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Therapeutic effects of oral NADH on the symptoms of
patients with chronic fatigue syndrome

Linda M Forsyth, MD*; Harry G Preuss, MD¥; Ana L MacDowell, MD*; Leonard Chiazze, Jr, ScDT}
George D Birkmayer, MD, PhD§; and Joseph A Bellanti, MD*

Background: Chronic fatigue syndrome (CFS) is a disorder of unknown etiology, consisting of prolonged,
debilitating fatigue, and a multitude of symptoms including neurocognitive dysfunction, flu-like symptoms, myalgia,
weakness, arthralgia, low-grade fever, sore throat, headache, sleep disturbances, and swelling and tenderness of lymph
nodes. No effective treatment for CFS is known.

Objective: The purpose of the study was to evaluate the efficacy of the reduced form of nicotinamide adenine
dinucleotide (NADH) ie, ENADA® the stabilized oral absorbable form, in a randomized, double-blind,
placebo-controlled crossover study in patients with CFS. Nicotinamide adenine dinucleotide is known to trigger
energy production through ATP generation which may form the basis of its potential effects.

Methods: Twenty-six eligible patients who fulfilled the Center for Disease Control and Prevention criteria for CFS
completed the study. Medical history, physical examination, laboratory studies, and questionnaire were obtained at
baseline, 4, 8, and 12 weeks. Subjects were randomly assigned to receive either 10 mg of NADH or placebo for a
4-week period. Following a 4-week washout period, subjects were crossed to the alternate regimen for a final 4-week
period.

Results: No severe adverse effects were observed related to the study drug. Within this cohort of 26 patients, 8 of 26
(31%) responded favorably to NADH in contrast to 2 of 26 (8%) to placebo. Based upon these encouraging results we
have decided to conduct an open-label study in a larger cohort of patients.

Conclusion: Collectively, the results of this pilot study indicate that NADH may be a valuable adjunctive therapy in
the management of the chronic fatigue syndrome and suggest that further clinical trials be performed to establish its

efficacy in this clinically perplexing disorder.
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INTRODUCTION

Chronic fatigue syndrome (CFS) is a poorly understood disorder of unknown etiology,' with a reported prevalence of
up to 3/1000 population .>*
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The commonly encountered features in patients with CFS are fatigue, impairments in concentration and short term
memory, musculoskeletal pain and sleep disorders .>* The syndrome is characterized by profound, debilitating fatigue
lasting at least 6 months often beginning abruptly after a viral infection and not meeting the criteria for other medical
or psychiatric disorders, and is characteristically worse following levels of physical exertion that had been easily
tolerated in the past and a combination of other prominent symptoms. The Centers for Disease Control and Prevention
(CDC) in Atlanta, Georgia have defined criteria for the diagnosis of CFS® The CDC have established that
unexplained, debilitating fatigue of at least 6 months duration must be present along with four or more of the
following symptoms including neurocognitive dysfunction, myalgias, sore throats, headaches, postexertional malaise,
joint pain, sleep disturbances,. or swelling and tenderness of lymph nodes. Chronic fatigue syndrome is therefore a
clinically defined condition but there are no definitive laboratory parameters available for diagnosis made solely upon
clinical symptomatology and exclusion of other diseases associated with fatigue. Symptoms can vary in intensity and
frequency, and often a cyclic pattern is exhibited. Relapses or worsening of symptoms are common and duration of
symptoms vary in individual cases. The disorder is more recognized in affluent cultures and is more prevalent in
Caucasian females with an age predominant distribution between 30 to 50 years. The pathophysiology is unclear and
there presently is no known consistently effective or generally accepted treatment for CFS.

Despite the dearth of knowledge concerning the cause of CFS, it is generally accepted that there may be a dysfunction
of the neurocrine-endocrinologic-immunologic (NEI) network in CFS and several theories have focused on each of
the three limbs of the NEI network. One theory suggests that the syndrome results from a dysfunction of the immune
system and several subtle immunologic abnormalities have been described in patients with CFS.”'* These include low
levels of specific immunoglobulins reported in 17% to 71% of cases, *'* the presence of circulating immune
complexes in over 50% of patients, and increased ratios of CD4/CD8 T-lymphocytes. 11,11 Other abnormalities of
the immune system included a decrease in natural killer (NK) cells *'” which appear to play a major protective role in
viral infection. A second theory emphasizes the role of neurally mediated hypotension (NHM). Studies utilizing a
3-stage tilt table test have shown an abnormal response in patients with CFS compared with controls and demonstrate
an uncompensated NHM which is thought to be the cause of the fatigue.'” A third, but not mutually exclusive theory,
is one that suggests metabolic dysfunction owing to stress, viral infection, '**' allergic disease or a host of other
factors .** Patients with CFS have increased 2'-5' A synthetase and RNAse L activity.”?* This in turn leads to a
depletion of cellular ATP that may be the pivotal metabolic lesion responsible for severe fatigue, cognitive
disturbances, and~other manifestations of the syndrome. Since stress, allergy, and infections may either trigger or
exacerbate the clinical course, control of these factors is critical in the management of patients with CFS .*°
Nicotinamide adenine dinucleotide (NADH), the coenzyme, is known to trigger energy production through ATP
generation.”®® This knowledge has provided the rationale for the present study.” It consists of the ability of the
coenzyme to replenish depleted cellular stores of ATP, thus improving the fatigue and cognitive dysfunction
characteristic of the disorder.

The purpose of the present study was to evaluate the efficacy of the reduced form of NADH administered orally to a
group of patients with CFS in a double-blind, placebo-controlled crossover study.

MATERIALS AND METHODS
Entry Criteria

Patients fulfilling the CDC criteria for CFS were referred by a variety of physicians, self-referred or recruited from the
Division of Allergy-Immunology

of the Department of Pediatrics at Georgetown University Medical Center, Washington, DC. A standardized
50-question screening questionnaire was developed for use in all subjects to determine and consider patient eligibility
and therapeutic outcome. Following initial assessment of the severity of fatigue and symptoms by a screening
questionnaire, detailed telephone interviews were conducted by a physician with potential candidates. Before
commencement of the study, approval was obtained from the Georgetown University Institutional Review Board and
written informed consent was obtained from each subject prior to entry into the study. Subjects ranging from 20 to 70
years of age who met the CDC criteria for CFS were eligible for enrollment.’ Inclusionary criteria included at least 4
symptoms such as: mild fever or chills, sore throat, painful adenopathy (posterior or anterior cervical or axillary),

2



generalized muscle weakness, myalgias, prolonged generalized fatigue after previously tolerated levels of physical
activity, migratory arthralgias without swelling or redness, neuropsychologic complaints, sleep disturbances, and two
physical signs, including low grade fever, nonexudative pharyngitis, palpable or tender anterior or posterior cervical
lymph nodes. Subjects were allowed to continue taking currently used medications. Medications used 6 months prior
to the study and during the study were recorded as concomitant medications.

Exclusionary Criteria

Subjects with fatigue that could be explained by the presence of other evident medical or psychiatric illness, with
current psychotic and bipolar disorders, current substance or alcohol dependence, pre-existing and ongoing depression
at the time of onset of the chronic fatigue were excluded from the study. Patients with a history of established medical
conditions that could be contributing to fatigue, such as, hepatitis, untreated hypothyroidism, psychiatric illness,
cancer, AIDS, severe

anemia, multiple sclerosis, Lyme's disease and autoimmune diseases such as lupus were excluded. Ile use of
antidepressants, lithium, neuroleptics, and monoamine inhibitors were generally considered exclusionary criteria.

Study Design

The study design [FDA approved (IND #49,635)] consisted of a randomized, double-blind, placebo-controlled
crossover protocol. A thorough medical history, physical examination, laboratory studies, and completion of a
questionnaire on the severity of fatigue and symptoms was performed at baseline, week 4, week 8 and week 12.
Subjects were randomly assigned at week 0 to receive NADH or placebo for a 4-week period. At week 4, a 4-week
wash-out period was begun in which no study drug was given. At week 8, a final 4-week period commenced in which
subjects were crossed over to the alternate regimen. Subjects were monitored for toxicity throughout the study period
with appropriate laboratory testing. The subjects were asked to report all symptoms that occurred during the treatment
regimen, and all symptoms that did not occur at baseline were recorded as adverse experiences. Included in the
physical assessment were the following: blood pressure, body weight and temperature, and hand dynamometry
measurements as a test of strength and endurance. Peripheral venous blood and urine samples were also obtained from
each participant for the measurement of hematologic, biochemical, and immunologic parameters.

Laboratory Assessment

Laboratory studies were performed at laboratories at Georgetown University Medical Center (Washington, DC) and at
Birkmayer Laboratories (Vienna, Austria). The following laboratory, studies were performed: a complete blood count
with differential white blood cell count, erythrocyte sedimentation rate, a panel of 20 serum chemistry tests,
urinalysis, serum quantitative immunoglobulin concentrations (IgG, IgM, IgA, and IgE), enumeration and quantitation
of lymphocyte subsets (CD3, CD4, CDS§, CD19, and CD16/ 56), and oxidorcductase enzyme assay. Baseline serologic
titers of EBV, including early antigen (EA), nuclear antigen (NA) and IgG and IgM to EBV capsid antigen (anti
VCA), screening thyroid function levels including T4 and thyroid stimulating hormone levels (TSH), serum antibody
titers to human herpesvirus 6 (HHV-6), HIV, rheumatoid factor, and hepatitis B and C (HBS Ag, anti-HCV) were
done. During the screening process, three cases of hepatitis C and one case of hypothyroidism were detected with
laboratory blood studies, Data and statistical analysis were conducted by Birkmayer Pharmaceuticals (Vienna,
Austria) and Georgetown University Medical Center (Washington, DQ. The data were also submitted to an
independent auditor to confirm and validate the findings.

Symptom Scoring System

The assessment of clinical well-being and severity of symptoms was assessed using a + 50-item questionnaire that
was developed by our staff, utilizing the currently accepted CDC criteria for CFS.' Topics included fatigue, memory
and concentration difficulties, muscle aches, muscle weakness, joint aches, lymphadenopathy, headaches, sore throat,
sleep disturbance, mood changes, and other related symptoms. Each item in the questionnaire was assessed on a scale
from 1 to 4 where I represented the minimum severity and 4 the maximum severity of symptoms (I = none of the
time, 2 = some of the time, 3 = most of the time, and 4 = all of the time). Subjects also evaluated how they were



feeling on the day of evaluation. A cumulative score was calculated with a range from 50 to 200, with 200 indicating
the maximum and 50 the minimum score. Follow-up questionnaires were completed at monthly intervals upon each
visit. An arbitrary symptom scoring system was developed according to the following formulation:

Symptom score

subject score — minimum score

maximuim Score — minimum score

subject score — 50
200 — 50

subject score — 50
150

Statistical Assumptions and Analyses

External validation studies were conducted with normal healthy subjects and indicated a statistically significant
difference when compared with patients with chronic fatigue syndrome. Average mean symptom scores for normals
ranged from 0.01 to 0.13 in contrast to patients with chronic fatigue syndrome whose scores ranged from 10.9 to 55.8
(P <.001).

An analysis of reproducibility was determined when the questionnaire was given to the same subjects repeatedly.
Treating the data as a repeated measures analysis (repeated measures on the same test subject), the null hypothesis is
that ttl = A2 = 113 = A4; that is, there is no difference in response among the four times (week 0, week 4, week 8, and
week 12). The repeated measures analysis of variance gives a P < .001. Graphic analysis of residuals shows that the
residuals are approximately distributed; that is, there is not a systematic variation among the four column means and it
is appropriate to conclude that there is a difference in response among the weeks. Using a multiple comparison test to
examine the differences between mean responses two at a time, there is no significant difference between week 1
versus week 2, week 1versus week 3, or week 2 versus week 3. Week 0 is significantly different from all the others.

An individual was considered improved if s/he demonstrated at least a 10% improvement. The degree of improvement
for the results to show a positive effect was an improvement by one point in 10 questions or by 2 points in 5
questions.

Analysis of Data
Data were analyzed uvsing a test of
difference between two proportions.
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Drug Administration

Subjects were randomly assigned to either treatment or placebo groups and patient numbering occurred in the
sequence of subject enrollment. Subjects were given 10 mg of NADH, ie, ENADAS, the stabilized, oral absorbable
reduced NADH or the placebo equivalent (two 5-mg tablet formulation) at week 0. All study drugs were distributed in
identically marked study boxes, and the tablets both of identical appearance were contained in blister packs. Subjects



were instructed to take the dosage two 5-mg tablets orally, once a day in the morning about 45 minutes before
breakfast on an empty stomach with a glass of water. Subjects received the study drug for a 4-week period.

Compliance Monitoring

Participants also were strictly instructed to keep a diary and drug log throughout the study which was reviewed and
monitored upon each visit. The study medication was counted and monitored at week 4 and week 12 and returned to
the manufacturer for further evaluation and the patient compliance and adherence was evaluated at each visit.

RESULTS

Of the 35 subjects initially- enrolled, 33 were able to complete the study and two dropped out due to non-compliance.
Of the 35, 9 who were receiving psychotropic drugs were dropped from the study analysis leaving a total of 26
subjects available for analysis.

Shown in Table I are the demographic characteristics of the study population. Of the 26 evaluable subjects, 17 (65%)
were females and 9 (35%) males. The subjects ranged _from 26 to 57 years of age (mean 39.6 years) and had fatigue
for a duration of I to 16 years (mean 7.2 years). Twenty-five patients were Caucasian and one patient was
Afro-American. The presenting clinical symptoms in the study -population are shown in Table 2. It can be seen that
fatigue, neurocognitive difficulties, and sleep disturbances were present in all patients. Postexertional malaise,
headache, and muscle weakness likewise represented high frequency symptomatology and the remainder had
decreasing frequency of myalgias, arthralgias, and lymphoadenopathy. Shown in Table 3 is a representative sample of
questions from the questionnaire.

Table 1. Demographic Characteristics of the Study Population

Demographics

Female:male 17:9

Age 26-57 years (mean 39.6 years)
Mean duration of fatigue 1-16 years (mean 7.2 years)
Race, Caucasian:Afro-American 25:1

No detectable abnormalities were noted in the serum immunoglobulin concentrations or lymphocyte subset analysis in
any of the subjects at baseline or after treatment and further immunologic testing was discontinued after the first
group of patients. No correlation between immune function or clinical status nor treatment response could be
established. No differences in oxidoreductase activity were observed before or after NADH treatments.

Table 2. Clinical Symptoms Presenting in

Subjects
Number of
Symptom Patients
(%) n = 26
Fatigue 26 (100)
Neurocognitive difficulties 26 (100)
Sleep disturbance 26 (100)
Postexertional malaise 25 (96)
Headaches 24 (92)
Muscle weakness 24 (92)
Arthraigia 22 (85)
Myalgias 21 (81)
History of allergy 21 (81)
Swelling and tenderness of 18 (69)
lymph nodes

The results of the EBV serologic titers. in the first group of 15 revealed that 9/15 (60%) subjects had EBV-EA >40.
Results are shown in Table 4. There were 6/15 (40%) subjects who had HHV-6 titers = 1: 160, suggesting current or
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recent infection. One of 26 subjects was anti-HCV positive. A history of allergies was reported in 21/26 (81%)
subjects. All subjects tested were HIV negative and the rheumatoid factor (RF) was negative. Elevated levels of IgE
were detected in 2/15 (13%) subjects. T4 and TSH levels were within normal limits for all subjects.

Clinical Outcomes

Although clinical and laboratory measurements were made as parameters of clinical outcome, the results showing
efficacy came primarily from the subjective criteria of the questionnaire. The results of the outcomes were the
symptom scoring system, the results of which are shown in Table 5. Using the arbitrary scoring system, 8/26 (31%)
subjects showed = 10% improvement while on the study drug in contrast to 2/26 (8%) who received placebo.
Assuming that these improvements came from two independent samples of subjects, the success rate for the drug is
31 % and for the placebo 8% (P < .05).

Using a self-evaluated questionnaire, 9/26 (35%) subjects were able to correctly evaluate the treatment period
they were on NADH. Further, 18 of 25 (72%) study patients thus far enrolled in a longer open label follow-up study
reported significant improvement in clinical symptornatology and energy levels.

No severe adverse effects were observed related to the study drug. The related adverse events noted were single cases
of being overly stimulated, mild loss of appetite, heartburn, in

creased incidence of gas and an odd taste and dryness reported 011 the first day of taking the drug. These events were
mild enough that the subjects were able to continue taking the drug without problem. No interference was observed
between NADH and other concomitant medications taken during the study investigational period.

Blood pressure and hand dynamometry were measured throughout the study with no significant difference noted.
Patients with hypertension (J/ 26), hypotension (2/26), and normotensives in our study did not show any decrease in
blood pressure values following NADH administration. Laboratory testing also included the measurement of plasma
neurotransmitter concentrations and the urinary concentrations of serotonin metabolites, ie, 5-hydroxyindole acetic
acid (5-HIAA). The urinary concentrations of 5-HIAA were elevated prior to treatment in 50% of patients (P < .05).
Following NADH treatment, these elevated 5-HIAA concentrations returned to the normal range. The urinary
concentrations of the serotonin metabolite (SHIAA) were measured by high performance liquid chromatography. The
interassay and intraassay precision ranged from 3.0% to 6.5% and from 2.5% to 5.8%, respectively using a method
developed by Birkmayer Laboratories.

DISCUSSION

The results of the present study show a beneficial effect of NADH in the amelioration of the symptom score seen in
patients compared with control subjects. Four times as many patients responded to NADH in contrast to placebo. This
response was characterized by improvement in fatigue, decrease of symptoms, and improvement in quality of life.

In these preliminary studies, although we employed a dosage of 10 mg of NADH per day, it should be emphasized
that different patients may have different needs. The reported feeling of one subject being overly stimulated, suggests
that the dosage could be decreased. Other non-responding patients in contrast may re-. quire an increased dosage. In
the' present study modification of dosage: was not made on the basis of weight.

. Although the duration of the study was 12 weeks, subjects received NADH for only 4 of the 12 weeks. Perhaps a
longer period of treatment might enhance the beneficial effects of NADH and could be reflected in a more beneficial
and protracted response. This could be evaluated in a longer term open-label follow-up study which is currently being
planned.

An additional important outcome of the study was the finding that 3 of the initial 35 screened subjects (3/35) were
found to be seropositive for hepatitis C virus. This observation not only highlights the importance of this viral
infection as a cause of fatigue, but also underscores the need for the clinician to consider this in the diagnostic
approach of the patient who presents with fatigue. Our immunologic studies reveal no abnormalities of immune
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function before or after NADH administration. One should consider, however, that at the particular time of clinical
evaluation and blood drawing there may not have been an exacerbation of the disease.

Table 3. Sample Questions from CFS Symptom Questionnaire

All of
. - None of Some of Most of
Since Your Last Visit the Time the Time the Time t_he Today
Time
1. Have you had extreme fatigue? 1 2 3 4 5
2. Was it made worse with exercise? 1 2 3 4 5
3. Does your fatigue fimit your daily activity? 1 2 3 4 5
4. Have you felt like you had a fever or chills? 1 2 3 4 5
5. Have you had a sore throat? 1 2 3 4 5
6. Have your neck glands feit swollen? 1 2 3 4 5
7. Have the glands under your arms felt 1 2 3 4 5
swollen?
8. Have your muscles felt weak? 1 2 3 - 4 5
9. Have your muscles ached? 1 2 3 4 5
.10. Have you felt sick after doing something 1 2 3 4 5
strenuous?
Table 4. Resuits of EBV-EA and HHV-6 Viral Serology
<1:40 >1:40 <1:160 >1:160
EBV-EA 6/15(40%) - 9/15(60%) N/A N/A
HHV-6 N/A N/A 9/15 (60%) 6/15 (40%)
N/A = not applicable.
Table 5. Clinical Outcomes (%) Using Subject Symptom Scoring System
Patient Week 0 Week 4 Week 8 Week 12
1 51.7 51.7 51.7 51.7
2 245 10.9 17.0 29.3
3 42.2 46.3 44.9 429
4 374 29.9 27.2 374
5 55.8 57.1 48.4 34.7
6 24.8 14.4 30.7 33.3
7 48.3 327 42.9 49.0
8 55.8 29.9 41.5 327
9 28.6 27.2 23.1 24.5
10 27.2 22.2 314 . 31.3
11 313 28.6 28.6 327
12 28.1 23.8 34.0 327
13 43.5 39.5 27.9 320
14 40.1 30.6 22.5 21.1
15 42.2 38.8 39.5 354
16 20.8 29.4 22.8 14.4
17 28.1 22.8 16.9 9.8
18 22.2 28.1 20.3 23,5
18 55.6 451 38.6 33.3
20 26.8 25.5 28.1 26.1
21 314 18.9 20.3 17.6
22 22.2 24.2 313 10.5
23 35.3 21.6 26.8 26.8
24 41.8 34.6 33.3 39.2
25 24.2 17.6 20.9 16.3
28 40.5 28.7 30.1 31.4

Although no significant changes were detected in blood pressure in the present study, other preliminary studies
performed in our laboratories have suggested that NADH may cause a decrease in blood pressure in hypertensive rats
(SHR) .30 We, however, did not observe this effect in humans subjects who for the most part were normotensive. The



lowering of blood pressure by NADH would have been an undesirable outcome particularly in hypotensive or NMH
patients but our study showed no evidence that blood pressure was affected.

Stress, allergy, and infections appear to be critically involved in the pathogenesis or exacerbation of CFS. The
involvement of the serotonergic and noradrenergic pathways appears to be disrupted in patients with CFS.
Perturbations have been demonstrated in the metabolism of the 5-hydroxyindole acetic acid, 5-hydroxytrypamine, and
prolactin.11 Measuring the urinary concentration of 5S-HLAA may serve not only as a diagnostic aid for CFS but also
be a predictive marker of physical and psychologic dysfunction occurring in patients with CFS.

The finding of a high incidence of allergies (21/26) was observed in our study group is significant since it is known
that a worsening of the disease often can be attributed to untreated allergic disease .25 Allergists/immunologists
therefore are perhaps the best suited physicians to diagnose and manage patients with CFS, since the pathogenesis
involves immune dysfunction and the interplay of other environmental factors and the careful management of allergic
disease can lead to a striking improvement, and therefore are uniquely poised to evaluate and manage patients with
CFS. The use of NADH may thus be a valuable adjunctive therapy in the management of CFS and the results of the
present study suggest that further clinical trials be performed to establish its efficacy in this clinically perplexing
disorder.
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