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ABSTRACT

Obesity is the second largest preventable cause of death in the United States. Even
though it was classified as a disease in 1985, traditionally, obesity has been treat-
ed primarily as a behavioral problem that requires only modifications in diet and
exercise. Similar to research on obesity, clinical studies have elucidated the role
of biologic and genetic factors in alcoholism and other conditions previously clas-
sified as behavioral. These studies showed that behavioral adjustments alone may
not address underlying genetic causes. We hypothesize that biologic and genetic
factors must be addressed synergistically while behavioral modifications are
implemented to adequately treat obese patients. We hypothesize that a predispo-
sition to glucose craving and obesity is due to inadequate dopaminergic activity
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in the reward center of the brain. This defect drives individuals to engage in activities of
behavioral excess, which, in turn, enhance brain dopamine function. Consumption of large
quantities of alcohol or carbohydrates (carbohydrate bingeing) stimulates production and
usage of dopamine within the brain; the term reward deficiency syndrome (RDS) may be used
to categorize such biologic influences on behavior. We propose that a novel approach to
nutritional supplementation may be required to target the role of RDS in obesity. In this
regard, GenoTrim™, a DNA-customized nutritional solution, has been developed and is cur-
rently under investigation in several clinical studies. Through its mechanism of action,
GenoTrim addresses the genetic influence of RDS on obesity. In this cross-sectional study, 
24 subjects were studied after they had completed a case report format questionnaire. For this
assessment, we used a novel assessment tool—a path analysis. This statistical regression
model is used to (1) examine the effectual relationships between various systems within 
a multisystem matrix, and (2) measure the contributory roles of those relationships in obesity,
enabling the development of targeted and effective therapeutic interventions. 

Keywords: obesity; genetics; reward deficiency syndrome; 
nutritional supplementation

INTRODUCTION

Obesity is caused by many single factors and combinations of factors, including
genetics and lifestyle habits that impose varying levels of metabolic consequences.
What could be classified as “one-size-fits-all” obesity management tactics cannot
possibly effectively address the dynamic influence and interdependence of these
factors. In this regard, our goal as scientists should be to provide the obese individ-
ual with a “tailor-made” solution, rather than a standard protocol. We suggest that
treatment must bring together information about genetics, lifestyle, and the influ-
ence of genetics on behavior if it is to be effective in the patient with glucose crav-
ing and compulsive behaviors associated with obesity. The influence of genetics on
behavior cannot be understated, as has been previously shown in various craving
behaviors classified as reward deficiency syndrome (RDS). This term is derived from
earlier reports that described RDS as a way of elucidating the genetic antecedents of
impulsive, addictive, and compulsive disorders under a single rubric.1-14 We hypoth-
esize that use of a multivariant nutrigenomic index to customize or adjust treatment
formulations may result in an improved and novel approach to the diagnosis, strat-
ification, and treatment of obesity by targeting the influence of genes on behavior, or
what has been classified as RDS. This multivariant genetic index, or GenoScore™

(a published and patented process of Salugen, Inc., San Diego, Calif), is derived
through analysis of genotype and/or phenotype, multiple genetic and/or phenotyp-
ic measurements, and the use of complex algorithms; a customized solution is thus
delivered. This process gives clinicians the opportunity to provide DNA-customized
nutrition through the use of multiple genes involved in RDS; the metabolism, 
efficacy, and/or toxicity of specific vitamins, minerals, herbal supplements, and
homeopathic and other ingredients must be considered as part of their inclusion in
the nutritional and/or dietary supplement regimen.
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In this regard, we preliminarily tested our hypothesis by developing a novel
nutraceutical technology that targets the various pathways involved in obesity.15

We developed a nutraceutical formula (GenoTrim™; Salugen Inc.) that combines spe-
cific nutrients to influence various functions or paths that are affected by dopamin-
ergic activity or RDS, including sleep, mood, energy, stress, and immune and
hormonal function. When these paths are considered, a multidisciplinary approach
can be pursued that appropriately targets underlying factors that influence obesity.
This is the first study in which investigators used path analysis, a statistical 
regression model that is designed to evaluate the effectual relationships between
various systems within a multisystem matrix to measure the contributory roles 
of those paths to obesity, enabling the development of targeted and effective thera-
peutic interventions. 

METHODS

Participants

A total of 24 individuals completed a survey on which they documented their
experience with a GenoTrim formula. Subjects were pooled from a small open-label,
cross-sectional, observational trial.

Categorization of Benefits

Benefits reported by study participants were categorized by investigators as follows: 
• Stress reduction
• Sleep enhancement
• Increase in energy level
• Generalized well-being
• Reduction in craving behavior (sweets/carbs)
• Improvement in mental focus/memory
• Improvement in blood sugar levels
• Reduction in food consumption
• Loss of inches
• Loss of weight 
• Reduction in blood pressure (BP) 
• Improvement in workout performance
• Reduction in drug-seeking behavior (ie, alcohol, nicotine, cocaine, marijuana,

opiates, etc.)
• Reduction in hyperactivity 
• Reduction in cholesterol levels

Path Analysis 

A preliminary statistical analysis of qualitative information was performed.
Increases (↑) in physiologic condition were coded as 1, decreases (↓) in physiologic
condition were coded as –1, and no reported change was coded as 0. Because of 
the trichotomous nature of the data, Kendall’s Tau correlations among responses
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were calculated. Because these analyses were conducted during the early phases of
theory building, statistical significance was set at the .10 alpha level. Correlations
were hypothesized in directional form, and 1-tailed tests of significance were used.

RESULTS

Outcome measures and Tau correlations among these measures are presented in
Tables 1 and 2. The correlations that appear in Table 2, combined with careful reason-
ing regarding functional relations among the variables, suggested the path model that
appears in Fig 1. Correlations seen on this figure suggest that 2 major paths originate
with stress reduction: the first leads from reduction in stress through improved sleep,
heightened energy, and positive focus to improved performance; the second passes
from reduction in stress through reduced appetite, reduced weight, and decreased
inches to well-being. Because of the small sample size and the nature of the scales of
measurement used, an actual path analysis was not performed; however, the correla-
tions that emerged and their configuration in the model shown in Fig 1 strongly sug-
gest that further research with enhanced measurement scales and a large sample size
would shed light on (1) the direct and indirect functional relationships addressed by
novel nutraceutical technology and (2) the key physiologic pathways and responses
that are improved by this promising therapy.
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Fig 1. Proposed path model of response processes with nutraceutical treatment. 
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Examination of Fig 1 reveals a number of very interesting correlations (negative
and positive): stress is negatively correlated with sleep (r=–0.49)—when stress is
high, sleep is low; stress is positively correlated with appetite (r=0.42)—when stress
is high, appetite is high; stress is negatively correlated with energy (r=–0.24)—when
stress is high, energy is low; sleep is positively correlated with energy (r=0.44)—
when sleep is high, energy is high; stress is negatively correlated with well-being
(r=–0.36)—when stress is high, well-being is low; sleep is positively correlated with
performance (r=0.40)—when sleep is high, performance is high; appetite is nega-
tively correlated with focus (r=–0.30)—when appetite is high, focus is low; appetite
is positively correlated with weight (r=0.21)—when appetite is high, weight is high;
and, finally, weight is positively correlated with inches (r=0.63)—when weight is
high, the measurement in inches is high as well.

DISCUSSION

Findings from this open-label, cross-sectional study revealed a number of beneficial
effects of the GenoTrim formula. The duration of benefit ranged from 8 days to 
12 months. It is interesting to note that after only 8 days of use, subjects experienced a
reduction in stress, enhanced well-being, a decrease in sugar cravings, and a reduction
in appetite. Although 1 individual experienced an increase in body weight 
(3 lb over 5 mo), 83% of subjects achieved weight reduction by the time the study
ended. Of 24 individuals who responded, 96% reported a greater feeling of well-being,
83% achieved weight reduction, 79% reported a significant suppression of appetite,
75% described a reduced craving for sugar, 75% reported a reduction in stress, 70%
achieved loss of inches, 54% reported increased energy, 42% described positive sleep
patterns, 25% related an enhanced focus, and 21% reported enhanced performance. 
Of 24 respondents, 13 (54%) measured the pounds actually lost. Notwithstanding 
other factors such as exercise and better eating habits, average loss of scale weight was
17.15 lb. Of 24 respondents, 5 (20%) measured inches lost; on average, subjects lost 
10.7 inches. Only 1 respondent measured actual percentage of body fat and lost 3%
over a 1-month period after treatment with GenoTrim. In a very small number of
patients, other reported features included reductions in sugar level (0.42%), BP
(0.83%), and cholesterol (0.83%) (Fig 2).

CONCLUSION

Reported here are 2 positive path analysis correlations: (1) stress reduction lead-
ing to improved sleep, enhanced energy, and improved focus and performance; 
(2) stress reduction leading to reduced appetite, loss of unwanted weight, decreased
body inches, and enhanced well-being. Because of the preliminary nature of this
study, we remain optimistic but cautious. However, due to the inherent limitations
of “one-size-fits-all” protocols in addressing the idiosyncratic nature of clinical prac-
tice, existing weight loss tactics for the most part have failed to provide successful
means of achieving sustainable healthy body composition and fat loss. Emerging
technologies that customize the nutritional/nutraceutical needs of an individual on
the basis of genetic traits merit further investigation. It is common knowledge that
factors such as exercise or extreme exertion, disease, drug intake, and poor diet alter
nutritional needs. Along this line, research has shown that genetic polymorphisms
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may alter nutritional needs for maintaining healthy homeostasis. This is particular-
ly true in persons with RDS who exhibit polymorphisms that predispose to aberrant
pleasure seeking (and addictive) behavior, excessive cravings and obesity, and 
related syndrome X disorders.16

Products of nutraceutical technology, such as GenoTrim, through a novel formula
and method, safely and naturally induce effective body recomposition and achieve
healthy weight management objectives. They are designed to fill extraordinary nutri-
tional needs created by certain genetic predispositions. Potassium and calcium salts 
of (–)hydroxycitric acid have been shown to effectively blunt the conversion of excess
carbohydrate into fat, promote fat oxidation, enhance serotonin release and availabil-
ity in the brain, promote healthy blood lipid levels, improve the success of weight
management efforts, and induce gene expression of serotonin, leptin, and other genes.
Passionflower has demonstrated stress reduction benefits that may lead to cortisol-
lowering effects, thereby reducing the accumulation of excess abdominal fat. A novel
oxygen-coordinated chromium nicotinate has been shown to improve insulin 
sensitivity, enhance fat loss, and promote lean muscle–sparing benefits in overweight
individuals.17

Significant evidence substantiates the role of RDS as a new therapeutic target in
the treatment and prevention of obesity. Moreover, this study and others have estab-
lished the role of catecholaminergic pathways in aberrant substance seeking behav-
ior, in particular, cravings for carbohydrates.4 The genetic basis for generalized
craving behavior has been the subject of intense investigation. Growing evidence
supports the augmentation of precursor amino acid therapy and enkephalinase and
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catechol-O-methyltransferase inhibition, leading to enhanced levels of the neuro-
transmitters serotonin, enkephalin, γ-aminobutyric acid, and dopamine/norepi-
nephrine.18-20 Use of genetically guided combinations of amino acids, SuperCitrimax™

(InterHealth Nutraceuticals, Benicia, Calif), passionflower, and a proprietary oxy-
gen-coordinated chromium nicotinate, such as that used in GenoTrim, has been
evaluated in an open-label trial. On the basis of a number of case reports, it seems
possible that this unique combination of ingredients may have generalized anti-
stress and anticraving effects, resulting in inhibition of carbohydrate bingeing and
inducing fat loss and enhanced body image/composition.21-25

These hypothesis-generating data underscore the need for further study of the role
of dopamine and RDS as a therapeutic target for obesity treatment. In addition, the
work of Volkow’s group on D2 receptor density describes the use of positron emission
tomography to detect low D2 receptors in obese humans.12 Evidence cited here shows
a relationship between body type and D2 receptors. Other studies show the relation-
ship of dopamine receptors to hyperphagia, body mass index, and carbohydrate
bingeing. Evidence also shows associations with the D2 A1 allele, as well as with the
leptin receptor gene and other neurotransmitter genes (eg, serotonin, acetylcholine
[which has links to dopaminergic fibers in the mesolimbic system]), and with carbo-
hydrate bingeing, obesity, body mass index, and energy expenditure.26-39

In essence, similar to pharmaceutical analogs, neuronutrient amino acid–based
compositions may cause synthesis of the brain reward neurotransmitters such as
serotonin and catecholamines. Through its effects on natural opioids via inhibition
of γ-aminobutyric acid, this type of composition may cause a significant release of
dopamine at the nucleus accumbens.40 This constant release of possibly therapeutic
amounts of dopamine (antistress substance) occupies dopamine D2 receptors, espe-
cially in carriers of the A1 allele (low D2 receptors and high glucose craving); over
time (possibly 6–8 wk), this may cause RNA transcription, leading to a proliferation
of D2 receptors, thereby reducing the craving for carbohydrates.41

GenoTrim is a manifestation of this process. It was test launched in The Nether-
lands in early 2006. More than 1000 Dutch subjects who identified themselves as over-
weight are currently taking the product.42 This product, through a multivariate genet-
ic analysis of 5 genes, seeks to address the genetic factors that influence weight: 
a serotonin receptor gene (5-HT2a –1438 A>G), which influences appetite control; 
a PPAR-γ (Pro[12]Ala) polymorphism, which affects fat cell creation and metabolism;
a leptin OB gene, which alters obesity risk; the MTHFR C677T polymorphism, which
changes folate (vitamin B9) metabolism and homocysteine levels; and the dopamine
D2 receptor Taq 1 allele, which reduces sugar and carbohydrate cravings. On the basis
of a genetic profile derived from this in-depth genetic analysis, a DNA-customized
formula was derived to address the genetic predisposition of the subjects in the belief
that this was a major contributing factor underlying their weight problems associated
with RDS. Ongoing analysis of the findings of this large study will seek to provide fur-
ther evidence that this approach may be viable. 

This is the first time that the components of this nutraceutical formula have been
combined at clinically tested doses to promote successful and sustainable loss of 
fat and improvement in body composition. Although a number of important path-
ways may be related to unwarranted weight gain, weight and obesity may be mutu-
ally exclusive. Path analysis suggests that these same pathways are interdependent,
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resulting in a net enhancement of body composition. Future studies should explore
the use of nutraceutical formula variations after path analysis in obese patients. 
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