
Review ArticleJOM Volume  27, Number 4, 2012 157

Micronutrients and Mental Disorders*

L John Ho!er, MD, PhD1

Introduction
Modern antipsychotic drugs e!ectively 

suppress the symptoms of psychosis and 
severe mood disorders. Too often, howev-
er, they fail to fully restore normal mental 
health,1 and they have serious adverse e!ects 
and toxicity, including an increased risk of 
sudden death.2 To overcome these di"cul-
ties, psychiatrists often prescribe combina-
tions of di!erent classes of psychoactive 
drugs, a practice that is considered o!-label 
since it has not been shown to be e!ective 
in large, well-designed clinical trials.3 New 
approaches would be welcome in psychop-
harmacology, especially the development of 
etiology-based, neuroprotective therapies. 
#e task of identifying such therapies is 
complicated by our poor understanding of 
the biological basis of schizophrenia and de-
pression. A further complication is that the 
neuropathology of acute psychotic disorders 
appears to di!er from that of chronic schizo-
phrenia. Etiology-based therapies could be 
e!ective in preventing and treating acute 
schizophrenia, but ine!ective in chronic 
schizophrenia.

#e diet of people with serious mental 
disorders is often inadequate, so there is ob-
vious interest in exploring the possibility that 

metabolic brain diseases like schizophrenia 
and depression are aggravated by concurrent 
nutritional de$ciencies. Indeed, a brain that 
is disordered by serious mental illness could 
be especially vulnerable to the pathological 
e!ects of micronutrient de$ciencies.
Several Micronutrient De!ciencies 
Adversely A"ect Brain Function

Subclinical vitamin C de$ciency causes 
fatigue and psychological abnormalities.4 

Folic acid de$ciency precipitates depres-
sion and inhibits the response to antidepres-
sant drugs.5,6 In some cases the $rst clinical 
manifestation of vitamin B12 de$ciency is a 
psychiatric disorder.7 Subclinical vitamin B12 
de$ciency is relatively common in old age 
and is associated with cognitive dysfunc-
tion.8,9 #iamine and niacin de$ciency may 
$rst come to medical attention as stupor, 
confusion, psychosis or neurocognitive dys-
function in the absence of the classic signs of 
beriberi and pellagra.10,11 Epidemiologic and 
some clinical data suggest that biochemical 
vitamin D de$ciency can precipitate or pre-
dispose to depression.12,13 Subclinical zinc 
de$ciency in children14 and iron de$ciency, 
even in adults,15,16 can cause neurocognitive 
dysfunction. #ere is evidence that su"cient 
long-term consumption of folic acid and 
omega-3 fatty acids helps preserve cognitive 
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function in old age and could prevent or de-
lay the progression of early dementia.5,17,18 

#e fact that psychological and neuro-
logical abnormalities develop only in some 
people with a micronutrient de$ciency sug-
gests there is considerable inter-individual 
variation in the brain’s nutrient require-
ments. #is concept is supported by the $nd-
ing that common polymorphisms a!ect the 
activity of several micronutrient-dependent 
enzymes, including those in the brain.19, 20 
Vitamin C 

Vitamin C is involved in neuronal trans-
mission and neurotransmitter metabolism, 
and its cerebrospinal %uid concentration 
is approximately 3-fold higher than, and 
tightly linked to, its plasma concentration.4 

Long-term therapy with a multiple vitamin 
containing physiologic amounts of vitamin 
C improved mood in people with low plas-
ma vitamin C concentrations.21,22 Rapid cor-
rection of hypovitaminosis C requires larger 
doses, such as 500 mg twice daily.4 Not sur-
prisingly, vitamin C de$ciency is common in 
schizophrenia, since patients with this dis-
ease often forego fresh fruit and vegetables 
in favor of cigarette smoking, a habit which 
increases the vitamin C requirement.23 An 
open trial, detailed case report and double-
blind clinical trials indicate that the symp-
toms of chronic schizophrenia can be ame-
liorated by high-dose vitamin C therapy.23 
Folic Acid

Poor folic acid nutriture has been linked 
both to schizophrenia and depression,24,25 

but the causal relationship is unclear. It is 
therefore relevant that a severe reduction 
in the activity of methylenetetrahydrofolate 
reductase (MTHFR) can cause a psychotic 
state similar to schizophremia.26 #e com-
mon C677T variant of MTHFR reduces its 
catalytic rate when folic acid consumption 
is de$cient, and people with this polymor-
phism are at increased risk for schizophre-
nia and depression.27,28 Such $ndings are 
direct evidence of the importance of folic 
acid for brain health. Although the C677T 
polymorphism makes the metabolic conse-

quences of de$cient folic acid intake more 
serious, it does not appear to increase the 
minimum dietary requirement for the vita-
min.29 #us, contrary to what is sometimes 
surmised,6,30 there is no compelling evidence 
that 1 mg of folic acid per day is any less ef-
fective than higher doses or di!erent forms 
of this vitamin at preventing or ameliorat-
ing the symptoms of mental diseases; clini-
cal trials to explore this question are overdue. 
It should be noted, however, that antiseizure 
medications–which are often used to treat 
certain mood disorders and schizophrenia–
increase the folic acid requirement.31

Vitamin D
Limited but provocative biological, epi-

demiological and clinical data suggest that 
vitamin D could play a role in preventing or 
treating depression.12,13,32 Optimally, patients 
participating in clinical trials should receive 
enough vitamin D for long enough to attain 
plasma 25-hydroxyvitamin D concentrations 
>75 nmol/L, as is necessary to adequately syn-
thesize 1,25-dihydroxyvitamin D in neurons; 
a dose of at least 4,000 IU/day appears to be 
necessary.33 It should be noted that antisei-
zure medications increase the vitamin D re-
quirement.34

Omega-3 Fatty Acids
Conventional diets provide <100 mg/

day of the omega-3 fatty acids eicosapen-
taenoic acid (EPA) and docosahexaenoic acid 
(DHA), but intakes 5 to 10 times greater are 
currently recommended to reduce the risk of 
cardiovascular disease and sudden death.35-37 
Although the mechanism of action of the 
omega-3 fatty acids has not been well elu-
cidated, there is considerable evidence that 
they could be e!ective in preventing or 
treating depression,5,38-40 schizophrenia41 and 
$rst-episode psychosis.42,43 EPA appears to 
be the most relevant omega-3 fatty acid and 
is frequently administered in a dose of 2,000 
mg/day,41 but the total dose and relative pro-
portions of EPA and DHA used in clinical 
trials vary considerably. #e combination of 
omega-3 fatty acids with antioxidants holds 
considerable theoretical promise.44 Omega-3 
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fatty acid supplementation would likely re-
duce the high risk of cardiovascular disease 
and sudden death associated with antipsy-
chotic drug use in schizophrenia.45

Niacin
Several years ago, double-blind random-

ized clinical trials suggested that high-dose 
niacin (3 g/day) increased the recovery rate 
and prevented relapse in acute, but not chron-
ic schizophrenia.23 A high-a"nity cellular re-
ceptor for niacin was recently discovered, the 
expression of which is reduced in the brains 
of people with schizophrenia.46 #e possibil-
ity should be explored that people with or at 
risk for $rst-episode psychosis, or who have 
acute schizophrenia, could bene$t from high-
dose niacin and vitamin C therapy.23 Care-
fully designed and documented n-of-1 and 
phase II clinical trials of high-dose niacin and 
vitamin C, combined with sound general diet 
and optimum micronutrient intake, would be 
rational and worthwhile for people with $rst-
episode psychosis or acute schizophrenia who 
express serious interest in it. Measures of the 
e!ectiveness of this and other nutritional ap-
proaches would be a reduction of the dose of 
antipsychotic drug needed to eliminate symp-
toms for a given patient, and the avoidance of 
polypharmacy. #e clinical bene$ts could in-
clude fewer and less serious drug side e!ects 
and toxicity,2,47 better medication adherence, 
and less risk of relapse. 
Treatment and Prevention of Tardive 
Dyskinesia

Tardive dyskinesia is a serious compli-
cation of antipsychotic drug therapy. Many 
but not all clinical trials indicate that high-
dose vitamin E therapy (400 IU/day in three 
divided doses) ameliorates the condition.48 

High-dose vitamin B6 (1,200 mg/day) was 
recently reported to be e!ective.49 Since 
high-dose vitamin E can ameliorate tardive 
dyskinesia, more modest provision might 
prevent it from occurring in the $rst place. 
Unfortunately, modern diets do not contain 
enough vitamin E even to meet the average 
daily nutritional requirement (12 mg=18 
IU).50 To be adequately absorbed, vitamin E 

supplements must be taken with a fat-con-
taining meal.50

Anorexia Nervosa
#e insu"cient macronutrient intake that 

de$nes anorexia nervosa plainly puts patients 
at high risk of micronutrient de$ciencies; 
supplementation should be routine.51, 52 Zinc 
de$ciency is common in anorexia nervosa53 
and could potentially complicate recovery 
by a!ecting cognitive function14 or causing 
dysgeusia54, 55 and anorexia.56 #e existing 
clinical trial data, while very limited, suggest 
that even low-dose zinc supplementation 
(14 mg/day) can improve clinical outcome 
in this disease.57
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