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No evidence for cognitive improvement from oral nicotinamide
adenine dinucleotide (NADH) in dementia
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Summary. Reduced nicotinamide adenine dinucleotide (NADH) is advertised as an over-the-counter product or dietary supplement to treat
Alzheimer’s disease. We performed a 3-month open-label study with oral
10 mg/day NADH with 25 patients with mild to moderate dementia of the
Alzheimer, vascular, and fronto-temporal types in addition to their current
cholinomimetic drug medication. In 19 patients who completed the study, we
found no evidence for any cognitive effect as defined by established psychometric tests. We conclude that NADH is unlikely to achieve cognitive
improvements in an extent reported earlier, and present theoretical arguments against an effectiveness of this compound in dementia disorders.
Keywords: Alzheimer disease, dementia, nicotinamide adenosine dinucleotide, blood brain barrier, open clinical trial.
Introduction

Primary degenerative dementia of the Alzheimer type continues to puzzle
clinicians and neurobiologists because the cause of neurodegeneration and
the nature of the underlying degenerative process continue to be elusive.
While the cholinergic system is most extensively affected in patients with
Alzheimer’s disease (AD), monoaminergic and other neuromodulator systems also show less severe deficits (Gsell et al., 1996). Increasing evidence
demonstrates that oxidative stress and mitochondrial dysfunction largely
contribute to neural damage in AD (Markesberry, 1999; Casserino and
Bennett, 1999). Therefore, the use of antioxidants and/or free radical scavengers alone or in combination with cholinomimetic agents has been proposed
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for both therapy and prevention of primary degenerative dementia
(Pitchumoni and Doraiswamy, 1998; Prasad et al., 2000). Indeed, several free
radical scavengers such as vitamin E with and without selegiline (Sano et al.,
1997), and Ginkgo biloba extract EGb 761 (La Bars et al., 1997) have
produced statistically significant positive results in controlled large-scale
clinical trials. Cognitive effects have, however, been limited in these trials,
with improvements that are lower than those obtained with acetylcholinesterase inhibitors that can achieve a relative benefit of 2–3 points on the
Mini-Mental State Exam (MMSE) scale (Folstein et al., 1997), or 3–5 points
on the cognitive subscale of the Alzheimer Disease Assessment Scale
(ADAS-Cog.) over trial periods of three months, and a 6 to 12 months delay
in symptomatic decline (Francis et al., 1999; Gauthier, 1999).
In contrast to this broad evidence, Birkmayer (1996) reported MMSE
improvements of 6–14 (mean 8.35) points and 1–2 (mean 1.82) points in the
Global Deterioration Scale (GDS) over 8–12 weeks in an open-label pilot
study in 17 patients with AD, aged 33–84 (mean 67.7) years who received oral
doses of reduced nicotine adenine dinucleotide (NADH; 10 mg b.i.d.). In
addition to these impressive cognitive effects, all patients were reported to
have improved 1 or 2 points on the Global Deterioration Scale (GDS), which
is also in contrast to generally accepted evidence. This NADH tablet product
has been extensively promoted as a dietary supplement claiming efficacy in
AD and Parkinson’s disease (PD) as well as in chronic fatigue syndrome
(NADH, 1999; Birkmayer, 1999; web site http://www.enada.com and others;
Physicians CFS study abstract, 1999). We have therefore attempted to replicate these findings in a cohort of demented subjects using a similar design.
Material and methods
Between March and November 1999 25 patients with mild or moderate probable AD
according to the NINCDS-ADRDA (McKhann et al., 1984) criteria or vascular dementia
according to the NICDS-AIREN (Roman et al., 1993) criteria and one case of frontotemporal dementia were enrolled in an open-label outpatient study that measured GDS
and ratings on the MMSE as well as on the cognitive subscale of the AD Assessment Scale
(ADAS-Cog). They were clients of a memory clinic managed by one of us (M. R.). The
treatment schedule of 10 mg NADH (ENADATM, 2 3 5 mg tablets) given daily 30 min.
before breakfast, corresponded to the regimen used by Birkmayer (1996). Since ENADA
is a registered OTC product in Austria, no ethics committee approval was required for
this study.
Psychometric measurements were performed at baseline, at 5–6 weeks, and at 10–12
weeks by a certified psychologist who was blinded to the treatment. Four patients were
not evaluable because they did not present for the follow-up examinations; two were
excluded because they discontinued their pre-existing acetylcholinesterase inhibitor
medication, and experienced significant cognitive withdrawal effects. Complete data were
available for the remaining 19 patients (10 male, 9 female; age 54–91 years). Their median
baseline scores on the GDS, MMSE ADAS-Cog scales were 4 (range 3–5), 17 (10–26) and
34 (12–57), respectively, corresponding to a moderate cognitive deficit.

Results

All patients completed the study course without reporting any adverse events
conceivably related to NADH. No clinically relevant changes versus baseline
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Fig. 1. ADAS Cognitive Subscore after NADH treatment

were seen in the GDS, the cognitive parameters, or any of the three subscores
of the ADAS-Cog that capture memory, orientation and language in the
group as a whole (Fig. 1). Moreover, none of the minute changes that where
observed in these parameters achieved statistical significance (p , 0.01) or
indicated a statistical trend (p , 0.05) when the t-test for dependent samples
was applied (Table 1).
As expected, broad individual variation was seen among the 19 individuals
who completed the study. The MMSE score differences varied from 25 to 18
Table 1. Changes of global and cognitive parameters versus baseline at midpoint and endpoint. Note that,
while MMSE scores decrease with a decrease in cognition, GDS and ADAS-Cog scores are inversely related
to global and cognitive patient status, respectively
Differential at
5–6 weeks

Global Deterioration
Score (GDS)
Mini-Mental State
Exam Score (MMSE)
Alzheimer Disease
Assessment Scale Cog.
Subscore (ADAS-Cog)
ADAS-Cog. Subscore
Memory
ADAS-Cog. Subscore
Orientation
ADAS-Cog. Subscore
Language

Differential at
10–12 weeks

Means (SD)
baseline

5–6
weeks

10–12
weeks

0.10

0.19

4.37 (0.60)

4.47 (0.80)

4.56 (1.04)

0.10

0.58

16.95 (5.09)

17.05 (5.53)

17.53 (5.76)

21.21

21.16

33.95 (12.75)

32.74 (12.87)

32.79 (13.03)

0.84

1.31

12.95 (4.90)

13.79 (5.35)

14.26 (4.89)

20.66

21.08

11.61 (4.92)

10.95 (5.41)

10.53 (6.54)

21.38

21.75

7.33 (2.79)

5.95 (3.60)

5.58 (3.49)
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points and the ADAS-Cog from 110 to 29 points, corresponding to the entire
range from deterioration in one dimension to improvement in two dimensions. There was no significant correlation between this outcome after 3
months and the respective baseline values, or with the subtype classification of
the Alzheimer component of dementia (2 cases early-onset, ICD-10 classification F00.0; 10 cases late-onset, F00.1; 7 mixed-type cases, F00.2).
Discussion

Using an open-label design similar to that employed in the original study, and
a comparable number of patients who attended a memory clinic, we were
unable to replicate earlier results indicating a dramatic effect of oral NADH
application in dementia patients (Birkmayer, 1996).
What is the supposed rationale for NADH supplementation in AD?
Pathological alterations of mitochondrial cytochrome c oxidase, which relies
on the NAD/NADH redox pair for functioning, have been described in
thrombocytes (Zubenko, 1989) and in the brains of AD patients (Zubenko
et al., 1990). It has also been known for more than a decade that the activity
of the enzyme NADH oxidoreductase (formerly known as diaphorase), which
is coupled to the mitochondrial respiratory chain, is increased in both the
neocortex and the hippocampus of AD patients, most likely in association
with amyloid plaques, one of the hallmarks of AD dementia (Jacobs et al.,
1985; Nakamura et al., 1987). Another NAD/NADH-dependent hydroxyacylcoenzyme A dehydrogenase in human brain (He et al., 1998) has recently
been found to be identical with a β-amyloid peptide-binding protein (ERAB)
that might mediate some of the neurotoxic effects of amyloid (Yan et al.,
1997).
While these data may be considered to provide a promising starting point
for the application of NADH in AD, Birkmayer (1996) rather argued that
the rationale for his study was the efficacy of NADH in PD that has been
repeatedly reported (Birkmayer et al., 1989, 1993; Birkmayer and Birkmayer,
1989; Kuhn et al., 1996). The biochemical basis of this therapy is that NADH
can stimulate the endogenous synthesis of dopamine by increasing the activity
of quinonoid dihydropteridine reductase, the enzyme which recycles the
inactive dihydrobiopterin to the active tetrahydrobiopterin, thereby providing
reduction equivalents to tyrosine hydroxylase (Vrecko et al., 1997), the ratelimiting factor of dopamine biosynthesis. However, diminished dopamine
synthesis – while probably responsible for some aspects of depression in AD
(Gsell et al., 1996) – is not known to play a significant role in its typical
cognitive deficits. In addition, other suggested favourable effects of NADH on
cell repair and on the immune system have never been confirmed (Jellinger,
1999).
Moreover, the central question of cerebral bioavailability of NADH has
not been addressed so far, and results on the pharmacology of NADH are not
available from peer-reviewed literature, except for cursory remarks that
preclinical safety studies with 500 mg/kg/day NADH i.v. produced no deaths
in beagle dogs during 14 days (Birkmayer, 1996). Biochemical textbook
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knowledge states that NADH, unlike ascorbic acid which is actively taken up
by the brain in the oxidized state (Agus et al., 1997), does not penetrate the
blood brain barrier under physiological concentrations (Swerdlow, 1998).
Unless the existence of a facultative transport mechanism is demonstrated
that could shuttle either NADH or reduction equivalents between the
separate NAD/NADH pools in the central and peripheral compartment,
there is no basis for the assumption that the administration of exogenous
NADH may have any direct effect on brain metabolism. By contrast, it is
conceivable that high doses (certainly much more than 10 mg/day used
in available studies) of externally administered NADH might inhibit the
acquisition of ascorbate by the brain by inhibiting its oxidation to
dehydroascorbate.
Finally, to the best of our knowledge, no double blind, placebo controlled
study in patients with AD has been reported so far, although the results of an
ongoing study in the USA were announced to be available by the end of 1998
(NADH, 1999). While our study design did not have sufficient statistical
power to demonstrate the existence or absence of a cognitive effect of oral
NADH treatment in a clinically relevant dimension, it certainly would have
been able to replicate the dramatic improvement reported in the first open
study (Birkmayer, 1996). We rather concur with Birkmayer’s (1995) remark
in his pertinent patent where he states this finding to be “surprising and
completely unexpected”. Considering the clinical evidence, and the theoretical considerations that are outlined above and have already been emphasized (Jellinger, 1999), at present we cannot recommend the use of NADH
to improve cognitive impairment in AD, until controlled clinical trials have
unequivocally demonstrated its efficacy.
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