Kawahara 2002 RCT H 40 men 7.6 mg vit A retinyl 
palmitate x 6 wks and bone 
turnover 

X   ? 

26 Feskanich 2002 Cohort  H Nurses’s Health 
Study >7,200 W 

Vit A intake, hip fractures X  X  ? 

27 Promislow 2002 Cohort  H 570 W, 388 M Retinol intake, BMD ? X  ? 

 

A – animal; H – human; IV – in-vitro; BMD – bone mineral density; ? – the report probably was completed prior to this publication 
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ANNEX A, Table 2. Vitamin A and bone density—References cited by three reports. sorted according to the type of study (animal, 
in-vitro, human) 
 

 Author Year Study Design Type Specifics Outcome EU EVM IOM 

10 Hathcock 1990 Review article A  “Animals” Histopathological changes X    
22 Binkley 2000 Review article A,I,H   X    
1 Nieman  1954  A “Animals” Bone fragility X   
2 Leelaprute 1973  A  Rats  Bone resorption  X  
3 Dhem 1984  A  Rats  Bone fragility, fracture X    
5 Frankel 1986  A  Rats  Vit A and PTH  X   
6 Hough 1988  A  Monkey Bone resorption, formation  X   

16 Lapadula 1995  A  12 exp rabbit  
4 controls 

Vitamin A induced 
osteoarthritis; 
histopathological changes  

X    

21 Rohde 1999  A  Rats  Vit A and D interaction X   X  
9 Scheven 1990  I Bone culture Osteoclast effect X    

14 Kindmark 1995  I Mouse calvarial 
bones 

Osteoclast formation, bone 
resorption 

X    

18 Saneshige 1995  I  Gene expression X    
20 Cohen-Tanugi 1998  I Cell culture Osteoclast differentiation X    
4 Freudenheim 1986 Longitudinal and 

cross-sectional 
analyses 

H  Clinical trial of 
Ca++ supplement 
in 99 women 

Vit A and BMD X  X  X  

7 Biesalski 1989 Case reports H  Several children Bone changes X    
8 Sowers 1990 ? Cohort H  Postmenopausal  Vit A intake, radial bone 

mass, fracture history 
X  X   

11 Cruz 1991 Diet intake H   No bone outcome  X   
12 Johnell 1992 National osteoporosis 

register 
H  MEDOS study 

group 
No vitamin A data  X   
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 Author Year Study Design Type Specifics Outcome EU EVM IOM 

13 Melton 1995 Book chapter 
? original data 

H   Hip fracture rates of  
N. Am vs. Scandinavia 

 X   

15 Houtkooper 1995 Cohort  H  66 women 
premenopausal  

Vitamin A intake and 
BMD 

X  X  X  

17 Theiler 1995 Case reports H  3 cases Vit A intoxication is 
related to osteoarthritis 

X    

19 Melhus 1998 Nested case-control H  247 cases, 873 
controls; women 

BMD, hip fracture X  X  X  

23 Ballew 2001 NHANES H   Retinyl esters and BMD X  X  ? 
24 Johansson 2001  H  9 volunteers Vit A and D interaction X   ? 
25 Kawahara 2002 RCT H 40 men 7.6 mg vit A retinyl 

palmitate x 6 wks and bone 
turnover 

X   ? 

26 Feskanich 2002 Cohort  H Nurses’s Health 
Study >7,200 W 

Vit A intake, hip fractures X  X  ? 

27 Promislow 2002 Cohort  H 570 W, 388 M Retinol intake, BMD ? X  ? 

A – animal; H – human; I – in-vitro; BMD – bone mineral density; PTH – parathyroid hormone; ? – the report probably was 
completed prior to this publication 
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ANNEX B Applying the analytic framework to identify and assess nutrient 
hazards 
 

This framework uses causal models linking various intermediate endpoints (e.g. gene expression) 

and/or surrogate markers (e.g. BMD changes) with clinical outcomes (e.g. osteoporosis, bone 

fractures). For each clinical outcome of concern, it is likely that there are multiple intermediate 

biological endpoints or surrogate markers associated with the outcomes. A transparent analytic 

framework developed at the beginning of the nutrient risk assessment makes it easier for a reader 

to recognize the hazard questions being considered, and it could minimize the problem of 

excluding potentially relevant studies or including studies that do not provide evidence that 

directly addresses the research question. 

 

At the start of nutrient risk assessment, the workgroup defines a set of research questions 

concerning the hazards of a nutrient to be addressed by systematic reviews of the literature and 

relevant databases. These questions could be formulated based on hazard information that is 

already known about the nutrient being evaluated. Each one of these questions should be focused 

on a specific outcome. For nutrients that are known to have multiple hazards, multiple specific 

questions will need to be addressed. For example, vitamin A has a number of known hazards 

including: teratogenicity, hepatotoxicity, adverse effects on bone metabolism, bulging 

fontanelles in neonates and infants. Targeted reviews of evidence of known nutrient hazards may 

need to be supplemented by searches in literature and databases to look for potential hazards not 

identified by the workgroup.  

 

Each link in a causal model is a hypothesized association or causality (depending on the types of 

studies available). For example, high dose intake of vitamin A has been observed to be 

associated with various bone effects. The inverse relationship of high dose vitamin A and bone 

density in humans was first reported in 1986. This was followed by a review of case reports in 

children in 1989.  Relatively large-scale study of the relationship did not appear until 1995. The 

question formulated for this outcome would be, “What is the relationship of high level intake of 

vitamin A and fracture?” This question could be formulated to search for studies in humans or 

animals. Evidence would be summarized according to the type of study design. For example, 

human studies may include randomized controlled trials, cohorts, case-controls, or case series. 
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Additional questions may be formulated to examine the potential relationship between vitamin A 

and bone density.  The availability of data showing this effect could support this hypothesis. 

Multiple human studies across a spectrum of subgroups could strengthen this link. Similarly, 

consistency across different types of studies (experimental and observational human studies, 

animal models) also could support this hypothesis.  

 

An analytic framework defining the potential relationships of endpoints / outcomes can be used 

to synthesize data from a seemingly disparate body of research. The framework includes 

formulating specific, directly answerable research questions concerning nutrient hazards, 

specifying criteria for conducting systematic reviews to address each of the research questions, 

and developing a method to appraise the methodological quality of each study and the 

applicability of the results to the target (sub) population.  Data from human, animal, and in-vitro 

studies all may contribute to the characterization of the nutrient risk.  However, for this approach 

to have meaning, the study types being considered (e.g. human, animals) must share similar 

properties.  Likewise, the similarities and differences in the bioavailability and metabolism of a 

given nutrient must be considered when comparing human and animal data.  For example, post-

absorption, beta-carotene cannot be converted to a form of vitamin that can meet nutrient 

requirements.  In contrast, rat converts absorbed beta-carotene into vitamin A in the liver, which 

can be used to meat nutrient requirements. Although evidence may not be available to answer 

some specific questions, these questions should nonetheless be posed.  This allows the explicit 

recognition of data gaps and the development of an uncertainty factor. 

 

Example: vitamin A nutrient hazard identification 
Developing a causal model 

A causal model for different outcomes/endpoints should be constructed and used to generate 

answerable research questions for systematic reviews. Part of the process of developing a causal 

model is to specify outcomes of interest and their relationships. The model could be a series of 

interconnected questions or a visual diagram depicting these connections.  
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Specifying outcomes/endpoints to assess 

What are the known major toxicities (outcomes/endpoints) for high intakes of vitamin A? This 

question is based on the understanding that the toxicities of vitamin A are well known: 

• Bone  

• Liver 

• . . . etc. 

 

Formulating specific questions for each relevant outcome/endpoint 

Potential questions for the assessment of bone studies (these questions should be developed in 

conjunction with an expert workgroup): 

• What is the effect of high intake level of vitamin A on bone fractures?  

• What is the association of vitamin A intake with markers of bone metabolism (bone 

mineral density (BMD), resorption/formation)? 

• What is the dose relationship of vitamin A with these effects? 

These questions may be posed for studies in humans, in animals, and in-vitro. Evidence may be 

sought from experimental studies and from observational studies. 

 

Specifying criteria for review of evidence for each question 

Criteria for systematic review of the literature also should be developed in conjunction with the 

expert workgroup at the time of question formulation. Including but not limited to: 

Type of study design: animal model, experimental or observation, study duration, etc. 

(Sub) population/subjects of interests:  

Nutrient dose of interest:  > xxx IU/day 

Duration of exposure: 

Outcomes of interest: clinical outcomes or validated markers (fractures, deaths, 

osteoporosis, BMD, etc.); biological endpoints 

 

The following are examples of research questions that could be formulated by workgroup experts 

evaluating nutrient hazards. Questions should include at least the following basic components: 

participants (subjects), acceptable study design, nutrient exposure and endpoints. Additional 
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information that should be collected includes: co-morbidities, background diet, nutrient 

characteristics, and other information that is relevant to the interpretation of the observed effects. 

 

Question 1a. What is the effect of vitamin A at intake level greater than xxx IU/day on bone 

fractures in humans? 

 

Inclusion criteria for human studies (to be filled in by workgroup)  
Participants:  

Acceptable study design:  

Duration: 

Nutrient intake assessment method: 

 Outcome assessment method: 

 

Question 1b. What is the effect of vitamin A at intake level greater than xxx IU/day on bone 

fractures in animals? 

 

Inclusion criteria for animal studies (to be filled in by workgroup) 

Animal models: 

Acceptable study design: 

Duration: 

 Intake of vitamin-A (form, dose, route): 

 Method of inducing/measuring outcomes:  

 

Question 2a. What is the effect of vitamin A at intake level greater than xxx IU/day on BMD in 

humans? 

 

Inclusion criteria for human studies (to be filled in by workgroup) 
Participants:  

Acceptable study design: 

Duration: 

Nutrient intake assessment method: 
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 Outcome assessment method: 

 

Question 2b. What is the effect of vitamin A at intake level greater than xxx IU/day on BMD in 

animals? 

 

Inclusion criteria for animal studies (to be filled in by workgroup) 

Animal models: 

Acceptable study design: 

Duration: 

 Intake of vitamin-A (form, dose, route) 

 Method of inducing/measuring outcomes:  
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 ANNEX B, Summary Table for Question 1a: Bone fractures in humans 
Authors,
year 

Number of 
subjects 

Subject demographics: 
sex, age, country 
Co-morbidities 

Nutrient exposure: 
Dose, duration 

Nutrient intake 
assessment 
method 

Background 
diet 

Outcome and 
assessment 
method 

Potential 
for bias 

Quality 
grade 

RCT 
         
         

Cohorts 

         
         
Case-control 

         
         
Case Series 
         
         

 
 

Summary Table for Question 1b: Bone fractures in animal models 
Authors, 
Country, 
year 

Number of 
subjects 

Animal model 
Study design 

Nutrient 
exposure

Nutrient 
assessment 
method 

Background 
diet 

Outcome and 
assessment 
method 

Potential 
for bias 

Quality 
grade 

RCT 
         
         
Cohorts 
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ANNEX B, Summary Table for Question 2a: Bone mineral density effects in humans 
Authors,
year 

Number of 
subjects 

Subject demographics: 
sex, age, country 
Co-morbidities 

Nutrient exposure: 
Dose, duration 

Nutrient intake 
assessment 
method 

Background 
diet 

Outcome and 
assessment 
method 

Potential 
for bias 

Quality 
grade 

RCT 
         
         

Cohorts 

         
         
Case-control 

         
         
Case Series 
         
         

 
Summary Table for Question 2b: Bone mineral density effects in animals 
Authors, 
Country, 
year 

Number of 
subjects 

Animal model 
Study design 

Nutrient 
exposure

Nutrient 
assessment 
method 

Background 
diet 

Outcome and 
assessment 
method 

Potential 
for bias 

Quality 
grade 

RCT 
         
         
Cohorts 
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 Uncertainty and Adjustment 
 

Introduction 
"Many sources of uncertainty exist in the process of risk assessment and risk management of 

food (nutrient) related hazards to human health. The degree of uncertainty and variability in 

the available scientific information should be explicitly considered in the risk analysis." 

(Procedural Manual Codex Alimentarius Commission, 13th edition, Working Principles for 

risk analysis for application the framework of the Codex Alimentarius) 

 

Uncertainty of different kinds is an invariable companion of risk assessment. The 

identification of  the various reasons for uncertainty and the method of dealing with it are 

prerequisites for increasing the credibility of the assessment result, for helping the risk 

manager in decisions for managing risks, and for stimulating research aimed at closing gaps 

of knowledge or in developing models for quantitative assessment (Edler et al., 2002). 

Uncertainty should, however be differentiated from variability (NRC, 1994). Uncertainty 

may arise with the necessary extrapolation steps between species and for difference in body 

size, with inadequate data, with selection of relevant parameters, and with the judgement of 

the severity of the observed effect. Variability, on the other hand, is a consequence of the 

distribution of exposure, of susceptibility to toxic effects in the population due to age, 

development, sex, disease, or genetic heterogeneity in homeostatic or metabolic pathways. 

This variability can contribute significantly to the overall uncertainty of the risk assessment 

process if not taken into account e.g. by validated mathematical modelling. Both the 

uncertainty due to data deficiencies and the uncertainty due to variability are covered by the 

application of uncertainty factors (UF) in the risk assessment. 

 

1  Types of uncertainty 

Uncertainties accompany all steps of the risk assessment process: hazard identification, dose-

response assessment, intake assessment, and hazard characterisation. The qualitative and 

quantitative description of the uncertainties encountered at the different steps of the 

assessment procedure is part of the risk characterisation. 

 

In general, the two categories of uncertainty are  

a)  those due to limitations of the database and  
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 b)  those due to uncertainties in extrapolations—for example, the extrapolation of 

findings from test animals to humans or from average humans to sensitive subgroups.  

These relate to the validity of judgements/decisions. 

 

There are established guidelines for the extent and design of toxicity studies necessary for the 

approval of a chemical, such as a food additive or a pesticide, onto a positive list (SSC, 

2000).  Moreover, some consensus exists on the use of uncertainty factors to allow for 

deficiencies in the database, such as the absence of a NOAEL or of chronic studies in animals 

(SSC, 2000). However, no such agreement exists for the assessment of risks to humans in 

connection with nutrients. In addition, human studies with nutrients often have limitations:  

generally, they are performed either in a group of healthy volunteers or in groups at risk of or 

afflicted with certain diseases, comprise mostly a restricted age group or one sex only, and 

are often of short duration. The restricted data gathered from such studies are subject to the 

uncertainty described under b) above with respect to extrapolation to the average human and 

to age groups that have not been tested. 

 

Extrapolation from data derived from studies done in animals to humans normally is 

performed by applying an uncertainty factor (safety factor) of 100 to a No Observed Adverse-

Effect Level (NOAEL) identified in the most sensitive animal species. This factor of 100 is 

composed of a factor of 10 - to allow for differences between the animal and an average 

human—multiplied by a factor of 10 to allow for differences between average humans and 

sensitive subgroups (WHO, 1987). Although the use of these uncertainty factors has been 

reviewed and validated for the risk assessment of chemicals by numerous authors (SSC, 

2000), their routine application in the risk assessment of nutrients is not possible. Toxicity of 

some nutrients has been observed in test animals at dose levels (expressed in mg/kg of body 

weight/day) that are close to or only slightly above the nutritional need. The acceptable range 

of oral intake (AROI) of an essential nutrient is represented by a trough in the U-shaped dose-

response curve that spans requirements for essentiality to toxic levels (Figure 1). 
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Figure 1: Percentage of the population at risk of deficiency and toxic effects through 

oral intake of a nutrient (modified from IPCS, 2002) 
 

The normal physiological range of intake, in which homeostatic regulatory mechanisms are 

sufficient, is between the lower margin (point A in Figure 1), which usually is equivalent to 

the recommended daily allowance (RDA; defined as the intake at which 2.5% of the 

population under consideration are at risk of deficiency) and the higher margin (point B in 

Figure 1), which ideally is the bench mark dose (BD) at which 2.5% of the population will be 

at risk for minimal adverse effects. In the absence of sufficient data on dose–response 

relationships and on homeostasis, a UL often is used to set the higher margin of the AROI 

(IPCS, 2002). The breadth and location of the trough on the dose–response curve is subject to 

the variability in populations both for requirement and for the susceptibility to the toxicity. 

The distribution of the nutrient requirement and of the risk of toxicity in a population is 

depicted schematically in Figure 1. 

 

The routine use of the uncertainty factors employed for the setting of a tolerable upper limit 

for a chemical is not appropriate in the case of essential (indispensable) nutrients. It can result 

in a tolerable upper intake level that is less than the nutritional requirement.  Therefore 

keeping one’s intake less than the upper intake level could create a risk of nutrient deficiency. 

In the risk assessment of nutrients, the possibility of a potential adverse effect due to nutrient 

deficiency must, therefore, be taken into account (Renwick et al., 2004). However, both the 
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 definition of nutrient requirements and of beneficial effects of nutrients is outside the 

scope of the task of this working group. 

 

An uncertainty factor is "a product of several single factors by which the NOAEL or LOAEL 

of the critical effect is divided to derive a tolerable intake (TI or UL). These factors account 

for adequacy of the pivotal study, interspecies extrapolation, interindividual variability in 

humans, adequacy of the overall database, and nature of toxicity. The term uncertainty factor 

was considered to be a more appropriate expression than safety factor since it avoids the 

notion of absolute safety and because the size of this factor is proportional to the magnitude 

of uncertainty rather than safety. The choice of UF should be based on the available 

scientific evidence" (IPCS, 1994). 

 

In summary, uncertainty is even greater in the case of assessment of risks for human health 

posed by the consumption of nutrients than it is in the risk assessment of chemicals or of 

contaminants. For the latter substances, systematic toxicity data usually exist from animal 

and/or in-vitro experiments and standard approaches have been developed to address 

uncertainty (SSC, 2000; IPCS, 2002). 

 

1.1   Hazard identification 

Crucial in the hazard identification process is the recognition of one or more potential adverse 

effects, of relevance to human health, that may be associated with exposure to a nutrient. If a 

nutrient presents more than one hazard to human health, a risk assessment for each hazard 

may be required. An adverse effect is: "a change in morphology, physiology, growth, 

development or life span of an organism which results in impairment of functional capacity 

or impairment of capacity to compensate for additional stress or increase in susceptibility to 

the harmful effects of other environmental influences. Decisions on whether or not any effect 

is adverse require expert judgement" [emphasis added] (IPCS, 1994; SSC, 2000). 

A decision about the adversity of an observed effect has to be made. That is, it is necessary to  

differentiate between adaptive and truly adverse reactions (Dybing et al., 2002). Observed 

effects of high nutrient intakes can range from biochemical effects (e.g. enzyme activity) 

without functional significance to clinical effects that signify irreversible impairment of 

organ function. A possible ranking of indicators of adverse effects has been given by 

Renwick et al. (2004): 



A-43

 Biochemical changes within the homeostatic range and without indication of adverse 
sequelae 

↓ 

Biochemical changes outside the homeostatic range without known sequelae 

↓ 

Biochemical changes outside the homeostatic range that represent a biomarker of potential 
adverse effects due to excess 

↓ 

Clinical symptoms indicative of a minor but reversible change 

↓ 

Clinical symptoms of significant but reversible effects 

↓ 

Clinical signs indicative of significant but reversible organ damage 

↓ 

Clinical signs indicative of irreversible organ damage. 

 

Biochemical effects without functional significance should not be regarded as adverse effects 

(IPCS, 2002). Scientific judgement is required to decide where precisely to locate the 

adversity of an effect in the ranking. 

 

However, with some nutrients, observed effects can be difficult to categorise as either 

beneficial or adverse.  In the case of biotin, for instance, the administration during three 

weeks of 2100 µg/day (i.e. >40-fold the adequate intake) to healthy adults resulted in the 

increased expression of 139 genes and the decreased expression of 131 genes in ex-vivo 

cultured peripheral blood mononuclear cells. There was a substantial increase in the 

expression of the gene encoding cytochrome P450 1B1, which activates procarcinogens and 

promutagens (Wiedmann et al., 2004). Pharmacological concentrations of biotin in the 

culture medium of NCl-H69 small cell lung cancer cells increased the expression of oncogens 

(Scheerger and Zempleni, 2003). Currently, there is not a clear basis for a judgement of 

whether such findings are of relevance to human health and represent either a positive or 

negative effect. Biotin was considered not to cause adverse effects in humans by either the 

IOM (1998) or the SCF (2001). 

 

Chemical hazards usually are identified from a series of in-vitro or in-vivo animal studies that 

are designed to address different endpoints or target systems and that follow established 
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 guidelines for the conductance of such studies (Barlow et al., 2002). With some 

limitations, the same study guidelines can be applied to nutrients.  Because the margin 

between the level of nutrient requirement and the level of nutrient toxicity may be narrow, for 

example, nutrient doses may need to be spaced more narrowly. Both the different 

bioavailability and the different toxicity of different forms of nutrients must be taken into 

account, as well as the method of exposure (diet, drinking water, by gavage as a bolus, or 

parenterally) and the relevance of such studies for human toxicity. The administration of high 

nutrient doses to test animals may have secondary effects on other nutrients, e.g. their 

bioavailability, that would not be observed in humans. Some animal models are inappropriate 

for the risk assessment of nutrient toxicity in humans, either because absorptive or metabolic 

functions are different or because adverse effects in humans, e.g. neurobehavioural effects or 

allergic reactions, cannot be elicited adequately in animals, (Barlow et al., 2002; Renwick et 

al., 2003). 

 

For some nutrients (e.g. preformed vitamin A from liver, fluoride or copper from drinking 

water), excessive intakes via conventional foods are known to cause adverse health effects in 

healthy or susceptible persons. For many nutrients, however, the question of adverse effects 

has arisen only with increasing food fortification measures or the intake of food (dietary) 

supplements.  In some instances, these practices have increased nutrient intakes to levels far 

above those possible from the consumption of conventional foods. 

 

Human data are preferable over animal data in identifying hazards and in the assessment of 

risks to human health from exposure to nutrients. But hazard identification for nutrients in 

humans often has to rely on observational reports of single cases or on the reporting of 

adverse effects from intervention or therapeutic studies performed with the goal of proving a 

benefit from the administration. Even in well-conducted randomised placebo-controlled 

interventional studies, several factors are likely to cause uncertainties about the relevance of 

such studies for the assessment of nutrient toxicity: typically only one nutrient dose level is 

tested, the additional intake from the diet is not reported,  and reporting of adverse effects is 

not systematically performed. 

 

The establishment of causality between reported effects and the administered nutrient is 

another source of uncertainty, even when applying the Bradford-Hill criteria (1965). Factors 

such as selection of the study group according to sex, age, (risk of) disease, genetic variability 
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 or other inclusion or exclusion criteria raise uncertainties about the applicability of the 

data to the average human. 

 

All adverse health effects identified in appropriate animal studies should be qualitatively 

described, along with the nature of those effects (Barlow et al., 2002).  It is advisable to 

collect, organise and evaluate all information pertaining to the capacity of a nutrient to cause 

one or more types of adverse health effects in humans (Renwick et al., 2004). Uncertainty in 

hazard identification can to some extent be minimised by a-priori application of a strictly 

structured approach (as outlined in Discussion Paper 1, “An Evidence-based Approach to 

Nutrient Hazard Identification”).  Such an approach is based on a comprehensive search of 

data from human, animal and in-vitro studies, ranking of the evidence according to strength 

and statistical significance, and detailed explanation of the judgements made in identifying 

hazards. 

 

1.2 Dose-response assessment 

1.2.1 Exposure assessment 

Exposure assessment is part of the risk assessment and is needed for the dose-response 

evaluation and for the risk characterisation. A qualitative and quantitative description of the 

likely levels and the duration of the exposure to the risk source or sources is necessary. The 

nature and size of the human populations and the routes, magnitude, frequency and duration 

of exposure are included in the assessment (see Discussion Paper 3, "Estimating the 

Distribution of Usual Nutrient Exposures in Populations"). 

 

In the case of nutrients, an evaluation of the total exposure to a specific nutrient—

predominantly oral intake from food, beverages, water, and supplements and, eventually, 

from drugs—must be performed in addition to the test doses of the same nutrient 

administered in experimental studies. The variability and distribution of the background 

dietary intake of the tested nutrient can introduce considerable uncertainties in the dose-

response assessment. 

 

Food consumption data for populations usually are gathered from observational protocols, not 

in an experimental controlled setting. They correspond to a crude estimate of intake, and their 

validity depends on the assessment methodology. Nutritional habits and food choices can be 

assessed reliably on an individual basis. For populations, the distribution curve of the 
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 exposure does not permit the estimation of the exposure for high percentiles of the curve 

(high consumers) or for special groups at risk due to variability in sensitivity (Kroes et al., 

2002) 

 

Food composition data banks of different origins, which are used to calculate nutrient intakes 

on the basis of food consumption data, vary in precision and completeness. They may lack 

data about some processed foods and meals and certain nutrients. Missing parameters for 

certain nutrients do not necessarily signify absence of the nutrient.  Instead, they may be due 

to low analytic sensitivity. Changes in nutrient content due to the preparation of a food and 

differences due to degree of ripeness, selection of plant cultivars/animal strains, climatic and 

geographic influences and storage are possible and will have an impact on the precision of 

the estimation of the nutrient intake. The quality of food composition data banks is, 

moreover, dependent on the number of samples analysed and the sensitivity and validity of 

the methods of analysis. Results can vary between different laboratories. The data should 

include means and/or medians and ranges or percentiles to enable the calculation of the 

potential distribution of the nutrient intake from a food. 

 

Apart from true total diet studies in which duplicates of food consumed are analysed, all 

intake calculations and most quantitative food consumption assessments contain some degree 

of uncertainty that can result in both under- and overestimation of intake. A careful 

evaluation of the quality of the exposure data will decide on the necessity and magnitude of 

adjustments. 

 

When different forms of a nutrient differ in bioavailability, i. e. "the fraction of the dose that 

is transferred from the site of administration into the general circulation as the parent 

compound" differs  (Renwick, 1993a), the estimated external dose of exposure to a nutrient 

(intake) ideally should be adjusted by the assessment of a biomarker of exposure (e.g. the 

daily excretion into the urine of a specific metabolite or the steady-state blood concentration 

of the nutrient). That would decrease uncertainty of the exposure assessment and 

consequently of the dose-response assessment (Kroes et al., 2002). However, this possibility 

is limited in the case of some nutrients, such as vitamins A, E, and D and copper and zinc, for 

which simple biomarkers of exposure determined in urine and/or blood do not exist. 
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1.2.2 Identification of the dose with/without adverse effect 

After having identified one or several hazards (endpoints) the relevant critical data sets from 

animal and human experimental or epidemiological studies must be selected that allow the 

identification of 1) no-observed-adverse-effect levels (NOAEL) or, if not available, 2) 

lowest-observed-adverse-effect levels (LOAEL), or  3) the definition of a benchmark dose 

(BD), which seldom is used in the risk assessment of nutrients. 

 

The NOAEL is the highest intake of a nutrient at which the adverse effect(s) of concern has 

(have) not been observed. It is identified from the dose-response data for the critical effect, 

usually the effect of relevance to humans that is produced at the lowest dose levels. 

If the data are not adequate to demonstrate a NOAEL, then a LOAEL (the lowest intake at 

which an adverse effect has been demonstrated) may be used (Renwick et al., 2004). If 

different adverse effects have been observed for a nutrient, the NOAELs and LOAELs for 

these different endpoints can differ. The NOAEL corresponding to the lowest dose for 

eliciting an adverse health effect is chosen to identify the critical effect and then used for the 

derivation of a tolerable upper intake level (UL).  

 

Both the identification of a NOAEL and of a LOAEL are affected by a number of 

uncertainties related to the quality of the animal study (sensitivity of the toxicological 

endpoint and the methods used to measure it, the size of the group studied, the increment 

between doses) and the steepness of the dose-response curve. These factors are decisive for 

the NOAEL to represent the true no-adverse-effect-level (NAEL) (Renwick et al., 2003). A 

concept of a threshold for a response is the basis for the identification of both a NOAEL and 

a LOAEL. From a biological perspective, a threshold should be seen as a certain dose range, 

above which a substantial change in response may occur, and one that takes into account the 

variability in homeostatic regulation within the population. Another factor that can have an 

impact on the dose threshold is the length of exposure to a nutrient. Chronic exposure to dose 

levels that do not elicit an adverse effect on short-term exposure can lead to accumulation in 

the body or at the cellular level and induce a toxic response when a critical level is surpassed 

(Dybing et al., 2002). NOAELs and especially LOAELs are, as a rule, imprecise because they 

depend on the study design: that is, the group size, the sensitivity of the detection method, 

and the spacing of the doses given. 
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 The benchmark dose approach takes into account the entire dose-response curve and the 

variation in response within the studied population. The U.S Environmental Protection 

Agency (EPA) has introduced a benchmark dose level as "a statistical lower confidence limit 

for a dose that produces a predetermined change in response rate of an adverse effect ... 

compared to background". A regression function is fitted on the response data to estimate the 

dose at which adverse effects start to arise or at which a specified percent change in the level 

of the chosen endpoint occurs, e.g. an increase of 2.5%, 5%, or 10% over background 

(BD2.5, BD5 or BD10). A statistical lower bound, often the 95% lower bound on the dose, is 

used to account for statistical uncertainties.  This lower bound is called the benchmark dose 

lower confidence limit (LBMD) or simply the benchmark dose (BD). The BD may be used 

for the development of an intake limit, e.g. a UL, by applying uncertainty factors (Crump, 

1984; Edler et al., 2002; IPCS, 1994; 2002). 

 

Figure 2, adapted from IPCS (2002), illustrates the principle of the benchmark approach in 

relationship to NOAELs and LOAELs. 

 

 
Figure 2: Theoretical representation of the lower part of the dose-response curve for an 

adverse effect in a population with the upper 95% of confidence limit of 
response (modified from IPCS, 2002) 

 

In this figure, BMD2.5 is the benchmark dose at which 2.5% of the individuals experience an 

adverse effect over the background level. LBMD2.5 is the lower 95% confidence interval of 

the BMD2.5, i.e. the dose at which no more than 2.5% of the individuals experience the 
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 adverse effect estimated with 95% certainty. The position of the NOAEL and the 

LOAEL also are indicated in Figure 2. UF1 is the uncertainty factor applied to the NOAEL 

for deriving a UL (tolerable upper intake level), and UF2 is the uncertainty factor applied to 

the LBMD2.5 to derive the upper bound of the AROI. When an LMBD cannot be calculated, 

the upper bound of the AROI can considered to be represented by the UL. Assumptions have 

been made that the BD of a chemical calculated from the lower 95% confidence limit for a 

10% increased risk (BD10) is comparable to the LOAEL and that the BD derived on the basis 

of an increased risk at 5% (BD5) corresponds to the NOAEL. However, more recent data 

analyses indicate that the BD10 is closer to the NOAEL (Herrman and Younes, 1999). It is 

not known if this applies also to nutrients. 

 

The benchmark approach has been used rarely in the risk assessment of nutrients, because the 

available data must be suitable for modelling and measurements at three or more dose levels 

are required. The approach has been used to explore the relationships between drinking water 

fluoride, urine fluoride, and serum fluoride and dental fluorosis in Chinese children from two 

villages with six categories of fluoride content in drinking water. The LBMD for the 

prevalence of dental fluorosis was found to be 1.01 mg fluoride/L (Xiang et al., 2004). The 

data from the studies of Dean et al. (1942) on the relationship between dental fluorosis in 12- 

to 14-year-old children and the fluoride content of their drinking water also lend themselves 

to benchmark modelling. 
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Figure 3a
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Figure 3b 
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Figure 3c 

Figure 3:   Benchmark dose approach to define the fluoride concentration in drinking water 
associated with a 5% increase of risk for three different degrees of severity of dental 
fluorosis in children (data from Dean et al., 1942). 
a) the 95% benchmark dose lower confidence limit is 0.559 mg fluoride/L for dental 
fluorosis of degree > questionable according to Dean 
b) the LBMD0.5 is 1.499 mg fluoride/L for dental fluorosis of degree > mild according to 
Dean 
c) the LBMD0.5 is 2.205mg fluoride/L for dental fluorosis > moderate according to Dean 
(Probit Model Rev. 2.1)
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The three graphs in Figure 3 show benchmark dose modelling with the data of Dean et al. 

(1942). These graphs illustrate clearly how the decision on the endpoint influences the result. 

The study of dental fluorosis included 4429 children between the age of 12 and 14 years from 

13 cities with different fluoride concentrations in the drinking water (0.09 to 2.55 mg/L). The 

fluoride concentration in the drinking water is used as a surrogate for the fluoride intake, 

because at that time drinking water was the main source of fluoride. Dental fluorosis was 

divided into seven degrees of severity:  normal, questionable, very mild, mild, moderate and 

severe. The investigators considered the first two grades not to represent fluorosis. Following 

this judgement (figure 3a), the LBMD is determined as 0.559 mg fluoride/L. When dental 

changes of the grades of mild and more are considered to represent the adverse effect, the 

LBMD is 1.499 mg fluoride/L (figure 3b), and it is 2.205 mg/L when only changes graded as 

moderate and more are taken to be critical (figure 3c). 

 

Other methods for a quantitative dose-response analysis, such as categorical regression for 

non-cancer toxicity, or dose-response extrapolation to provide a quantitative risk estimate for 

non-threshold effects, or probabilistic approaches to derive tolerable intake levels or 

physiologically -based toxicokinetic ((PBTK) modelling to evaluate target organ doses 

following exposure to a substance by any route (Edler et al., 2002) have not been used in the 

risk assessment of nutrients as yet. 

 

NOAELs, LOAELs and BMDs are adjusted for differences and variabilities in the 

susceptibility of individuals within and between species and for uncertainties in the data sets 

by numerical values called "safety factors", "default values", "uncertainty factors", 

"assessment factors" or "correction factors". The lower the degree of confidence in the 

scientific basis of the data and the greater the gaps in knowledge of the differences in kinetic 

and dynamic functions in different species, the greater the uncertainty factors to be chosen 

will have to be. 

 

The uncertainties to be taken into account include: 

• Problems in estimating total exposure to a nutrient from all sources, especially in human 

epidemiological studies but also in intervention studies, lack of quantification of (dietary) 

intake in addition to the study dose. These uncertainties apply both to the modelling 

systems used and the reliability of analytical measurements of exposure markers. 
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 • Problems of reliability of data due to study design, conductance of the study and 

statistical evaluation: too small and too short studies; selection of a particularly sensitive 

or insensitive study population; insufficient assessment of compliance and of adverse 

effects as opposed to the expected beneficial effects; 

• Insufficient availability of data: animal and/or in-vitro data only; one dosage studies as 

compared to multiple dose studies; 

• Differences in bioavailability of different forms of the test substance and the influence of 

food matrices on bioavailability, 

• Influence of age, sex, genetic polymorphisms, or medication; 

• Biological mechanisms causing the observed adverse effect; 

• Relevance of data on the nature of an adverse effect gathered in animals for humans; 

• Gaps in knowledge of the variability in kinetics and dynamics of a nutrient between 

species; 

• Clinical significance of observed/measured effects and reversibility of effects. 

2 Dealing with uncertainties 
2.1 Chemicals 

2.1.1 Extrapolation and adjustment for uncertainty of data 

Methods of dealing with uncertainties in connection with identified risks from chemical or 

environmental hazards to protect public health by defining "safe", "tolerable" or "acceptable" 

daily intakes (ADI) for non-carcinogenic substances were suggested 50 years ago. Lehman 

and Fitzhugh (1954) first proposed ADIs for additives and contaminants to be derived from a 

chronic animal NOAEL (or NOEL = no effect level) in mg/kg diet by dividing the NOAEL 

by 100. This factor was to account for both interspecies (animal → human) differences and 

intraspecies variability in sensitivity. This approach was adopted also for pesticide residues 

by the WHO Expert Committee for Pesticide Residues (Lu, 1979). One 10-fold factor is 

applied to convert a sub-threshold dose in mg/kg body weight/day for a population of test 

animals to a sub-threshold dose for average humans, whereas the second 10-fold factor is 

supposed to convert the dose for a group of average humans to a sub-threshold dose for 

sensitive individuals. 
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Figure 4: Schematic representation of the derivation of a UL from a NOAEL or LOAEL 

by applying different uncertainty factors (UF1 or UF2) 
 
The overall adequacy of the factor of 10 for both interspecies and intraspecies variability was 

justified by subsequent reviews of numerous experimental data (Dourson and Strara, 1983; 

Calabres, 1985; Hattis et al., 1987; Sheehan and Gaylor, 1990; Lewis et al., 1990; Renwick 

1991; Calabrese et al., 1992; Naumann and Weideman, 1995; Dourson et al., 1996; Renwick 

and Lazarus, 1998), including children (Dourson et al., 2002). 

 

Additional uncertainty factors ranging between 2 and 10 have been proposed to adjust for 

deficiencies in the database (Beck et al., 1993; IPCS, 1994; Vermeire et al., 1999): 

• a factor between 3 and 10 when only a LOAEL is available; 

• an uncertainty factor between 3 and 10 for extrapolation of a subchronic NOAEL to a 

chronic NOAEL when data from two animal species are available; 

• an additional factor of 2 when only one animal species has been tested. 

Figure 4 schematically represents the application of different uncertainty factors when 

deriving a UL from a NOAEL or LOAEL.   

 

Because the individual uncertainties have been deemed to be independent of each other, the 

overall uncertainty factor is the product of multiplying all the individual uncertainty factors 

(Dourson and Stara, 1983). This total independence of uncertainty factors has been 

questioned (Calabrese and Gilbert, 1993). The choice of the magnitude of additional 
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 uncertainty factors requires scientific judgement on the strength of the available 

evidence (Dourson et al., 1996). The reasoning for the decision should be clearly and 

explicitly described in order to avoid the impression that additional uncertainty factors are 

policy driven. Uncertainty factors greater than 10,000 should not be applied, because they 

would signify an insufficient database for a reliable risk assessment (IPCS, 1994). 

 

Figure 5 (taken from SCC, 2000) illustrates the different uncertainty factors applied by 

different agencies to establish acceptable levels of human exposure to chemical, 

environmental or microbiological agents based on animal databases. The factors shown with 

continuous lines are those usually used in the EU for the assessment of food additives and 

pesticides. Other factors may be used for other types of chemicals, e.g. contaminants, and by 

authorities and bodies outside the EU. The lower part of Figure 5 illustrates that extra factors 

can be applied to address the severity of the effects, such as teratogenicity or non-genotoxic 

carcinogenicity for risk management reasons. An example of the latter is the protection of 

special subgroups, such as infants and children, under the Food Quality Protection Act 

(FQPA) in the United States. 

 
Figure 5: Schematic representation of uncertainty factors applied to establish acceptable 

levels of human exposure based on data derived from animal studies. 
 
2.1.2  Replacement of default uncertainty factors 

The 10-fold factors to adjust for interspecies and intraspecies differences are applied to a 

wide variety of compounds regardless of their structure and metabolic fates.  They also are 

applied to different effects on organs of different species regardless of differences in kinetic 
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 and dynamic processes among species. Although the overall adequacy of these factors 

has been ascertained, they should be replaced by more specific factors that account for both 

kinetic and dynamic aspects of a compound in different species when such knowledge 

becomes available (Renwick, 1991; 1993b).  

 

It was proposed to divide each of these 10-fold factors into two components for the separate 

evaluation of differences in toxicokinetics and toxicodynamics. Toxicokinetics include the 

consideration of the rate and extent of absorption of a substance; its distribution, rate and 

pathway of bioactivation; and its rate, route and extent of elimination. Toxicodynamics 

consider the toxic entity (either parent compound or metabolite) and its molecular target and 

the sensitivity of the target tissue as well as activating, protective or repair mechanisms. The 

interspecies differences in toxicokinetics generally are greater than toxicodynamic 

differences and can be attributed, in part, to differences in body weight. A generic kinetic 

default factor of 4.0 (100.6) was proposed in the absence of compound-specific data, which 

would be multiplied by a default factor of 2.5 (100.4) to give the interspecies factor of 10. The 

10-fold factor for intra-human variability can be divided in a similar manner to allow for 

variability in kinetic and dynamic processes as a default value for compound-specific data 

(Renwick and Lazarus, 1998).  

 

The International Programme on Chemical Safety (IPCS, 1994) has adopted these principles 

with the modification that the uncertainty factor of 10 for intraspecies variability be divided 

evenly into 3.16 (10 0.5) for both kinetics and dynamics.  This modification is supported by 

data for the kinetics of 60 compounds in humans (Renwick and Lazarus, 1998). Sensitive 

humans are those with kinetic and dynamic characteristics such that their internal dose on 

exposure (kinetics) is >3.16-fold away from the population mean and their individual internal 

dose threshold for response is >3.16-fold lower than the population mean (Renwick, 1999). 

The prevalence of individuals in a population who would not be covered by the standard 

default factors for kinetics and dynamics depends on the variability of the distribution of the 

relevant parameters. 

 

The ultimate uncertainty factor applied for interspecies and intra-human variability will be 

the result of the multiplication of the compound-specific factors for kinetics and dynamics, if 

available from animal and human data, respectively. Such a factor could be named a 
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 correction factor (Edler et al., 2002) or an adjustment factor (IPCS, 2002) instead of 

uncertainty factor. 

 

2.1.3 Adjustment for bodyweight—scaling 

Quantitative extrapolation is part of the establishment of upper levels. It involves two steps. 

The first step adjusts for differences in body size between test animals and humans. The 

second step involves the application of uncertainty factors to compensate for data deficiencies 

and inter- and intraspecies variability in sensitivity. An additional quantitative extrapolation 

step is necessary when the UL was established for one particular age group only and needs to 

be adjusted (scaled) for other age groups. 

 

2.1.3.1 Adjustment for body size between animal and humans 

An adjustment for differences in body size between experimental animals and humans can be 

done on the basis of body weight, energy requirement, and body surface area. In all three 

cases, body weight is used as the starting point, taken either to the power of 1, 0.75 or 0.67 

for scaling according to body weight, "metabolic" body weight or (basal) metabolic rate, or 

body surface area, respectively. 

 

The simplest approach is scaling on the basis of body weight (isometric scaling). This 

approach assumes that biological parameters show a linear correlation with body weight 

(Davidson et al., 1986). Quantitative interspecies differences in physiological processes, 

organ perfusion, and clearance also influence interspecies relationships based on body weight 

(Renwick, 1991; 1993b). The human NOAEL derived from a NOAEL for a rat on the basis 

of body weight scaling will be 4-fold to 6.5-fold higher than when adjustment is done on the 

basis of metabolic rate or body surface area (Feron et al., 1990). 

 

The relationship between body weight and body surface area differs among species, and this 

difference is covered by the proposed interspecies uncertainty factor of 10. The general rule 

for determining equivalent doses in animals and humans was developed in pharmacological 

investigations:  namely, the capacity of elimination of metabolisable agents with slow 

induction of toxic actions is proportional to metabolism, i.e. with body surface area or with 

body weight 0.75. Therefore, doses in mg/kg body weight determined in mice, rats, and 

beagles could be divided by 8.4, 4.6, and 1.6, respectively, to arrive at the equivalent dose for 

a 60-kg man (Zielhuis and van der Kreek, 1979). 
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 Biologic responses like absorption, plasma protein binding, and biliary excretion are 

independent of body weight. They correlate better with body surface area, which can be 

calculated from body weight 0.67 (Calabrese et al., 1992). Alternatively, the animal dose in 

mg/kg body weight can be adjusted by a factor that is calculated as the cubic root of the 

average human body weight (e.g. 60 kg) divided by the weight (w) of the experimental 

animal: 

w
603  

 

These adjustment  factors vary between 2 for dogs and 13 for mice (Dourson and Stara, 

1983). This allometric scaling method can lead to inaccurate results in cases for which the 

specific metabolic profile of a compound does not correlate with the overall metabolic rate of 

the animal and, therefore, not with the surface area either (Dybing et al., 2002). This is 

conceivable with nutrients that are targeted to particular organs of the body for storage or 

specific metabolic functions. 

 

An alternative allometric scaling to correct intake doses for differences in body size is based 

on caloric demand. The basic assumption is that the basic metabolic rate (BMR) across 

species is a function of body weight 0.75. A proportionality of the BMR to body mass 0.66—

that is, to body surface area—was reported in the 1880s (Rubner, 1883).  In the 1930s, the 

relationship between BMR and body mass was reported to scale with a significantly greater 

exponent of 0.75 (Kleiber, 1932; 1947). The discussion about the correct exponent is ongoing 

(White and Seymour, 2003; West et al., 1997; 2002); it appears to be between 0.6 and 0.8 

(Rucker and Storms, 2002). This scaling method allows for species differences in many 

physiological functions (including rates of cellular metabolism) (West et al., 1997) and takes 

into account interspecies variabilities in toxicokinetics (Vermeire et al., 1999). The use of 

adjustment factors derived from body weight 0.75 for scaling from animal to human NOAELs, 

instead of the conventional 10-fold factor, may provide a justifiable contribution to reducing 

the size of the overall uncertainty factor. 

 

Two other possibilities of scaling exist:  those based on functional activity (lifespan 

differences between species) for extrapolation of long-term cancer assays in animals and 

humans; and those based on multiple species regression—for which, however, adequate data 
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 from at least four species are required for the estimation of the equivalent dose in 

humans (Dybing et al., 2002). 

 

2.1.3.2 Adjustment (scaling) of the UL to different age groups 

In the risk assessment of nutrients, data for subgroups other than adults are scarce. Scaling of 

the UL for adults according to body size, body surface area, and caloric requirement (i.e. 

metabolic body weight equivalent to body weight 0.75) is a possibility. However, a model 

based on knowledge of differences in physiology and toxicokinetics between (young) 

children and adults would be preferable. 

 

Scaling according to body weight (ULchild) = (ULadult) (weightchild / weightadult) is the easiest 

way; but it does not take into account intermediary metabolic rates, caloric intake, and BMR. 

The ULs extrapolated in this manner are consistently smaller than ULs scaled by surface area 

or body weight 0.75. This means that ULs derived from scaling based on body weight 

potentially are smaller than necessary. 

 

Scaling on the basis of body surface area or body weight 0.75 

(ULchild) = (ULadult) (weightchild / weightadult)0.75 

will result in larger UL values than scaling according to body weight. This is illustrated by a 

comparison of the ratios of the adult weight or adult surface area to the weight and surface 

area of children1 at different ages, shown in Table 1. 

 

Table 1.  Comparison of ratios of adult weight or adult surface area to that of a child, by 
child’s age  

 

Age 
Adult weight 
Child weight 

Adult surface area 
Child surface area 

birth 21.2 9.1 

0.5 years 9.7 5.4 

1 year 7.3 4.3 

10 years 2.2 1.7 

 

                                                 
1 Note that the ratios shown in the table show the inverse of the ratios shown in the formula. 
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 The difference between the scaling methods becomes smaller with increasing age. If 

scaling according to body weight 0.75 is accepted as the preferable method for adjustment of 

animal NOAELs to human NOAELs, then adjustment on the basis of body weight 0.75 within 

humans of different size is logical. However, such an adjustment does not take into account 

differences in adaptive and homeostatic mechanism among the nutrients with regard to 

absorption and elimination. A justification is needed based on scientific evidence for the 

choice of one or the other of the two scaling methods for a particular nutrient. 

 

2.2  Nutrients 

The risk assessment of nutrients follows the general principles of risk assessment with the 

restriction that the derived tolerable upper intake level (UL) "judged to be unlikely to pose a 

risk of adverse health effect to almost all individuals in the general population" (SCF 2000) 

must not be lower than the nutritional requirement or the recommended intake. This 

restriction will influence the choice of uncertainty factors to correct for inter- and intra-

species variability and for deficiencies in the available databases. NOAELs or, in the absence 

of appropriate data, LOAELs should be derived from human studies if possible. If they are 

identified from studies in animals, the relevance of observed adverse effects for humans must 

be evaluated. 

 

Several institutions, authorities, or authors have undertaken systematic risk assessments of 

nutrients according to protocols they have developed and published. Some of them are 

described briefly in the following paragraphs, by year of publication. Four are summarised in 

Annex 1 of this discussion paper. 

 

2.2.1 Conseil Supérieur d'Hygiène Publique de France, 1995 

All vitamins and the minerals zinc, iron, selenium, and fluoride were assessed. A review of 

the literature was undertaken to identify NOAELs or LOAELs from human and animal 

studies. The documented doses of a nutrient in studies were ranged according to magnitude 

and adverse effects observed: NOAELs or LOAELs were identified. Both NOAELs and 

LOAELs identified from human studies were divided by a safety factor of 10 to derive a 

"safety threshold dose" for intake in addition to the intake from a normal diet. In exceptional 

cases, where the safety threshold dose calculated in this way would be lower than the 

recommended daily allowance (RDA) this recommended dose was chosen as the safety 

threshold dose. 
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 2.2.2 Food and Nutrition Board, Institute of Medicine, National Academy of Sciences 

USA, 1997–2004 

Since 1997, when the first report on Dietary Reference Intakes for calcium, phosphorus, 

magnesium, vitamin D, and fluoride was published by the Institute of Medicine (IOM, 1997), 

all other vitamins and indispensable (and some non-indispensable) minerals were evaluated 

and the results published. As part of the task "Tolerable Upper Intake Levels" (UL), i.e. "the 

highest level of daily nutrient intake that is likely to pose no risk of adverse health effects to 

almost all individuals in the general population" were derived. 

 

Reviews of observational and experimental studies published mostly in peer-reviewed 

journals and analysis of the evidence were performed; scientific judgement was used to 

determine the basis for establishing values. The possibility was considered and rejected that 

the methodology used to derive ULs might be reduced to a mathematical model that could be 

generally applied to all nutrients. A standard risk assessment procedure was followed for each 

nutrient individually, and two types of uncertainty were acknowledged: those related to data 

and those associated with inferences that are required when directly applicable data are not 

available. In the risk characterisation, scientific uncertainties associated with both the UL and 

the intake estimates were described. 

 

ULs were preferably derived from identified NOAELs, taking into account causality, 

relevance of experimental data (animal versus human, route of exposure, duration of 

exposure), mechanism of toxic action, quality and completeness of the database, and the 

identification of distinct and highly sensitive subgroups. 

 

In the dose-response assessment, human data were preferred over animal data, and the routes 

and durations of exposure chosen were those most relevant for a toxic response in humans. 

The choice of uncertainty factors was determined by scientific judgements on the 

interindividual variation in sensitivity (between 1 and 10); for extrapolation from animal data 

to humans (up to 10); for using a LOAEL in the absence of a NOAEL, taking into account 

the severity and incidence of the adverse effect and the steepness of the dose-response (up to 

5); and to correct for a subchronic NOAEL in the absence of a chronic NOAEL. 

ULs were derived for the age categories for which the data were available. When data were 

not available on children and adolescents, ULs were determined by extrapolating from the 

UL for adults based on body weight differences using the formula: 
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 ULchild = (ULadult)(Weightchild/Weightadult), 

except in the case of niacin, vitamin B6, folate, and choline, for which a formula based on 

metabolic size was used: 

ULchild = (ULadult)(Weightchild/Weightadult)0.75. 

 

2.2.3 Scientific Committee on Food/European Food Safety Authority (2000 to 2005) 

The framework of general principles for evaluation of the adverse effects of micronutrients in 

humans and for establishing upper levels of intake that are unlikely to result in adverse 

effects in the general population was formulated as a guideline in 2000. It was based on 

available reports in the literature. 

 

ULs were stated not to be recommended levels of intake; but they were to apply to the 

general population throughout the life stage (excluding those receiving the nutrient under 

medical supervision), including sensitive individuals, However, certain identifiable 

subgroups (e.g. those with genetic predisposition or certain disease states) were to be 

excluded while evaluating each nutrient. To the extent possible, ULs for age and life-stage 

groups were set. The usual steps of risk assessment were followed. Uncertainties in the 

database were to be described in the risk characterisation. 

 

Scientific judgement was applied on the adversity of an effect and on the causality between 

nutrient and effect, the relevance of experimental data, and the mechanisms of adverse 

effects. Selection of data was to give preference to human data, and, in the absence of human 

data, to the animal species with biological responses most like those of humans and with the 

most relevant route of exposure. 

 

Low uncertainty factors were chosen with higher quality data and for adverse effects that are 

extremely mild and reversible.  Uncertainty factors were applied for interindividual variation 

and sensitivity (between 1 and 10); for extrapolation from animal to human; for LOAEL to 

NOAEL (dependent on the slope of the dose–response curve), and for a subchronic NOAEL 

to a chronic NOAEL. 

 

If no data were available to derive ULs for extrapolation to different age groups, it was 

suggested that extrapolations should be made on the basis of known differences in body size, 
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 physiology, metabolism, absorption and excretion. The extrapolation from an adult UL 

to ULs for children and adolescents was regularly based on body weight differences. 

Reference weights were given for males and females of nine age groups. Scaling of an adult 

UL to children was done on a body weight basis for niacin, vitamin B6, folic acid, fluoride, 

copper, molybdenum, and selenium and on a metabolic body size basis (body weight 0.75) for 

vitamin A, E, iodine, zinc, and boron. 

 

In those cases where no UL could be established because of insufficient data the risk 

characterisation included an indication on the highest level of intake where there is 

reasonable confidence in data on the absence of adverse effects. 

 

2.2.4 Expert Group on Vitamins and Minerals (EVGM, 2003) of the Food Standards 
Agency, UK 

The terms of reference of the expert group were somewhat different from those used by both 

the IOM and the SCF/EFSA, namely to establish principles on which controls for ensuring 

the safety of vitamin and mineral supplements sold under food law can be based and to 

recommend maximum levels of intakes of vitamins and minerals from supplements if 

appropriate, after having reviewed the levels of individual vitamins and minerals associated 

with adverse effects. Both animal and human studies were evaluated, including acute toxicity 

and single dose studies. 

 

No single scheme of risk assessment was considered satisfactory, and each nutrient was 

assessed individually. Where adequate data were available, safe upper levels (SUL) of life-

time intake of a nutrient by the general population were established both per day and per kg 

body weight per day (using a reference body weight of 60 kg for adults). In the absence of 

sufficient data, guidance levels for safe intakes that would not be expected to cause adverse 

effects were defined. Uncertainty factors were applied for extrapolation from a LOAEL to a 

NOAEL (usually 3), for database deficiencies (subchronic exposure, few subjects only), and 

for the severity of the adverse effect. The magnitude of the factors was determined by 

scientific judgement, taking care to arrive at safe levels above the lower advisory levels of 

intake. 

 

The following formulas were applied: 

SUL (total intake) minus (intake from dietary and other known exposures) = available 
margin for additional intake exposure from supplements or new sources of fortification; 
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SUL (supplemental intake) plus (dietary and other known exposures) 

 = estimated SUL (total). 

SULs can be applied to children by scaling for body weight or body surface area as 

appropriate, unless it is specifically indicated that children are particularly vulnerable to the 

effect concerned or have a greater requirement. 

 

2.2.5 Non-governmental assessment 

Two reports are mentioned, both of which were both published in 1997 (Hathcock, 1997; 

Shrimpton, 1997).  Both applied the principles of risk assessment to establish safety limits 

while considering evidence for benefits from intakes of certain nutrients at levels above 

recommended dietary intakes. 

 

2.2.5.1 Council for Responsible Nutrition (Hathcock, 1997) 

From a review of the available literature, NOAELs for all vitamins and for calcium, 

phosphorus, magnesium, chromium, copper, iodine, iron, manganese, molybdenum, 

selenium, and zinc were identified as well as LOAELs for vitamin A, D, nicotinamide, 

nicotinic acid, vitamin B6, iron, selenium, and zinc. 

NOAELs are proposed to be considered as safe levels of intake, whereas LOAELs are 

considered to be not safe for everyone: they may require the application of a safety factor to 

calculate a safe level of intake. 

The author suggested that a nutrient safety limit be calculated as an intermediate between the 

LOAEL and the recommended intake when no NOAEL can be identified. 

 

2.2.5.2 European Federation of Health Product Manufacturers Associations (Shrimpton, 
1997) 
The goal was to base the upper safe level of intake from all sources of a vitamin or mineral 

well below that at which significant adverse effects have been responsibly reported. From a 

review of the available literature, two types of levels of intake were suggested: an upper safe 

level of long-term consumption and an upper limit of short-term consumption. With the 

exception of phosphorus, chromium, iron, and manganese, the upper safe levels of long-term 

consumption are identical to the NOAELs identified by Hathcock (1997).  In contrast,the 

upper limits for short-term consumption suggested for vitamin B6, iron, selenium, zinc are 

somewhat lower than the LOAELs in the mentioned reference. 
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2.3 Risk assessments of vitamins and minerals and uncertainty 

Annex 1 of this discussion paper contains a summary of the results of the risk assessments 

described in subsections 2.2.1 to 2.2.4.  The annex illustrates differences in procedure and 

results, namely: 

• in the selection of the database (in some cases to be explained by the non-availability of 

data at the time of assessment). This applies to vitamin A, vitamin D, vitamin E, niacin 

(nicotinamide), vitamin B6, vitamin C, calcium, phosphorus, magnesium, iron, fluoride, 

manganese, nickel, and zinc. Guidelines on the selection, evaluation and ranking of 

available data should be developed; 

• in the selection of the critical adverse effect.  This applies only to calcium, phosphorus, 

fluoride, and nickel. This is a question of scientific judgement and not easily to be 

managed by rules; 

• in the identification of a LOAEL or NOAEL.  This applies to vitamin E, vitamin B6, folic 

acid, vitamin C, calcium, magnesium, fluoride, iodine, nickel, selenium, and zinc. A 

structured approach in the form of guidelines can be expected to result in more 

consistency; 

• in the establishment of a UL.  This applies to vitamin D, vitamin E, niacin, vitamin B6, 

magnesium, fluoride, iodine, copper, molybdenum, selenium, zinc, and boron.  However, 

the same database was used at least partially for nicotinic acid, vitamin B6, magnesium, 

iodine, copper, molybdenum, selenium, copper and boron. Scientific judgement and 

weighing of the evidence are responsible for these discrepancies; 

• in the scaling method chosen to establish specific ULs for subgroups. It is not apparent 

from the reports on what basis the choice for the scaling method was made. It should be 

possible to establish a nutrient-specific approach; 

• in the selection of uncertainty factors. This applies to vitamin E, vitamin C, iodine, 

copper, molybdenum, selenium, and boron—even when the same database was used and 

the same NOAEL or LOAEL was identified 

 

The selection of uncertainty factors by different workgroups is shown for different nutrients 

in Table 2, and a summary of their number and magnitude appears in Box 1.  The information 

in Box 1 can create the false impression that the choice was arbitrary, but in each case the 

deliberations of the different scientific workgroups and the justification for individual 
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 uncertainty factors can be found in the report. It cannot be ignored, however, that for 

some nutrients the choice of an uncertainty factor was driven less by scientific judgement 

than by aiming for a UL above the recommended intake. Table 2 confirms the impression 

that, especially when ULs are established on the basis of human data, the choice of 

uncertainty factors is governed by an individual approach.
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Table 2 Comparison of the use of uncertainty factors for different nutrients by different organisations 
      

     Composition of UF 
LOAEL NOAEL Nutrient Organisation 

human animal human animal 
UF LOAEL 

→ NOAEL 
Animal 

→ human 
Sensitive 

subpopulation 
Intraspecies 
variability 

Other justification 

adults   +    5 5   + severity of effect 

♀  +  1.5    1.5  

IOM, 2001 

infant   +    10 10   + reversible effect 

SCF, 2002 +    1      

Vitamin A 

CSHPF, 1995 +    ?      

adults  +  1.2     uncertainty of data IOM, 1997 

infants  +  1.8     uncertainty of data 

adults  +  2    2  SCF, 2002 

0-24 m  +  1      

EGVM, 20031   +  1      

adults   +    10      

Vitamin D 

CSHPF, 1995 

<2 y   +    2      

IOM, 2000  +   36 2 3  3 subchronic → chronic: 2 

SCF, 2003   +  2    2  

Vitamin E 

EGVM, 2003   +  1      
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     Composition of UF 

LOAEL NOAEL Nutrient Organisation 
human animal human animal 

UF LOAEL 
→ NOAEL 

Animal 
→ human 

Sensitive 
subpopulation 

Intraspecies 
variability 

Other justification 

CSHPF, 1995 +    10      

Vitamin K EGVM, 20031   +  10    10  

Vitamin B1 EGVM, 20031   +  1      

Vitamin B2 EGVM, 20031   +  10    10  

IOM, 1998 +    1.5 1.5    reversible transient effect Niacin 

CSHPF, 1995 +    3      

SCF, 2002 +    3 3    slight effect, few subjects Nicotinic 
acid 

EGVM, 20031 +    3 3     

SCF, 2002   +  2     children → adults Nicotinamide 

EGVM, 2003   +  3    3 small number of special 
population 

IOM, 1998   +  2     limited data 

SCF, 2000 +    4     insufficient data: 2 
subchronic → chronic: 2 

EGVM, 2003  +   300 3 10  10  

Vitamin B6 

CSHPF, 1995 +    10      

Folic acid IOM, 1998 +    5 5    plus severity of effect 
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     Composition of UF 

LOAEL NOAEL Nutrient Organisation 
human animal human animal 

UF LOAEL 
→ NOAEL 

Animal 
→ human 

Sensitive 
subpopulation 

Intraspecies 
variability 

Other justification 

SCF, 2000 +    5 5    lack of data between 
LOAEL + NOAEL 

EGVM, 20031   +  1      

 

Folic acid 

CSHPF, 1995 +    5      

Pantothenic 
acid 

EGVM, 20031   +  10      

Vitamin B12 EGVM, 20031   +  1      

Biotin EGVM, 20031   +  10      

IOM, 2000 +    1.5 1.5     

EGVM, 20031 +    3 3     

Vitamin C 

CSHPF, 1995   +  1      

β-Carotene EGVM, 2003 +    3      

IOM, 1997 +    2   2   Calcium 

SCF, 2003   +  1      

IOM, 1997   +  2.5 
(adults) 

3.0 
(age 1-8 y) 

  2.5 
 

3.3 

 lack of data Phosphorus 

EGVM, 20031   +  3   3   
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     Composition of UF 

LOAEL NOAEL Nutrient Organisation 
human animal human animal 

UF LOAEL 
→ NOAEL 

Animal 
→ human 

Sensitive 
subpopulation 

Intraspecies 
variability 

Other justification 

IOM, 1997 +    1     mild, reversible effect 

SCF, 2002   +  1      

Magnesium 

EGVM, 20031   +  1      

+   0-8 y    1      IOM, 1997 

  +   >8 y  1      

<8 y 
threshold dose 

   1      EFSA, 2005 

<8 y 
threshold dose 

   5      

Fluoride 

 

 

 

CSHPF, 1995          2 x RDA 

  +   >19 y  2   2   IOM, 2000 

  +   0-6 y  1     results in same level as in 
adults 

SCF, 2000   +  3     remaining uncertainties 

EGVM, 2003 +    2 2     

Selenium 

CSHPF, 1995   +  10    10  

IOM, 2001   +  1      

SCF, 2003   +  2    2 subchronic studies with 
few persons 

Copper 

EGVM, 2003    + 100  10  10  
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     Composition of UF 

LOAEL NOAEL Nutrient Organisation 
human animal human animal 

UF LOAEL 
→ NOAEL 

Animal 
→ human 

Sensitive 
subpopulation 

Intraspecies 
variability 

Other justification 

IOM, 2001 +    1.5 1.5    supported by NOAEL 

SCF, 2002   +  3     small numbers, mostly 
short-duration studies 

Iodine 

EGVM, 20031   +  1      

+   >19 y    1.5 1.5     IOM, 2001 

  +   0-8 y  1.0      

Iron 

EGVM, 2003 +    3 3     

IOM, 2001   +  1      Manganese 

EGVM, 20031   +  1      

IOM, 2001    + 30  10  3  Molybdenum 

SCF, 2000    + 100   10  remaining uncertainties 

+   >19 y    1.5 1.5   +  IOM, 2001 

  +   0-6 m  1      

SCF, 2003   +  2     few study subjects, short-
term studies 

EGVM, 2003 +    2 2     

Zinc 

CSHPF, 1995 +    1.6     UL = RDA 

IOM, 2001    + 30  10  3  Boron 

EFSA, 2004    + 60  10  6  
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     Composition of UF 

LOAEL NOAEL Nutrient Organisation 
human animal human animal 

UF LOAEL 
→ NOAEL 

Animal 
→ human 

Sensitive 
subpopulation 

Intraspecies 
variability 

Other justification 

EGVM, 2003    + 60  10  6  

Silicon EGVM, 2003    + 100  10  10  

IOM, 2001    + 300  10  10 3 reproductive effect Nickel 

EGVM, 20031  +   300 3 10  10  

Vanadium IOM, 2001  +   300 3 10  10  

Sodium IOM, 2004 +    1     to keep UL > AI 

Potassium EGVM, 20031   +  1      

Cobalt EGVM, 20031  +   1000 10 10  10  

Tin EGVM, 20031  +   100  10  10  

Chromium EGVM, 20031    + 100 10   10  

 
a  Institute of Medicine, USA 
b  Scientific Committee on Food/European Food Safety Authority, EC 
c  Expert Group on Vitamins and Minerals, UK 
d  Conseil supérieur de l'Hygiène publique de France 
1 Guidance level 
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Box 1.  A summary of the selection of uncertainty factors by different assessors 
 
 
A NOAEL from human studies was identified 39 times. The following uncertainty factors 
were applied: 

19 times  a UF of  1 
  3 times a UF of  1.2, 1.5 or 1.8 
  7 times a UF of  2 
  1 times  a UF of 2.5 
  4 times a UF of  3 
  5 times  a UF of  10. 
 

The high uncertainty factor of 10 to establish a UL from a human NOAEL was applied for 
vitamin K, vitamin B2, pantothenic acid, biotin and selenium because of variability of 
sensitivity in humans. 
 
Thirty LOAELs from human studies were identified. The following uncertainty factors were 
applied: 
 

 4 times a UF of  1 
 5 times a UF of  1.5 
   1 times a UF of  1.6 
 4 times a UF of  2 
 6 times a UF of  3 
   1 times  a UF of  4 
 5 times a UF of  5 
 4 times a UF of 10 
 

An uncertainty factor of 10 was applied for vitamin D, vitamin E and vitamin B6 as a routine 
procedure. 
 
Nine NOAELs from animal studies were identified. The following uncertainty factors were 
applied to establish a UL: 
 
 2 times a UF of 30 (interspecies extrapolation: 10; intraspecies variability: 3) 
 2 times a UF of 60 (interspecies extrapolation: 10; variability in kinetics: 6) 
 4 times a UF of 100 (interspecies extrapolation: 10; intraspecies variability: 10) 
 1 times a UF of  300 (interspecies extrapolation: 10; intraspecies variability: 10; adverse 

reproductive effects: 3). 
 
In the case of boron, for which the IOM, EFSA and EGVM all based their assessment on the 
same animal data, intraspecies variability was taken into account twice by an uncertainty 
factor of 6 and once by an uncertainty factor of 3 in addition to the uncertainty factor of 10 
for extrapolation from animals to humans. 
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 Six LOAELs were identified from animal studies. The following uncertainty factors 
were applied to establish a UL: 
 
 1 times a UF of  36 (LOAEL → NOAEL: 2; animal → human: 3; intraspecies 

variability: 3; subchronic → chronic: 2) 
 1 times a UF of 100 (animal → human: 10; intraspecies variability: 10) 
 3 times a UF of 300 (LOAEL → NOAEL: 3; animal → human: 10; intraspecies 

variability: 10) 
 1 times a UF of 1000 (LOAEL → NOAEL: 10; animal → human: 10; intraspecies 

variability: 10). 
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3  Summary and open questions 

The risk assessment of nutrients, even if performed according to established guidelines, is 

influenced by uncertainties that predominantly are due to the restricted availability of data 

and a relative lack of systematic studies with the desirable characteristics:  a range of well 

defined doses,  sufficient duration, and a design that assesses the occurrence of a priori 

defined adverse effects or validated biomarkers of such effects. In spite of existing guidelines 

for the risk assessment procedure, there also is a lack of consensus on how to proceed at those 

points in the process at which scientifically based decisions have to be made—e.g. in the 

selection of the decisive and reliable studies, the identification of the critical adverse effect, 

the choice of uncertainty or adjustment factors, and the scaling to adjust for differences in 

body size. 

 

Nutrients are a heterogeneous group of substances with widely differing properties with 

regard to absorption, elimination and biologic functions in the body, and different organs and 

cell types. Nutrients occur in different forms that can have different bioavailability. However, 

differences in bioavailability are almost never considered in the risk assessment; or one form 

only is taken into account. 

 

The resultant overall uncertainty is largely responsible for the variability in the outcome of 

the risk assessments performed by different scientific workgroups. Considering the extent of 

uncertainty due both to data insufficiency and variance in approach, the degree of conformity 

in the magnitude of established upper tolerable intake levels is surprisingly high. 

The workshop on nutrient risk assessment provides the opportunity to consider the following 

questions: 

• what is the minimum amount of data required for the assessment of risk through 

consumption of nutrients? 

• should an assessment be performed for each form of a nutrient or for a group of forms 

that have comparable bioavailability? 

• is a structured assessment procedure possible or desirable that is applicable to all 

nutrients? 

• what criteria should determine the magnitude of uncertainty factors? 
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 • what data on kinetic and dynamic properties of nutrients are needed to determine the 

method of dose scaling? how can variances in the distribution of exposure and sensitivity 

be incorporated into the risk characterisation?
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Uncertainty and Adjustment Discussion Paper 
ANNEX 1,  Comparison of background data used for the derivation of ULs for vitamins, minerals and trace elements  by IOMa, SCF/EFSAb, 

EGVMc, CSHPFd 
 

Nutrient Workgroup UL LOAEL NOAEL UF Critical adverse effects Decisive data 
Applicability 
Extrapolation/Adjustment  
to other groups 

3 mg 14 mg  5 liver pathology Minuk et al., 1988; 
Zafrani et al., 1984 

adults 

3 mg 
(♀ of reproductive age) 

 4.5 mg 1.5 teratogenicity Rothman et al., 1995 applicable 14-50 y ♀ 

IOM, 2001 

infants 0.6 mg 6 mg  10 increase intracranial pressure Persson et al., 1965 Extrapolation for  b.w.0.75 

SCF, 2002 3 mg 3 mg  1 teratogenicity (human) Rothman et al., 1995 
Extrapolation for  b.w. 0.75 
not applicable to postmenopausal  
women 

EGVM, 2003 –      
Guidance on no supplementary  
intake with regard to  
teratogenicity and bone health 

Vitamin A 

CSHPF, 1995 3 mg 
+ dietary intake 

8 mg  not stated hepatopathy Geubel et al., 1991 also applicable in pregnancy 

0.05 mg (adults)  0.06 mg 1.2 hypercalcaemia 
Narang et al., 1984 applicable in pregnancy +  

lactation IOM, 1997 

0.025 mg (infants)  0.045 mg 1.8 growth Jeans & Stearns, 1938; 
Fomon et al., 1966 

applicable to 1–18 y 

0.05 mg (adults)  0.1 mg 2 hypercalcaemia + elevated 
serum 25(OH)D 

Tjellesen et al., 1986; 
Vieth et al., 2001 

applicable to children 
 >10 y 

Vitamin D 

SFC, 2002 

0.025 mg (0-24 m)  0.025 mg 1 hypercalcaemia Ala-Houhala, 1985; 
Vervel et al., 1997 

applicable to children                           
3–10 y 

Continues 
 

 

a  Institute of Medicine, USA 
b  Scientific Committee on Food/European Food Safety Authority, EC 
c  Expert Group on Vitamins and Minerals, UK 
d  Conseil supérieur de l'Hygiène publique de France 
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Nutrient Workgroup UL LOAEL NOAEL UF Critical adverse effects Decisive data 
Applicability 
Extrapolation/Adjustment  
to other groups 

EGVM, 1995 –  0.025 mg 1  
Vieth et al., 2001 Guidance on supplementary  

intake with regard to hyper- 
calcaemia 0.025 mg 

0.025 mg (adults) 0.25 mg 0.25 mg 10 hypercalcaemia Annig et al., 1948; Berlin 
et al., 1986 

– 

Vitamin D 

CSHPF, 1995 

0.05 mg (<2 y) 0.1 mg  2 hypercalcaemia Vidailhet, 1991; Fraser et 
al., 1966 

– 

IOM, 2000 1000 mg 500 mg/kg/d 
(rats) 

 2x2x3x3 haemorrhage Wheldon et al., 1983 extrapolation for body weight 

SCF, 2003 300 mg TE  540 mg TE 2 blood coagulation Meydani et al., 1998 extrapolation for body weight 0.75 

EGVM, 2003 540 mg TE  540-9709 mg 
TE 

1 – Gillilan et al., 1977; 
Meydani et al., 1996; 
Stephens et al., 1996 

– 

Vitamin E 

CSHPF, 1995 40 mg 
+ dietary intake 

50 mg 
(400 mg) 

 not stated 
(10) 

risk of stroke ATBC Cancer 
Prevention Study Group, 
1994 

– 

IOM, 2001 –       

SCF, 2003 –       

EGVM, 2003 –  10 mg 10 – Craciun et al., 1998 
Guidance on supplemental 
 intake 1 mg 

Vitamin K 

CSHPF, 1995 –       

IOM, 1998 –       

SCF, 2000 –       

EGVM, 2003 –  100 mg 1 – Gokhale et al., 1996 
Guidance for supplemental  
intake 100 mg 

Vitamin B1 

CSHPF, 1995 –       

Vitamin B2 IOM, 1998 –       
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Nutrient Workgroup UL LOAEL NOAEL UF Critical adverse effects Decisive data 
Applicability 
Extrapolation/Adjustment  
to other groups 

SCF, 2000 –       

EGVM, 2003 –  400 mg 10 –  
Guidance for supplemental  
intake 40 mg 

CSHPF, 1995 not done       

Niacin IOM, 1998 35 mg 50 mg  1.5 flushing Sebrell & Butler, 1938 extrapolation for body weight0.75 

nicotinic acid 10 mg 30 mg  3 flushing (human) Sebrell & Butler, 1938 extrapolation for body weight 

nicotinamide 

SCF, 2002 

900 mg  25 mg/kg/d 2 – Supplementation trials in 
diabetes mellitus 

extrapolation for body weight 

nicotinic acid – 50 mg  3 flushing Spies et al., 1998; Sebrell 
& Butler, 1938 

Guidance of supplemental  
intake: 
nicotinic acid 17 mg 
nicotinamide 500 mg 

nicotinamide 

EGVM, 2003 

  25 mg/kg/d 3 – Fozzilli et al., 1995; 
Lampeter et al., 1998 

 

 CSHPF, 1995 33 mg 
+ dietary intake 

100 mg  3 flushing (human) no reference – 

IOM, 1998 100 mg  200 mg 2 neuropathy Bernstein & Lobitz, 
1988; Del Tredici et al., 
1985 

extrapolation for body weight0.75 

SCF, 2000 25 mg 100 mg  2x2 neuropathy (human) Dalton & Dalton, 1987 extrapolation for body weight 

EGVM, 2003 10 mg 50 mg/kg/d  3x10x10 neuropathy (dogs) Phillips et al., 1978  

Vitamin B6 

CSHPF, 1995 5 mg 50 mg  10 neuropathy (women) Dalton & Dalton, 1987 – 

Continues 
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Nutrient Workgroup UL LOAEL NOAEL UF Critical adverse effects Decisive data 
Applicability  
Extrapolation/ Adjustment  
to other groups 

IOM, 1998 1 mg 5 mg  5 masking of haematological 
signs of vitamin B12 
deficiency 

several references 
extrapolation for body 
weight0.75 applicable to 
 supplements and fortification 

SCF, 2000 1 mg 5 mg  5 masking of haematological 
signs of vitamin B12 
deficiency (human) 

several references 
extrapolation for body  
weight 

EGVM, 2003 –  1 mg 1 masking for haematological 
signs of vitamin B2 
deficiency 

several references 
Guidance for supplemental 
 intake 1 mg 

Folic acid 

CSHPF, 1995 1 mg 5 mg  5 masking of haematological 
signs of vitamin B12 
deficiency (human) 

Schwartz et al., 1950; 
Editorial NEJM, 1947 

– 

IOM, 1998 –       

SCF, 2002 –       

EGVM, 2003 –  2000 mg 10 – General Practitioner 
Research Group, 1980 

Guidance for supplemental  
intake 200 mg 

Pantothenic acid 

CSHPF, 1995 –       

IOM, 1998 –       

SCF, 2000 –       

EGVM, 2003 –  2 mg 1  Juhlin & Olsson, 1997 
Guidance for supplemental 
 intake 2 mg 

Vitamin B12 

CSHPF, 1995 –       

Continues 
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Nutrient Workgroup UL LOAEL NOAEL UF Critical adverse effects Decisive data 
Applicability 
Extrapoltion/ Adjustment  
to other groups 

IOM, 1998 –       

SCF, 2001 –       

EGVM, 2003 –  9 mg 10  Maebashi et al., 1993 
Guidance for supplemental 
intake 0.9 mg 

Biotin 

 

 

 

CSHPF, 1995 –       

IOM, 2000 2 g 3 g  1.5 osmotic diarrhea Cameron & Campbell, 
1974 

 

EFSA, 2004 –       

EGVM, 2003 – 3000 mg  3 – Cameron & Campbell, 
1974 

Guidance for supplemental  
intake 1000 mg 

Vitamin C 

CSHPF, 1995 1000 mg 
+ dietary intake 

 1000 mg 1 gastrointestinal Wintermeijer, 1981 – 

IOM, 2001 –       

SCF, 2000 –       

EGVM, 2003 7 mg 20 mg  3 lung cancer in smokers and 
asbestos workers 

ATBC Cancer 
Prevention Study Group, 
1994 

 

β-Carotene 

CSHPF, 1995 not done       

Continues 
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Nutrient Workgroup UL LOAEL NOAEL UF Critical adverse effects Decisive data 
Applicability 
Extrapolation/Adjustment 
to other groups 

IOM, 1997 2500 mg 5000 mg  2 milk alkali syndrome summary of case reports 
also applicable to 1–18 y  
pregnancy, lactation 

SCF, 2003 2500 mg  2500 mg 1 intervention trials without 
adverse effects 

summary of intervention 
studies 

not applicable to children and 
adolescents 

EGVM, 2003 –     
 Guidance value for  

supplemental intake 1500 mg 

Calcium 

CSHPF, 1995 not done       

IOM, 1997 4 g 
3 g (1-8 and >70 y) 

 10.2 g 2.5 
3.3 

extrapolation of intake 
necessary to reach upper 
normal levels in infants 

Heaney, 1996 
adjustment for better  
absorption during pregnancy 

SCF/EFSA, 2005 –       

EGVM, 2003 –  750 mg 
(supplementa

l) 

3 gastrointestinal symptoms Brixen et al., 1992 
Guidance value for  
supplemental intake 250 mg,  
for total intake 2400 mg 

Phosphorus 

CSHPF, 1995 not done       

IOM, 1997 350 mg 
(>8 y) 

360 mg 
from non-

food sources 

 1 osmotic diarrhea Bashir et al., 1993; Fine 
et al., 1991; Marken et 
al., 1989; Ricci et al., 
1991 

extrapolation for body weight  
1–8 y, also applicable in  
pregnancy and lactation 

SCF, 2002 250 mg  250 mg 1 osmotic diarrhea summary of intervention 
studies 

applicable to supplemental 
 intake, applicable to 
 children >4 y 

EGVM, 2003 –  400 mg 1 osmotic diarrhea Paolisso et al., 1992; 
Altura et al., 1994 

Guidance level for 
 supplemental intake 
 400 mg 

Magnesium 

CSHPF, 1995 not done       

Continues 
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Nutrient Workgroup UL LOAEL NOAEL UF Critical adverse effects Decisive data 
Applicability 
Extrapolation/Adjustment  
to other groups 

IOM, 2004 2.3 g 2.3 g  1 blood pressure rise Sacks et al., 2001; 
Johnson et al., 2001; 
MacGregor et al., 1989 

no UL for infants; extrapo- 
lation for body weight  
children + adolescents 

Sodium 

SCF/EFSA, 2005 –       

Sodium chloride EVGM, 2003 –    rise in blood pressure  salt intake should be reduced 

 CSHPF, 1995 not done       

IOM, 2004 –       

SCF/EFSA, 2005 –       

EGVM, 2003 –  3700 mg 1 gastrointestinal symptoms Grimm et al., 1990; 1998
Guidance value for 
 supplemental intake  
3700 mg 

Potassium 

CSHPF, 1995 not done       

IOM, 2004 3.6 g – – – equimolar amount of sodium  
no UL for infants; extrapo- 
lation for body weight  
children and adolescents 

Chloride 

SCF/EFSA. 2005 –       

Sodium chloride EGVM, 2003 – 6000 mg   rise in blood pressure Mascioli et al., 1991 no supplemental intake 

 CSHPF, 1995 not done       

Continues 
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Nutrient Workgroup UL LOAEL NOAEL UF Critical adverse effects Decisive data 
Applicability 
Extrapolation/Adjustment  
to other groups 

45 
(>14 y) 

70 mg  1.5 gastrointestinal symptoms Frykman et al., 1994; 
van de Vijver et al., 
1999; Bro et al., 1990 

 IOM, 2001 

40 mg 
(0-13 y) 

 40 mg 
(0-13 y) 

1  Farquhar 1963; Reeves 
& Yip, 1985 

 

SCF/EFSA, 2004 –       

EGVM, 2003 – 50 mg  3 gastrointestinal symptoms Brock et al., 1985; 
Coplin et al., 1991 

Guidance value for  
supplemental intake  
17 mg 

Iron 

CSHPF, 1995 –       

IOM, 2001 –       

SCF/EFSA, 2003 –       

EGVM, 2003 –  15 mg/kg/d 
rats 

10x10  Anderson et al., 1997 
Guidance value for total 
intake 10 mg; not applicable 
to chromium picolinate 

Chromium 

CSHPF, 1995 not done       

Continues 
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Nutrient Workgroup UL LOAEL NOAEL UF Critical adverse effects Decisive data 

Applicability 
Extrapolation/Adjustment  
to other groups 

adults 10 mg  10 mg 1 mild/preclinical skeletal 
fluorosis 

Leone et al., 1955; 
McCauley & McClure, 
1954; Schlesinger et al., 
1954; Sowers et al., 
1986; Stevenson & 
Watson, 1987 

applicable to >8 y  
and pregnancy, lactation  IOM, 1997 

0.1 mg/kg/d 
(0-8 y) 

0.1 mg/kg/d
(0-8 y) 

 1 dental fluorosis Dean, 1942 
extrapolation for body  
weight 

7 mg 
(>8 y) 

0.6 mg/kg  5 risk of skeletal fractures Riggs et al., 1982; 1990; 
1994; Li et al., 2001 

extrapolation for body  
weight EFSA, 2005 

0.1 mg/kg 
(0-8 y) 

  1 acceptable dental fluorosis Dean, 1942; Fejerskov et 
al., 1996 

 

EGVM, 2003 –       

Fluoride 

CSHPF, 1995 0.04 mg/kg       

IOM, 2001 1100 µg 1700 µg  1.5 elevated TSH concentration Gardner et al., 1988; 
Paul et al., 1988 

extrapolation for body 
weight 

SCF/EFSA, 2002 600 µg  1800 µg 3 elevated TSH concentration Paul et al., 1988; 
Gardner et al., 1988 

extrapolation for body  
weight0.75 

EGVM, 2003 –  500 µg 1  Paul et al., 1988; Chow 
et al., 1991 

Guidance value for  
supplemental intake 0.5 mg;  
for total intake 0.9 mg 

Iodine 

CSHPF, 1995 not done       

Continues 
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Nutrient Workgroup UL LOAEL NOAEL UF Critical adverse effects Decisive data 
Applicability 
Extrapolation/Adjustment  
to other groups 

IOM, 2001 10 mg  10 mg 1 liver damage Pratt et al., 1985; 
O'Donahue et al., 1993 

extrapolation for body  
weight 

SCF/EFSA, 2003 5 mg  10 mg 2 liver function Pratt et al., 1985; 
O'Connor et al., 2003 

extrapolation for body  
weight 

EGVM, 2003 10 mg  16 mg/kg 
rats 

10x10  Hebert et al., 1993; Pratt 
et al., 1985; Turnlund et 
al., 1989 

– 

Copper 

CSHPF, 1995 not done       

IOM, 2001 11 mg  11 mg 1 elevated blood manganese 
and neurotoxicity 

Greger, 1999 extrapolation for body  
weight 

SCF, 2000 –       

EGVM, 2003 –  0.07-0.08 
mg/kg 

1 neurotoxicity Vieregge et al., 1995; 
Kondakis et al., 1989 

Guidance value for 
 supplemental intake 0.5 mg;  
for total intake 9–12 mg 

Manganese 

CSHPF, 1995 not done       

IOM, 2001 2 mg 
(body weight 61 kg) 

 0.9 mg/kg 
rats 

10x3 reproductive effects in rats Fungwe et al., 1990 
extrapolation for body  
weight 

SCF, 2000 0.6 mg  0.9 mg/kg 
rats 

10x10 reproductive effects in rats 
and mice 

Fungwe et al., 1990 
extrapolation for body  
weight 

EGVM, 2003 –      
Guidance value is dietary I 
ntake 

Molybdenum 

CSHPF, 1995 not done       

Continues 
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Nutrient Workgroup UL LOAEL NOAEL UF Critical adverse effects Decisive data 

Applicability 
Extrapolation/Adjustment  
to other groups 

IOM, 2001 1 mg 
(body weight 61 kg) 

 5 mg/kg 
rats 

10x10x3 decreased weight gain in rats 
ABC, 1988; Ambrose et 
al., 1976 

extrapolation for body  
weight; applicable to soluble  
salts only 

EFSA, 2005 –       

EGVM, 2003 – 1.3 mg/kg 
in rats 

 300 
10x10x3 

perinatal mortality in rats Smith et al., 1993 Guidance value 0.26 mg 

Nickel 

CSHPF, 1995 not done       

400 µg  800 µg 2 selenosis Yang & Zhou, 1994  IOM, 2000 

45 µg 
(0-6 m) 

 47 µg 
(2–6 m) 

1  Shearer & Hadjimarkos, 
1975; Brätter et al., 1991 

extrapolation for body  
weight 

SCF, 2000 300 µg  850 µg 3 selenosis Yang et al., 1989; Yang 
& Zhou, 1994 

extrapolation for body  
weight 

EGVM, 2003 450 µg 910 µg  2 selenosis (hair, nails) Yang et al., 1989  

Selenium 

CSHPF, 1995 150 µg  1500 µg 10 selenosis Yang et al., 1983  

IOM, 2001 –       

EFSA, 2004 –       

EGVM, 2003 700 
(b.w. 60 kg) 

 1200 mg/kg
rats 

10x10 reduced growth rate in rats Takizawa et al., 1988 
Guidance value for total  
intake 760 mg 

Silicon 

CSHPF, 1995 not done       

Continues 
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Nutrient Workgroup UL LOAEL NOAEL UF Critical adverse effects Decisive data 

Applicability 
Extrapolation/Adjustment  
to other groups 

IOM, 2001 1.8 mg 
(b.w. 68.5 kg) 

7.7 mg/kg 
rat 

 10x10x3 nephrotoxicity in rats Domingo et al., 1985; 
1991 

does not apply to age 
<19 y, pregnancy,  
lactation 

EFSA,  2004 –       

EGVM, 2003 –      not safe in supplements 

Vanadium 

CSHPF, 1995 not done       

IOM not done       

SCF/EFSA not done       

EGVM, 2003 – 2.3 mg/kg 
mice 

 10x10x10 decrease in fertility in mice Pedigo et al., 1988 Guidance level 1.4 mg 

Cobalt 

CSHPF not done       

40 mg 60 mg  1.5 reduced copper status Yadrick et al., 1989 
extrapolation for body  
weight IOM, 2001 

4 mg 
(0-6 m) 

 4.5 mg 
(0-6 m) 

1  Walravens & Hambidge, 
1976 

 

SCF, 2003 25 mg  50 mg 2 copper status Davis et al., 2000; Milne 
et al., 2001; Bonham et 
al., 2002 

extrapolation for body  
weight 0.75 

EGVM, 2003 25 mg 50 mg  2 reduced copper status Yadrick et al., 1989  

Zinc 

CSHPF, 1995 15 mg 25 mg   reduced copper status Fisher et al., 1984 UL = RDA 

Continues 
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Nutrient Workgroup UL LOAEL NOAEL UF Critical adverse effects Decisive data 

Applicability 
Extrapolation/Adjustment  
to other groups 

IOM, 2001 –       

SCF/EFSA not done       

EGVM, 2003 not done       

Arsenic 

CSHPF, 1995 not done       

IOM, 2001 20 mg 
(b.w. 61 kg) 

 9.6 mg/kg 
rat 

10x3 developmental effects in rats Price et al., 1996 
extrapolation for body  
weight 

EFSA, 2004 10 mg 
(b.w. 62.5 kg) 

 9.6 mg/kg 
rat 

10x6 developmental effects in rats Price et al., 1996 
extrapolation for body 
 weight 0.75 

EGVM, 2003 9.6 mg 
(b.w. 60 kg) 

 9.6 mg/kg 
rat 

10x6 developmental effects in rats Price et al., 1996  

Boron 

CSHPF, 1995 not done       

IOM not done       

SCF/EFSA not done       

EGVM, 2003 –  22-33 mg/kg
in rats 

10x10   Guidance value 13 mg 

Tin 

CSHPF, 1995 not done       

IOM not done       

SCF/EFSA not done       

EGVM 2003 –      supplemental intake not safe 

Germanium 

CSHPF, 1995 not done       
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Assessing dietary exposure  
 
 
1  Introduction 
Assessment of exposure to any substance in food – including nutrients – is best served by 

obtaining an estimate of the distribution of food consumption in the (sub) populations of interest.  

In the special case of assessment of exposure to nutrients, it often is important to consider total 

intake of the nutrient:  from food sources, supplements, and, when relevant, drinking water.  We 

discuss the estimation of usual (or habitual) exposure distributions, recognizing that these 

distributions are essentially the product of two types of databases:  1) a database that provides 

information on food, supplement, and, when relevant, water intakes in the population, and 2) 

food composition databases that provide the estimated nutrient content of foods, supplements, 

and water. Building on earlier work by WHO (1997), here we pay particular attention to the 

factors that may introduce uncertainty into the exposure estimates and briefly discuss their 

potential impact on risk estimates. 

 

We first discuss the approaches for assessing exposure that have recently been employed by 

three expert working groups:  the Institute of Medicine (IOM) for the United States and Canada, 

the Expert Group on Vitamins and Minerals (EVM) for the United Kingdom, and the European 

Union, Scientific Committee on Food (EU–SCF/EFSA). Then we address five types of exposure 

assessment information that may be useful to the risk assessor: 

 

1. The population subgroup to which the exposure distribution corresponds; 

2. The relevant form of the nutrient for which exposure is being estimated; 

3. The time frame to which the exposure assessment corresponds; 

4. The type of databases available for estimation and the criteria for choosing one over the 

other; 

5. The uncertainties and possible biases that are associated to the exposure estimates. 

 

We discuss exposure assessment under ideal circumstances.  We give special attention to the 

uncertainties associated with intake estimates and that arise from various sources.  We then 

consider possible limitations in the available data and investigate the impact these limitations 
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have on the type of exposure assessment that is possible and its reliability. Finally, we offer a set 

of guidelines and recommendations for interpreting estimates of exposure under different 

scenarios. 

 

2  The IOM, EVM and EU-SCF models for exposure assessment 
A review of the assessments of nutrient exposure conducted by three expert workgroups  

highlights the complexity of this task (see Annex 7, “National Model Comparison:  Intake 

Assessment,” of the Context Paper).  Each group compared estimates of the upper tail of 

exposure distributions to estimates of an upper level of intake (UL).  However, the exposure 

estimates were derived from different sources of data on food, supplement, and, when applicable, 

water intakes.  In most cases, upper levels of nutrient exposure were estimated using 

consumption surveys and food composition databases that had not been designed explicitly for 

this purpose—a fact that highlights the challenging nature of this area of dietary assessment. 

  

Given the need to estimate exposure across several countries with diverse approaches to dietary 

intake assessment, the EU–SCF/EFSA committees drew on intake data from 2-day, 7-day, and 8-

day dietary records and from 24-hr dietary intake recalls.  They also considered per capita intake 

estimates derived from household surveys.   The EU–SCF/EFSA reports provide mean intake 

estimates and estimates of the 97.5th percentile of exposure from the combined intakes from food 

and supplements, typically for males and females.  For some nutrients, the EU–SCF/EFSA also 

presented per capita household-level estimates.  The estimates were compared to ULs to make a 

qualitative judgment of the exposure risk.   

 

The EVM drew primarily on data from weighed 4-day or 7-day records from a 1986–1987 

national nutrition survey for estimates of nutrient exposures from food sources.  Nutrient intakes 

from supplements were estimated from manufacturers’ information on the nutrient content of 

supplements available in the United Kingdom (as labeled on the products) and their sales from 

an over-the-counter registry.  Population estimates of the mean and 97.5th percentile of nutrient 

intakes from food sources were presented, and any population subgroup with the potential to 

have high intakes was identified.  Further indication of risk was derived from calculations of 

maximal nutrient exposure: the sum of the estimated 97.5th percentile of nutrient intake from 
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food sources for the population as a whole, the highest nutrient dose available per unit of 

supplements, and where relevant, from drinking water based on maximal concentration allowed 

in the water and an assumed quantity of water consumed per day. 

 

The IOM relied primarily on 24-hour dietary intake recall data and quantitative assessments of 

water and supplement intakes from nationally-representative U.S. surveys.  Data for Canada 

were drawn from a limited number of provincial surveys, including 24-hour recalls and 

assessments of supplement intake.  These data were used to estimate the distributions of usual 

intake for different age, sex and life-stage (pregnancy or lactation) subgroups, adjusted for day-

to-day variation.  For nutrients (e.g. iodine) not captured in the surveys, exposure estimates were 

derived from a market basket survey, and no adjustment for day-to-day variation in individuals’ 

intakes was conducted.   The estimated distributions of usual nutrient intakes from food and 

supplements for specific age, sex, and life-stage subgroups were compared to the ULs for these 

groups to yield a judgment of the magnitude of the risk of adverse effects in the population.   

 

3  Information needs 
3.1  Population subgroups 

The results of the intake assessment are most useful when estimated for the subgroups with 

relevance for the UL.  For example, if the estimated UL for a nutrient differs for specific 

subgroups within the population (e.g. based on age, sex, or life stage), the assessment of nutrient 

exposure should be conducted separately for each subgroup. Population subgroups also may be 

defined on the basis of vulnerability to excess consumption of the nutrient because of region, 

socioeconomic status, ethnic background, etc. Ideally, the estimate of exposure to a nutrient 

obtained in a subgroup is based on intake information collected on individuals that belong to the 

group. If intake data for a subgroup of interest are unavailable, their intakes can be inferred from 

available data for a different subgroup; but it is important to recognize the limitations of such 

inferences. For example, intake data for adults can be adjusted down using the relative amount of 

energy consumed by a child and an adult. This adjustment would address the problem of 

amounts of energy consumed.  If the children consume a very different menu of foods or have 

less dietary diversity than adults, however, this adjustment might significantly distort the relative 

amounts of nutrients consumed by the children.  
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3.2  Relevant form of the nutrient 

The nutrient for which exposure is assessed determines the type of intake information and food 

and supplement composition data required.  Consider for example vitamin C. Risk assessors may 

be interested in the distribution of total nutrient intake from sources that include water, food, 

other beverages, supplements and nutrient-containing drugs. In the case of folate, it may be that 

only exposure to the added forms of the nutrient in fortified foods and supplements is of 

interest—if the hazard is associated only with that form.  Since the UL for magnesium in the 

United States and Canada is defined for intake of magnesium from supplements and medications 

but not from food, only the supplement and medication intake distributions would be relevant to 

the estimate of exposure.   

 

When total exposure to a nutrient is of interest, differences in the bioavailability of the nutrient in 

different food forms may need to be considered.  This is the case for folate, for example, because 

folic acid, which is used as a fortificant, has greater bioavailability than naturally-occurring 

forms of folate.  When the exposure assessment needs to consider the bioavailability of different 

nutrient forms, a food composition database is needed that reports the content of each relevant 

form in foods.   

 

3.3 Time frame 

We focus on methods and data needs for assessing chronic rather than acute exposure. Here, the 

reference time period is implicitly taken to be approximately one year, but other time frames are 

equally accommodated under the conceptual framework that we discuss.  We recognize that 

lifetime exposure to a substance is used in some types of risk assessment.  In light of the 

potential for different adverse endpoints for different age, sex, and life-stage subgroups, 

however, we argue that a shorter reference period is more relevant.   

 

To estimate usual (or chronic) exposure to a nutrient, the best approach is to estimate the 

distribution of usual nutrient intake.  Because individuals vary the amounts and types of food and 

supplements that they consume each day, estimation of the distribution of usual intakes by 

individuals in the group poses a number of challenges. (See Section 3.5 for more information).  
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Although assessing acute exposure to nutrients also may be of interest, the data needs and 

statistical approaches are very different.  Data are not needed on the habitual or long-run average 

intake of the nutrient. Instead, acute exposure estimates are based on the amounts of the nutrient 

consumed over one day or perhaps over an even shorter period such as one meal.  The challenge 

then is to establish which days or periods of an individual’s intake are most relevant for 

assessment. 

 

3.4  Databases for estimating nutrient intakes 

Various types of intake information may be available.  For exposure assessment, it is important 

to analyze the data that best capture individual-level intakes.   

 

In some countries, data on the daily intakes of individuals are collected routinely in nationwide 

food consumption surveys that provide reasonably precise, up-to-date nutrient exposure 

information in a large sample.  In some other countries, national food consumption surveys have 

been conducted periodically. Although other sources of intake information such as household or 

national food disappearance data also are typically available, the resulting exposure estimates are 

less valid than those based on individual-level data. 

 

In many parts of the world, individual-level food consumption data may not be available. 

However, aggregated data such as national food disappearance data, household purchasing 

surveys or food inventories, or marketing data may be available.  These data sources reflect food 

availability rather than food consumption, and they typically omit water consumption (WHO 

1997).  Clearly, exposure estimates based on such data are less precise than those based on 

individual consumption data from well-designed and well-conducted surveys.  Using aggregate 

data to estimate exposure requires making assumptions that may not always be testable. We 

make recommendations on estimating exposure under different scenarios in Section ___. 

 

When more than one database is available, the criteria for choosing one database over another in 

a particular nutrient exposure assessment include the following: 

• Degree to which the information captures individual-level consumption 
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• Appropriateness of the database for the subgroups for which exposure is to be assessed.   

• Comprehensiveness of the intake assessment (i.e. capturing food, supplement and water 

consumption). 

• Generalizability of the sample to the larger population (a function of the sample size and 

sampling design).   

• Timeliness of the data:  data obtained years ago may not reflect today’s eating habits, food 

fortification practices, or supplement use patterns. 

 

3.5 Uncertainties associated with nutrient intake estimates 

Most nutrients are present in a wide variety of foods; thus assessing exposure to any one nutrient 

typically will require information on total dietary intake or at least on total intake of the relevant 

form. This is in contrast to determining exposure to food contaminants such as pesticides, which 

ordinarily are used on a limited number of commodities. In these cases, it often suffices to gather 

information on the intake of a relatively small number of foods and beverages. 

 

Reliably estimating usual nutrient intake distributions is challenging. Uncertainties and biases 

arise from many sources, including the methods used to collect dietary intake information, the 

type of dietary information that is collected, the food composition databases, and the statistical 

methods used to analyze the data. Some biases can be reduced or eliminated and some 

uncertainties can be quantified.  Others are impossible to determine, and the risk assessor must 

make assumptions that are largely un-testable. Clear documentation of these assumptions is 

advisable.  In the best of cases, individual-level information on food, supplement, and water  

intake is available on a representative sample of individuals over the appropriate period.  Food 

intake data would then be translated into nutrient intake data using food composition databases 

that disaggregate recipes and foods into nutrient content.  

 

Difficulties in the estimation of total nutrient intake of an individual or of a group arise because 

of: 

• Heterogeneity in food consumption across subgroups:  Food intake varies by age group and 

sex.  Nutrient intakes can also vary across regions or cultural groups because of differences 

in food availability, food selection, or customary food preparation practices (e.g. the use of 
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iron pots increases the iron content of foods).  In order to capture exposure at the national or 

regional levels, this heterogeneity must be taken into account.  

• Day-to-day variability in intakes for a given individual: Persons typically vary the amounts 

and types of food they eat from day to day and from season to season.  Nutrient consumption 

over a day or even over a single meal is important for assessing acute exposure. Yet 

assessing usual exposure requires that we estimate the usual or long-term nutrient intake—a 

quantity that we typically cannot observe directly.   

• Systematic errors in measurements of food intake that rely on self-reporting: When dietary 

intake assessments of adults have been compared to intake measured using biomarkers of 

energy and nutrient, there is strong evidence of underreporting, particularly for energy 

intakes.  While the magnitude and structure of the error differs depending on the assessment 

method (Kipnis et al, 2003), no method of assessment that relies on self-reporting appears 

immune from this problem.  Systematic over-reporting of intakes may occur among some 

individuals as well, but errors of this type appear to be less common (Black and Cole, 2001) 

and have been the focus of much less study to date.   

• Changes in the nutrient content of foods: Increasingly in many nations, voluntary 

fortification of a wide array of foods creates an almost insurmountable challenge to managers 

of food composition databases. To portray the nutrient content in foods accurately, 

composition databases should be updated frequently and be specific enough to accommodate 

many different formulations of the same foods.  Food intake assessments should include the 

collection of brand names for processed foods to ensure that food composition data matches 

the foods consumed. 

• Changes in supplement formulations:  Some reformulated products will be sold under 

previously used brand names.  Other products will be introduced and pulled from the market 

within a relatively short period. 

 

Ideally, the collection of individual-level data on total nutrient intake coupled with the 

application of appropriate statistical methods will result in a reliable estimate of the usual total 

intake distribution or usual exposure distribution in the subgroup of interest.  If the distribution 

of exposures in the subgroup is available, then it is possible to carry out ‘what-if?’ types of 

analyses to evaluate changes in exposure assessments that might result from specified policy 
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actions.  Such analyses are not possible when only a summary of the exposure distribution, such 

as a median or a percentile, is available.   

 

Even in an ideal scenario, the estimated exposure distribution is exactly that: an estimate.  

Assuming that no biases are introduced by the statistical methods used to obtain the estimate, 

other biases may have been introduced if intake data do not capture individual intakes accurately.  

The sample size used to obtain the estimate determines the size of the sampling variance 

associated with distribution summaries such as percentiles or mean.  In the specific case of usual 

intake distributions, the precision of the estimate increases not only with the number of 

individuals in the sample, but also with the number of replicate observations obtained for each 

individual in the sample. Moreover, risk assessment typically involves upper-tail quantiles of the 

usual intake distribution.  It is well documented that estimates on the tails of distributions are less 

accurate than those in the center of the distribution. 

 

4  Assessing exposure under (almost) ideal circumstances 
4.1  Estimating the distribution of usual nutrient intake 

Consider the problem of estimating the distribution of usual total nutrient intake at the national 

level.  Ideally, total daily intake (food, supplements, and perhaps water) of a large sample of 

individuals representative of the age, sex, and life-stage groups in the population is observed 

over many days during the time period of interest.  This permits direct estimation of usual 

nutrient intake for each individual in the sample.  The distribution of usual intakes could then be 

used to estimate, for example, the proportion of individuals in the population with usual intakes 

above or below a given threshold, such as a UL. 

 

For reasons of cost and respondent burden, observing daily intake for a large enough number of 

days to permit direct calculation of usual intakes is not practical.  Even for macronutrients with 

relatively low day-to-day variance in consumption, even seven days of intake data are not 

enough to assess usual intake accurately at the individual level (Basiotis et al, 1987).  With the 

appropriate statistical methods, however, it is possible to accurately estimate the distribution of 

usual intakes in a population or subgroup given a smaller amount of information:  that is, the 
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total nutrient intake for a 24-hour period for each person in the sample and, for a subsample, the 

same information obtained on a nonconsecutive day. 

 

A 24-hour recall, weighed food record, or diet history can be used to capture the total daily 

intake of an individual (van Stavern and Ocke, 2004).  However, if the purpose of the dietary 

assessment is to estimate the distribution of usual nutrient intakes in a (sub) population, the 24-

hour recall is generally considered to be the most suitable instrument, in part because of its low 

respondent burden and cost-effectiveness (Biro et al, 2003).  The 24-hour recall also has the 

advantage of being easily re-administered to individuals, facilitating the collection of data on 

individuals’ intakes across non-consecutive days, different days of the week, and different 

seasons.  Such temporal spread in dietary data collection is important in accounting for major 

sources of variation in individuals’ nutrient intakes over time.   

 

The statistical methods for estimating usual nutrient intake distributions are described elsewhere 

(NRC, 1986; Nusser et al., 1996; Carriquiry, 2003). In a recent publication, Hoffman et al. 

(2002) compared the performance of several methods for estimating usual nutrient intake 

distributions. In a nutshell, the statistical approach for estimating a usual nutrient intake 

distribution for a (sub) population includes adjusting daily nutrient intake to remove the day-to-

day variability in individual intakes. After adjustment, the estimated usual nutrient intake 

distribution has a variance that has removed the effect of day-to-day variability within 

individuals and, therefore, reflects only the variability in intakes among the individuals in the 

group. The methods require 1) at least two independent observations on total nutrient intake for 

at least a sub-sample of individuals in each age, sex, and life-stage group and 2) food 

composition databases and supplement product information that accurately reflect the nutrient 

content of the foods and supplements consumed. The major assumption behind the methods is 

that daily nutrient intake as captured by 24-hour recalls is an unbiased estimate of usual nutrient 

intake. Implicitly, that assumes that a simple measurement error model holds, namely: 

Daily intake = usual intake + measurement error. 

Here, daily nutrient intake is computed from all sources, including supplements and water, if 

applicable. Perhaps after a suitable statistical transformation, it is assumed that daily intakes, 

usual intakes, and measurement error are normally-distributed random variables; and then 
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estimates are obtained using standard statistical procedures.  The transformation step at the end 

of the adjustment, which maps intakes back from the normal scale into the original scale, is an 

important component of the approaches for estimating usual nutrient intake distributions. If this 

transformation is not carried out well, a potentially serious bias in the estimate of the distribution 

can be introduced. 

 

The tails of the estimated usual nutrient intake distribution depend critically on the relative size 

of the within-individual variance (that is, the individual day-to-day variance) and the between-

individual (individual-to-individual) variances of intake.  Only by obtaining replicate 

observations on at least some individuals in the sample can we obtain information about the 

within-individual variance of intake. Thus, in the typical survey in which no more than two daily 

observations are collected for each individual, the variance ratio will not be precisely estimated.  

The precision of the estimate is higher when the nutrient is consumed almost daily and in 

approximately constant amounts by most individuals in the sample. Consequently, the standard 

errors of tail exposure probabilities would be smaller.  For nutrients that are consumed 

occasionally in bolus amounts (e.g. through the sporadic consumption of highly fortified foods or 

supplements), the variability of the within-individual variance in intake across persons in the 

sample results in a less precise estimate of the variance ratio that is used to adjust the intake 

distribution. 

 

If daily intakes are assumed to be unbiased measurements of usual intakes, why not estimate the 

distribution of usual intakes simply as the distribution of individual mean intakes from multiple 

24-hour recalls or food records or even as the distribution of one-day intakes? Under the model 

above, the variance of the individual mean intakes is given by 

  Variance of individual mean intakes = 

variance of usual intake + measurement error variance / number of days, 

where the term ‘number of days’ refers to the number of daily intake observations available for 

each individual in the sample.  

 

It is well documented that the day-to-day variance (or measurement error variance) for 

micronutrients within individuals is at least as large as the individual-to-individual variance (or 
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usual intake variance) (e.g. Sempos et al., 1985). Thus, unless the number of daily observations 

on each individual in the sample is very large, the distribution of observed individual means has 

a variance that significantly exceeds the usual intake variance (Hoffman et al, 2002). This excess 

variance has the potential to increase the length of the tails of the estimated intake distribution 

enormously and, consequently, to overstate the proportion of individuals with usual intakes 

above a certain threshold.  Although estimates of central attributes of the exposure distribution 

such as means and medians are not greatly affected by the size of the variance of the intake 

distribution, estimates at the tails, such as 90th or 99th percentiles, are very sensitive to incorrectly 

estimated variances. If the recommended level of intake and the UL for a nutrient are close to 

each other, it is particularly important to accurately estimate the shape of the exposure 

distribution. 

 

In a number of countries, daily intakes are collected in complex nationwide food consumption 

surveys that account for age, sex, life-stage, and ethnic and seasonal variability in food 

consumption.  It is generally accepted that these surveys result in information that is accurate 

enough to estimate exposure to nutrients from food sources, assuming that the food composition 

databases used are up to date and sufficiently detailed to include the many versions of foods 

available to consumers.  However, food consumption surveys often do not collect daily 

supplement intake information.  We discuss possible approaches for combining supplement and 

food intake data when data are collected using different methods in Section 6. 

 

Given an estimate of the exposure distribution and a threshold such as a UL, it is possible to 

determine the proportion of individuals in an age and sex group whose intakes of the nutrient are 

above or below the UL.  It is important to note, however, that as long as the dose-response curve 

for nutrient intakes above the UL is unknown, we cannot infer that any intake above the UL puts 

the individual at risk.   
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4.2  The importance of adjusting daily intake data for within-individual variance 

The adjustment of daily intakes for within-individual variance in intakes is a very important 

feature of the methods proposed by the NRC (1986) and by Nusser et al. (1996) for estimating 

usual exposure distributions.  The effect of the statistical adjustment is not important in the 

center of the distribution, but the adjustment has a major impact on the estimates of the tails of 

the usual intake distributions. 

 

We prepared Table 1 to illustrate the importance of removing the day-to-day variance in daily 

intakes within individuals when estimating exposure distributions.  The table allows comparison 

of different approaches for obtaining estimates of a set of percentiles in the upper half of the 

exposure distributions of vitamin C and zinc for men and women aged 19 to 30 years and for 

children aged 4 to 8 years.   

The intake data used in the example were from 24-hour recalls collected in the third National 

Health and Nutrition Examination Survey. Approximately five percent of sampled individuals 

provided a second independent daily intake observation.  The exposure estimates presented in 

Table 1 were computed using four approaches: 

 

1. Using only the first 24-hour recall and not adjusting daily intakes for day-to-day variance 

(one-day estimates, diet only). 

2. Using both 24-hour recalls where available and adjusting the daily intakes using the ISU 

method (Nusser et al., 1996) (adjusted estimates, diet only). 

3. Using only the first 24-hour recall and adding to that an estimate of daily supplement 

intake obtained from the information collected from respondents about their usual 

supplement consumption (one-day estimates, diet plus supplements). 

4. Using both 24-hour recalls where available and adding to the adjusted individual usual 

nutrient intake from food sources the self-reported usual nutrient consumption from 

supplements (adjusted estimates, diet plus supplements). 
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Table 1.  Mean and selected percentiles of estimated exposure distributions for vitamin C and 
zinc computed using four approaches for three sex and age groups. 
 

 One-day estimates, by percentile  Adjusted estimates, by percentile Nutrient and 

subgroup Mean 50 75 90 95 97.5 99 Mean 50 75 90 95 97.5 99 

Vitamin C               

Males 19–30 y                 

 Diet only 124 82 167 266 368 475 613 122 115 149 186 212 237 269 

 Diet + supplements 156 94 192 334 475 617 1191 151 120 158 211 274 459 1140 

Females 19–30 y               

 Diet only 93 63 128 208 274 363 482 93 87 115 146 167 187 213 

 Diet + supplements 132 81 165 267 431 555 786 128 92 131 199 260 541 693 

Children 4–8 y               

 Diet only 102 82 136 208 248 300 365 102 98 122 148 165 182 202 

 Diet + supplements 126 101 162 246 301 370 456 122 108 143 179 218 313 385 

                  

Zinc                 

Males 19–30 y                 

 Diet only 15.5 13.4 18.6 26.3 33.2 38.8 46 15.4 15.2 17.2 19.2 20.6 21.8 23.3 

 Diet + supplements 17 14.5 21.5 29.6 37 44 56 17.1 15.7 18.1 22.2 29.1 33.7 39.4 

Females 19–30 y               

 Diet only 9.8 8.6 12.2 16.5 21.4 26.7 31.6 9.9 9.6 11.3 13.1 14.4 15.5 17.1 

 Diet + supplements 12.3 9.4 14.7 25.2 31.6 38.7 45 12.3 10.1 12.5 23.2 28.9 36.2 38.8 

Children 4–8 y               

 Diet only 9 8 11 14.6 16.9 19.1 24.4 8.9 8.7 10.2 11.7 12.8 13.9 15.2 

 Diet + supplements 9.5 8.3 11.9 15.7 19.7 23.5 28.7 9.5 8.8 10.5 12.4 14.6 21.3 24.6 

 
 
From the table, it is clear that adjusting daily intake data for within person variability has a large 

impact on the estimated upper percentiles of the exposure distribution.  Consider, for example, 

vitamin C in children aged 4 to 8 years.  When only one day of daily intake information is used 

to estimate the 99th percentile of intake, the resulting value is 365 mg/day.  When two 

independent 24-hour recalls and the appropriate statistical methods are used for calculations, the 

estimate is 202 mg/day.  The mean of the exposure distribution and central percentiles such as 

the median, however, are not noticeably different across unadjusted and adjusted distribution 

estimates.  

 

Removing day-to-day variance in intake from daily intake data is particularly important when 

assessing exposure to nutrients or other food components that are consumed in very different 

amounts from day to day. It has been shown (e.g. Beaton et al., 1979; Gibson et al., 1990; 
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Sempos et al., 1985; Tarasuk and Beaton, 1991a, 1991b) that the day-to-day variance in intakes 

varies greatly across nutrients and is larger for nutrients that are not widely distributed in the 

food supply.  As an example, the ratio of the within- and the between-individual variances for 

energy (1.69) is much lower than for vitamin A (6.09).  

 

From a statistical point of view, the variance adjustment in the NRC and the ISU methods results 

in exposure estimates that are similar to estimates that might be obtained if the daily intake of 

sampled individuals could be observed over a very large number of days.  If a large number of 

daily intake observations were available for each sample person, then estimating the exposure 

distribution as the mean of those daily intakes would result in a similar distribution estimate.  

The number of days needed to obtain a mean nutrient intake with a variance approximately equal 

to the between-individual variance ranges from about 3 to 40 days, depending on the nutrient 

(Basiotis et al., 1987). Thus, the mean intake collected via food records or diaries over a single 

week typically will not result in a precise estimate of the upper percentiles of the exposure 

distribution for the nutrient.   

 

5  Sources of uncertainties 
We first focus on the problem of assessing exposure to nutrients in the food supply and later 

discuss the more difficult problem of assessing total intake.  

 

5.1  Available food intake data  

Collecting individual-level daily food intake data in nationwide food consumption surveys is 

expensive.  Few countries conduct such extensive surveys on a regular basis.  In addition to 

collecting food intake data, countries need to maintain extensive food composition databases 

tailored to the local foods and perhaps even to the local food handling practices that are likely to 

affect the nutrient content of foods. 

 

5.1.1 Individual-level intake data 

In general terms, individual-level food intake data result in more precise exposure distribution 

estimates than do household-level data.  Food intake at the individual level can be collected with 

24-hour recalls, multiple day food records or diaries that record weights or measures, and various 
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kinds of food frequency questionnaires. Household-level data, in turn, provide more information 

about exposure than do regional or national-level data. 

 

5.1.1.1  24-hour recalls 

For the purposes of assessing exposure to nutrients, having a trained interviewer obtain multiple 

24-hour recalls captures daily food consumption most accurately.  During an in-person interview 

with the aid of food models and memory cues, respondents are likely to remember the foods and 

beverages consumed during the previous day and the amounts consumed.    Interviews carried 

out by phone sometimes result in under-estimation of the amounts of food consumed, but studies 

suggest that it may be possible to make statistical adjustments to the data collected by phone to 

represent intake more accurately.  Underreporting is a widely documented source of error in 24-

hour recalls, but there is some evidence to suggest that the extent of this problem may differ 

across cultures (Harrison et al, 2000).  In the United States and Europe, biomarker validation 

studies have shown that intake data collected via 24-hour recalls tend to under-estimate the 

actual total amount of energy and protein consumed. The magnitude of the under-estimates 

differs, however, suggesting that foods are differentially misreported (Kroke et al, 1999; Subar et 

al, 2003). One study that also considered potassium found little evidence of underreporting for 

this nutrient (Freedman et al., 2004).  Thus it is unclear to what extent the systematic 

underreporting of energy affects the estimated distribution of nutrient intakes in a (sub) 

population.    

 

As discussed earlier, the estimation of usual exposure distributions requires that at least one 

replicate 24-hour recall be obtained on at least a sub-sample of persons in each age, sex, and life-

stage group.  The replicate observations permit estimating the relative sizes of the day-to-day and 

individual-to-individual variances in intakes.  In turn, this allows the statistical adjustment of the 

distribution to obtain more precise estimates of the tails.  Obtaining recalls for only one day can 

result in exposure distributions that over-estimate the proportion of intakes at the tails, as shown 

in Table 1.  Recently, it has been suggested that when only one diet recall is available, it might 

be appropriate to ‘borrow’ information on day-to-day variability in nutrient intake from a 

different sample in order to adjust the daily intake (Jahns et al, 2005). This may be a reasonable 

approach if it is possible to assume that food intake patterns, which determine day-to-day 
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variability in intakes, are comparable across the two samples. From a statistical point of view, 

this approach amounts to combining in-sample and out-of-sample information into a single 

estimate.  Depending on the specific problem, the properties of the resulting exposure estimate 

can be inferred, at least approximately.  

 

5.1.1.2  Multiple-day food intake records 

Multiple-day food records or diaries also capture daily food intake at the individual level, and 

they can be designed to capture supplement and medication intakes too.  If self-administered, 

recorded food intakes may not accurately reflect food consumed, despite intensive training of 

respondents and follow-up by the interviewer (e.g. visits to commercial outlets to obtain detailed 

information on foods consumed away from home) can improve the completeness of the intake 

data (e.g. Henderson et al, 2003). In addition, some have argued that that the act of recording 

food intake may alter the eating pattern of the individual during the recording period.  When 

intake estimates from multiple-day food records have been compared to biomarkers, both under-

reporting and over-reporting have been documented (Black and Cole, 2001; Goris et al, 2000; 

Goris and Westerterp, 1999; Henderson et al, 2003).  Further, the high respondent burden 

associated with record-keeping can bias response toward more educated, motivated subgroups of 

the population (van Stavern and Ocke, 2004).   

 

Distributions of usual nutrient intake can be estimated using data from food records. As 

discussed in Hoffman et al. (2002), usual intake distributions often are estimated as the 

distribution of seven-day intake means.  Intake data from multiple-day food records also can be 

used to estimate usual nutrient intake distributions by following the methods described above 

using 24-hour recalls (Hoffman et al, 2002). However, because food records are typically 

collected over consecutive days, adjustment for the correlation among daily intakes needs to be 

incorporated into the methods for estimating exposure distributions (Carriquiry et al., 1995). 

Because seven days are not enough to accurately capture an individual’s usual nutrient intake, 

the estimated usual intake distributions tend to have a variance that exceeds the between-

individual variance.  Hoffman et al. (2002) estimated usual nutrient intake distributions using 

seven-day food records collected in a French and in a Belgian survey and found that the upper 

percentiles of the estimated usual nutrient intake distributions obtained from seven-day means 
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tended to exceed those that were obtained applying variance-adjustment methods such as the ISU 

method (Nusser et al., 1996).   

 

5.1.1.3  Food frequency questionnaires 

The use of food frequency questionnaires is the least costly means of collecting and analyzing 

individual-level intake data.  In contrast to 24-hour recalls or food records, frequency 

questionnaires attempt to capture usual rather than daily food intake.  Typically, only one 

questionnaire is administered to each person in the sample.  Except in validation studies, no 

attempt is made to calibrate the responses using multiple questionnaires or other information.  

Food frequency questionnaires can be quantitative or qualitative.  For both types of 

questionnaire, the period for which frequency of consumption is reported is specified, but it may 

vary from survey to survey. In a quantitative questionnaire, individuals are asked to record not 

only frequency of consumption of the listed foods and beverages but also usual portion sizes.  In 

a qualitative questionnaire, only the frequency of consumption of the listed foods is recorded.  In 

terms of nutrient exposure assessment, the usefulness of qualitative questionnaires is limited 

because it is necessary to make sweeping assumptions about average portion sizes for each age, 

sex, and life-stage group.  In addition, both quantitative and qualitative questionnaires must, by 

construction, include a limited list of foods and beverages. In general, having a limited list also 

limits the usefulness of the intake information collected.  On the other hand, if it is known that 

excessive exposure to a nutrient in a region is due to the consumption of a small number of foods 

and beverages, a carefully designed quantitative food frequency questionnaire can provide very 

valuable information for exposure assessment at a low cost. In principle, an estimate of the usual 

exposure distribution can be obtained directly from the intake data collected via the 

questionnaires. Studies have shown, however, that food frequency questionnaires tend to do a 

poor job of capturing true usual nutrient intake (Kipnis et al., 2003).  Some evidence suggests 

that underreporting is an even greater problem with food frequency questionnaires than with 24-

hour recalls or food records (Kroke et al, 1999; Subar et al, 2003 ).  Some overreporting of 

intakes has also been documented, although there has been considerably less examination of this 

source of error (Johansson et al, 1998). 
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Figure 1: (from Freedman et al., 2004) Estimated usual energy intake distributions obtained 
using a food frequency questionnaire (FFQ), a single 24-hour recall, multiple 24-hour recalls, 
protein-adjusted multiple 24-hour recalls, and doubly-labeled water information.  Copyright 
permission being sought. 
 

 
Figure 1 was presented by Freedman et al. (2004) and serves to illustrate the differences in 

estimated exposure distributions that may result from various methods of collecting and 

analyzing dietary intake data.  In the figure, usual energy intake distributions for adult women 

were estimated using a food frequency questionnaire, a single 24-hour recall, multiple 24-hour 

recalls, and an estimate of nutrient intake obtained from a biomarker.  In addition, the 24-hour 

recalls were analyzed using a modified version of the method proposed by the NRC (1986) that 

was described in an IOM report (2003), the ISU method (Nusser et al., 1996) and the NRC 

method using protein-adjusted energy intakes to adjust for day-to-day variability in intakes. The 

differences are striking, especially when contrasting the exposure distribution estimates that are 

based on a food frequency questionnaire and on a single 24-hour recall.  It is clear from Figure 1 

that the estimated 95th percentile (or any other percentile) of energy consumption differs very 

significantly when estimates from the single food frequency questionnaire or 24-hour recall are 

compared with the other estimates. The figure also illustrates the impact of different adjustments 
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for day-to-day variation on the estimate of the upper tail of the distribution.  Although this 

example is for energy, not a nutrient, the results underscore the need to understand biases in the 

methods of intake assessment and analysis when interpreting exposure estimates. 

 

5.1.2  Aggregate data on food consumption 

When individual-level food intake data are not available, sometimes household-level data are 

available.  At the household level, food intake often is estimated indirectly from information on 

food purchases, and sometimes the data are corrected for spoilage and waste or changes in food 

inventories within the household.  Per capita estimates of nutrient exposure can be then derived.  

Alternatively, if household composition is known, household-level data can be disaggregated 

into individual-level data by making assumptions about the consumption levels of children and 

adults, based, for example, on age- and sex-specific reference values for body weight and height 

and estimates of energy requirements for maintaining weight.  Although this approach might 

approximate individual-level consumption of macronutrients, there is little evidence that it is 

useful for estimating individual consumption of micronutrients—especially considering that food 

choices may vary considerably across household members. Household-level data are not well 

suited for estimating usual exposure distributions but may provide useful information for 

determining potential sources of excessive nutrient exposure in small geographic areas or in 

different socio-demographic groups.  

 
National or regional level food-use data such as food balance sheets, regional diets, and sales of 

products such as fortified foods or supplements provide very limited information for quantitative 

exposure estimation (WHO 1997).  Typically, these country-level data are limited to point 

summaries (such as median, means, or perhaps percentiles) of food intake distributions.   

Because the summaries are based on measures of the available food supply rather than actual 

consumption patterns, they provide only crude estimates of exposure, typically on a per capita 

scale.  Probabilistic approaches can be applied to estimate distributions of nutrient exposure 

among individuals by making gross assumptions about consumption patterns and average body 

weight of children and adults (WHO 1997).  Without data on the food consumption patterns of 

individuals within a population, however, it is not possible to estimate nutrient exposure levels 

among vulnerable subgroups or subgroups having high levels of consumption of the nutrient. 
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5.2  Limited information on intakes from fortified foods and supplements 

For most nutrients, the consumption of supplements and/or fortified foods—rather than the 

consumption of conventional foods—may be the reason for reaching the threshold beyond which 

consumption may pose a risk.  Unusually high content of the nutrient of interest in the drinking 

water may be another important contributor to high intake. 

 

In spite of the increasing impact of fortified foods and supplements to the nutrient intakes of 

individuals all over the world (e.g. Arab et al., 2002; Henderson et al, 2003), few countries have 

reliable intake data on these products.  Ideally, data on daily consumption of nutrients from 

highly fortified foods and supplements would be collected via 24-hour recalls and food 

composition databases would accurately reflect the nutrient content of those products.  The 

consumption would then be added to the daily nutrient consumption from other sources to obtain 

a total daily nutrient intake that could be statistically adjusted for estimating usual exposure 

distributions. With only two days of daily information on each individual in the sample, it would 

not be possible to capture usual fortified food and supplement intake from the occasional 

consumer (e.g. the person who has a cold and takes mega-doses of vitamin C for a few days).  

Some characteristics of supplements make data collection less challenging for supplement intake 

than for conventional food intake. For example, portion size is easier to determine because 

individuals typically take a pill or 5 cc or some other well-defined dose.  Assuming that brand or 

label information is accurate and available and that all pertinent information has  been recorded, 

determining the amount of the nutrient consumed from these types of products by an individual 

on a given day is easier than determining the amount of the same nutrient consumed from 

conventional food sources. 

 

A significant concern in the assessment of nutrient exposure from fortified foods and 

supplements has to do with the information provided by manufacturers on the product label.  

Different countries regulate label information differently.  Do nutrient contents listed on the label 

represent the average amount of the nutrient, and, if so, is it the average over units and shelf-life?  

Alternatively, do the listed contents represent a minimum?  In the latter case, a potentially 
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significant overage can be expected. In order to interpret intake from fortified foods and 

supplements correctly, it is important to understand how the label values are derived. 

 

Sometimes no information is available on supplement intakes by individuals. In such cases, how 

can total usual intake distributions be estimated?  Several alternative approaches could be used; 

but, at best, these approaches produce only rough estimates of the total exposure distribution or 

of the exposure distribution for nutrients consumed from supplements.  One method combines 

information on intake (from food) and maximal offering (from supplements).  The U.K. Expert 

Committee on Vitamins and Minerals (2003), for example, derived an estimate of the upper tail 

of the distribution of total exposure by adding two quantities:  the 97.5th percentile of nutrient 

intake from food sources and the maximal daily intake of the nutrient that would be available 

from supplements.  The latter was obtained by choosing the product with the highest dose of the 

nutrient among both single and multiple nutrient supplements on the market. For most nutrients 

and most age and sex groups, the estimate thus obtained is likely to over-estimate the true 97.5th 

percentile of the total exposure distribution by a substantial amount.  

 

A second method would produce a less biased estimate.  This method considers the array of 

doses of the nutrient among the most consumed products and then determines an average daily 

dose per person using sales data.  A third method is a ‘worst case scenario’ estimate.  It 

corresponds to the case in which every person in the sample consumes the average dose.  A more 

realistic estimate could be obtained by making an informed guess about the proportion of persons 

that tend to consume supplements, by age and sex group and life-stage group. This information 

then could be combined with nutrient dosage information from product labels to obtain an 

approximate estimate of an individual’s daily nutrient intake from supplement sources.  
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5.3  Food composition information  

When individual-level dietary intake data are available for assessment, the major source of bias 

and uncertainty in exposure estimates may well be the food composition databases.  Food 

composition databases are used to map foods and beverages into nutrient content.  We present 

sources of uncertainty in food composition estimates below. 

 

5.3.1  Nature of the composition data 

Food composition databases are constructed primarily by chemically analyzing foods to 

determine nutrient content, calculating nutrient content based on composition information for 

ingredients used in mixed dishes, inputing values based on information on similar products, and 

relying on label information.  Each approach introduces uncertainties. 

 

The number of samples analyzed is directly proportional to the accuracy of the estimated average 

(across units) nutrient content of the food.  Since analytical methods appropriate for determining 

the contents of the many nutrients in the food are expensive and time-consuming, usually 

relatively few samples of the food are analyzed.  Then the average nutrient content (over the 

samples) is reported in the database.  A specific food, however can have widely varying nutrient 

content depending on factors such as the region where the food was grown, the season when the 

food was consumed, or the length of cooking time.  For its nutrient database, the U.S. 

Department of Agriculture divides foods into groups depending on the proportion of calories that 

they contribute in the diet. For those foods considered to be ‘staples,’ they analyse a reasonably 

large number of samples obtained from different areas of the country and from different types of 

vendors to determine average (across units of the food) nutrient content.  Since they analyse only 

a few samples of less frequently consumed foods, the estimated average nutrient content of such 

foods is less accurate. 

 

Some databases use food label information or nutrient composition values provided by 

manufacturers or the food service industry to represent the nutrient content of selected foods.  

For fortified foods, the degree of correspondence between the labeled value and the actual value 

may vary depending on the degree to which the fortificant can be distributed evenly within a 

batch and from batch to batch, the country in which the product is packaged, the length and 
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conditions of storage of the product, and the nutrient involved.  Food manufacturers must meet 

food labeling requirements, but different countries take different approaches to the regulation of 

labeling the nutrient content of fortified products.  In the United States, for example, 

manufacturers are expected to list the low end of the distribution of nutrient content in the 

product. Therefore, any randomly-chosen fortified product (e.g. a box of cereal) likely will 

contain a substantially higher nutrient content than the one listed on the label (Rader et al, 2000).  

In the United Kingdom, on the other hand, manufacturers list the expected (or average) content 

of the nutrient in the product. In anticipation of the decay of some nutrients over time, 

manufacturers may add overages—amounts that exceed the labeled amount—of those nutrients 

to fortified food products.  Thus, the content of some nutrients in such products depends partly 

on the date of consumption relative to the date of manufacture. 

 

5.3.2  Number of recipes included in the database 

Commonly-consumed mixed dishes can be prepared using very different recipes and thus may 

have very different nutrient contents.  Even the most complete food composition database will 

not include an exhaustive list of recipes for foods with multiple ingredients. The food 

composition database might include two or three variations on a recipe but cannot possibly 

include all versions of the dishes.  Very detailed ingredient information for mixed dishes can be 

obtained during the course of a 24-hour dietary recall interview, but the resource implications of 

this additional data collection often mean it is not done,  

 

5.3.3  Food fortification 

In countries where food fortification is voluntary (i.e. manufacturers are permitted but not 

required to add specific nutrients to foods), new versions of the same food with different nutrient 

content may be introduced into the market almost daily. Thus food composition databases can 

easily become out of date.  Changes in fortification policies within countries (e.g. the mandatory 

fortification of flour with folic acid) also necessitate changes to the food composition database.  

The effect of changes in fortification practices on the distribution of usual intakes in a population 

can be modeled with existing food consumption data simply by updating the nutrient 

concentrations of selected foods in the database (e.g. IOM 2003; Lewis et al, 1999). If a more (or 

less) bioavailable form of the nutrient were used to fortify ingredients from which food products 
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are made, the food composition data base may need to track those ingredients meticulously to be 

able to report the content of the forms of the nutrient that are of interest.  (Examples of 

ingredients that may contain added nutrients include flour, rice, salt, and milk.)  

The validity of modeling done using such a method hinges on the assumption that food selection 

patterns do not change with changes in food fortification.  

 

5.3.4  Sharing food composition from one country to another 

In many developing countries, food composition databases are not available or are incomplete.  

In principle, it might seem reasonable to share food composition data or databases among 

nations.  Problems arise, however, if fortification policies differ or if data on commonly-

consumed local foods are not available. Different growing conditions (such as soil and weather 

characteristics) may introduce variability in the nutrient content of a food (e.g. potatoes grown in 

the state of Idaho in the United States have higher selenium concentrations than those grown 

elsewhere).  In developing nations, many local fruits, vegetables, and animals are staples in the 

diet and provide a large portion of the calories and nutrients consumed by the population.  The 

absence of accurate nutrient content data for the local food can seriously distort exposure 

estimates. 

 

6  Guidelines and recommendations for assessing total nutrient chronic 

exposure 
To assess total exposure to a nutrient, the goal is to estimate the distribution of individual usual 

exposures in the population or subgroup under study.  We discuss how to reach for that goal 

when of the available information differs in quality and quantity.  The information also is 

summarized in Table 2.
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Table 2.  Summary of qualities and approaches to different types of dietary intake data 

Food intake 
data 

Supplement 
Intake data 

Food composition 
data 
  

Suggested approach Reliability of Estimates 

Individual – 
multiple 24-h 
recalls 

Individual – 
multiple 24-h 
recalls 

Adequate • Compute total daily intake 
• Remove day-to-day variance  
• Obtain distribution of usual exposure 

• Most reliable 
• Biases may result from under-reporting 

and from overages in fortified foods and 
supplements 

Individual – 
multiple 24-h 
recalls 

Food frequency 
questionnaire 
(FFQ ) 

Adequate • Adjust individual usual intake from food to remove day-
to-day variance 

• Add self-reported supplement usual intake 
• Distribution of exposure is distribution of total adjusted 

intake. 

• Supplement FFQ may not reflect true usual 
intake. 

• Same causes of bias as above. 

Individual – 
single 24-r 
recall 

Individual – 
single 24-h 
recall 

Adequate • Add food and supplement intake 
• Borrow adjustment factor from comparable country. 

• Day-to-day intake pattern may not be the 
same. 

• Biases as above. 
Individual – 
FFQ 

Individual - FFQ Adequate (for foods in 
FFQ) 

• Assume that self-reported intake is “usual” intake. 
• Add supplement and food usual intake. 
• Exposure distribution is distribution of self-reported 

total intake 

• Low correlation between FFQ report and 
actual intake. 

• Biased downwards if FFQ does not include 
all foods with high nutrient content. 

Household – 
disappearance 
data 

Household – 
purchasing data 

Adequate • Adjust household disappearance data for spoilage and 
waste. 

• Disaggregate household level data using info on 
household composition, relative energy requirements. 

• Use supplement information to allocate intake to 
household members. 

• Compute an approximate total daily intake per 
individual 

• Actual food and supplement intake may 
not correspond to needs by body weight 
and sex. 

• Biases at individual level may depend on 
socio-economic status of household. 

Household – 
disappearance 
data 

None Adequate • Disaggregate food intake data as above. 
• Infer a per capita supplement consumption from sales 

and label information 
• Compute an approximate total daily intake per 

individual. 

• If intake from supplement is main 
determinant of upper tail of intake 
distribution, serious biases may occur due 
to lack of individual consumption data. 

• Other biases as above may occur. 
National – 
mean  
consumption of 
staples per 
capita  

None Composition of staple 
foods available 

• Estimate upper tail quantities such as 95th and 99th 
percentiles as the corresponding percentiles in other 
countries shifted by the difference between the two 
countries’ mean intakes. 

• Inaccuracies and biases as above. 
• In addition, strong assumption about 

similar intake patterns in two countries. 
• Small difference may result in significant 

biases at the upper tail.  
National – food 
balance sheet 

None Composition of staple 
foods available 

• Disaggregate national data into individual data using 
information on demographics and food requirements by 
age and sex. 

• Proceed as above. 

• Same as above. 
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Intake data collected using multiple diet recalls or food intake records, information on 

supplement intake. Assuming that the data are available for a representative sample of 

individuals, the exposure to nutrients in the food (distribution of intake) can be assessed as 

described in, for example, Dietary Reference Intakes:  Applications in Dietary Planning (IOM, 

2000).  The accuracy of the exposure estimate is increased if the within-individual variance in 

intake is removed from observed daily intakes by the appropriate statistical procedure (e.g. 

Nusser et al., 1996; IOM, 2000, Hoffman et al., 2003; Carriquiry and Camano-Garcia, 2005).  

(See the example in Table 1.)  To estimate nutrient intake from supplements, information is 

needed on brand, dose and frequency. Adding up each individual’s daily intake from food and 

from supplements provides a total daily nutrient intake.  The intakes then can be statistically 

adjusted to obtain a distribution of usual exposure.  If only exposure to nutrients consumed from 

supplements is sought, no statistical adjustment is needed, since respondents already report their 

usual or habitual intake. A statistical approach for adjusting a single 24-hour recall using an 

external estimate of the within-person and the between-person variances is discussed by Jahns et 

al. (2005). 

 

Food intake and supplement intake data collected using a food frequency questionnaire.  An 

estimate of exposure can be obtained simply by adding up the daily intake of the nutrient from 

food and supplement sources derived from the frequency responses.  Since excess nutrient 

consumption is most likely to arise as a consequence of the consumption of highly fortified foods 

and/or supplements rather than through the consumption of unfortified foods, approximately 

accurate exposure estimates may be obtainable using food frequency questionnaires.  In this 

case, one focuses assessment on the sources of the nutrient that determine intakes in the upper 

tail of the distribution. Studies have shown, however, that food intake reported via frequency 

questionnaires is not highly correlated to actual intake (e.g. Subar et al, 2003).  It is difficult to 

establish whether the proportion of individuals with intakes above a threshold such as a UL will 

be over-estimated or under-estimated when only frequency of consumption is available, since 

this will depend on whether the items included in the questionnaire are those that contribute most 

to the nutrient intake by the group under study.  If the nutrient for which an exposure estimate is 

sought is known to appear in a limited number of foods, then it would be possible to design a 
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food frequency questionnaire to capture the distribution of intake by the group of interest 

relatively accurately and inexpensively. 

 

Food intake data are available, but supplement intake information is not:  If it is known that an 

important proportion of nutrient intake in age and sex groups is likely to be derived from 

supplements but no supplement intake information is available, it will be important to obtain an 

estimate from other data sources. If data on household purchases of supplements are available, it 

is possible to estimate individual supplement consumption by considering household 

composition, type of supplement purchased, dose recommended by manufacturer, and other such 

factors. For example, if a specified brand of vitamins is purchased for a household with small 

children, one can assume that each child receives the recommended vitamin dose each day.  

Factors that are associated with supplement intake have been identified (REFS).  In the United 

States, for example, health-conscious individuals tend to consume more supplements.  As a 

result, persons who already consume adequate amounts of nutrients from fruits and vegetables 

tend to be the ones who also consume additional amounts of the nutrient from synthetic sources.  

Similar associations may have been observed in other regions and may help disaggregate 

household purchases or marketing data into individual consumption estimates.  

 

No food or supplement intake data for individuals:  In cases when intake data on individuals are 

not collected, household food disappearance data, national food balance sheets, and/or data on 

supplement sales may be available.  To estimate exposure in this case, risk assessors have 

various options.  When household-level data on food disappearance are available, it might be 

possible to estimate individual food consumption by first adjusting disappearance data for waste 

and spoilage and then using information on average household composition and the relative 

amount of food consumed by individuals in different age, sex, and life-stage groups.  This 

approach assumes that consumption by each household member is directly proportional to the 

amount required by each person. This assumption may not correspond to the actual eating 

patterns within the home.  Nutrient intake from supplements would then be added to the 

estimated nutrient consumption from food sources.   
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Only mean consumption per capita is available: Suppose that from national-level information it 

is known that the average consumption of a nutrient by school-aged children is M. When only an 

estimated mean consumption per capita is available, the challenge is to attempt to recreate the 

distribution of intakes in the group of interest.  A mean consumption does not provide enough 

information to assess risk; what is needed is an estimate of the upper tail of the consumption 

distribution. It might be possible to ‘borrow’ information from other countries to assess 

exposure.  Suppose that an exposure distribution has been estimated in another country using 

reliable information on nutrient intake from food sources, and that the mean exposure was 

estimated to be some value x.  By assuming that the shape of the distribution of exposure is 

similar in the two countries, it is possible to estimate the percentiles of the exposure distribution 

by shifting the  ‘borrowed’ exposure distribution by an amount equal to M-x. If data from more 

than one country or region can be used, the risk assessor would borrow information from the 

country that is most like the country of interest in terms of demographic, social and economic 

characteristics and in terms of the array of foods most consumed by the population.  It would not 

be reasonable to calibrate a mean consumption in Ecuador using exposure distributions estimated 

in the United States, for example, but it might make sense to use data collected in Colombia to 

do so. 

 

No intake data at any level are available. Presumably, exposure assessment in a country where 

no routine monitoring of food intake takes place is triggered by specific concerns about a 

nutrient or a small group of nutrients.  In this case, it is useful to try to determine the potential 

upper bound of consumption in the age, sex, and life-stage groups of interest, perhaps by taking 

the following steps: 

• Determine the concentration of the nutrient in the foods that provide the highest 

proportion of the nutrient consumption in the sex and age group of interest. 

• Assume potentially highest consumption amounts by individuals based on body weight, 

income, season of the year, and other factors that might affect consumption of the foods.  

• Add the maximum potential amount of the nutrient that might be consumed from 

supplement sources by considering product formulation, recommended dose, price, and 

availability. 
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• Estimate the proportion of individuals with potential consumption above a threshold such 

as a UL by counting the number of persons in an age and sex group with physical and 

socio-economic characteristics consistent with highest possible consumption of the 

nutrient. 

 

This approach is likely to result in over-estimation of the proportion of individuals with excess 

nutrient consumption, because at each step the risk assessor is considering the upper bound of 

consumption.  

 

Design of dietary intake surveys.  If dietary intake data are to be collected via a nationwide or 

perhaps only a region-wide food intake survey, it will be useful to consider the following 

desirable survey features: 

• The sample is representative of the population subgroups of interest. If over-sampling of 

one or more groups is desirable, then the appropriate individual weights should be 

constructed to allow for population-level inference. 

• Food intake data are obtained over a long enough period to permit capturing possible 

seasonal effects on food intake.  Similarly, food consumption collected during the seven 

days of the week permit capturing effects of weekdays and weekends on intake. 

• Multiple observations are obtained on at least a representative sub-sample of individuals 

on days separated enough in time to allow for the assumption of independence of 

observations within a person. If consecutive days of intake data are collected, then the 

auto-correlation of intake over consecutive days must be estimated and incorporated in 

the analysis. 

• For some nutrients, if the upper tail of the exposure distribution is driven by the nutrient 

content in some fortified foods or food aid packages, a reasonably accurate estimate of 

the proportion of individuals in the group with intakes exceeding the UL may be 

estimated at a reduced cost from information on intake of the fortified food or the foods 

in the aid package.  

• In the case of infrequently consumed items, supplementing the 24-hour recalls with a 

propensity questionnaire (Carriquiry, 2003; NCI, unpublished work) permits 
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distinguishing the never-consumers from respondents who sometimes consume the items 

but did not do so over the survey days.  

 

Reporting the results of an exposure assessment.  We have argued that in assessing the exposure 

to a nutrient (or in fact, to any toxicant or other substances) it is important to obtain a reliable 

estimate of the usual exposure distribution in each of the subgroups of interest.  In reporting the 

results of the exposure assessment, therefore, we recommend that as much information about the 

exposure distribution as possible be provided.  At a minimum, the exposure assessor should 

report the median and several upper percentiles of the estimated exposure distribution. Since 

exposure distributions typically are very skewed, reporting a mean and a standard deviation is 

not useful:  when distributions are skewed, the 97.5th percentile is not equal to the mean plus two 

standard deviations and thus the standard deviation is not a useful statistical summary.  For 

illustration, consider the exposure distributions presented in Table 1 for adult females.  For zinc, 

the value of the mean plus two SD is 14.7 mg but the 97.5th percentile is 15.5 mg. For vitamin C, 

the respective values are 172 mg and 187 mg.   
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Table 2.  Summary of qualities and approaches to different types of dietary intake data 

Food intake 
data 

Supplement 
Intake data 

Food 
composition 
data 
  

Suggested approach Reliability of Estimates 

Individual – 
multiple 24-h 
recalls 

Individual – 
multiple 24-h 
recalls 

Adequate • Compute total daily intake 
• Remove day-to-day variance  
• Obtain distribution of usual 

exposure 

• Most reliable 
• Biases may result from 

under-reporting and from 
overages in fortified foods 
and supplements 

Individual – 
multiple 24-h 
recalls 

FFQ Adequate • Adjust individual usual intake from 
food to remove day-to-day variance 

• Add self-reported supplement usual 
intake 

• Distribution of exposure is 
distribution of total adjusted intake. 

• Supplement FFQ may not 
reflect true usual intake. 

• Same causes of bias as 
above. 

Individual – 
single 24-r 
recall 

Individual – 
single 24-h 
recall 

Adequate • Add food and supplement intake 
• Borrow adjustment factor from 

comparable country. 

• Day-to-day intake pattern 
may not be the same. 

• Biases as above. 
Individual - 
FFQ 

Individual - 
FFQ 

Adequate (for 
foods in FFQ) 

• Assume that self-reported intake is 
“usual” intake. 

• Add supplement and food usual 
intake. 

• Exposure distribution is distribution 
of self-reported total intake 

• Low correlation between 
FFQ report and actual 
intake. 

• Biased downwards if FFQ 
does not include all foods 
with high nutrient content. 

Household – 
disappearance 
data 

Household – 
purchasing 
data 

Adequate • Adjust household disappearance 
data for spoilage and waste. 

• Disaggregate household level data 
using info on household 
composition, relative energy 
requirements. 

• Use supplement information to 
allocate intake to household 
members. 

• Compute an approximate total daily 
intake per individual 

• Actual food and supplement 
intake may not correspond 
to needs by body weight and 
gender. 

• Biases at individual level 
may depend on socio-
economic status of 
household. 

Household – 
disappearance 
data 

None Adequate • Disaggregate food intake data as 
above. 

• Infer a per capita supplement 
consumption from sales and label 
information 

• Compute an approximate total daily 
intake per individual. 

• If intake from supplement is 
main determinant of upper 
tail of intake distribution, 
serious biases may occur 
due to lack of individual 
consumption data. 

• Other biases as above may 
occur. 

National – 
mean  
consumption 
of staples per 
capita  

None Composition of 
staple foods 
available 

• Estimate upper tail quantities such 
as 95th and 99th percentiles as the 
corresponding percentiles in other 
countries shifted by the difference 
between the two countries’ mean 
intakes. 

• Inaccuracies and biases as 
above. 

• In addition, strong 
assumption about similar 
intake patterns in two 
countries. 

• Small difference may result 
in significant biases at the 
upper tail.  

National – 
food balance 
sheet 

None Composition of 
staple foods 
available 

• Disaggregate national data into 
individual data using information 
on demographics and food 
requirements by age and gender. 

• Proceed as above. 

• Same as above. 
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Nutrient Risk Characterization:  Key Considerations 

 

1  Introduction 
Risk characterization is usually described as the final step in risk assessment and plays the very 

important role of summarizing and communicating the scientific outcomes of the risk assessment 

to those who must make use of it, notably the risk managers.  It pulls together and integrates the 

quantitative and qualitative findings of the previous steps to produce a scientific “scenario” or 

“context” that may be used by risk managers in their decision-making process.  

 

By its very nature, risk characterization should be a reflective and active process, one that 

specifically links the risk assessment outcomes to the needs of the risk manger and, in effect, to 

the policy options of the risk manager.  Because the risk characterization information is not the 

sole or determinant component in a risk management decision, the risk assessor is responsible to 

provide the information in a manner that does not pre-empt or pre-judge a risk management 

decision. 

 

This paper has as its goal to identify the basic components of nutrient risk characterization for 

use within the setting of the risk assessment of nutrients and related substances and to set them in 

the context of being useful to nutrient risk managers.  That is, it considers nutrient risk 

characterization from the perspective of preparing a summary of findings to help inform the 

nutrient risk manager’s decision-making process.   

 

2  Setting the Stage for Risk Characterization 
Available definitions for risk characterization in general include the following: 

Risk characterization: The qualitative and/or quantitative estimation, including 

attendant uncertainties, of the probability of occurrence and severity of known or 

potential adverse health effects in a given population based on hazard identification, 
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hazard characterization and exposure assessment.(Definition - Codex Alimentarius 

Commission Procedural Manual, Thirteenth edition2 )  

 

Risk assessment should use available quantitative information to the greatest extent 

possible and risk characterizations should be presented in a readily understandable and 

useful form. (Principle 4 in Statements of Principle Relating to the Role of Food Safety 

Risk Assessment – Codex Alimentarius Commission Procedural manual Thirteenth 

edition) 

 

These definitions highlight principles for nutrient risk characterization, but the pragmatic process 

of nutrient risk characterization can be described more clearly.  Throughout this paper the 

generic term 'risk characterization' often is used in place of the longer term 'nutrient risk 

characterization,' but it should be understood that this paper focuses on nutrient risk 

characterization in particular, not risk characterization in general.  Also, for ease of reading, 

sometimes reference is made only to 'nutrients' when the intent is 'nutrients and related 

substances' as specified by the charges to the workshop.  

 

Nutrient risk assessment is conducted to address specified questions.  Before it begins, the risk 

manager needs to formulate the problem and conduct iterative dialogue with the risk assessor to 

provide a clear mandate to the risk assessors.   Since risk characterization serves as a 

communication tool between the risk assessors and risk managers, it is more likely to be targeted 

appropriately if the risk managers have both identified the relevant questions and established the 

risk assessment policy for the risk assessment.  

 

Nutrient risk characterization occurs after the three preceding components of risk assessment (i.e. 

hazard identification, hazard characterization, and exposure assessment) have been addressed 

and documented.  The output of the hazard characterization serves as the starting point for risk 

characterization.  In the case of risk assessment for nutrients and related substances, the output is 

an ‘upper level’ of intake (UL) plus the supporting framework that permitted the derivation of 

                                                 
2 Codex Alimentarius Commission. Joint FAO/WHO Food Standards Programme: Procedural Manual. Thirteenth 

edition.  Rome: Food and Agriculture Organization of the United Nations and the World Health Organization, 2004. 
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the UL.  That is, it includes the evaluation of adverse effects, assessment of dose-responses, and 

the consequent development of uncertainty factors.  The risk assessor integrates this information 

with the intake/exposure assessments to identify the proportion of the population 'at risk' of 

exceeding the UL and the degree to which the UL is exceeded.   The focus includes the general 

population of interest but also identified vulnerable subgroups, including age and life-stage 

(pregnancy, lactation) groups. Then the assessor evaluates the significance of the risk of 

excessive nutrient or related substance intake by addressing the severity of adverse effects and 

the likelihood of reversibility at lower intakes.  

The nutrient risk characterization also clearly presents the scientific uncertainties associated with 

the three preceding components of risk assessment.  Risk characterization may include 

indications of the overall public health significance of the possible harm to the population and 

subgroups of interest, including special groups ‘at risk.’ Thus, the risk characterization sets the 

UL within a broader scientific context of risk to produce a summary of the risk assessment that 

addresses the questions asked by risk managers. The risk characterization stops short of any 

discussion or recommendations for reducing risk (IOM, 1998).  In general, risk characterization 

may summarize the types of information shown in Box 1. 

 

Box 1.  Basic components of nutrient risk characterization 

• the nature of adverse effects that can occur 

• the indication of the severity of adverse effects  

• the nature of the dose–response relationship and the existence of thresholds for response  

• the use of uncertainty and adjustment factors and/or the degree of uncertainty surrounding 
estimates of  key considerations including exposure, data extrapolation to general population 
or between species, data insufficiency, and significant gaps in dose-response data  

• the derivation of a UL or of another form of guidance in the absence of a UL 

• the use of data on intake to compile and analyze exposure and related use of uncertainty and 

adjustment factors and consideration of any biases from exposure data 

• the estimate of what proportion of the subgroup exceeds the UL 

• the identification of special groups at risk  

• the indication of exceptions for which exceeding the UL may be warranted 
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The risk assessor uses the available scientific evidence, the assessment process, and the 

application of scientific judgement to present the information for each of the above components 

in a manner that makes its meaning clear to the risk manager.  

 

2.1  Examples of risk characterization for nutrients and related substances  

It is illustrative to compare the nature of the risk characterizations conducted by different 

national or regional working groups. Table 1 presents such a comparison using information from 

publications of the three working groups (SCF/EFSA, EVM, and IOM) identified in the Context 

Paper.   The table presents the terms of reference (mandate) of the risk assessment, the generic 

description of risk characterization, and key points from the risk characterization found in the 

three risk assessments for vitamin A.  Comparisons of risk characterizations for vitamin C, iron, 

and zinc appear in Annex 1 of this discussion paper. 
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Table 1.  A comparison of selected risk characterization information in three risk assessment reports, focus on vitamin A  

Workgroup  
Basis of 
comparison EU–SCF/EFSAa UK–EVMb US–IOMc 

Terms of reference 

for risk assessment 

 To review upper levels of daily intakes of 

individual vitamins and minerals that are unlikely 

to pose a risk of adverse health effects. 

 

 To provide basis for establishment of safety 

factors, where necessary, for individual vitamins 

and minerals which would ensure the safety of 

fortified foods and food supplements containing 

these nutrients. 

 Establish principles on which controls for ensuring the safety of 

vitamin and mineral supplements sold under food law can be 

based; 

 review the levels of individual vitamins and minerals associated 

with adverse effects; 

 recommend maximum levels of intake of vitamins and minerals 

from supplements if appropriate; report to the Food Advisory 

Committee. 

 The EVM also agreed to advise on the levels of vitamins and 

minerals in fortified foods where appropriate. 

 n.b., EVM preferred to frame advice in terms of additional 

intake, covering both supplements and fortified foods, rather 

than as separate categories.  

 Develop a model to establish the maximum 

level of a nutrient intake that would pose a low 

risk of adverse effects. Apply the model to [the 

substances in question] to develop Tolerable 

Upper Intake Levels.  

Generic description 

of risk 

characterization 

(from preambles) 

May include 

 description of scientific uncertainties associated 

with UL estimates to indicate scientific confidence 

that can be placed in estimates 

 estimate of intake for population groups where 

data available, as well as an indication of the 

margin between recommended or actual intakes 

and the  UL, and an indication of the 

circumstances in which risk is likely to arise. 

Should indicate  

 if sub-populations with distinct and exceptional 

sensitivities to adverse effects have been excluded 

 whether more research is needed 

 (for nutrients where there are no or insufficient 

data on which to base the establishment of a UL), 

the highest level of intake where there is 

reasonable confidence about the absence of 

adverse effects. 

 Specified as a component of risk assessment. Concluding 

generic risk assessment process statement: 

 The available database is reviewed and hazards (adverse effects) 

identified and characterized. The hazards are compared to 

known levels of exposure and the risk determined. 

 

 From the section “How to interpret EVM risk assessments”:  

Following the section setting out the SUL or the guidance level, 

text has been included to explain the EVM view and provide any 

necessary qualification or aid to interpretation. Risk managers 

should bear in mind that where uncertainty factors are used, they 

reflect a judgement on the uncertainty inherent in characterizing 

the risk. 

 Summary of the conclusions from Steps 1 

through 3 (Hazard identification, Dose-

response assessment, Intake assessment) and 

evaluates the risk.  

 Generally, expression of the risk as the fraction 

of the exposure population, if any, having 

nutrient intakes (Step 3) in excess of the 

estimated UL (steps 1 and 2).  

 Magnitude of any such excesses, if possible.  

 Description of scientific uncertainties 

associated with both the UL and the intake 

estimates to convey  the degree of scientific 

confidence the risk managers can place in the 

risk assessment. 
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 Workgroup 
Nutrient EU–EFSA/SCF UK–EVM US–IOM 

Vitamin A 
 

 Tolerable UL applies to both dietary and 

supplemental intakes of Vitamin A; 

 97.5th  percentile intake for adults in most of 

Europe greater than 3000 µg RE/day; 

 UL for women of childbearing age should be 

compared with intake estimates that reflect short-

term rather than long-term exposure because 

alterations of embryogenesis (teratogenesis) may 

occur following single or small number doses of 

Vitamin A; 

 Women planning to become pregnant should not 

consume cooked animal livers; 

 Postmenopausal women should restrict intake to 

1500 µg RE/ day as tolerable UL may not 

adequately address possible risk of bone fracture in 

vulnerable group at greater risk of osteoporosis 

and bone fracture; 

 Because current intakes may exceed tolerable UL, 

careful consideration needed as to appropriateness 

of enrichment of human foods with Vitamin A and 

to potential effects on human exposure of addition 

of Vitamin A to animal feed.  

 

Assessment 

 Acute vitamin A toxicity rare, more likely to follow ingestion of 

high dose supplements than high intakes from food; 

 most manifestations of chronic toxicity are reversible on 

cessation of dose, but permanent damage to liver, bone and 

vision, and chronic muscular and skeletal pain may occur in 

some cases; 

 Recent epidemiological data indicate increased risk of hip-bone 

fracture in postmenopausal women with long-term high intakes 

of vitamin A; that effect also may occur in men; 

  Guidance level 

 Not possible to establish a safe upper limit: levels of dietary 

intakes may overlap  intakes at which adverse effects . . . occur; 

 3000µg RE/day is a prudent threshold for teratogenicity; 

 Risk of hip fracture is a continuous graded response associated 

with exposure levels that include average dietary intakes, . . 

.intakes greater than 1500µg RE/day may be inappropriate 

relative to risk of hip fracture; 

 High level consumers of liver and liver products and/or 

supplements may exceed intakes at which adverse effects have 

been reported; 

 Dietary supplements may contain overages that are 20–100% 

more than label declaration . . .  Consider this in view of  the 

graded response with the risk of fracture increasing with 

increased intake.  

 Risk of exceeding UL for vitamin A appears 

small based on intakes cited in exposure 

assessment; 

 Body of evidence supports reversibility of 

bulging fontanels following elimination of 

intermittent supplementation or chronic 

ingestion of high doses; 

 Supplemental doses exceeding the UL for 

vitamin A (based on healthy populations in 

developed countries) are currently used in 

fortification and supplementation programs for 

the prevention and treatment of Vitamin A 

deficiency, especially in developing countries. 

The UL is not meant to apply to communities 

of malnourished individuals receiving vitamin 

A prophylactically, either periodically or 

through fortification, as a means to prevent 

vitamin A deficiency, or for individuals being 

treated with vitamin A for diseases such as 

retinitis pigmentosa.  

a  Scientific Committee on Food/European Food Safety Authority, EC 
b  Expert Group on Vitamins and Minerals, UK 
c  Institute of Medicine, USA 
UL = upper level, SUL = safe upper level
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The risk characterizations in the three reports are quite different both in content and format. To 

some extent this would be expected, since the Terms of Reference row in Table 1 indicates that 

the mandates for tasks differ somewhat for the three risk assessment workgroups. The three 

mandates are similar in that they call for reviewing upper levels of intakes of vitamins and 

minerals in relation to the risk of adverse effects.  All three also refer to establishing or 

recommending an upper level or maximum with low or unlikely risk of adverse effects.  

However, in the mandate for the first (EFSA/SCF) refers to providing the basis for establishment 

of safety factors for ensuring the safety of fortified foods and food supplements.  The second 

(EVM) refers to the establishment of principles on which to set controls for ensuring the safety 

of vitamin and mineral supplements (and added fortified foods), while the third (IOM) did not go 

beyond requesting the development of a model and the establishment of an upper level. 

 

Certainly, under these circumstances, the nature of risk characterization will vary among the 

working groups.  Moreover, the different conclusions in respect of the establishment of an upper 

limit for the same nutrient have produced different risk characterizations and advice for decision-

making. Such differences, while they may result in part from the different questions asked of the 

risk assessors, may also differ because of the different approaches to risk assessment taken in the 

stages that precede risk characterization.  This observation underscores that there may be benefit 

in identifying more clearly the components of a model risk assessment (including risk 

characterization), at least for the purposes of an international model. 

 

The three working groups also differed in their generic descriptions of the information to be 

provided in the risk characterization (see the second row of Table 1).  The EFSA/SCF and the 

IOM suggest different approaches to content and format. The EVM does not describe a risk 

characterization section per se but indicates that elements of risk characterization will be present 

in the concluding risk assessment summation section for each nutrient. 

 

Furthermore, within reports from these working groups are risk characterization components that 

appear to contain prescriptive risk reduction 'recommendations.' Those components could be 

argued to have been the result of the risk assessor having taken on the role of the risk manager.  

Examples include advice to provide warnings that women planning to become pregnant should 
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not consume cooked animal livers (Table 1, EU-EFSA/SCF), and advice that men and 

postmenopausal women avoid iron supplements and foods highly fortified with iron.   

 

It may be that at times the risk manager either inadvertently or deliberately identifies questions 

for risk assessors that generally have been considered to belong in the domain of risk 

management or that appear to invite the risk assessor to give advice in risk management terms. 

For example, in the Terms of Reference in Table 1, UK-EVM), reference is made to “controls 

for ensuring the safety of vitamin and mineral supplements” and risk assessors are to “advise on 

levels of vitamins and minerals in fortified foods.” Certainly there is some latitude for 'drawing 

the line' between risk assessment and risk management, and this line may move depending upon 

the nature of the issue at hand and the needs of national and regional authorities. For an 

international model for nutrient risk assessment, however, the specification of some general 

guidance could  help achieve the desirable outcome that risk assessment does not overextend its 

conclusions into risk management.  This attribute is particularly relevant to the risk 

characterization step, but other steps in nutrient risk assessment may be vulnerable to the same 

concerns.   

 

The results of the comparison of nutrient risk characterization information from the three 

working groups suggest that there would be value to developing either 1) a standard approach to 

nutrient risk characterization and format for presentation of information or 2) at least an 

identified process to ensure that the risk characterization contains the needed components. Such 

an approach or process would be useful in the work of nutrient risk assessors:  it would help 

ensure that nutrient risk assessors do not extend their work to take on that of the nutrient risk 

manager, and could help ensure that the basic components of risk characterization listed in Box 1 

are consistently addressed. This would maximize the utility of the risk characterization for the 

risk manager in relation to available policy options.  
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2.2 Challenges to risk characterization for nutrients and related substances  

 To stimulate thinking about how to construct a risk characterization for nutrients and related 

substances, the author presents the following issues and questions—each of which poses a 

challenge to the preparation of a risk characterization. 

• Information gaps and complexities are challenges in the hazard identification and the hazard 

characterization steps.  Recognizing this, How can a risk characterization be prepared that, 

while presenting the uncertainties, still provides useful information that does not transgress 

the boundary between risk assessment and risk management? 

 

With regard to the gaps and complexities, Renwick et al. (2003), for example, have drawn 

attention to the preponderance of human and epidemiological micronutrient studies with 

limited dose–response data; to the limitations in numbers and applicability of studies using 

animal models; to the narrow margin between essential intake and a toxic intake; to possible 

interactions between micronutrients; and to the chemical or dosage form in which they are 

consumed in the case of micronutrients in dietary supplements.  

 

• Communication among different science disciplines may present a barrier to the integration 

of the component parts of a risk assessment in the risk characterization if they have been 

developed independently by experts with different backgrounds. How can nutrition, 

toxicology, and the other science disciplines involved in the risk assessment of  nutrients and 

related substances be brought together effectively?  

 

The involvement of two or more science disciplines raises the possibility of different 

emphases and different perspectives in interpreting and evaluating data and exercising 

scientific judgement in relation to uncertainty.  If there are substantial differences, the 

content of the risk characterization could be strongly affected by which discipline was 

involved in the precedent steps. Renwick et al. (2003) has suggested different roles in the 

hazard characterization step of micronutrients for nutritionists and toxicologists. This could 

have an undesirable effect on the risk characterization if it leads to ‘silos’ of experts.  To 

avoid this, the process could be designed to provide sufficient opportunity for a dialogue 
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among the experts to maintain the focus on responding to the risk manager’s needs, which 

generally will relate to nutrition policy options. 

 

• The content and manner of presentation of the risk characterization can influence its 

effectiveness in communicating information to the risk manager.  Therefore, What should the 

risk characterization contain and how repetitive does it need to be in terms of information 

presented in earlier sections of the risk assessment?  Stated differently, How much 

information needs to be brought forward from the three precedent steps into the risk 

characterization to transfer the essential information for the risk management activity?  

 

The hallmark of current risk characterizations appears to be brevity. Is this truly the type of 

summarizing and integrative presentation of the results of the risk assessment suggested by 

the classic definition of risk characterization at the beginning of this paper? Do the risk 

characterizations in Annex I of this paper satisfy the expectations and needs of the risk 

manager, or are they more likely to lead to requests for clarification or further risk 

assessments from risk managers?  

 

• Some scientists may be accustomed to providing advice in the form of risk management 

actions in connection with other responsibilities.  Recognizing this, How may scientists be 

assisted to characterize a risk without unconsciously suggesting a risk management option?   

 

Sorting out and clearly identifying the respective roles of risk assessor and risk manager in 

the nutrients and related substances area may be a very important aspect of improving the 

interface between risk assessment and risk management. 

 

• Renwick (2003) points out that addressing the substantial gaps and research needs with 

regard to nutrient risk methodologies—especially the methods used for acquiring and 

evaluating the data inputs for the various steps of risk assessment—would assist and improve 

the risk characterization process. Should the risk characterization be followed by or include a 

section containing recommendations relative to further research?  
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3  Components of risk characterization for nutrients and related substances 
As highlighted earlier, components of risk characterization usually are addressed within the 

context of discussions about the nature of the data that are derived during the three earlier steps 

of risk assessment.  Although there is agreement on the general purpose of risk characterization 

and its importance, the actual practice of risk characterization merits more attention, primarily as 

it relates to its goal of being useful to risk managers.  

 

In many ways the identification of a separate box for risk characterization is an artifice that 

makes the point that good risk assessment must provide an integrated summary and that the 

summary will be used by others.  It also, however, underpins the fact that the summary is 

intended for risk managers, not for risk assessors.  The summary—that is, the risk 

characterization— requires considerable linking with the preceding three steps in a manner that 

addresses the policy options available to the risk manager.     

 

3.1  Process for risk characterization  for nutrients and related substances  

In general, the 'basic components' of risk characterization are said to include a summary 

description of the consequences of exposure to the hazard, as well as an estimate of the 

likelihood of the adverse consequences of interest in a risk estimate.  Importantly, they recognize 

that the outputs of a risk characterization should clearly identify important data gaps, 

assumptions, and uncertainties in order to help risk managers judge how close the 

characterization might come to describing reality.   Risk characterization rarely gives more than 

a reasonable estimate or an informed view of the risk in reality (from the Draft Version 

(uncirculated) FAO\WHO Food Safety Risk Analysis: An Overview and Framework Manual 3) 

 

The outcomes of the ‘measuring’ tasks of the risk assessor mentioned in the Context Paper for 

this workshop serve as a starting point for the risk characterization. The other three Discussion 

Papers for the Workshop will have highlighted and discussed aspects of the gathering, 

organization, and review of relevant scientific evidence; modalities for presentation and methods 

for analysis of data; the handling of gaps and deficiencies in available scientific evidence; and 
                                                 
3 Reproduced with permission: FAO/WHO (Food and Agriculture Organization of the United Nations/World Health 

Organization). Draft Version (uncirculated): Food Safety Risk Analysis: An Overview and Framework 
Manual. 
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when and how uncertainty and adjustment factors and appropriate scientific judgements were 

used.  

  

Next, there must be at least a general recognition by the risk assessor of the nature of the policy 

options that the ‘describing’ task of the risk characterization must address.  The Context Paper 

has provided examples of policy options available to the nutrient risk manager relative to upper 

levels of intake for nutrients and related substances.  By making use of these examples, Table 2 

illustrates the organization of a nutrient risk characterization that maximizes its ability to be 

relevant to risk managers. It also acknowledges that policy options may relate either to the 

general food supply or to specific product categories (e.g. highly fortified foods, supplements) or 

perhaps to products targeted to certain subgroups (children, elderly). The elements corresponding 

to the check marks (x) across the rows indicate what would be expected from the summary 

outputs of the three preceding steps in order to complete a  risk assessment and set the risk within 

its scientific context.   

 

Table 2 indicates how the outputs may be characterized within a context that addresses the 

questions asked by the risk manager.   All the elements listed in the row that corresponds to Row 

1, the timing option, are relevant to the other policy options.  The elements listed in Rows 2, 3, 

and 4 are relevant only to the policy option listed for the specific row.  The third and fourth 

columns (General Food Supply and Specific Product Category) indicate the focus of the nutrient 

risk. 
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Table 2.  Proposed elements to include in nutrient risk characterizations for different purposes 
 

Policy Optiona 
 

[Proposed] Elements to Include in Nutrient Risk 
Characterization 

General 
Food 

Supply 

Specific 
Product 
Category 

1.  Timing of Response  Adverse effect × × 
    - Severity × × 
    - Vulnerable subgroups  × × 
  UL × × 
     - By age and sex  × × 
 ▪ Total intake distributions × × 
    - for all groups with UL × × 
    - for specific food product categoriesb  × 
     For both, include   
         i. magnitude of intakes exceeding UL × × 
          ii. numbers of people exceeding UL × × 
      iii. reasons intakes are above UL × × 
 ▪ Special subgroups potentially at risk   × × 
 ▪ If no UL established, explanation as to why × × 
 ▪ Uncertainties related to each of the above, including under-

reporting biases, for example 
× × 

 ▪ Products exceeding UL, when intake exceeds UL  × 
 ▪ Systemic biases in intake data, when intakes close to UL × × 
    
2. Product Formulation ▪ All forms or specific sources × × 
    - Identification by food product category if data allowc  × 
 ▪ Bioavailability, interactions with other food components or    

other nutrients 
× × 

 ▪ Relative contribution to daily intake of particular product 
types or classes if data allow 

 × 

 ▪ Uncertainties related to each of the above × × 
 ▪ Data gaps in respect of a food or product category  × 
 ▪ High level intake interventions to address inadequate nutrition × × 
    
3. Labeling ▪ Ability of individuals at risk to self-identify × × 
 ▪ Practices, behaviours or use conditions likely to increase or 

  decrease risk 
× × 

 ▪ Uncertainties related to each of the above × × 
4. Education ▪ Ability of individuals at risk to self-identify and related  

   uncertainties 
× × 

    
a From Table 1in the Context Paper 
b  Additionally, risk managers at the national or regional level may specify food product categories of interest—see 
 discussion in Context Paper 
c  Although the identification and development of 'what if' scenarios are outside the scope of the role of the risk 
assessor relative to a generic international model for nutrient risk assessment, national and regional risk managers 
may specify questions for risk assessors that relate to the scientific evaluation and impact of particular scenarios 
related to changes in product formulation or changes in intakes from certain sources.  See Section 3.1, “Process for 
Nutrients and Related Substances Risk Characterization.” 
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Some of the components included in Table 2 may be less important if the risk assessment 

questions asked by the risk manager at the national or regional level focus the assessment on a 

limited task, but for an overall international model for nutrient risk assessment the uses should be 

considered as potentially multi-purpose with the end use of the information varying depending 

upon the need at the time. For this reason, risk characterization for a generic model is most likely 

to have maximum utility for multi-purposes if it addresses risk by age and sex groups to the 

extent the available data makes possible.  

 

As a general model, Table 2 cannot be expected to serve every risk assessment requirement. 

There will be instances when the options available to the risk manager are not yet fully 

developed, or they may need to be amended during the course of a risk assessment to take 

account of a change in circumstances. Particularly at the national or regional level, in order to 

maximize the usefulness of a risk assessment for the risk manager, it may be necessary for the 

risk manager to request that the risk assessor address additional science issues that relate to an 

adjustment to, or specific aspect of, a particular policy option.  

 

Although possibly beyond the scope of this workshop, there is a need to recognize that there may 

be value in further iterations between the risk assessor and risk manager.  Typically, these would 

involve changes to assumptions underlying the original policy options. Some of the types of 

questions that could be posed in such an iterative dialogue are presented in the following 

examples: 

• What would happen to the distribution of intake of a nutrient by different subgroups if the 

fortification level of a food were increased by specified amounts to address problems of 

inadequacy?  This could involve iterations with different fortification levels and different 

foods. 

• If limits were placed on the content of nutrient X in certain fortified foods or supplements in 

an attempt to reduce the population’s exposure to the nutrient, what would happen to the 

distribution of nutrient intakes of vulnerable subgroups with lower intakes? 

 

 



 

A-147  

Some particular issues arise in association with considerations highlighted in Table 2.  

Accordingly, the workshop may wish to give the following issues special attention: 

 

1.  Types of information.  Is it helpful to give some guidance on the types of information that 

would be useful in risk characterization?  Are there certain 'pieces' of useful information that 

have the potential to be overlooked but may contribute meaningful information to the utility 

of the risk assessment? For example, a statement indicating that there is virtually no dose-

response data available may be important to risk managers, but risk assessors sometimes do 

not clearly specify this.  

2.  Useful interpretive statements.  Is there guidance on the nature of information or useful 

interpretive statements that the risk assessor might fail to include in the risk assessment text, 

not recognizing their potential usefulness for the risk manager?  Examples include statements 

that 

- point out data gaps more clearly: “The effect of taking nutrient X at doses between X mg 

and Y mg is unclear”  

- highlight behaviours that may change risk:  “Intake from supplements in [vulnerable 

subgroup(s)] and highly fortified foods may increase proportion of population with 

[particular adverse effect],” and “Some users of high dose supplements may exceed the 

UL.” 

3.  Tiering or triaging.  Can and should risk characterization take into account some strategic 

tiering or triaging in terms of the need for in-depth review of data from earlier steps of the 

risk assessment or for undertaking further assessment? For example, 

 

- If the gap is between the UL and intake is small, should the risk characterization ensure 

that intake data are examined for systemic biases that could result in under or over 

reporting and for a need to weight the different methods used in collection of intake data? 

- If the gap between UL and intake is large, should it be determined that intake data do not 

require further elaboration? 

- If intake assessment indicates (sub) population intakes are greater than the UL, should 

there be investigation of products that may be contributing to the high intake?  
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4.   Inadequately nourished populations.  What role does risk characterization play when the risk 

assessment is for an inadequately nourished population?  While to some extent this question 

is to be addressed during the earlier stages of risk assessment, there may be special 

components of the risk characterization that need to be considered. 

 

3.2  Adaptation of risk characterization for different categories of nutrients and related 
substances  

The question arises of what method would be useful to address risk characterization for nutrients 

and related substances to which the threshold model does not apply.  Such is the case for at least 

some macronutrients and perhaps also for vitamin A related to bone health. 

 

The IOM Panel on Macronutrients (IOM, 2002) did not set a UL for saturated fatty acids despite 

well-documented adverse effects of intake of this nutrient.  The data indicate that any increment 

in fatty acid intake increases coronary heart disease risk; that is, there is no threshold.  Specifying 

zero as a UL was not an option because eliminating all foods that contain saturated fatty acids 

would not be feasible and could have an adverse impact on the intakes of many other nutrients, 

including protein, essential fatty acids, and micronutrients such as iron and zinc.   

 

Renwick et al. (2003) have discussed elements important in the hazard characterization of 

macronutrients.  In particular, they advise giving consideration to tolerance, toxicological 

potential, nutritional impact, and, perhaps local effects on the gut that may be important, such as 

changes in the microflora and in the absorption of other nutrients. They point out that human 

trials and observational studies play a prime role in the risk characterization—in part because of 

the difficulties in administering the bulky doses that would be required in animal studies and in 

interpreting significance for human health of any adverse effect observed. Additionally, Renwick 

and colleagues (2003) suggest that human trials might be used to look at relevant health 

endpoints to provide confirmation of the absence of adverse effects, and they give as an example 

the use of biomarkers of risk factors for coronary heart disease when fats are administered.   

 

Nonetheless, in the absence of a threshold level, models for the risk assessment of nutrients and 

related substances that are dependent upon threshold levels are of little use in providing much 

needed guidance for risk managers. In those cases where guidance is needed and cannot be 
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provided with available models, important questions are, “What are risk assessors to do?” and 

“How should such risk be characterized?” 

 

3.3 Components of risk characterization for inadequately nourished populations 

The international model that is the subject of this workshop will have been initially considered, 

due to necessity, in terms of adequately nourished populations.  Then the workshop needs to take 

into consideration adjustments to the model or special approaches for inadequately nourished 

populations.  It is quite likely that a UL and the resulting risk characterization may be different if 

the target population is inadequately nourished. These differences may change depending upon 

the nature of the nutritional adequacy as well as the subject nutrient or related substance.  For 

example, workshop participants may be familiar with intervention outcomes suggesting that 

supplementation strategies for inadequately nourished populations may result in certain problems 

or undesirable side-effects that would not have been anticipated if the subject population had 

been adequately nourished.   

 

This issue comes into play broadly throughout the entire risk assessment process, but its impact 

on risk characterization can be substantial.  Nutrient risk management decisions relative to 

inadequately nourished populations would require that risk assessment address additional 

information and considerations, but obviously nutrient risk managers still would need to know 

the severity of the adverse effect and at what level of intake it occurred. It also would be 

important to know if the adverse effect were chronic or short term and if it were reversible. Also 

of importance would be interpretive comments from the risk assessor relevant to the risk of 

adverse effects and the size and frequency of the dose.  In Table 2, many of the elements 

identified in rows 1 and 2 should have relevance for a nutrient risk characterization appropriate 

for use in situations of inadequate nutrition, but the question remains of how models for risk 

assessment need to be adjusted to address inadequately nourished populations.  

 

4 Conclusions 
The process of risk characterization takes place throughout the risk assessment process as each 

successive step builds on, adds to, and progresses the output of its predecessor step. At the same 

time, the risk characterization is a separate process that must develop an integrated summary of 
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the key findings, uncertainties, and expert judgements and organize them such that they provide 

relevant and useful answers to the questions raised by the risk manager—questions raised at the 

beginning of the risk assessment in the context of the policy options.   

 

For nutrient risk assessment, the risk manager generally will have available a limited number of 

policy options that will be common among nutrients and related substances. A risk assessment 

can be structured for each step, and the elements that need to be brought forward into the risk 

characterization can be identified and linked to a policy option. 

 

The review for this workshop of previously completed risk characterizations suggests that the 

lack of a consistently applied framework for development and presentation of a risk 

characterization leads to differences in the selection of information provided to risk managers 

and contributes to variability in the characterization of the identified risks. 

 

A framework (Table 2) has been developed to guide the preparation of a nutrient risk 

characterization such that it addresses the policy options available to a risk manager.  The 

proposed framework conveys the elements associated with each of the policy options and thus 

the information necessary to make a risk management decision regarding to the most appropriate 

option. Risk characterization also will address special issues when the risk assessment is for 

different types of nutrient categories or for populations that are experiencing inadequate 

nutriture. 
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Nutrient Risk Characterization:  Key Considerations  
ANNEX 1,  A comparison of selected risk characterization information from three workgroups—iron, vitamin C, and zinc  

Workgroup  

Nutrient EU–EFSA/SCFa UK–EVMb US–IOMc 

Iron 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 

 Conclusions 
. a UL for iron from all sources cannot be based 
on adverse gastrointestinal effects reported after 
short-term oral dosage of supplemental non-
haem iron preparations; or based on iron 
overload because of poor correlations; or based 
on increase of chronic diseases such as 
cardiovascular disease, diabetes or cancer 
because of lack of convincing causality 
evidence. 

 Risk Characterization 
. adverse gastrointestinal effects reported after 
short-term oral dosage (50–60 mg/day of 
supplemental non-haem iron preparations, 
particularly taken without food); 
. the point at which an elevated serum ferritin 
level becomes associated with increased risk of 
adverse effects (such as liver fibrosis) is not 
known; 
. epidemiological associations between high iron 
intake and/or stores and increased risk of 
chronic diseases (cardiovascular disease, type 2  
diabetes, and cancer of the gastrointestinal tract) 
are conflicting and do not provide convincing 
evidence of a causal relationship between iron 
intake or stores and such adverse effects; 
. risk of adverse effects from high iron intake 
from food sources, including fortified foods in 
some countries, but excluding supplements, is 
considered to be low for the population as a 
whole; 
. intake from supplements in men and 
postmenopausal women may increase the 
proportion of the population likely to develop 

  Risk Assessment 
. in humans acute iron poisoning is associated 
with severe gastrointestinal damage that may 
include haemorrhagic gastroenteritis— 
relatively rare in adults at lethal dose of 
approximately 100 g, but more common in 
children; 
. iron overload from dietary intake unusual in 
normal population and may be due to 
reduction in iron absorption that occurs as 
exposure increases; 
. individuals with hereditary 
haemochromatosis are particularly vulnerable 
to iron overload resulting from enhanced 
uptake— subjects heterozygous for the 
condition may have a small increase in iron 
storage; 
. suggestion that heterozygous subjects (up to 
1% of population) may have increased risk of 
cardiovascular disease remains controversial. 

  Guidance level 
. insufficient appropriate data to establish safe 
upper limit; 
. for iron-replete individuals, most common 
reported side effects are gastrointestinal, 
usually constipation, but nausea 
vomiting and epigastric pain also reported 
following supplemental doses between 50 and 
220 mg iron/day; 
. a supplemental intake of approximately 17 
mg/day (equivalent to 0.28 mg/kg of body 
weight/d for a 60 kg adult) would not be 
expected to produce adverse effects in the 

. based on a UL of 45 mg/day of iron for adults, the risk 
of adverse effects from dietary sources appears to be low; 
. gastrointestinal distress does not occur from consuming 
a diet containing naturally occurring fortified iron; 
. individuals taking iron salts at a level above the UL may 
encounter gastrointestinal side effects, especially when 
taken on an empty stomach; 
. 25% of men aged 31–50 years in USA have ferritin 
concentrations > 200 µg/L, which may be a risk factor for 
cardiovascular disease, and prevalence is higher in men 
older than 50 years; 
. significance of high ferritin concentrations and their 
relationship to dietary iron intake is uncertain; 
. association between a high iron intake and iron overload 
in sub-Saharan Africa makes it prudent to recommend 
that men and postmenopausal women avoid iron 
supplements and highly fortified foods; 
. UL is not meant to apply to those being treated with iron 
under medical supervision. 
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Workgroup  

Nutrient EU–EFSA/SCFa UK–EVMb US–IOMc 

Iron, continued high iron stores; 
. some groups at special risk for poor iron status, 
such as menstruating women or children, could 
benefit from additional dietary intake and/or 
improved availability of dietary iron; 
. a particularly sensitive subpopulation (up to 
0.5% of the population) are homozygotes for 
hereditary haemochromatosis, who are 
susceptible to iron overload even with normal 
dietary iron intakes. Such individuals should 
avoid iron supplements and highly iron-fortified 
foods; 
. the majority of these homozygotes are not 
diagnosed or identified, and they are not aware 
of their greater susceptibility until sufficient iron 
has accumulated to produce adverse effects.  

majority of people; 
. this guidance level does not apply to the 
small proportion of the population who have 
increased susceptibility to iron overload 
.associated with the homozygous 
haemochromatosis genotype; 
. many of available studies do not look at side 
effects in detail and information on the long-
term implications of iron supplementation on 
iron status and storage is lacking. 

Vitamin C 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 

  Conclusions 
. limited human and animal data indicate low 
acute toxicity; 
. acute gastrointestinal intolerance is most 
clearly defined adverse effect at high intakes but 
limited dose response relationship data for 
adults or groups (e.g. children or elderly); 
.insufficient data to establish a tolerable upper 
intake level for vitamin C. 

  Risk Characterization 
.limited available human data suggests 
supplemental daily doses up to about 1 g in 
addition to normal dietary intakes not associated 
with adverse gastro-intestinal effects; 
. acute gstro-intestinal effects may occur at 
higher intakes (3–4 g/day); 
. increased risk of kidney stones not found with 
habitual intakes of 1.5 g/day, but uncertainty 
whether higher intakes increase renal excretion 
of oxalate, which could increase risk of renal 

 Risk Assessment 
. available data suggest no significant adverse 
effects and no specific key toxic endpoints for 
oral dose to healthy subjects; 
. conflicting data on increased oxalate 
excretion attributable to vitamin C; 
. potential vulnerable groups include sufferers 
from disorders of iron metabolism or storage; 
. significance of reported variety of anti-
oxidant effects produced by vitamin C 
uncertain for general population; 
. very low acute toxicity in animals, no 
reported effects on reproductive parameters; 
 

  Guidance Level 
. insufficient data to set a safe upper limit; 
. low toxicity, though adverse effect on 
gastrointestinal system may occur with 
quantities > 1 g/day, and may be serious 
problem for individuals with disordered 

. risk of adverse effects from excess intake from food and 
supplements appears to be very low at highest intakes 
(>1.2 g/day); 
. members of general population should be advised not to 
exceed the UL routinely; 
. intake above UL may be appropriate for well-controlled 
clinical trials; 
. clinical trials of doses above UL should not be 
discouraged, provided participating subjects have signed 
informed consent documents regarding possible toxicity 
and provided trials employ appropriate subject safety 
monitoring; 
. UL not meant to apply to individuals receiving vitamin 
C under medical supervision. 
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Workgroup  

Nutrient EU–EFSA/SCFa UK–EVMb US–IOMc 

Vitamin C, 
continued 
 

stones; 
. due to saturated absorption at high doses, 
intakes above 1g/day would be associated with 
negligible increased uptake and tissue levels, 
but increased gastrointestinal effects; 
. conclusion applies as well to ascorbic acid and 
its salts and esterified forms of vitamin C 
although no data on gastrointestinal absorption 
or tolerability of esterified forms of vitamin C 
(e.g. ascorbyl palmitate) but all these forms 
might be expected to show similar properties; 
.  average daily intakes reported in surveys in 
European countries are above Population 
Reference Intake with the 95th percentile intake 
from food and supplements ranging up to about 
1 g/day. These dietary intakes do not represent 
cause for concern; 
. there has not been a systematic assessment of 
the safety of the long-term use of high dose 
vitamin C supplements. 

gastrointestinal function; 
. a supplemental level of 1 g/day would not be 
expected to have any significant adverse 
effects; 
. a guidance level for vitamin C intake has not 
been estimated, since adverse effects appear 
to follow supplemental bolus doses rather 
than intake from food; 
. higher levels of vitamin C intake may be 
without adverse effects in many individuals; 
. potentially vulnerable groups for adverse 
effects at intakes > 1 g/day include 
individuals heterozygous for 
haemochromatosis, and thalassemia or with 
pre-disposition to renal stones.  

Zinc . available studies show that the 97.5th 
percentiles of total zinc intakes for all age 
groups are close to the ULs, which, in the view 
of the Committee are not a matter of concern. 

Establishment of Safe Upper Level 
. assuming a maximum intake of 17 mg/day 
from food, a total intake of 42 mg/day would 
not be expected to result in any adverse 
effects. 

. the risk of adverse effects resulting from excess zinc 
intake from food and supplements appears to low at the 
highest intakes indicated in the exposure assessment; 
. high intakes of zinc are due to the use of supplements, 
especially during lactation and pregnancy. 

a  Scientific Committee on Food/European Food Safety Authority, EC 
b  Expert Group on Vitamins and Minerals, UK 
c  Institute of Medicine, USA
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ANNEX 6.  Key elements of hazard identification/hazard characterization for vitamin A, 
summarized from reports by three national/regional authorities 

 National/regional authority 
Element EU: SCF (2002) UK: EVM (2003) US/Can: IOM (2001) 
Definition of vitamin A Retinoids; “preformed” vitamin A; not 

provitamin A carotenoids (e.g. β-carotene) 
Retinoids; “preformed” vitamin A; not 
vitamin A precursors (e.g. β-carotene) 

Retinoids; “preformed vitamin A;  not 
provitamin A carotenoids (e.g. β-carotene)  

Vitamin A sources 
included in setting the 
upper level (UL)  

All sources (dietary and supplemental) 
Short-term and long-term intakes 

Long term intake from all sources 
 

Food, fortified food, and/or supplements 
Chronic intakes 

Adverse effect/hazard: 
considerations and 
selections 

 

  -Teratogenicity √ Selected for UL for women of 
childbearing age: 
   Severe and irreversible toxicity occurs at 
intakes >3000 µg RE/d.  Toxicity unrelated 
to pre-existing liver stores or nutritional 
status of mother.  Critical period is during 
first 2 mo of pregnancy and may occur with 
a single dose or a limited number of 
dosages. 

Discussed in section on establishment of a 
guidance level for women who are 
pregnant or wish to become pregnant: 
Epidemiological studies have indicated that 
exposure to high levels of vitamin A during 
pregnancy might increase the risk of birth 
defects.  Vitamin A has been shown to be 
teratogenic in animals. The available data 
do not allow identification of a threshold 
dose.  One epidemiological study has 
suggested that effects may occur at modest 
intakes (>3000 µg RE/d from supplements).  
Other studies indicate that the threshold 
may be higher.  However, given the 
severity of the effect, it is prudent to take 
3000 µg RE/d as the threshold for 
teratogenicity.     
 
 

√ Selected for UL for women of 
reproductive age (14–50 y, pregnant, 
lactating): 
A causal relationship between high vitamin 
A intakes and birth defects is based on 
unequivocal demonstration of human 
teratogenicity of 13-cis-retinoic acid and 
results from numerous animal and 
epidemiological studies.  The critical period 
for susceptibility is the first trimester of 
pregnancy.  The threshold at which risk 
occurs remains a matter of debate.  Selected 
as the critical adverse effect based on 
considerations of causality, quality, and 
completeness of the database. 
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 National/regional authority 
Element EU: SCF (2002) UK: EVM (2003) US/Can: IOM (2001) 

  -Hepatotoxicity; liver 
   abnormalities 

Selected for men and children: 
Causally linked to high intakes of vitamin A 
over long time periods.  One of most severe 
outcomes of chronic intake of high doses. 
Toxicity not always reversible after 
withdrawal of vitamin A. 
 

 (Some discussion but effect not selected) Selected for adults ≥ 19 y (excluding 
women of childbearing age): 
Human and animal data show strong causal 
association between excess vitamin A 
intake and liver abnormalities.  Abnormal 
liver pathology characteristic of vitamin A 
intoxication (or grossly elevated hepatic 
vitamin A levels) was used rather than liver 
enzymes because of uncertainties regarding 
other possible causes of enzyme changes. 

  -Bone metabolism;   
   reduced bone mineral  
   density; bone toxicity 

Special note for postmenopausal women: 
Several major epidemiological studies 
indicate an increased risk of bone fracture 
over an intake range similar to that normally 
consumed from food and supplements.  This 
occurs at lower doses than other adverse 
effects.   Available data do not establish 
causality and therefore were not appropriate 
for establishing a tolerable upper level.  Not 
clear if the same dose–response would apply 
to men.   

Discussed in section on guidance level: 
Recent epidemiological studies have 
indicated that post-menopausal women 
with long-term high intakes of vitamin A 
have an increased risk of hip-bone fracture.  
Other supporting epidemiological data have 
indicated that this effect may occur in men 
as well as women.  These findings are 
supported by animal data, which have 
indicated that retinol has a direct effect on 
bone. Damage to the bone may be 
permanent.   
The risk of hip fracture is a continuous 
graded response associated with exposure 
levels that include average dietary intakes.  
It is not possible to identify an intake that is 
without some degree of risk.  However, the 
available data indicate that total intakes 
greater than 1500 µg RE/d may be 
inappropriate. 
 
 
 

Chronic, excessive vitamin A intake has 
been shown to lead to bone mineral loss in 
animals.  The findings from four 
epidemiological studies are provocative, 
but conflicting, and therefore are not useful 
for setting a UL for vitamin A. 
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 National/regional authority 
Element EU: SCF (2002) UK: EVM (2003) US/Can: IOM (2001) 

   -Hypervitaminosis A 
    (e.g. bulging fontanel;  
    intracranial pressure) 

Rapidly reversible bulging fontanel that is 
not associated with adverse growth or 
developmental sequelae has been observed 
in infants receiving high doses of vitamin A.  
In older children and adults, excessive 
vitamin A intakes are linked to increased 
intra-cranial pressures. 

Acute toxicity (e.g. bulging of fontanels in 
neonates and infants) is associated with 
doses well in excess of 100 000 µg RE. 
Infants <6 months develop acute symptoms 
following a single dose of 7500–15 000 µg 
RE whereas a dose of 30 000 µg RE is 
well-tolerated in older infants (6 and 9 mo).  
Acute toxicity in humans is rare.  Most 
manifestations of chronic vitamin A 
toxicity are reversible on cessation of dose. 

Selected for boys 14–18 y children 9–13 y, 
children 4–8 y, children 1–3 y, infants 0–12 
mo 
Intracranial (bulging fontanel) and skeletal 
abnormalities can result in infants given 
vitamin A doses of 5500 to 6750 µg RE/d. 

   -Lipid metabolism Patients ingesting 7500 µg RE/d for 4 y had 
small increases in cholesterol concentration 
(2–3%); not observed in patients on 4500 µg 
RE/d for 12 y.  

 
– 

 
– 

NOAEL (no observed 
adverse effect level) 
 

 
– 

 
– 

Women of reproductive age (14–50 y, 
pregnant, lactating):  4500 µg RE/day 
No adverse effects below 3000 µg RE/d 
from supplemental vitamin A.      
Significantly increased risk above 4500 µg 
RE/d from food plus supplements. Most 
data involve doses ≥ 7800 µg RE/d.   
4500 µg/d represents a conservative value 
in light of evidence of no adverse effects at 
or below that level. 
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 National/regional authority 
Element EU: SCF (2002) UK: EVM (2003) US/Can: IOM (2001) 
LOAEL (lowest observed 
adverse effect level) 
 
 

Bulging fontanel  7500 µg RE (as a single 
dose in infants) 
Hepatotoxicity 7500 µg RE/d for 6 y 
Bone density/fracture 1500 µg RE/d (no 
threshold) 
Lipid metabolism 7500 µg RE/d for 4 y 
(minor change only) 
Teratogenicity >3000 µg RE/d (based on 
Rothman et al., 1995) 
 
 

 
– 

Adults ≥ 19 y (excluding women of 
childbearing age):  14 000 µg RE/d 

Hepatotoxicity was reported at doses of    
14 000 µg RE/day.  Reports of 
hepatotoxicity at doses less than 14 000 µg 
RE/day were also found, but these studies 
failed to provide information on other 
predisposing or confounding factors such as 
alcohol intake, drugs and medications used, 
and history of viral hepatitis infection. 
Infants 0–12 mo:  6000 µg RE/day  
6460 µg RE/day (rounded to 6000) 
identified by averaging the lowest doses of 
4 case reports of hypervitaminosis A. 

Uncertainty Factors (UF) Not considered necessary because: 
• the true threshold intake for 

teratogenicity is likely at or higher than 
the LOAEL of 3000 µg RE/d.    

• the LOAEL of 7500 µg RE/d for 
hepatotoxicity is 2.5-fold higher than 
the LOAEL of 3000 µg RE/d for 
teratogenicity.    

 
Therefore, a UL of >3000 µg RE/d covers 
both the risk of hepatotoxicity and 
teratogenesis and also applies to pregnancy 
and lactation. 

 
– 

Women of reproductive age (14–50 y, 
pregnant, lactating) : 

Interindividual variability in susceptibility 
(higher factor not justified because 
substantial data showing no adverse effects 
at doses > 3000 µg RE/day).  UF  = 1.5 
Adults ≥ 19 y (excluding women of 

childbearing age): 
Severe, irreversible nature of adverse effect 
+  extrapolation from LOAEL to NOAEL + 
interindividual variation in sensitivity.  UF 
= 5.0* 

Infants 0–12 mo: 
Uncertainty of extrapolating LOAEL to 
NOAEL for non-severe and reversible 
effect (bulging fontanel) +  interindividual 
variability in sensitivity.  UF = 10* 

_______________ 

   *Note:  UF value presented only as 
composite; values assigned to specific 
factors not specified. 



 

Notes and references cited in the table appear at the end of the annex.       A-160                               

 National/regional authority 
Element EU: SCF (2002) UK: EVM (2003) US/Can: IOM (2001) 
Upper levels (ULs) or 
Guidance Levels  
 

ULs: 
Adults (women of child-bearing age and 
men):  3000 µg RE/day 
Children:* 
15–17 y:   2600 µg RE/day 
11–14 y:   2000 µg RE/day 
7 – 10 y:   1500 µg RE/day  
4 – 6 y:     1100 µg RE/day 
1 – 3 y:       800 µg RE/day  
Advice for Postmenopausal Women:  Upper 
level does not apply to postmenopausal 
women who represent group at greatest risk 
of bone fracture as it may not provide an 
adequate margin of safety in relation to the 
possible decrease in bone density and risk 
of bone fracture.  Because of the relatively 
high risk for osteoporosis and fracture in 
postmenopausal women, it is recommended 
that these women should limit their intakes 
to 1500 µg RE/d.   
   *The UL for children is based on the value 
of 3000 µg RE/d for adults, with correction 
for differences in basal metabolic rate 
compared to adults using scaling according 
to body surface area (body weight0.75). 

Guidance levels set:  Evidence base 
considered inadequate to establish a UL.  
Teratogenicity:  3000 µg RE/d. 
Women who are pregnant or wish to 
become pregnant should not take dietary 
supplements containing vitamin A except 
on medical advice. 
Risk of bone fracture: Total intakes greater 
than 1500 µg RE/d may be inappropriate. 
 

ULs: 
 
Women 19–50y, pregnant 19–50 y, 

lactating 19–50 y:  3000 µg RE/d  = 
4500/1.5  

Girls 14–18y, pregnant 14–18 y, lactating 
14–18 y:   2800 µg RE/d *  

Adults ≥ 19 y (excluding women of 
childbearing age):  3000 µg/day  =  
14000/5.0  
Boys 14–18 y:         2800 µg RE/d**   
Children 9–13 y:     1700 µg RE/d**   
Children 4–8 y:         900 µg RE/d** 
Children 1–3 y:         600 µg RE/d**   
Infants 0–12 mo:         600 µg RE/d  =  

6000/10 
 
__________ 
   In absence of NOAEL/LOAEL, the UL 
values for children are adjusted from those 
established for adults on the basis of 
relative body weight with use of reference 
weights 
         
   *body wt adjustment of 3000 µg/day 
from women/pregnant/lactating 19–50 y 
   **body wt adjustment of 3000 µg/day 
from men 19+y/women 51+ y 

a   SCF and IOM refer to ULs as “Tolerable Upper Limits (ULs).”  These represent the maximum level of total chronic daily intake of a nutrient judged to be 
unlikely to pose a risk of adverse health effects to humans.  EVM refers to ULs as Safe Upper Levels (SULs). 
 
Notes:  EU: SCF = European Commission, Scientific Committee on Food; RE = retinol equivalents; UK: EVM = United Kingdom, Expert Group on Vitamins 

and Minerals of the Food Standards Agency; US/Can: IOM = United States of America and Canada, Institute of Medicine  
– denotes that the topic was not addressed
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ANNEX 7.  A comparison of approaches to considering adverse health effects in setting upper 
levels, summarized from reports by three national/regional authorities  

Table 1.  Statements from the Reports 
 National/regional authority 
Statement EU:  SCF/EFSA  (EFSA, 2004; SCF, 2000, 

2002) 
UK:  EVM (2003) US/Can:  IOM (1998, 2000, 2001) 

Definition of 
upper level (UL) 

The maximum level of total chronic daily intake 
of a nutrient (from all sources) judged to be 
unlikely to pose a risk of adverse health effects 
to humans.  ‘Tolerable intake’ in this context 
connotes what is physiologically tolerable and is 
a scientific judgement as determined by 
assessment of risk, i.e. the probability of an 
adverse effect occurring at some specified level 
of exposure.  ULs may be derived for various 
lifestage groups in the population. 

Safe upper levels (SULs) are doses of 
vitamins and minerals that potentially 
susceptible individuals could take daily on a 
life-long basis without medical supervision 
in reasonable safety.   
 
Guidance levelsa have been given instead of 
SULs when the evidence base is inadequate 
to set an SUL 

The highest level of daily nutrient intake that is 
likely to pose no risk of adverse health effects 
for almost all individuals in the general 
population.  Different ULs may be developed for 
various life stage groups. 
 

Definition of 
adverse effect 
 

“Change in morphology, physiology, growth, 
development or life span of an organism which 
results in impairment of functional capacity or 
impairment of capacity to compensate for 
additional stress or increase in susceptibility to 
the harmful effects of other environmental 
influences (IPCS, 1994).  Decisions on whether 
or not any effect is adverse require expert 
judgement.” 

Not specified “any significant alteration in the structure or 
function of the human organism (Klaassen et al., 
1986) or any impairment of a physiologically 
important function that could lead to a health 
effect that is adverse . . . .” 

Additional 
considerations or 
comments 
 

 
– 

Levels set tend to be conservative. Adverse effects include the alteration in 
detrimental ways of the health benefits conferred 
by another nutrient, that is, adverse nutrient-
nutrient interactions 

Approach for  
determining 
which observed 
effects are 
adverse 

Not all demonstrable structural or functional 
alterations represent adverse effects.  Some 
alterations may be considered of little or self-
limiting biological importance.  Decisions on 
which observed effects are adverse are based on 
scientific judgements.  

None indicated Based on scientific judgements.  Some 
demonstrable structural or functional alterations 
or nutrient-nutrient interactions may be 
considered of little or self-limiting biological 
importance 
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Table 2.  Adverse Health Effects Considered and Used in Setting Upper Level for Vitamin A, 
 by Report 

 EU:  SCF (2002) UK:  EVM (2003) US/Can:  IOM (2001) 
Adverse Effect  
  Adults ---Information provided relative to the adverse effect--- 
Decreased bone mineral 
density and increased risk of 
hip fracture 

× Suggestive evidence that excess vitamin A 
intake may increase bone resorption and 
decrease bone formation.  Vulnerable 
group:  postmenopausal women 

× Vulnerable groups:   
older people, those with 
osteoporosis 

× Evidence is conflicting, data lacking to 
confirm findings of Melhus et al. (1998) 

Teratogenicity √ For women of childbearing age; in 
addition, UL set on this basis was 
discussed in relation to other subgroups 

× A potential risk, 
especially in the first 
trimester of pregnancy 

√ For women of childbearing age 

Liver abnormalities, 
hepatotoxicity 

√ Toxicity appears to depend on the dose 
taken and on the duration of intake 

× Details not specified   √ For all other adults—specifically abnormal 
liver pathology that is characteristic of 
vitamin A intoxication, or grossly elevated 
hepatic vitamin A levels 

Elevated serum cholesterol × Small increase observed      
Chronic toxicity   × Signs described in 

animals and humans 
  

– 
  Infants and Children  UL based on the value for adults     
Intracranial and skeletal 
abnormalities, retarded 
growth 

× Bulging fontanelle and intracranial 
hypertension discussed in relation to 
studies of high-dose vitamin A to prevent 
deficiency 

×  
– 

√ 

Various other signs including  
bone pain, desquamation, 
weight loss, vomiting, 
hepatomegaly 

  
– 

  
– 

√ 

 
 
Case reports of “hypervitaminosis A,” 
which included a wide variety of adverse 
effects  

UL Established?  Yes  No. Report indicates that 
a guidance levela was 
set, but it was not found. 

 Yes 

Other Comments  Narrow margin between the population 
reference intake and intakes associated 
with adverse effects 

 Several vulnerable 
groups listed, but not 
linked with a specific 
adverse effect. 

  
– 
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Table 3.  Adverse Health Effects Considered and Used in Setting Upper Level for Iron, 
by Report 

 EU:  SCF (2002) UK:  EVM (2003) US/Can:  IOM (2001) 
Adverse Effect  
Acute intoxication × Young children especially at risk × Mainly from accidental 

ingestion by children 
× Mainly from accidental ingestion by children 

Iron-zinc interactions   
– 

× Significance of the 
decreased serum  zinc 
concentrations is unclear 

× Significance of the decreased serum  zinc 
concentrations is unclear 

Gastrointestinal 
effects (e.g., 
constipation,  
vomiting, diarrhea) 

× Vary with the delivery system × Vary with the form of 
iron 

√ Although not serious compared with other 
effects considered, this was the only effect  
for which there was sufficient evidence on 
which to base a UL 

Iron overload × Susceptible groups include adults homozygous for 
hereditary haemochromatosis, those receiving long-
term, high-dose medical treatment with iron, and those 
given repeated blood transfusions; a causative factor for 
Bantu siderosis.  Poor correlation between iron intake 
and various indicators  

× Parenteral iron and/or 
increased absorption 
rather than high oral 
intake typically involved 

× Only one clear example of dietary iron 
overload (among South African and 
Zimbabwean blacks), and there may be a 
genetic component.  Secondary iron overload 
discussed 

Cardiovascular 
disease, type 2 
diabetes 

× Epidemiological evidence is contradictory and 
unconvincing 

× Mentions problems of 
interpreting the data from 
epidemiological studies 

× Body of evidence does not provide 
convincing support for a causal relationship 
between dietary iron intake and the risk for 
CHD.   

Cancer × Body of evidence is not consistent and does not 
demonstrate causality 

× In the absence of 
chemical carcinogens, 
few studies on 
tumorigenesis in animals. 

× Hepatic iron accumulation is a risk factor for 
hepatocellular carcinoma among those with 
hemochromatosis, but evidence for a 
relationship between dietary iron intake and 
cancer is inconclusive in the general 
population. 

Reproductive and 
developmental 
toxicity 

  
– 

× None noted in animals   
– 

UL Established?  No  No, however a guidance 
level a was set.   

 Yes 

Other Comments   
– 

 Guidance level does not 
apply to those with 
increased susceptibility to 
iron overload. 

  
– 
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Table 4.  Adverse Health Effects Considered and Used in Setting Upper Level for Vitamin C,  
by Report 

 EU:  EFSA (2004) UK:  EVM (2003) US/Can:  IOM (2000) 
Adverse Effect    
Gastrointestinal effects 
(e.g., distention, 
flatulence, diarrhea) 

× The most clearly defined adverse effect at 
high intakes, but data on the dose-response 
relationship; are too limited to use as the bases 
for an upper level intake value. 

× Associated with high doses; 
few controlled studies 
address this response.  Data 
insufficient for a UL. 

√ Effect attributed to osmotic effect of the 
unabsorbed vitamin.  Data primarily from 
case–control studies 

Metabolic acidosis × Details not specified × Details not specified   
Pro-oxidant effects  Details not specified × Significance is uncertain for 

the general population 
× No clear causal relationship shown 

Changes in 
prothrombin activity 

× Not sufficiently well documented or 
substantiated to be used as the basis for risk 
assessment 

× Details not specified   

Systemic conditioning, 
‘conditioned need’ 
scurvy 

× Reported in guinea pigs; anecdotal evidence in 
humans, doesn’t pose a significant risk 

× Details not specified × Evidence of an effect is scanty and 
conflicting both for infants and adults 

Renal effects:  stones, 
high oxalate or uric 
acid excretion 

× Not sufficiently well documented or 
substantiated to be used as the basis for risk 
assessment 

× Data are conflicting.  
Potentially vulnerable group:  
those with a predisposition 
to urinary or renal stones 

× Cases of stones limited to a few subjects 
with renal disease.  No clear causal 
relationship shown.  Highly sensitive 
subpopulation:  those with renal disorders 

Excessive iron uptake 
from the gut 

 Small increase in iron absorption could be a 
problem for those with haemochromatosis or 
heterozygous for the condition 

× Vulnerable group: those with 
disorders of iron metabolism 
or storage 

× Highly sensitive subpopulation:  those 
with haemochromatosis 

Reduced vitamin B12 
and copper status 

× Not sufficiently well documented or 
substantiated to be used as the basis for risk 
assessment 

× Details not specified × No clear causal relationship shown 

Reproductive effects  – × None reported.  – 
Decreased growth  – × Reported in guinea pigs  – 
Genotoxicity × Current data do not allow adequate evaluation 

of the genotoxic potential of high intakes of 
the vitamin.  Oxidative DNA damage 
observed in vitro and in vivo is of uncertain 
significance. 

× –  – 

Carcinogenicity  × Findings in animals not relevant to human 
health; conflicting evidence about the 
relationship with breast cancer 

× Mixed results from in vitro 
studies 

 – 
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 EU:  EFSA (2004) UK:  EVM (2003) US/Can:  IOM (2000) 
Adverse Effect    
Increase in serum cholesterol 
concentration 

× Evidence is 
conflicting 

– –  – 

Dental enamel erosion  – – – × Single study, no clear causal relationship shown 
Allergic response  – – – × Single study, no clear causal relationship shown 
Hemolysis  – – – × Highly sensitive subpopulations:  newborns with glucose-6-phosphate 

dehydrogenase deficiency, normal preterm infants 
UL Established? No No, however a guidance 

level was set.   
Yes 

a  By definition, guidance level is not expected to produce adverse effects in a majority of the people. 
Notes:  Some differences may be due to differences in the publications available since reviews were conducted in different years. 

 EU: SCF/EFSA =  European Commission, Scientific Committee on Food/European Food Safety Authority;  UK: EVM = United Kingdom, Expert 
Group on Vitamins and Minerals of the Food Standards Agency;  US/Can: IOM = United States of America and Canada, Institute of Medicine 
 

× denotes that the adverse effect was mentioned or reviewed in the hazard identification. 
√ denotes that the adverse effect was identified as providing a basis for setting a UL. 
– denotes that the topic was not addressed. 
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ANNEX 8. Comparison of scientific review of data on vitamin A and bone density from reports by 
three national/regional authorities   

Table 1.  Comparison of References Used and Summary of Information, by Report 

Reference EU: SCF (2002) UK: EVM (2003) US/Can: IOM (2001) 

Nieman  and 
Obbink , 1954   

As reviewed in Hathcock et al.  (1990), 
vitamin A doses (up to 13 500 µg RE per 
animal) have been shown to lead to bone 
fragility and spontaneous fractures. 

 

– 

 

– 

Leelaprute et al., 
1973   

 

_ 

Gross bone lesions characterized by resorption of parts of 
pelvis, fibulae, and scapulae with bone thinning were observed 
in growing female rats treated with 7500 – 22 500 µg RE/d 
vitaminA as palmitate or retinol for 17 d.  Soft tissue 
calcification also occurred.  Doses given either orally or by 
intraperitoneal injection.  The latter associated with greater 
toxicity from retinol but not from vitamin A palmitate. 

 

– 

Dhem  and 
Goret-Nicaise ,   
1984 

Histopathological changes in animal bone 
following very high vitamin A doses (up to 
13 500 µg RE per animal) have been shown 
to lead to bone fragility and spontaneous 
fractures in rats. 

 

– 

 

– 

Freudenheim  et 
al., 1986.   

Measured bone mineral content in 4-y 
clinical trial in women receiving or not 
receiving calcium supplements.  Highly 
significant effect of vitamin A at ulna only.  
Hard to interpret as seems due to single 
individual with very high intake of vitamin A 
(4300 µg RE) who showed a rapid bone loss. 

4 y clinical trial in 99 women aged 35–60 y given either 
calcium supplement or placebo.  Evaluated effect of usual 
intakes of energy and 14 nutrients on single-photon 
absorptiometric measures of mineral content in arm bone.  
Vitamin A intake inversely correlated with  rate of change in 
ulna bone mineral content in postmenopausal women of 
treatment group.  In a single patient receiving a high 
supplemental dose (average intake 4392 µg RE/d), bone loss 
was very rapid with no other apparent reason. 

The authors evaluated the correlation between mean 3-y vitamin 
A intakes ranging from approximately 2–3 mg/d and rates of 
change in BMD in 82 women, 35–65 y of age (17 
premenopausal and 67 postmenopausal).  No consistent 
relationship between vitamin A intake and rate of bone mineral 
content.  The single subject who showed rapid bone mineral loss 
with very high vitamin A also appeared to have consumed large 
amounts of other micronutrients as well, obscuring the 
significance of this relationship.  The study also suffers from a 
small sample size in each of the four key groups, making 
correlations of potential nutritional or pathological importance 
indeterminate. 
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Reference EU: SCF (2002) UK: EVM (2003) US/Can: IOM (2001) 

Frankel  et al., 
1986  

 

– 

After single oral dose of 82 000 µg RE/kg bw given,  adult 
rats had no biologically active parathyroid hormone 
concentrations.  Secretions of bioactive PTH not altered by 
incubation of rat thyroparathyroid complexes with retinol 
in vitro.  3-wk-old rats given 15 000 µg RE 3 times/wk for 
6 wk had higher osteoclast numbers and lower osteoid 
than in controls.  Serum bioactive PTH was not detectable 
and serum 25-hydroxyvitamin D was significantly lower 
than in controls.  At 7500 µg RE 3 times/wk for 3 wk, 
serum bioactive PTH was suppressed to undetectable 
levels but no effect on serum 25-hydroxyvitamin D.  
Serum calcium and 25-hydroxyvitamin D were lower in 
vitamin D intoxicated rats that were also given 7500 µg 
RE 3 times/wk.   Authors suggested that skeletal changes 
caused by high levels of vitaminA were independent of the 
effects on PTH but could be caused by changes in vitamin 
D metabolites; these pathological changes could be 
modified by secondary changes in calcium metabolism 
and in the metabolism of calcium-regulated hormones. 

 

– 

Hough  et al., 
1988    

 

– 

Young rats (100 g) treated with 3000 or 7500 µg RE/d 
retinyl palmitate for 21 d by stomach tube.  Tibial 
histomorphometry revealed increased bone resorption 
(increased osteoclast size and number) and reduced bone 
formation.  There was a paucity of trabecular surfaces 
covered with osteoid.  Spontaneous limb fractures and 
increased skeletal turnover (as measured by serum alkaline 
phosphatase and urinary hydroxyproline excretion) also 
were observed in high-dose group.  Serum calcium and 
magnesium levels were unremarkable, but serum 
phosphorus levels were significantly elevated in the 
control animals.  Circulating levels of potent bone 
resorbers (PTH, 1,25-dihyroxyvitamin D and 25-OH 
vitamin D) were comparable, suggesting that vitamin A 
was having a direct effect on bone. 

 

 

 

– 

Biesalski , 1989   Reports of several isolated cases of skeletal problems in 
children with severe hypervitaminosis A were reviewed in 
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Reference EU: SCF (2002) UK: EVM (2003) US/Can: IOM (2001) 
this article.  Bone signs involve a decrease in density, 
osteoporotic changes, and cortical thickening of the long 
tubular bones, leading to retarded growth. 

_ _ 

 

Sowers and 
Wallace,  1990   

No relationship between vitamin A intake or serum retinol 
concentrations and radial bone mass or fracture history in 
246 postmenopausal women. 

Vitamin A intake, serum retinol, radial bone mass, and 
fracture history evaluated in 246 postmenopausal women.  
More than 36% used a vitamin A supplement, with 8% 
using a supplement containing >2000 µg RE/d.  No 
relationship between radial bone mass and fracture history 
and either vitamin A or serum retinol.  When population 
was stratified by supplement use, no statistically 
significant relationship between serum retinol and bone 
mass after adjusting for factors (such as age) associated 
with bone mass.  When serum retinol was divided into 
tertiles, no relationship with bone mass when adjusted on 
age, muscle area, and use of thiazide anti-hypertensives.  
Study had inadequate power to test an association between 
bone mass and vitamin A intakes > 2000 µg  RE/day.  
36% of the population were aged <60 y and were likely to 
be heterogeneous with regard to estrogen depletion bone 
loss; the site where bone mass was measured (central 
radius) is considered less responsive to change. 

 

– 

Scheven and 
Hamilton, 1990.  

Retinoic acid stimulates osteoclast formation and bone 
resorption. 

– – 

Hathcock et al.,  
1990   

Histopathological changes in animal bone following high 
vitamin A doses (up to 13 500 µg RE per animal) were 
reviewed. 

 

 

 

– 

 

– 

Johnell  et al.,   
1992 

 

– 

MEDOS study group found that hip fracture rates varied 
across Europe, being 11- and 7-fold higher for women and 
men in N. Europe (particularly in Sweden and Norway) 
than in S. Europe.  Fracture rates were higher in Swedish 
men than in Swiss or English women.  The difference in 
incidence was higher between countries than between 
sexes suggesting that an important genetic or 
environmental factor was involved.  Known risk factors 
were not thought to explain the finding. 

 

– 

Melton, 1995    

 

– 

Hip fracture rates were higher in Scandinavia than in 
comparable populations in N. America.  When dietary 
patterns in Europe were compared in different European 
towns, retinol intakes were 6-fold higher in Scandinavia 

 

– 
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Reference EU: SCF (2002) UK: EVM (2003) US/Can: IOM (2001) 
compared to S. Europe. 

Kindmark et al., 
1995  

Retinoic acid stimulates osteoclast formation and bone 
resorption. 

– – 

Houtkooper et 
al., 1995  

Measured annual rates of change in bone density in 66 
premenopausal women taking calcium supplements.  They 
had a slight loss of bone during 18 months of study 
(within measurement error of techniques involved).  At 
one of measured sites, high intakes of vitamin A were 
associated with less loss of bone. 

Relationships among nutrient intakes and rates of change 
in bone mineral density measured in 66 premenopausal 
women taking calcium supplements.  Nutrients were not 
significant variables in regression models predicting bone 
mineral density slopes at any femur site, but retinol intake 
was associated with decreased bone mineral density. 

Longitudinal study of 66 women (28–39 y) showed 
vitamin A intake significantly associated with increased 
annual rate of change in total body BMD.  The mean 
rate of change in total body BMD over the 18-month 
study was negative although several sites (lumbar spine, 
trochanter, and Ward’s triangle) showed small positive 
slopes.  The estimated mean intake of preformed vitamin 
A from diet was 1220±472 (SD) µg/d.  The estimated 
vitamin A intake from provitamin A carotenoids was 
595±352 (SD) µg/d.  Multivariable regression models 
showed the slopes for vitamin A and carotene were both 
positive with r2  values of approx 0.3.  Although the 
positive association between vitamin A and carotene 
intake and change in BMD may not be causal, the data 
provide evidence that vitamin A does not adversely 
affect premenopausal bone health within this range of 
intake. 

Lapadula et al., 
1995   

Bone lesions (histopathological changes in animal bone) 
leading to bone fragility and spontaneous fractures have 
been described in the rabbit following intra-articular 
injection of 30 000 µg RE of retinyl palmitate. 

 

– 

 

– 

Theiler et al., 
1995  

This brief report suggests that chronic vitamin A 
intoxication in adults might be related to osteoarthritis. 

– – 

Saneshige et al., 
1995   

May have mechanistic explanation related to a possible 
effect of retinoic acid in regulating expression of genes 
since both osteoblasts and osteoclasts express retinoic acid 
receptors (RARs) and retinoid X receptors (RXRs). 

 

– 

 

– 

   

 

 

 

Melhus et al., 
1998   

 

 

Nested case control for 247 women with a hip fracture and 
873 controls (Swedish women in a mammography study 
cohort) showed dose-dependent association between 
dietary intake of preformed retinol and higher risk of hip 
fracture.  Both univariate and multivariate analysis 
showed a significant 1.5-  to 1.6-fold increase in risk per 

Data from two studies:  a randomly selected cross-
sectional study involving 175 women (28–74 y) and a 
nested case–control study involving 247 women (40–60 y) 
who had first hip fracture 2–64 months after enrollment 
and 873 age-matched controls from a mammography study 
cohort. No reported use of vitamin A supplements. Intake 

Cross sectional (175 women) and nested case control 
(247 cases and 873 controls) studies in women suggest a 
dose-dependent increase in risk of hip fracture with 
increasing increments of vitamin A.  Chronic intake of 
1.5 mg/d of preformed vitamin A associated with 
osteoporosis and increased risk of hip fracture.  A cross-
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Reference EU: SCF (2002) UK: EVM (2003) US/Can: IOM (2001) 
 

 

 

 

 

mg retinol consumed daily.  An associated cohort study 
indicated that similar intakes of retinol reduced bone 
density.  The risk for hip fracture is doubled for retinol 
intake greater than 1500 µg RE/d as compared to intakes 
less than 480 µg RE/d.  Based on univariate analysis, the 
RR at intakes of 500 – 1000 µg RE/d, 1000 – 1500 µg 
RE/d, and >1500 µg RE/d, compared with intakes <500 
µg RE/d, were 0.93, 1.27, and 1.95, respectively.  
Although the association may have arisen from 
unrecognized confounding, the mechanistic data on the 
actions of retinoic acid on bone metabolism are consistent 
with the reported relationship. 

 

This study indicates an increased risk of bone fracture 
over an intake range similar to that normally consumed 
from food or supplements. 

of preformed retinol was negatively associated with bone 
mineral density. For intake >1500 µg RE/d compared with 
less than 500 µg/d, bone mineral density was reduced by 
10% at femoral neck, 14% at lumbar spine and 6% for 
total body. Risk for hip fracture was doubled.  For every 
1000 µg increase in daily RE intake, risk of hip fracture 
increased by 68%.  Smoking was a confounder. 
Information bias possible from questioning case-patients 
after hip fracture.  No data on thyroid hormone therapy 
and family history of osteoporosis.  Confounding 
influences of an unidentified dietary factor possible; high 
degree of random error in estimate of retinol intake might 
lead to underestimation of true risk of hip-fracture. 

sectional multivariate regression analysis in 175 
Swedish women 28–74 y of age showed a consistent 
loss in BMD at four sites and in total BMD with 
increased preformed vitamin A intake.  Numerous 
nutritional and non-nutritional exposures were assessed 
allowing substantial control of potential confounders.  
With use of stratified estimates of retinol intake in 
regression analysis, BMD increased with each 0.5 mg/d 
increment in intake above a reference intake of less than 
0.5 mg/d until intakes exceeded 1.5 mg/d.  Above this 
level, mean BMD decreased markedly at each site.  It is 
not clear whether the findings are equally applicable to 
pre- and postmenopausal women. 

 

The second part was a nested case–control study on the 
risk factors for hip fracture.  Cases were mostly 
postmenopausal women with first hip fracture within 2–
64 months after entry into the large cohort study, or 5–
67 months after mid-point of the recalled dietary 
assessment.  Four matched control subjects were 
selected for each case.  Logistic regression showed a 
dose-dependent increase in risk of hip fracture with each 
0.5 mg/d increment in reported retinol intake above 0.5 
mg/d baseline.  Odds ratio was 2.05 at intakes >1.5 
mg/d. 

Cohen-Tanugi 
and Forest, 1998  

Retinoic acid inhibits osteoblast differentiation. – – 

Cruz et al.,  1999  

– 

When dietary patterns in Europe were compared in 
different European towns, retinol intakes were 6-fold 
higher in Scandinavia compared to Southern Europe. 

 

– 

Rohde et al.., 
1999 

Molecular interaction of vitamins A and D could be 
responsible for antagonism of vitamin A towards action of 
vitamin D in rats. 

 

– 

Chronic excessive vitamin A intake has been shown to 
lead to bone mineral loss in animals, making such a 
consequence in humans biologically plausible. 

Binkley and 
Krueger, 2000   

Data suggest that excessive vitamin A may increase bone 
resorption and decrease bone formation 

– – 

Ballew et al., 
2001 

No association between serum retinyl esters and reduced 
bone density in UK’s 1988–94 National Health and 
Nutrition Survey, but serum retinyl esters reflect recent 
intake and are not a good indicator of vitamin A status. 

Association between fasting serum levels of retinyl esters 
and bone mineral density was studied in 5790 non-
pregnant participants ≥20 y.  Using multiple regressions, 
there were no significant associations between fasting 
serum retinyl esters and BMD as assessed at the femoral 
neck, trochanter, intertrochanter and total hip.   

(Probably unavailable before completion of report) 
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Johansson and 
Melhus, 2001  

Data from a trial in 9 healthy volunteers receiving 8250 
µg RE vitamin A  or 2 µg of 1,25(OH)2D3 vitamin D, or 
both,  indicated that retinyl palmitate antagonizes rapid 
calcium response to physiological levels of vitamin D. 

 

– 

(Probably unavailable before completion of report) 

Kawahara et al., 
2002   

No changes in serum markers of skeletal turnover in 40 
males given 7.6 mg vitamin A retinyl palmitate daily for 6 
weeks.  These measures were considered by authors to be 
sensitive markers of bone turnover.  Could not determine 
whether long-term vitamin A supplementation might have 
adverse skeletal effects. 

 

– 

(Unavailable before completion of report) 

Feskanich et al., 
2002  

Nurses’ Health study in the U.S.A. reported increased risk 
of hip fractures in >72 000 women studied for 18 y that 
was attributable to total retinol intake but not to β-
carotene.  Significant elevated RR (1.48 and 1.89) in 
quintiles with intakes >3000 and >2000 µg RE/d 
compared to lowest quintiles.  Multivariate analyses 
reveal highly significant trends for total intakes of vitamin 
A and food + supplement but not for food only.   

Data divided into quintiles for total vitamin A and for 
retinol intake.  Significant trends apparent between RR 
and intakes from food and supplements of total vitamin A 
and retinol.  A significant increase for the 2 highest 
quintiles compared with the lowest.  Trend analysis for 
retinol from food and supplements compared with food 
only indicates an important contribution from 
supplements; this would be less likely to be affected by 
dietary confounding than the Melhus et al. (1998) study. 

Nurses Health Study – related high vitamin A intake from 
food and supplements and hip fracture for more than 72 
000 postmenopausal women aged 34–77 y from 1980–
1998.  603 hip fractures occurred after low or moderate 
trauma.  After controlling for confounding factors, women 
in highest quintile of vitamin A intake (≥3000 µg RE/d) 
had a significant 1.48 RR for hip fractures compared to 
women in lowest quintile of intake (<1250 µg RE/d).  
Intake risk primarily attributable to retinol.  Association of 
retinol with hip fracture was reduced in women taking 
postmenopausal estrogens.  β-carotene did not contribute 
to fracture risk.  Women currently taking vitamin A 
supplements had non-significant 40% higher risk of hip 
fracture compared to those not taking supplements. 
Among women not taking supplements, retinol from food 
was significantly associated with fracture risk.  Long term 
intake of diet high in retinol may promote the development 
of osteoporotic hip fractures in women.  (Study cohort 
primarily white women). 

(Unavailable before completion of report) 

    

Promislow et al., 
2002  

 

– 

570 women and 388 men, 55– 92 y.  Dietary intake by 
questionnaire for 4 y.  Measured BMD and bone loss 4 y 
later.  Retinol intake was associated with decreased BMD 
and increased bone loss at intakes >840 µg RE/d even after 
adjustment for possible confounders.  Supplemental retinol 
use also associated with decreased BMD and increased 
bone loss. 

(Unavailable before completion of report) 

 
Notes:  BMD = bone mineral density; bw = body weight; EU: SCF = European Commission, Scientific Committee on Food; MEDOS =  Mediterranean Osteoporosis Study; PTH = parathyroid 

hormone; RE = retinol equivalents; RR = relative risk; UK: EVM =United Kingdom; Expert Group on Vitamins and Minerals of the Food Standards Agency; US/Can = United States of 
America and Canada, Institute of Medicine; – indicates that the study was not cited in the report  
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 Table 2.  Conclusions, Risk Characterization, and Recommendations Concerning Vitamin A 
and Bone Density, by Report 

Basis of 
Comparison 

EU: SCF (2002) UK: EVMb (2003) US/Can: IOMc (2001) 

Conclusions:  
scientific evidence 

Risk for hip fracture in Swedish women (Melhus et al., 
1998) is doubled for retinol intake > 1500 µg RE/day.  
Mechanistic data on actions of retinoic acid on bone 
metabolism are consistent with this.  Similar dose-response 
relationship reported by Feskanich et al. (2002) from a 
large cohort in US studied over a period of 18 y.  Both 
major epidemiologic studies indicate an increased risk of 
bone fracture over an intake range similar to that normally 
consumed from food and supplements. 

 

The lowest doses reported to produce adverse effects on 
bone density/fracture are 1500 µg RE/d.  (Trend analyses 
do not show a threshold). 

Recent epidemiological data indicate that 
postmenopausal women with long-term high intakes of 
vitamin A have an increased risk of hip-bone fracture.  
Other supporting epidemiological data indicate that this 
effect may occur in men as well as in women.  These 
findings are supported by animal data, which indicate 
that retinol has a direct effect on bone, possibly via 
interaction with D and an effect on parathyroid hormone 
and therefore calcium metabolism. 

 

 

Four studies provide evidence relating changes in 
BMD and risk of hip fracture with variation in 
dietary intake of preformed A (Freudenheim et 
al., 1986; Houtkooper et al., 1995; two studies 
from Melhus et al., 1998).  The studies are 
distinguished by their well described study 
designs and populations, adequate dietary intake 
estimates, and accurate methods for measuring 
BMD at multiple sites. 

 

The findings from these studies are provocative 
but conflicting and therefore are not useful for 
setting a UL for vitamin A. 

 

 

Conclusions:  upper 
limits (as related to 
adverse bone effects) 

Determining an upper level for preformed vitamin A is 
difficult, because any proposal has to take into account the 
narrow margin between the population reference intake and 
the intakes associated with adverse effects.  The findings on 
bone density and the risk of fracture were reported at lower 
daily intakes than other adverse effects.  However, it was 
considered that the currently available data did not provide 
sufficient evidence of causality, and were not appropriate 
for establishing a tolerable upper level. 

It is not possible to establish a SUL for vitamin A.  Two 
threads of evidence regarding potential adverse effects of 
vitamin A:  teratogenicity and risk of bone fracture.  
These suggest different levels of intake at which adverse 
effects may occur.  Both of these ranges appear to 
overlap with dietary intakes of vitamin A. 

 

 

Bone changes were not used as endpoint because 
of the conflicting findings and the lack of other 
data confirming the findings of Melhus et al. 
(1998). 
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Basis of 
Comparison 

EU: SCFa (2002) UK: EVMb (2003) US/Can: IOMc (2001) 

Risk 
characterization 

Because the TUL may not adequately address the 
possible risk of bone fracture in particularly 
vulnerable groups, it would be advisable for 
postmenopausal women, who are at greatest risk of 
osteoporosis and fracture, to restrict their intake to 
1500 µg RE/d. 

 

Because the current intakes may exceed the TUL, 
careful consideration should be given to the 
appropriateness of the fortification of human foods 
with vitamin A, and to the potential effects on 
human exposure of the addition of vitamin A to 
animal feed. 

 

 

In studies of long-term dietary intake, vitamin A has been associated 
with decreased bone density and increased risk of hip fracture.  This 
finding is supported by investigations in laboratory animals in which 
vitamin A has been reported to affect calcium metabolism and to have 
a direct effect on bone.  Other supportive epidemiological data (i.e. 
the increased fracture risk in both males and females in Scandinavian 
countries, where retinol intake is also higher than in Southern Europe) 
suggest that the effect also may occur in men.  

 

The risk of hip fracture is a continuous graded response associated 
with exposure levels that include average dietary intakes.  It is not 
possible to identify an intake that is without some degree of risk.  
However, the available data indicate that total intakes greater than 
1500 µg RE/d may be inappropriate.  This corresponds to 25 µg RE/kg 
bw/d in a 60 kg adult. 

 

Data on retinol intakes from food and supplements suggest that high 
level consumers of liver and liver products and/or supplements may 
exceed intakes at which adverse effects have been reported in the 
literature.  It should also be noted that dietary supplements may 
contain 20-100% more vitamin A than is stated on the label, due to the 
practice of using ‘overages’ within the food supplements industry to 
ensure that the product contains no less than the stated content of the 
vitamin throughout its shelf life.  This may be particularly important 
given that the effect on fracture risk appears to be a graded response, 
with the risk of fracture increasing with increased intake. 

 

– 

Recommendations The possible links between bone density, the risk of 
fracture, and vitamin A intake should be reviewed 
when further data become available. 

Ideally, a prospective study would be designed to  
take into account  the effects of age and of 
confounding variables on the risk.  It is recognized 
that such a study would require a very large 
population and prolonged treatment and follow up. 

 

– 

More research is needed to clarify whether 
chronic vitamin A intake, at levels that 
characterize upper-usual intake ranges for 
many American and European populations, 
may lead to loss in BMD and consequent 
increased risk of hip fracture in certain 
population groups, particularly among pre- 
and postmenopausal women. 

Notes: BMD = bone mineral density;  EU: SCF = European Commission, Scientific Committee on Foods; RE = retinol equivalents; SUL = safe upper level; UK: EVM = United Kingdom, Expert 
Group on Vitamins and Minerals of the Food Standards Agency; US/Can: IOM = United States of America and Canada, Institute of Medicine; – denotes no applicable information; 
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ANNEX 9.  Comparison of national/regional nutrient intake assessments 
Table 1.  Background:  Data sources, methodologies, caveats 

 National/regional authority 
 EU:  SCF (2000a-c, 2002a-c, 2003a-d) 

EU:  EFSA (2004) 
UK:  EVM (2003) US/Can:  IOM (1997, 1998, 2000, 2001, 2002-

2005) 
Data sources    
Intakes from foods 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 

Summary tables of intake data.  Number and source of 
studies varied by nutrient.  For nutrients described in 
table below, up to 15 publications for 8 countries were 
available:  
 
Methods used: 
7- and 8-day records:   

 7 studies 
 1 household study (n = 2734) 
 6 studies with individuals (n= >11 510) 

7-day weighed record 
 1 study 
 2197 individuals 

7-d weighed intake, 3-d weighed intake, 24 hr recall: 
 1 study 
 4972 individuals 

2-day records: 
 1 study 
 5958 households 

24-hour recall 
 1 study 
 2488 individuals 

Semi-quantitative FFQ (180 food items): 
 1 study 
 2672 individuals 

Computer assisted dietary interview 
 1 study 
 >4000 individuals 

Methodology undefined: 
 2 studies 
 >1000 individuals 

 
 
 
 

Three different types of nutritional surveys were 
considered: 
1. National Diet and Nutrition Survey 1986–1987 

:(NDNS) 
 Generally used.   
 Cross-sectional data 
 Nationally representative samples of specific 
population age groups 

 Uses a weighed 4- or 7-day dietary record kept by 
the participant 

 Rolling program of detailed dietary surveys of 
individuals divided into specific population age 
groups. 

 Caution: 1986/7 data do not reflect recent changes in 
use of supplements and fortified foods. 

 Nutrients from food sources only (including 
beverages such as teas but excluding supplements 
and drinking water).  

 Prone to under-reporting because of respondent 
burden 

 Nutrient status information is collected via blood 
samples and physical measurements. 

 Detailed interview information on SES, 
demographic and lifestyle characteristics. 

2. The National Food Survey (NFS):  
 Reports annually on household food purchases.    
 Average nutrient intakes/person and population 
trends over time 

 No information on age/sex sub-groups 
 No information on distributions of nutrient intakes in 
the population 

 Used when NDNS data not available. 
3. The Total Diet Study (TDS): 

 Continuous study  
 Selected foods representing the average UK diet are 
analyzed 

 Foods combined into 20 groups of similar foods for 
analysis 

 Particularly useful for estimating intakes where food 
composition data are lacking and for trend analysis. 

 Population level data only;  no information on 
individuals. 

 
Published literature used when survey data not available. 
 

USA 
Major sources of data were 2 nationally representative surveys: 
1. National Health and Nutrition Examination Survey of 

1988–94 (NHANES III) 
 30 000 subjects 
 Ages 2 months and older 
 Single 24-h recall for all subjects + second recall for a 
5% nonrandom sub-sample to allow statistical 
adjustment of intake estimates for day-to-day variation 

 Contains quantitative estimates of water and supplement 
consumption. 

2. Continuing Survey of Food Intakes by Individuals (CSFII) 
for 1994–96: 
 16 000 subjects 
 All ages 
 Statistical adjustment for day-to-day variations 
 Qualitative intake data for supplements 

 
FDA’s Total Diet Study:  

 Used for nutrients not covered by the two surveys above 
 A market basket survey    
 306 core foods representing the USDA food consumption 
survey data for 1994–96 for numerous age/sex groups   

 Intake data were not adjusted for day-to-day variation. 
 
Canada: 
Data collected in Québec and Nova Scotia.  (The extent to which 
these data are applicable nationwide is not known). 
 
Estimates of nutrient intakes: 

 Intake distributions for all age/sex/lifestage groups 
 Unreliable estimates flagged 
 Sometimes reported as a single distribution of total 
intakes (food + supplements + water, where applicable); 
sometimes reported as separate intake distributions for 
foods and supplements. 

 
 
Discussion of assessment methods: 

 Individuals under-report intakes;  greater for obese 
 Quality of composition data variable 
 Large day-to-day variations require large numbers of days or 
statistical adjustments to approximate usual intakes. 
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 National/regional authority 
 EU:  SCF (2000a-c, 2002a-c, 2003a-d) 

EU:  EFSA (2004) 
UK:  EVM (2003) US/Can:  IOM (1997, 1998, 2000, 2001, 2002-

2005) 
 
Intakes from 
foods, continued 

 
Data interpretation:  All methods of estimating the 
amounts of food consumed are associated with some 
degree of error.   For example: 

 Dietary recording period may not be long enough to 
provide information about foods consumed 
occasionally 

 Subjects may mis-report foods consumed or change 
their habitual diet during the recording period 

 Data, even from most detailed surveys, may be out 
of date because of significant changes in eating 
habits and increases in supplement use in recent 
years. 

 Therefore, caution is needed in interpretation of 
dietary survey data. 

Intakes from 
supplements 

Data bases varied as to whether supplements were 
included or excluded.  
Collected data on dietary supplements: 

 7 studies 
 6 Individual and 1 household survey 
 13 000 individuals or households 

 
 
 
 

Manufacturer-supplied data on single and multiple 
nutrient products: 

 Label values for lowest, highest, and most common 
vitamin and mineral contents of products marketed 
as single nutrient and multi-nutrient products. 

 Similar data for products formulated for children 
 Sales (millions of units) 

Potential exposure to vitamins and minerals from food 
supplements also estimated from OTC Directory 2001–2.  
These sources of information were used to provide a 
single estimate of maximum exposure from supplements. 
Label values do not reflect ‘overages’ used in the 
manufacture of food supplements (20–100% > label 
value).  

NHANES III or 1986 National Health Interview Survey (NHIS):  
 Each respondent asked how often used over a specified time 
period for each supplement product (i.e. for NHANES III, 
frequency of use over past 30 days) 

 Composition information based on label declaration 
 Intake =  (frequency of use) x (label declaration of nutrient 
content) 

 Nutrient intake distributions by age/sex/lifestage group. 
 

Intakes from water Where applicable, provide information on standards for 
maximum concentration of nutrients in drinking water. 

Where applicable, assumed 2 L/d consumption and 
maximum permitted level of nutrient of interest (e.g. 
copper). 

Distributions of reported intakes (mL/d) by age/sex/lifestage 
group 
 

Total nutrient 
intakes (foods + 
supplements + 
water) 

Summary table of means and 97.5th pctl from available 
studies   

 Indication as to whether intakes are for foods only or 
also include supplements.  

 As available, results presented for one of the 
following units: 

- household 
- individuals 
- males and females 

Data presented as a single value for each of these 
categories: 

 Food:  Mean and 97.5th pctl 
 Supplements:  Maximum daily dose in marketed 
products 

 Water:  Maximum allowable concentrations in 2L 
 Estimated maximum daily intake calculated by 
summing across the 3 sources above. 

Where composition data are available from NHANES III, data 
presented as: 

 Distributions by age/sex/lifestage group 
 For some nutrients, separate distributions are given for 
nutrient intakes from foods and from supplements;  in other 
cases, distributions reported as combined intakes from 
foods+ supplements 

Where UL is based on a form of nutrient (e.g. synthetic or added 
form), composition data may be adjusted appropriately to 
estimate intakes for specified form.. 
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Table 2.  Vitamin A Intake Assessment Comparison 
 National/regional authority 
 EU: SCF (2002b) UK: EVM (2003) US/Can: IOM (2001) 
ULs Women of child-bearing age and men:  3000 µg RE/d 

Children 1–3 y:         800 µg RE/d 
Children 4–6 y:       1100 µg RE/d 
Children 7–10 y:     1500 µg RE/d 
Children 11–14 y:   2000 µg RE/d 
Children 15–17 y:   2600 µg RE/d 
Advisable for postmenopausal women to restrict their 
intake to 1500 µg/d. 

None established. 
Discussed: 

 Prudent to take 3000 µg RE/d as the threshold for 
teratogenicity. 

 Intakes greater than 1500 µg RE/d may be 
inappropriate relative to risk of hip fracture. 

 

Women and Men, 19 + y:    3000 µg/d 
Girls and Boys, 14–18 y:     2800 µg/d 
Children 1–3 y:                      600 µg/d 
Children 4–8 y:                      900 µg/d 
Children 9–13 y:                  1700 µg/d 
 
 

Intake Estimates Publications including foods and supplements: 
Means (3 studies): 

 Men:  1277–2020 µg/d 
 Women:  1133–1790 µg/d 
 Household:  759 µg/d 

97.5th pctl (2 studies): 
 Men:  6671 µg/d 
 Women:  5779 µg/d 
 Household:  4377 µg/d 

Differences between the mean and median values 
indicated a skewed distribution of intakes, which arises 
from the non-uniform distribution of preformed retinol in 
the food supply and very high intakes by consumers of 
foods such as liver.  
 

Food:   
 median = 520 µg RE/d (from 1986/87 NDNS) 
 97.5th pctl = 6050 µg RE/d 

 
Supplements: 

Up to 2400 µg RE/d (sales data) 
Estimated maximum intake: 

6050 + 2400 = 8450 µg RE/d 
High intake groups include people who consume liver 
and liver products regularly. 
 

Food:   
Highest median intake:   

Lactating women:  1.050 µg/d 
 

Highest 95th pctl intake: 
Males 31–50 y:  1965 µg/d  

Supplements:    
95th pctl for adults: 

Ranged from 1500 to 3000 µg/d.   
< 5 % of pregnant women had intakes from diet and 
supplements that exceeded the UL 

Discussion Risk characterization:   
The 97.5th pctl  intake for adults in most of Europe is 
greater than the UL of 3000 µg RE/d.    
 
Because alternations of embryogenesis may occur 
following a single or a small number of doses of vitamin 
A, for women of childbearing age the UL should be 
compared with intake estimates that reflect short-term, 
rather than long-term exposure. 
 
Because current intakes may exceed the TUL, careful 
consideration should be given to the appropriateness of 
the enrichment of human foods with vitamin A, and to 
the potential effects on human exposure of the addition 
of vitamin A to animal feed. 

Discussion on guidance levels:   
Endorse current advice that women who are pregnant or 
who wish to become pregnant should not take dietary 
supplements containing vitamin A except on medical 
advice. 
 
High level consumers of liver and liver products and/or 
supplements may exceed intakes at which adverse effects 
have been reported.   
 
Dietary supplements may contain overages that are 20–
100% more than label declaration. This may be 
particularly important given that the effect on fracture 
risk appears to be a graded response, with the risk of 
fracture increasing with increased intake. 

Risk characterization:  The risk of exceeding the UL for 
vitamin A appears to be small based on the intakes cited 
above.   
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Table 3.  Iron Intake Assessment Comparison 
 National/regional authority 
 EU:  EFSA (2004) UK:  EVM (2003) US/Can:  IOM (2001) 
ULs ULs:  None provided 

 
 
 

ULs:  None established 
Guidance level:  

 A supplemental intake of approximately 17 mg/d 
(equivalent to 0.28 mg/kg/bw/d for a 60 kg adult) 
would not be expected to produce adverse effects in 
the majority of people.  

 This guidance level does not apply to the small 
proportion of the population who have increased 
susceptibility to iron overload. 

ULs: 
   Male & female ≥ 14 y:  45 mg/d 
   Children 1–13 y:           40 mg/d 
 

 

Intake 
Estimates 

Publications including foods and supplements: 
Means (5 studies): 

 Males:  13–22 mg/d 
 Females:  12–18 mg/d 
 Household:  13 mg/d 

 
97.5th pctl (5 studies): 

 Males:  27–41 mg/d 
 Females:  27–72 mg/d 
 Household:  22 mg/d   

 

Food: 
 Mean = 12 mg/d 
 97.5th pctl = 24 mg/d (from 1986/7 NDNS) 

Water: 
0.4 mg/d (assuming 2 L/d at U.K. limit of 0.2 mg/L) 

Supplements: 
20 mg/d (up to 60 mg/d for particular conditions, e.g. 
pregnancy) (sales data) 

Estimated maximum intake:  
24 + 0.4 + 20 mg = 44 mg/d 

Food + supplements (NHANES III): 
Highest intakes (excluding pregnant and lactating women): 

 Median:  Men 31–50 y = 19 mg/d 
 90th pctl:  Men  ≥ 51 y = 34 mg/d 

 
Pregnant and lactating women: 

 50–75% of pregnant and lactating women consumed 
iron from food and supplements at a level greater than 
45 mg/d, but iron supplement is usually supervised in 
pre- and postnatal care programs. 

 
The 90th pctl intakes are below the UL of 45 mg/d. 

Discussion Risk characterization:  
Risk of adverse effects from high iron intake from food 
sources, including fortified foods in some countries, but 
excluding supplements, is considered to be low for the 
population as a whole.   
Intake from supplements in men and postmenopausal 
women may increase the proportion of the population 
likely to develop biochemical indicators of high iron 
stores.   
Up to 0.5% of the population)are homozygotes for 
hereditary haemochromatosis, who are susceptible to iron 
overload even at normal dietary iron intakes.  Such 
individuals should avoid iron-supplements and highly iron-
fortified foods.  The majority of homozygotes are not 
diagnosed or identified, and they are not aware of their 
greater susceptibility until sufficient iron has accumulated 
to produce adverse effects. 

 Risk characterization:   
The risk of adverse effects from dietary sources appears to 
be low.  
Individuals taking iron salts at a level above the UL may 
encounter g.i. side effects, especially when taken on an 
empty stomach. 
25% of men aged 31–50 years in U.S.A. have ferritin 
concentrations greater than 200 µg/L, which may be a risk 
factor for cardiovascular disease.  This prevalence is 
higher in men older than 50 y.  The significance of high 
ferritin concentrations and their relationship to dietary iron 
intake is uncertain.  Nevertheless, the association between 
a high iron intake and iron overload in sub-Saharan Africa 
makes it prudent to recommend that men and 
postmenopausal women avoid iron supplements and highly 
fortified foods. 
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Table 4.  Vitamin C Intake Assessment Comparison 
 EU:  EFSA (2004) UK:  EVM (2003) US/Can:  IOM (2000) 
ULs ULs:  None provided. 

 
 
 

ULs:  None provided. 
 
Guidance level:   

 A supplemental level of 1000 mg/d would not be 
expected to have any significant adverse effects.  

 A guidance level for total vitamin C has not been 
estimated since adverse effects appear to follow 
supplemental, bolus doses rather than intake of 
vitamin C from food. 

 Higher levels of vitamin C may be without adverse 
effects in many individuals. 

ULs: 
   Adults ≥ 19 y:              2000 mg/d 
   Adolescents 14–18 y:  1800 mg/d 
   Children 1–3 y:             400 mg/d 
   Children 4–8 y:             650 mg/d 
   Children 9–13 y:         1200 mg/d 
 
 

Intake 
Estimates 

Publications including foods and supplements: 
Means (5 studies): 

 Men:  101–168 mg/d 
 Women:  108–169 mg/d 
 Household:  113 mg/d 

97.5th pctl (5 studies): 
 Men:  309–1056 mg/d 
 Women:  285–1117 mg/d 
 Household:  268 mg/d 

Food: 
 Mean = 64 mg/d 
 97.5th pctl = 160 mg/d (from 1986/7 NDNS) 

Supplements: 
Up to 3000 mg/d (sales data) 

Estimated maximum daily intake: 
160 + 3000 = 3160 mg 

Vegetarians are a potential high intake group. 

Food + supplements: 
Highest mean intake: 

Males 51–70 y and females ≥ 51 y:  about 200 mg/d 
 
Highest 99th pctl intake: 

Males 31–70 y and females 51–70 y:  > 1200 mg/d 
 

Discussion Risk characterization:  These dietary intakes do not 
represent a cause for concern. 

Establishment of guidance level:  Potentially vulnerable 
groups include individuals who are heterozygous for 
haemachromoatosis and thalassaemia or those with a pre-
disposition to urinary or renal stones.  Data on the possible 
adverse effects of vitamin C on these individuals are also 
conflicting, but appear to occur at intakes > 1 g/d. 

Risk characterization:  The risk of adverse effects resulting 
from excess intake of vitamin C from food and 
supplements appears to be very low at the highest intakes.   
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Table 5.  Vitamin E Intake Assessment Comparison 
 EU:  SCF (2003c) UK:  EVM (2003) US/Can:  IOM (2002-2005) 
ULs ULs:   

   Adults:  300 mg/d 
   Children 1–3 y:        100 mg/d 
   Children 4–6 y:        120 mg/d 
   Children 7–10 y:      160 mg/d 
   Children 11–14 y:    220 mg/d 
   Children 15–17 y:    260 mg/d 

ULs: 
Lifetime consumption = 800 IU (540 mg d-α-tocopherol 
equivalents/d) supplemental for daily vitamin E 
(equivalent to 9.0 mg/kg bw in a 60 kg adult). 
 

ULs (for any form of supplementary α-tocopherol): 
   Adults ≥ 19 y:             1000 mg/d (2326 µmol/d) 
   Adolescents 14–18 y:   800 mg/d (1860 µmol/d) 
   Children 1–3 y:             200 mg/d (465 µg/d) 
   Children 4–8 y:             300 mg/d (698 µmol/d) 
   Children 9–13 y:           600 mg/d (1395 µmol/d) 

Intake Estimates Data presented as α-tocopherol equivalents which include 
all 8 naturally occurring forms.   
 
Publications including foods and supplements: 
Means (3 studies): 

 Males:  11.2–11.7 mg TE/d 
 Females:  8.6–11.0 mg TE/d 
 Household:  11 mg TE/d 

 
97.5th pctl (3 studies): 

 Males:  23.4–28.3 mg TE/d 
 Females:  20.4–38.3 mg TE/d 
 Household:  22 mg TE/d 

Food: 
 Mean = 8.5 mg/d 
 97.5th pctl = 18 mg/d (1986/7 NDNS) 

 
Supplements: 

Up to 670 mg/d (sales data) 
 
Estimated maximum daily intake: 

18 + 670 = 690 mg/d 
 
No potential high intake groups have been identified.   

Food + supplements (α-tocopherol equivalents):   
Highest mean intake: 

Women 51–70 y:  45 mg/d (104.7 µmol/d) 
 
Highest intake at 99th pctl: 

Women 51–70 y:  508 mg (1181µmol/d) 
 
Intake distribution is very skewed.  For women 51–70 y, 
median is 9 mg/d (20.9 µmol/d);  mean is 45 mg/d (104.7 
µmol/d). 
 
Intakes at 99th pctl are well below the UL of 1000 mg/d 
of any for of α-tocopherol.   
 
Vitamin E supplement use is high in the U.S. population.  
Supplements containing vitamin E were used by 37% of 
young children, 23% of men, and 29% of women in the 
U.S. 

Discussion Risk characterization:  Current estimated intakes from 
food and supplements, including the 97.5th pctl, in the 
population are generally well below the UL.  However, 
some users of high dose supplements may exceed the 
UL.   

 Risk characterization:  The risk of adverse effects 
resulting from excess intake of α-tocopherol from food 
and supplements appears to be very low at the highest 
intakes noted above. 
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Table 6.  Selenium Intake Assessment Comparison 

 EU:  SCF (2000b) UK:  EVM (2003) US/Can:  IOM (2000) 
Uls    Adults:  300 µg/d 

   Children 1 –3 y:       60 µg/d 
   Children 4–6 y:        90 µg/d 
   Children 7–10 y:    130 µg/d 
   Children 11–14 y:  200 µg/d 
   Children 15–17 y:  250 µg/d 

Daily consumption over a lifetime: 
 0.45 mg total selenium/d 

 

   Persons ≥ 14 years:  400 µg/d (5.1 µmol) 
   Children 1–3 y:         90 µg/d (1.1 µmol) 
   Children 4–8 y:       150 µg/d (1.9 µmol) 
   Children 9–13 y:     280 µg/d (3.6 µmol) 

Intake 
Estimates 

The mean intakes of non-vegetarian adults in different 
studies are:  
• Belgium:   28–61 µg/d 
• Denmark:   41–57 µg/d 
• Finland:   100–110 µg/d 
• France:   29–43 µg/d 
• UK:   63 µg/d 
• The Netherlands:   40–54 µg/d 
• Norway:   28 –89 µg/d 
• Spain:   79 µg/d 
• Sweden:   24–35 µg/d.   
 
The amount of selenium available in the soil for plant 
growth and corresponding variations in the intake of 
selenium by humans varies considerably among regions 
and countries.   

Food: 
 Mean = 0.039 mg/d 
 97.5th pctl = 0.1 mg/d (1994 TDS) 

 
Supplements: 

Up to 0.3 mg/d (sales data) 
 
Estimated maximum intake: 

+ 0.3 = 0.4 mg/d 
 
No potential high intake groups have been identified. 

Food:  
 Dietary selenium intake in a high-selenium area:  68–
724 µg/d (0.9–9.2 µmol).   

 About half the subjects were consuming more than 
200 µg/d. (2.5 µmol) with no evidence of selenosis. 

 
Water: 

Water selenium content is usually trivial compared to 
food selenium content.  However, irrigation runoff 
water has been shown to contain significant amounts 
of selenium when the soil irrigated contains large 
amounts of the element. 

 
Supplements: 

Available in many doses but usually under 100 
µg/dose (1.3 µmol). 

 
The extensive food distribution system in Canada and the 
U.S. ensures that individuals do not eat foods that originate 
solely from one locality.  This moderates the selenium 
content of diets, even in high-selenium areas 

Discussion Risk characterization:   
In most European countries, mean intakes are in the range 
of 30–90 µg/d 
Norway has a somewhat higher mean intake (60 µg/d) due 
to import of wheat rich in selenium.   
Finland has an intake of 100–110 µg/d because of selenium 
fertilization.   
The margin between the present mean intake, excluding 
supplements, in the European population and an UL (adult) 
of 300 µg/d would be between 2.7 to 10.  The 97.5 pctl 
intake was 81 and 90 µg Se/d in Italy and The Netherlands, 
respectively, giving a margin to the UL of about 2.7. 

Establishment of a SUL:  Assuming a maximum intake of 
0.1 mg/d from food, a margin of 0.35 mg/d selenium is 
available for supplementation or other additional intake. 

Risk characterization:  The risk of selenium intake above 
the UL for the U.S.A. and Canada appears to be small.  
There have been no cases of selenosis in the high-selenium 
regions. 
Although intakes above the UL indicate an increased level 
of risk, these intakes – if below the LOAEL – would be 
unlikely to result in observable clinical disease.  This is 
especially true in a population that could self-select for 
high intakes, so that people who might experience 
symptoms could alter their diets or move. 
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Table 7.  Zinc Intake Assessment Comparison 
 EU:  SCF (2003d) UK:  EVM (2003) US/Can:  IOM (2001) 
ULs    Adults:  25 mg/d 

   Children  1–3 y:  7 mg/d 
   Children 4–6 y:  10 mg/d 
   Children 7–10 y:  13 mg/d 
   Children 11–14 y:  18 mg/d 
   Children  15–17 y:  22 mg/d 

Daily consumption over a lifetime: 
         25 mg zinc/d for supplemental zinc 
 
 
 
 

 Adults ≥ 19 y:  40 mg/d 
 Adolescents 14–18 y:  34 mg/d 
 Children 1–3 y:  7 mg/d 
 Children 4–8 y:  12 mg/d 
 Children 9–13 y:  23 mg/d 

Intake 
Estimates 

Publications including foods and supplements: 
Means (3 studies): 

 Males:  10.8–11.4 mg/d 
 Females:  7.5–8.4 mg/d 
 Households:  11 mg/d 

 
97.5th pctl (3 studies): 

 Males:  19.0–23.5 mg/d 
 Females:  13.6–22.1 mg/d 
 Households:  19.0 mg/d 

 
Water:  Concentrations of zinc in tap water may be 
elevated as a result of dissolution of pipes and 
contaminated wells may lead to high exposure.  Drinking 
water quality standards for European countries provide a 
Zn content not more than 5 mg/L. 
 
Other exposures:  Inhalation of zinc metal or oxide fumes 
in industrial settings and storage of food and drink in 
galvanized containers. 

Food: 
Mean = 9.8 mg/d 
97.5th pctl = 17 mg/d (from 1986/87 NDNS) 

 
Water: 

Up to 10 mg/d (assuming 2 L/d consumption at 
maximum UK concentration of 5 mg/L) 

 
Supplements: 

Up to 50 mg/d (sales data) 
 
Estimated maximum intake: 

17 + 10 + 50 = 77 mg/d 
 
No potential high intake groups were identified 
 

Food:  
Highest 95th pctl intake: 

 Adults = 25 mg/d 
 
Supplements:  In 1986, approximately 17% of women and 
15% of men consumed supplements that contained zinc.   
 
Intakes from food + supplements:  
Highest 95th pctl intake:  

 Adult men and non-pregnant women =  25–32 mg/d.  
 For pregnant and lactating women, approximately 43 
mg/d  

 
Note:  Although not presented in the IOM report, the 
intake estimates for zinc from food + supplements at the 
95th pctl are as follows:  children 1–3 y, 12.9 mg/d;  
children 4–8 y, 14.2 mg/d; boys 9–13 y, 17.3 mg/d;; girls 
9–13 y, 14.5 mg/d; and girls 14–18 y, 15.5 mg/d.  All of 
these values exceed the UL for their respective age/sex 
groups.   

Discussion Risk characterization:  The available studies show that the 
97.5th pctl of total zinc intakes for all age groups are close 
to the ULs, which, in the view of the Committee, are not a 
matter of concern. 

Establishment of SUL:  Assuming a maximum intake of 17 
mg/d from food, a total intake of 42 mg/d would not be 
expected to result in any adverse effects. 

Risk characterization:  The risk of adverse effects 
resulting from excess zinc intake from food and 
supplements appears to be low at the highest intakes.  High 
intakes of zinc are due to the use of supplements, 
especially during lactation and pregnancy. 
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Table 8.  Vitamin B6 Intake Assessment Comparison 

 EU:  SCF (2000c) UK:  EVM (2003) US/Can:  IOM (1998) 
ULs    Adults:  25 mg/d 

   Children 1–3 y:      5 mg/d 
   Children 4– 6 y:     7 mg/d 
   Children 7–10 y:  10 mg/d 
   Children 11–4 y:  15 mg/d 
   Children 15–7 y:  20 mg/d 

Daily consumption over a lifetime:  
10 mg/d supplemental vitamin B6 for 60 kg adult 
(0.17 mg/kg bw/d supplemental pyridoxine) 

 

As pyridoxine:    
   ≥ 19 y:                       100 mg/d 
   Adolescents 14–18 y:  80 mg 
   Children 1–3 y:            30 mg/d 
   Children 4–8 y:            40 mg/d 
   Children 9–13 years:   60 mg/d 
 

Intake 
Estimates 

Publications including foods and supplements: 
Means (3 studies): 

 Men = 2.68–3.5 mg/d 
 Women = 2.84–3.6 mg/d 
 Households = 2.0 mg/d 

 
97.5th pctl (3 studies): 

 Men = 5.35–7.6 mg/d 
 Women = 10.46–30.3 mg/d 
 Households = 3.3 mg/d 

 
The Dietary and Nutritional Survey of British Adults 
(1990) (n>2000):  

 The majority of the intake by men was from food 
sources 

 Supplements represented (about 50% of total intake 
for women > 24 y.   

 Use of supplements by some women resulted in a 
skewed distribution with the highest 97.5th pctl intake 
= 16 mg/d in women aged 35–49 y 

Food: 
Mean = 2.0 mg/d 
97.5th pctl = 3.9 mg/d (NDNS, 1986/7) 

 
Supplements: 

Up to 100 mg/d 
 

Estimated maximum daily exposure: 
3.9 + 100 = 104 mg 

 
No potential high intake groups have been identified. 
 

Food + Supplements:   
Highest mean intake: 

Pregnant females 14–55 y = 9 mg/d 
 
Highest 95th pctl: 

Pregnant females 14 –55 y = 21 mg/d (most of which 
is pyridoxine from supplements)  

  
Vitamin B6 is available over the counter in many dosages 
ranging up to 100 mg or more. 
 

Discussion Risk Characterization:   
No safety concerns in relation to vitamin B6 from foods. 
 
Intakes from foods and supplements are generally <UL.  
However, recent data from Ireland indicate that, while the 
95th pctl intake of 18- to 64-y-old women is 8 mg day, the 
intakes of 2.5% of this population group exceed the UL of 
25 mg (range of intake of 30–62 mg/d) due to supplement 
use.   
 
Some supplements contain amounts per tablet/capsule that 
are considerably > UL. 

Establishment of SUL:  
In humans, a supplementary dose of 10 mg/d represents a 
clear SUL with no adverse effects being anticipated over a 
lifetime’s exposure.  Doses of 200 mg/d or more taken for 
long periods are associated with reports of neuropathy in 
some human subjects.  The effect of taking vitamin B6 at 
doses between 10 and 200 mg is unclear.  The risk posed 
by such exposure in the short term may be negligible, but 
the available data do not allow identification of a dose or 
duration of exposure above the SUL that would be of 
negligible risk. 

Risk Characterization:   
The risk of adverse effects from excess intake of B6 from 
food and supplements appears to be very low at the highest 
intakes noted above.   
 
Increased risks are likely to result from large intakes of 
pyridoxine used to treat various conditions.  The UL is not 
meant to apply  to individuals who are being treated with 
pyridoxine under close medical supervision. 
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Table 9.  Copper Intake Assessment Comparison 

 EU:  SCF (2003b) UK:  EVM (2003) US/Can:  IOM (2001) 
ULs    Adults:  5 mg/d 

   Children 1–3 y:      1 mg/d 
   Children 4–6 y:      2 mg/d 
   Children 7–10 y:    3 mg/d 
   Children 11–14 y:  4 mg/d 
   Children 15–17 y:  4 mg/d 

Total daily consumption over a lifetime: 
0.16 mg/kg bw/d (equivalent to 10 mg/d in a 60 
kg adult) 

 
. 
 

   Adults ≥ 19 y:  10 mg /d (10 000 µg/d) 
   Adolescents 14–18 y:          8000 µg/d 
   Children 1–3 y:                    1000 µg/d 
   Children 4–8 y:                    3000 µg/d 
   Children 9–13 y:                  5000 µg/d 

Intake 
Estimates 

Publications including foods and supplements: 
Means (3 studies): 

 Males = 1.5–1.6 mg/d 
 Females = 1.2 mg/d 
 Households =1.4 mg/d 

 
97.5th pctl (3 studies): 

 Males = 3.1 –3.5 mg/d 
 Females = 2.7 –2.8 mg/d 
 Households = 2.8 mg/d 

 
Water:  Copper piping used for water distribution can add 
0.1 mg/day to intakes in hard water areas but 10 times this 
amount in acid and soft water conditions.  The current EU 
standard is 2 mg/L for maximum concentration of copper  
in drinking water. 
 
Other exposures: Emissions from mines, smelters and 
foundries, burning of coal for power generation from 
municipal waste incinerators. 

Food: 
Mean = 1.4 mg/d 
97.5th pctl = 3.0 mg/d (NDNS, 1986,7) 

 
Supplements: 

Up to 2 mg/d (OTC 2001; sales data) 
 

Drinking Water: 
Up to 6 mg/d (assuming 2 L/d consumption and the 
maximum permitted water copper concentration of 3 
mg/L) 

 
Estimated maximum daily intake: 

3.0 + 2 + 6 = 11 mg/d 
 
No potential high intake groups were identified 

Food + supplements:   
Highest median intakes: 

 Males 1–50 y = 1700 µg/d 
 Males 51–70 y = 1600 µg/d 
 Pregnant/lactating women = 1600 µg/d 

 
Highest 99th pctl: 

Lactating females = 4700 µg/d 
Pg females and males 51–70 y = 4600 µg/d 

 
Water:   

 Drinking water with copper at the EPA Maximum 
Goal would contribute 2600 µg/d copper in adults and 
1000 µg in 1- to 4-y-old old children.   

 EPA data indicate 98% of flushed drinking water 
samples had copper levels < 460 µg/L.   

 Most of the US population receives < 100–900 µg/d of 
copper from drinking water.   

 
Adverse health effects depend on the species of copper in 
the media of concern, its degree of ionization, and its 
bioavailability. 

Discussion Risk Characterization:   
The 97.5th pctl of total copper intakes for all age groups are 
close to the ULs which, in the view of the Committee, are 
not a matter of concern.   

 
Additional copper intakes from drinking water may be 
appreciable and may need to be taken into account. 

Individuals in the UK could theoretically consume in 
excess of 6 mg/d copper from water alone if consumed at 
the statutory limit.  However, copper levels in UK drinking 
water are much lower so this level of exposure is unlikely 
to occur.  There is no evidence that copper intakes in water 
in the UK present any risk to health. 

Risk characterization:   
The risk of adverse effects from excess intake of copper 
from food, water, and supplements appears to be very low 
in adults at the highest intakes.  
 
A small % of children 1–8 y is likely to exceed the UL for 
their age group. 
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Table 10.  Vitamin D Intake Assessment Comparison 

 EU:  SCF (2002c) UK:  EVM (2003) US/Can:  IOM (1997) 
ULs 
 
 

ULs: 
   Adults:  50 µg/d 
   Children 0–10 y:  25 µg/d 
   Children 11–17 y:   50 µg/d  

ULs: 
   None established. 
 
Guidance Level:  A level of  0.025 mg/d 
supplementary vitamin D would not be expected to 
cause adverse effects in the general population.  This 
is equivalent to 0.0004 mg/kg bw/d for a 60 kg adult.  

ULs: 
   Persons ≥ 1 y:  50 µg (2000 IU)/d 

Intake Estimates Publications including foods and supplements: 
Means (4 studies): 

 Males = 3.7–11.2 µg/d 
 Females = 3.1–10.3 µg/d 
 Household = 3.0 µg/d 

 
97.5th pctl (4 studies): 

 Males = 12.7–37.6 µg/d 
 Females = 12.6–33.3 µg/d 
 Households = 8.4 µ/d 

 
 
The main reasons for the relatively good vitamin D status in 
the Scandinavian countries are probably fortification of food 
and a higher percentage of people taking vitamin D 
supplements. 

Food: 
Mean = 0.003 mg/d 
97.5th pctl = 0.009 mg/d (NDNS, 1986/7) 

 
Supplement: 

Up to 0.0125 mg (manufacturer; OTC 2001) 
 

Estimated maximum intake: 
0.0009 + 0.0125 = 0.022 mg/d 

 
 
No potential high intake groups have been identified. 
 
 

Food: 
 Vitamin D content of unsupplemented diets is 
low, averaging about 2.5 µg (100 IU)/d for 
women. 

 Diets high in fish are considerably higher in 
vitamin D. 

 Because milk is fortified to contain 10 µg (400 
IU)/quart, persons with high milk intakes have 
relatively high vitamin D intakes. 

 
Intakes from supplements:  A 1986 survey estimated 
that the 95th pctl of supplement intake by users of 
vitamin D supplements was 20 µg/d (800 IU) for men 
and 17.2 µg/d (686 IU) for women. 
 
The endogenous formation of vitamin D3 from 
sunlight irradiation of skin has never been implicated 
in vitamin intoxication. 

Discussion Risk characterization:   
In Norway, the 95th pctl intake with supplements is about 1.5 x 
less than the UL.  
 
 The 97.5 pctl values with supplements are 8.4, 12.7, 14.3 and 
22.16 µg/d in Italy, United Kingdom, Ireland, and Austria, 
respectively.    
 
These values are well below the UL. 

Establishment of an SUL:  Because of  the 
difficulties in assessing total vitamin D exposure, an 
estimate for total intake has not been provided.  Such 
an intake, or more, might well be required under 
medical supervision in managing overt or occult 
deficiency states. 

Risk characterization:   
For most people, vitamin D intake from food and 
supplements is unlikely to exceed the UL.   
 
However, persons who are at the upper end of the 
ranges for both sources of intake, particularly persons 
who use many supplements and those with high 
intakes of fish or fortified milk, may be at risk for 
vitamin D toxicity. 
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Table 11.  Calcium Intake Assessment Comparison 
 National/regional authority 
 EU-SCF:   (2003a) UK:  EVM (2003) US/Can:  IOM (1997) 
ULS Adults = 2500 mg/d 

   
 
 

ULs: 
   None provided. 
Guidance level:   

 Doses up to 1500 mg/d supplemental calcium would 
not be expected to result in any adverse effect, but 
higher doses could result in adverse gastrointestinal  
symptoms in a few people  

 An estimate for total calcium intakes has not been 
made as the effect is related to calcium in 
supplemental doses. 

Adults ≥19 = 2500 mg/d (62.5 mmol/d) 
Children 1–18 y = 2,500 mg/d (62.5 mmol/d) 
 
 

Intake 
Estimates 

Publications including supplements: 
Means (2 studies): 

 Males = 940–949 mg/d 
 Females = 730–742 mg/d 

 
97.5th pctl: 

 Males = 1607–1657 mg/d 
 Females = 1317–1340 mg/d 

  

Food: 
Mean = 830 mg/d (1990 NDNS) 
97.5th pctl = 1500 mg/d 

 
Water: 

Up to 600 mg (assuming 2 L/d consumption at 
300 mg/L) 
 

Supplements: 
Up to 2400 (3 x 800) mg/d (OTC, 2001) 
 

Estimated maximum intake: 
1500 + 600 + 2400 = 4500 mg/d 

Food:   
Highest median intake in 1994 CSFII: 

Males 14-18 y = 1,094 mg/d (27.4 mmol) 
Highest 95th pctl intake for any age group: 

Males 14 – 18 y with an intake of 2039 mg/d (51 
mmol/d) 

  Supplements:   
 Calcium supplements were used by < 8% of young 
children, 14% of men, and 25% of women in the US 
(1986).  

 Daily dosages from supplements at the 95th pctl were 
relatively small for children (160 mg; 4 mmol), larger 
for men (624 mg; 15.6 mmol/d), and largest for 
women (904 mg; 22.6 mmol)/d. 

Discussion Risk characterization:   
Data from European populations indicate that the intakes 
of calcium from all sources in adolescents and adults can 
be close to the UL in a small percentage of the population, 
especially in those taking supplements.   
 
Although there are no data to set a numerical UL for 
children and adolescents, no appreciable risk has been 
identified even with current extreme levels of calcium 
intake in this age group. 

 Risk characterization: 
Although the 95th pctl of daily intake did not exceed the 
UL for any age group, persons with very high caloric 
intake, especially if intakes of dairy products are also high, 
may exceed the UL of 2500 mg/d.   
The 95th pctl intake from foods and supplements added 
together for teen-age boys (1,920 + 928 mg/d), or for 
teenage girls (1236 + 1200 mg/d) are at or slightly above 
the UL.  
Users of dietary supplements tend to also have higher 
intakes of calcium from food than nonusers, but it is 
unlikely that the same person would fall at the upper end 
of both ranges.   
The prevalence of usual intakes (from foods + 
supplements) > UL is < 5% but recently calcium-fortified 
foods in marketplace have doubled; important to monitor 
their impact on calcium intake. 
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Table 12.  Folic Acid Intake Assessment Comparison 
 EC:  SCF (2000a) UK:  EVM (2003) US/Can:  IOM (1998) 
ULS ULs (as folic acid): 

   Adults:  1 mg/d 
   Children 1–3 y:      200 µg/d 
   Children 4–6 y:      300 µg/d 
   Children 7–10 y:    400 µg/d 
   Children 11–14 y:  600 µg/d 
   Children 15–17 y:  800 µg/d 

ULs: 
   None provided 
 
Guidance level:  A supplemental dose of 1 mg/d would not 
be expected to cause adverse effects. 

ULs (from fortified food or supplements): 
   Adults ≥ 19 y:               1000 µg/d  
   Adolescents 14–18 y:    800 µg/d 
   Children 1–3 y:             300 µg/d 
   Children 4–8 y:             400 µg/d 
   Children 9–13 y:           600 µg/d 

Intake 
Estimates 

Publications used (5 studies)  
• No information as to whether supplements were 

included or excluded 
• No information on dietary methodology used 
Means: 
• Males = 255–332 µg/d 
• Females = 210–260 µg/d 
• Males and females = 251–398 µg/d 
High Intake (97.5th pctl)s: 
• Males = 662 µg/d 
• Females = 638 µg/d 
• Males and females = 412–1795 µg/d 

Food: 
Mean = 0.26 mg/d (86/7 NDNS) 
97.5th pctl = 0.49 mg/d 

Supplements: 
 Up to 0.50 mg in over-the counter supplements for 
males (OTC, 2001) 

 Up to 0.80 mg in over-the-counter supplements for 
females (sales data)  

Estimated maximum intake: 
 0.99 mg/d for males 
 1.29 mg/d for females 

 
No potential high intake groups have been identified. 
 

Intake assessment–United States of America 
It is not possible to determine intakes of folic acid only.  
Survey data do not distinguish between food folate and 
folic acid added as a fortificant or taken as a supplement.   
Food  (included fortified ready-to-eat cereals): 
Highest 95th pctl::  Females 30–50 y = 438 µg/d 
Food + supplements (excluding pregnant women for 
whom folate supplements are prescribed): 

Highest 95th pctl:  Females 30–50 y =  983 µg/d   
Intake assessment–Canada: 
The contribution of ready-to-eat cereals is expected to be 
lower because the maximum amount of folic acid that can 
be added to breakfast cereal is 60 µg/100g.  
It is possible to exceed the UL of 1000 µg/d of folic acid 
by ingesting  fortified foods or  supplements, or both. 

Discussion Risk characterization:   
97.5th pctl. intakes for folate from dietary sources around 
500 µg/d have been reported, the higher data for Austria 
are likely from all sources, including supplements.   
Data for the 2nd Dutch National Food Consumption Survey 
on supplement use indicated that 97.5th pctl and maximum 
intake is 400 and 800 µg, respectively. 
Regular supplements on the market usually contain 400–
500 µg folic acid.   
In some European countries (e.g. the United Kingdom), 
cereals and breads are fortified with folic acid contributing 
25–100 µg per serving.   
Subjects at risk for too high folic acid supplementation are 
those with an undiagnosed vitamin B12 deficiency and 
other conditions associated with cobalamin malabsorption.  
Figures on prevalence of pernicious anemia in W-Europe 
vary between 1.2 and 1.98/1000. 
Recent data show a high prevalence (ca 25%) of marginal 
cobalamin deficiency in elderly but not or hardly 
associated with hematological abnormalities. 

Establishment of guidance level:   
A general consistency of data indicates that 
supplementation with ≤ 1 mg/d folic acid does not mask 
vitamin B12-associated anemia in the majority of patients, 
whereas supplementation with ≥ 5 mg/d does.  The effects 
of doses between 1 and 5 mg/d are unclear. 

Risk characterization: 
 In the USA, the intake of folate is currently higher than 
indicated because enriched cereal grains in the U.S. food 
supply, to which no folate was added previously, are now 
fortified with folate.  The FDA estimated that the 95th pctl 
of folate intakes for males aged 11 to 18 years would be 
950 µg of total folate at this level of fortification;  this 
value assumes these young males would also take 
supplements containing 400 µg of folate (REF).  The 95th 
pctl for all other groups (excluding pregnant women) 
would be lower, and folic acid intake would be lower still.   
Using a different method of analysis, FDA estimated that 
those who follow the Food Guide Pyramid and consume 
cereal grains at the upper end of the recommended range 
would obtain an additional 440 µg of folate under 
fortification regulations.  Those who eat other fortified 
foods (cookies, crackers) might ingest a comparable 
amount of folic acid.   
By either method of analysis and assuming  regular use of 
a supplement that contains 400 µg of folate, it is unlikely 
that intake of added folate would regularly exceed 1000 µg 
for any group. 
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Table 13.  Iodine Intake Assessment Comparison 

 National/regional authority 
 EU:  SCF (2002a) UK:  EVM (2003) US/Can:  IOM (2001) 
ULs    Adults:  600 µg/d 

   Children 1–3 y:      200 µg/d 
   Children 4–6 y:      250 µg/d 
   Children 7–10 y:    300 µg/d 
   Children 11–14 y:  450 µg/d 
   Children 15–17 y:  500 µg/d 

ULs: 
   None provided 
 
Guidance levels:  A supplemental intake of 0.5 mg/d in 
addition to the iodine in the diet (equivalent to 0.003 
mg/kg bw in a 60 kg adult) would not be expected to have 
any significant adverse effects in adults. 

 Adults ≥ 19 y:           1100 µg/d 
 Adolescents 14–18 y:  900 µg/d 
 Children 1–3 y:            200 µg/d 
 Children 4–8 y:            300 µg/d 
 Children 9–13 y:          600 µg/d 

Intake 
Estimates 

Germany --  Mean intakes of supplement users:  
 Males = 124 µg I/d   
 Females =  102 µg I/d  

Great Britain–97.5th pctl intakes from all sources: 
 Males = 434 ug/d 
 Females = 359 ug/d    
 Young children aged 1½ –4 ½ y (high milk consumers 
in winter) =  247 ug/d –309 ug/d 

Data suggest that some pre-school children are likely to 
have intakes exceeding the JECFA PMTDI. 
 
 

Food: 
Mean = 0.22 mg/d (1986/7 NDNS) 
97.5th pctl = 0.43 mg/d 

Water: 
<0.03 mg/d (estimated intake from 2 L water 
containing < 0.015 g/L) 

Supplements: 
Up to 0.49 mg/d (sales data) 

Estimated maximum intake: 
0.43 + 0.03 + 0.49 = 0.95 mg/d 

Children are a potential high intake group, because iodine 
intakes in children are higher than those in adults due to 
higher milk consumption. 

Intake Assessment:   
 Normal diets are unlikely to supply more than 1 
mg/day.  

 Intake of 10 g of 0.0001% iodized salt results in an 
intake of  770 µg/d.   

 Based on the Total Diet Study, the highest intake of 
dietary iodine for any group at the 95th pctl was 1 
mg/d, which is equivalent to the UL for adults.   

 The iodine intake from the diet and supplements at the 
95th pctl is approximately 1.15 mg/d, which is slightly 
higher than the UL. 

 

Discussion Risk characterization:   
Intakes of iodine from all sources in adults are unlikely to 
exceed the UL.   
 
In the UK where  intakes are relatively high, the 97.5th pctl 
intake in men is 434 ug/d.  In children (1 ½–4 ½ y), iodine 
intakes may vary from 87–309 ug/d, mostly from milk.  
The UK COT considered that the intake of iodine from 
cow’s milk is unlikely to pose a risk to health in children 
who are high consumers.  The SCF agrees with this and 
notes that an UL is not a threshold of toxicity but may be 
exceeded for short periods without an appreciable risk to 
the health of the individuals concerned.   
 
Ingestion of iodine-rich algal products, particularly dried 
products, can result in dangerously excessive iodine 
intakes. 

Establishment of guidance level:   
It is possible that some consumers of foods with high 
levels of iodine, particularly children, may occasionally 
exceed this guidance level from normal dietary sources, 
but compensatory mechanisms exist and allay concerns for 
this potentially vulnerable groups. 

Risk assessment:  For most people, iodine intake from 
usual foods and supplements is unlikely to exceed the UL. 
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Notes:    bw = body  weight;  CSFII = US Continuing Survey of Food Intake by Individuals;  EPA = US Environmental Protection Agency;  EU: EFSA = 
European Food Safety Authority;  EU: SCF = European Commission, Scientific Committee on Food;  FDA = US Food and Drug Administration;  FFQ 
= food frequency questionnaire;  IU = international unit;  JECFA = Joint FAO/WHO Expert Committee on Food Additives;  LOAEL = lowest observed 
adverse effect level;  NDNS = UK National Diet and Nutrition Survey;  pctl = percentile;  PMTDI = provisional maximum tolerable daily intake;  RE = 
retinol equivalent;  SUL = safe upper level of intake;  TE = tocopherol equivalents;  TUL = tolerable upper level of intake;  UKCOT = United Kingdom, 
Committee on Toxicity of Chemicals in Food;  UK: EVM = United Kingdom, Expert Group on Vitamins and Minerals, Food Standards Agency;  UL = 
upper level of intake; US/Can: IOM = United States of America and Canada, Institute of Medicine; USDA = United States of America, Department of 
Agriculture.  
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ANNEX 10.  A comparison of selected risk characterization information, from reports by three 
national/regional authorities  

Table 1.  Basis of Comparison of Risk Characterization Information, by Report 
National/regional authority  

Basis of 
comparison EU: EFSA (2004); SCF (2000, 2002, 

2003) 
UK: EVM (2003) US/Can: IOM (1998, 2000, 2001) 

Generic description 
of risk 
characterization 
(from preambles) 

 May include 
   - description of scientific uncertainties associated 

with UL estimates to indicate scientific 
confidence that can be placed in estimates 

   - estimate of intake for population groups, an 
indication of the margin between recommended 
or actual intakes and the  UL, and an indication 
of the circumstances in which risk is likely to 
arise. 

 Should indicate  
   - if sub-populations with distinct and exceptional 

sensitivities to adverse effects have been 
excluded 

   - whether more research is needed 
   - (for nutrients for which a UL was not established) 

the highest level of intake where there is 
reasonable confidence about the absence of 
adverse effects. 

 From the concluding generic risk assessment process statement:    
—The available database is reviewed and hazards (adverse 
effects) identified and characterized. The hazards are compared 
to known levels of exposure and the risk determined. 

 From the section “How to interpret EVM risk assessments” — 
text has been included to explain the EVM view [on the SUL or 
guidance level] and provide any necessary qualification or aid to 
interpretation. Risk managers are to recognize that where 
uncertainty factors are used, they reflect a judgement on the 
uncertainty inherent in characterizing the risk. 

 A summary of the conclusions from hazard 
identification, dose–response assessment, 
intake assessment) and an evaluation of the 
risk.  

 Risk generally expressed as the fraction of the 
exposure population, if any, having nutrient 
intakes in excess of the estimated UL.  

 Magnitude of any such excesses, if possible.  
 Description of scientific uncertainties 
associated with both the UL and the intake 
estimates to convey the degree of scientific 
confidence the risk managers can place in the 
risk assessment. 
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Table 2.  Comparison of Selected Risk Characterization Information from Three National/Regional Authorities, by Report 
 National/regional authority 
Nutrient EU:  EFSA (2004), SCF (2002, 2003) UK:  EVM (2003) US/CAN:  IOM (2000, 2001) 

Vitamin A 
 

 Tolerable UL applies to both dietary and 
supplemental intakes of vitamin A; 

 97.5th  percentile intake for adults in most of 
Europe greater than 3000 µg RE/day; 

 UL for women of childbearing age should be 
compared with intake estimates that reflect short-
term rather than long-term exposure because 
teratogenesis may occur following single or small 
number of doses of vitamin A; 

 Women planning to become pregnant should not 
ingest cooked animal liver; 

 Tolerable UL may not adequately address possible 
risk of bone fracture in vulnerable group at greater 
risk of osteoporosis and bone fracture;  thus, 
postmenopausal women should restrict intake to 
1500 µg RE/ day 

 Current intakes may exceed tolerable UL, careful 
consideration is needed as to appropriateness of 
fortification of human foods with vitamin A and to 
potential effects on human exposure of addition of 
vitamin A to animal feed.  

 

Assessment 

 Acute vitamin A toxicity rare, more likely to follow ingestion of 
high dose supplements than high intakes from food; 

 most manifestations of chronic toxicity are reversible on 
cessation of dose, but permanent damage to liver, bone and 
vision, and chronic muscular and skeletal pain may occur in 
some cases; 

 Recent epidemiological data indicate increased risk of hip-bone 
fracture in postmenopausal women with long-term high intakes 
of vitamin A; that effect also may occur in men; 

 Guidance level 
 Not possible to establish a safe upper limit: levels of dietary 
intakes may overlap  intakes at which adverse effects . . . occur; 

 3000µg RE/day is a prudent threshold for teratogenicity; 
 Risk of hip fracture is a continuous graded response associated 
with exposure levels that include average dietary intakes, . . 
.intakes greater than 1500µg RE/day may be inappropriate 
relative to risk of hip fracture; 

 Consumers of large amounts of liver and liver products and/or 
supplements may exceed intakes at which adverse effects have 
been reported; 

 Dietary supplements may contain overages that are 20–100% 
more than label declaration . . .  Consider this in view of  the 
graded response with the risk of fracture increasing with 
increased intake.  

 Risk of exceeding UL for vitamin A appears 
small based on intakes cited in exposure 
assessment; 

 Body of evidence supports reversibility of 
bulging fontanels following cessation of high-
dose supplementation; 

 Supplemental doses exceeding the UL for 
vitamin A (based on healthy populations in 
developed countries) are currently used in 
fortification and supplementation programs for 
the prevention and treatment of vitamin A 
deficiency, especially in developing countries. 
The UL is not meant to apply to communities 
of malnourished individuals receiving vitamin 
A prophylactically, either periodically or 
through fortification, as a means to prevent 
vitamin A deficiency, or for individuals being 
treated with vitamin A for diseases such as 
retinitis pigmentosa.  
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National/regional authority          

Nutrient EU:  EFSA (2004), SCF (2002, 2003) UK:  EVM (2003) US/Can:  IOM (2000, 2001) 
Iron 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 

  Conclusions 
 A UL for iron from all sources cannot be 
based on adverse gastrointestinal effects 
reported after short-term oral dosage of 
supplemental non-haem iron preparations; or 
based on iron overload because of poor 
correlations; or based on increase of chronic 
diseases such as cardiovascular disease, 
diabetes or cancer because of lack of 
convincing causality evidence. 

 

  Risk Characterization 
 Adverse gastrointestinal effects reported after 
short-term oral dosage (50–60 mg/day of 
supplemental non-haem iron preparations, 
particularly taken without food); 

 The point at which an elevated serum ferritin 
level becomes associated with increased risk 
of adverse effects (such as liver fibrosis) is not 
known; 

 Epidemiological associations between high 
iron intake and/or stores and increased risk of 
chronic diseases (cardiovascular disease, type 
2  diabetes, and cancer of the gastrointestinal 
tract) are conflicting and do not provide 
convincing evidence of a causal relationship; 

 Risk of adverse effects from high iron intake 
from food sources, including fortified foods in 
some countries, but excluding supplements, is 
considered to be low for the population as a 
whole; 

 Intake from supplements in men and 
postmenopausal women may increase the 
proportion of the population likely to develop 
high iron stores; 

 

 Risk Assessment 
 In humans acute iron poisoning is 
associated with severe gastrointestinal 
damage that may include haemorrhagic 
gastroenteritis— relatively rare in adults at 
lethal dose of approximately 100 g, but 
more common in children; 

 Iron overload from dietary intake unusual in 
normal population and may be due to 
reduction in iron absorption that occurs as 
exposure increases; 

 Individuals with hereditary 
haemochromatosis are particularly 
vulnerable to iron overload because of 
enhanced uptake— subjects heterozygous 
for the condition may have a small increase 
in iron storage; 

 Suggestion that heterozygous subjects (up 
to 1% of population) may have increased 
risk of cardiovascular disease remains 
controversial. 

  Guidance level 
 Insufficient appropriate data to establish 
safe upper limit; 

 For iron-replete individuals, most common 
reported side effects are gastrointestinal, 
usually constipation, but nausea 

 Vomiting and epigastric pain also reported 
following supplemental doses between 50 
and 220 mg iron/day; 

 A supplemental intake of approximately 17 
mg/day (equivalent to 0.28 mg/kg of body 
weight/d for a 60 kg adult) would not be 
expected to produce adverse effects in the 
majority of people; 

 Based on a UL of 45 mg/day of iron for adults, the risk 
of adverse effects from dietary sources appears to be 
low; 

 Gastrointestinal distress does not occur from consuming 
a diet containing naturally occurring fortified iron; 

 Individuals taking iron salts at a level above the UL 
may encounter gastrointestinal side effects, especially 
when taken on an empty stomach; 

 25% of men aged 31–50 years in U.S.A. have ferritin 
concentrations > 200 µg/L, which may be a risk factor 
for cardiovascular disease, and prevalence is higher in 
men older than 50 years; 

 Significance of high ferritin concentrations and their 
relationship to dietary iron intake is uncertain; 

 Association between a high iron intake and iron 
overload in sub-Saharan Africa makes it prudent to 
recommend that men and postmenopausal women avoid 
iron supplements and highly fortified foods; 

 UL is not meant to apply to those being treated with 
iron under medical supervision. 
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National/regional authority          

Nutrient EU:  EFSA (2004), SCF (2002, 2003) UK:  EVM (2003) US/Can:  IOM (2000, 2001) 
Iron, continued  Some groups at special risk for poor iron 

status, such as menstruating women or 
children, could benefit from additional dietary 
intake and/or improved availability of dietary 
iron; 

 Up to 0.5% of the population are 
homozygotes for hereditary 
haemochromatosis. These individuals are 
susceptible to iron overload even with normal 
dietary iron intakes. Such individuals should 
avoid iron supplements and foods that are 
highly fortified with iron; 

 The majority of these homozygotes are not 
diagnosed or identified, and they are not 
aware of their greater susceptibility until 
sufficient iron has accumulated to produce 
adverse effects.  

 

 This guidance level does not apply to the 
small proportion of the population who 
have increased susceptibility to iron 
overload associated with the homozygous 
haemochromatosis genotype; 

 Many of available studies do not look at 
side effects in detail and information on the 
long-term implications of iron 
supplementation on iron status and storage 
is lacking. 

Vitamin C 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 

  Conclusions 
 Limited human and animal data indicate low 
acute toxicity; 

 Acute gastrointestinal intolerance is the most 
clearly defined adverse effect at high intakes 
but limited dose–response relationship data; 

 Insufficient data to establish a tolerable upper 
intake level for vitamin C. 

  Risk Characterization 
 Limited human data suggests supplemental 
daily doses up to about 1 g in addition to 
normal dietary intakes not associated with 
adverse gastrointestinal effects; 

 Acute gastrointestinal effects may occur at 
higher intakes (3–4 g/day); 

 Increased risk of kidney stones not found with 
habitual intakes of 1.5 g/day, but uncertainty 
whether higher intakes increase renal 
excretion of oxalate, which could increase risk 
of renal stones; 

 Risk Assessment 
 Available data suggest no significant 
adverse effects and no specific key toxic 
endpoints for oral dose to healthy subjects; 

 Conflicting data on increased oxalate 
excretion attributable to vitamin C; 

 Persons with disorders of iron metabolism 
or storage are more vulnerable; 

 Significance of reported variety of anti-
oxidant effects produced by vitamin C 
uncertain for general population; 

 Very low acute toxicity in animals, no 
reported effects on reproductive parameters; 

  Guidance Level 
 Insufficient data to set a safe upper limit; 
 Low toxicity, but adverse effect on 
gastrointestinal system may occur with 
doses > 1 g/day; this may pose serious 
problem for individuals with disordered 
gastrointestinal function; 

 Risk of adverse effects from excess intake from food 
and supplements appears to be very low at highest 
intakes (>1.2 g/day); 

 Members of general population should be advised not to 
exceed the UL routinely; 

 Intake above UL may be appropriate for well-controlled 
clinical trials; 

 Clinical trials of doses above UL should not be 
discouraged, provided participating subjects have 
signed informed consent documents regarding possible 
toxicity and provided trials employ appropriate subject 
safety monitoring; 

 UL not meant to apply to individuals receiving vitamin 
C under medical supervision. 
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National/regional authority          

Nutrient EU:  EFSA (2004), SCF (2002, 2003) UK:  EVM (2003) US/Can:  IOM (2000, 2001) 
Vitamin C, 
continued 
 

 Because increased intakes decrease 
absorption,  intakes greater than 1g/day would 
be associated with negligible increased uptake 
and tissue levels but increased gastrointestinal 
effects; 

 Conclusion applies to ascorbic acid, its salts, 
and esterified forms of vitamin C; although 
data are lacking on gastrointestinal absorption 
or tolerability of esterified forms of vitamin C 
(e.g. ascorbyl palmitate), all these forms might 
be expected to show similar properties; 

 Average daily intakes reported in surveys in 
European countries are greater than the  
Population Reference Intake; the 95th 
percentile intake from food and supplements 
ranges up to about 1 g/day. These dietary 
intakes do not represent cause for concern; 

 There has not been a systematic assessment of 
the safety of the long-term use of high dose 
vitamin C supplements. 

 A supplemental level of 1 g/day would not 
be expected to have any significant adverse 
effects; 

 A guidance level for vitamin C intake has 
not been estimated, since adverse effects 
appear to follow supplemental bolus doses 
rather than intake from food; 

 Higher intakes of vitamin C intake may be 
without adverse effects in many individuals; 

 Potentially vulnerable groups for adverse 
effects at intakes > 1 g/day include 
individuals heterozygous for 
haemochromatosis, and thalassemia or with 
pre-disposition to renal stones.  

Zinc  Available studies show that the 97.5th 
percentiles of total zinc intakes for all age 
groups are close to the ULs, which, in the 
view of the Committee are not a matter of 
concern. 

Establishment of Safe Upper Level 
 Assuming a maximum intake of 17 mg/day 
from food, a total intake of 42 mg/day 
would not be expected to result in any 
adverse effects. 

 The risk of adverse effects resulting from excess zinc 
intake from food and supplements appears to low at the 
highest intakes indicated in the exposure assessment; 

 High intakes of zinc are due to the use of supplements, 
especially during lactation and pregnancy. 

 
Notes: EU: EFSA = European Food Safety Authority;  EU: SCF = European Commission, Scientific Committee on Food;   RE = retinol equivalent;   SUL = 

safe upper level of intake; UK: EVM = United Kingdom, Expert Group on Vitamins and Minerals, Food Standards Agency;  UL = upper level of intake; 
US/Can: IOM = United States of America and Canada, Institute of Medicine  
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