JOM

Volume 27, Number 4, 2012

Review Article

Micronutrients and Mental Disorders*

L John Hoffer, MD, PhD1
Lady Davis Institute for Medical Research, Jewish General Hospital and Faculty of Medicine, McGill University,
Montreal, Quebec, Email: l.hoffer@mcgill.ca

1

Abstract Several micronutrient deficiencies adversely affect the brain and hence could aggravate
mental disorders like schizophrenia, depression and anorexia nervosa. It is plausible that proper attention to diet and, when indicated, appropriate supplementation with vitamin C, folic acid, niacin,
thiamine, iron, zinc, omega-3 fatty acids, vitamin D and vitamin E could lower the dosage requirement for antipsychotic drugs and reduce their adverse side effects and toxicity.

Introduction

Modern antipsychotic drugs effectively
suppress the symptoms of psychosis and
severe mood disorders. Too often, however, they fail to fully restore normal mental
health,1 and they have serious adverse effects
and toxicity, including an increased risk of
sudden death.2 To overcome these difficulties, psychiatrists often prescribe combinations of different classes of psychoactive
drugs, a practice that is considered off-label
since it has not been shown to be effective
in large, well-designed clinical trials.3 New
approaches would be welcome in psychopharmacology, especially the development of
etiology-based, neuroprotective therapies.
The task of identifying such therapies is
complicated by our poor understanding of
the biological basis of schizophrenia and depression. A further complication is that the
neuropathology of acute psychotic disorders
appears to differ from that of chronic schizophrenia. Etiology-based therapies could be
effective in preventing and treating acute
schizophrenia, but ineffective in chronic
schizophrenia.
The diet of people with serious mental
disorders is often inadequate, so there is obvious interest in exploring the possibility that
*Reprinted from Whitehall-Robins Report, September 2010

metabolic brain diseases like schizophrenia
and depression are aggravated by concurrent
nutritional deficiencies. Indeed, a brain that
is disordered by serious mental illness could
be especially vulnerable to the pathological
effects of micronutrient deficiencies.

Several Micronutrient Deficiencies
Adversely Affect Brain Function

Subclinical vitamin C deficiency causes
fatigue and psychological abnormalities.4
Folic acid deficiency precipitates depression and inhibits the response to antidepressant drugs.5,6 In some cases the first clinical
manifestation of vitamin B12 deficiency is a
psychiatric disorder.7 Subclinical vitamin B12
deficiency is relatively common in old age
and is associated with cognitive dysfunction.8,9 Thiamine and niacin deficiency may
first come to medical attention as stupor,
confusion, psychosis or neurocognitive dysfunction in the absence of the classic signs of
beriberi and pellagra.10,11 Epidemiologic and
some clinical data suggest that biochemical
vitamin D deficiency can precipitate or predispose to depression.12,13 Subclinical zinc
deficiency in children14 and iron deficiency,
even in adults,15,16 can cause neurocognitive
dysfunction. There is evidence that sufficient
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 delay the progression of early dementia.5,17,18
The fact that psychological and neurological abnormalities develop only in some
people with a micronutrient deficiency suggests there is considerable inter-individual
variation in the brain’s nutrient requirements. This concept is supported by the finding that common polymorphisms affect the
activity of several micronutrient-dependent
enzymes, including those in the brain.19, 20

Vitamin C

Vitamin C is involved in neuronal transmission and neurotransmitter metabolism,
and its cerebrospinal fluid 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 plasma vitamin C concentrations.21,22 Rapid correction of hypovitaminosis C requires larger
doses, such as 500 mg twice daily.4 Not surprisingly, vitamin C deficiency is common in
schizophrenia, since patients with this disease 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 doubleblind clinical trials indicate that the symptoms of chronic schizophrenia can be ameliorated 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 The common C677T variant of MTHFR reduces its
catalytic rate when folic acid consumption
is deficient, and people with this polymorphism are at increased risk for schizophrenia and depression.27,28 Such findings are
direct evidence of the importance of folic
acid for brain health. Although the C677T
polymorphism makes the metabolic conse-

quences of deficient folic acid intake more
serious, it does not appear to increase the
minimum dietary requirement for the vitamin.29 Thus, contrary to what is sometimes
surmised,6,30 there is no compelling evidence
that 1 mg of folic acid per day is any less effective than higher doses or different forms
of this vitamin at preventing or ameliorating the symptoms of mental diseases; clinical 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, epidemiological 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 synthesize 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 antiseizure medications increase the vitamin D requirement.34

Omega-3 Fatty Acids

Conventional diets provide <100 mg/
day of the omega-3 fatty acids eicosapentaenoic 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 elucidated, there is considerable evidence that
they could be effective in preventing or
treating depression,5,38-40 schizophrenia41 and
first-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 proportions of EPA and DHA used in clinical
trials vary considerably. The combination of
omega-3 fatty acids with antioxidants holds
considerable theoretical promise.44 Omega-3
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fatty acid supplementation would likely reduce the high risk of cardiovascular disease
and sudden death associated with antipsychotic drug use in schizophrenia.45

Niacin

Several years ago, double-blind randomized clinical trials suggested that high-dose
niacin (3 g/day) increased the recovery rate
and prevented relapse in acute, but not chronic schizophrenia.23 A high-affinity cellular receptor for niacin was recently discovered, the
expression of which is reduced in the brains
of people with schizophrenia.46 The possibility should be explored that people with or at
risk for first-episode psychosis, or who have
acute schizophrenia, could benefit from highdose niacin and vitamin C therapy.23 Carefully 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 firstepisode psychosis or acute schizophrenia who
express serious interest in it. Measures of the
effectiveness of this and other nutritional approaches would be a reduction of the dose of
antipsychotic drug needed to eliminate symptoms for a given patient, and the avoidance of
polypharmacy. The clinical benefits could include fewer and less serious drug side effects
and toxicity,2,47 better medication adherence,
and less risk of relapse.

Treatment and Prevention of Tardive
Dyskinesia

Tardive dyskinesia is a serious complication of antipsychotic drug therapy. Many
but not all clinical trials indicate that highdose 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 effective.49 Since
high-dose vitamin E can ameliorate tardive
dyskinesia, more modest provision might
prevent it from occurring in the first 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-containing meal.50

Anorexia Nervosa

The insufficient macronutrient intake that
defines anorexia nervosa plainly puts patients
at high risk of micronutrient deficiencies;
supplementation should be routine.51, 52 Zinc
deficiency is common in anorexia nervosa53
and could potentially complicate recovery
by affecting cognitive function14 or causing
dysgeusia54, 55 and anorexia.56 The 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

Competing Interests

The author declares that he has no competing interests.

References
1.

Treuer T, Martenyi F, Saylan M, et al: Factors associated with achieving minimally symptomatic
status by patients with schizophrenia: results from
the 3-year intercontinental schizophrenia outpatients health outcomes study. Int J Clin Pract,
2010; 64: 697-706.
2. Schneeweiss S, Avorn J: Antipsychotic agents and
sudden cardiac death--how should we manage the
risk? N Engl J Med, 2009; 360: 294-296.
3. Kane JM, Leucht S: Unanswered questions in
schizophrenia clinical trials. Schizophr Bull, 2008;
34: 302-309.
4. Evans-Olders R, Eintracht S, Hoffer LJ: Metabolic origin of hypovitaminosis C in acutely
hospitalized patients. Nutrition, 2010; 26: 10701074.
5. Das UN: Folic acid and polyunsaturated fatty
acids improve cognitive function and prevent depression, dementia, and Alzheimer’s disease--but
how and why? Prostaglandins Leukot Essent Fatty
Acids, 2008; 78: 11-19.
6. Farah A: The role of L-methylfolate in depressive
disorders. CNS Spectr, 2009; 14 (1 Suppl 2): 2-7.
7. Hector M, Burton JR: What are the psychiatric
manifestations of vitamin B12 deficiency? J Am
Geriatr Soc, 1988; 36: 1105-1112.
8. Smith AD, Refsum H: Vitamin B12 and cognition in
the elderly. Am J Clin Nutr, 2009; 89: 707S-711S.
9. Tangney CC, Tang Y, Evans DA, et al: Biochemical indicators of vitamin B12 and folate insufficiency and cognitive decline. Neurol, 2009; 72:
361-367.
10. Sydenstricker VP, Cleckley HM: The effect of

159

160

Journal of Orthomolecular Medicine Vol 27, No 4, 2012

11.

12.

13.

14.

15.

16.
17.

18.
19.

20.
21.
22.

23.
24.
25.

nicotinic acid in stupor, lethargy and various other
psychiatric disorders. Am J Psychiatry, 1941; 98:
83-92.
Botez MI, Botez T, Ross-Chouinard A, et al: Thiamine and folate treatment of chronic epileptic
patients: a controlled study with the Wechsler IQ
scale. Epilepsy Res, 1993; 16: 157-163.
Wilkins CH, Sheline YI, Roe CM, et al: Vitamin
D deficiency is associated with low mood and
worse cognitive performance in older adults. Am
J Geriatr Psychiatry, 2006; 14: 1032-1040.
Jorde R, Sneve M, Figenschau Y, et al: Effects
of vitamin D supplementation on symptoms of
depression in overweight and obese subjects: randomized double blind trial. J Intern Med, 2008;
264: 599-609.
Gardner JM, Powell CA, Baker-Henningham
H, et al: Zinc supplementation and psychosocial
stimulation: effects on the development of undernourished Jamaican children. Am J Clin Nutr,
2005; 82: 399-405.
Tu JB, Shafey H, VanDewetering C: Iron deficiency in two adolescents with conduct, dysthymic and movement disorders. Can J Psychiatry,
1994; 39: 371-375.
Murray-Kolb LE, Beard JL: Iron treatment normalizes cognitive functioning in young women.
Am J Clin Nutr, 2007; 85: 778-787.
Vogel T, Dali-Youcef N, Kaltenbach G, et al:
Homocysteine, vitamin B12, folate and cognitive
functions: a systematic and critical review of the
literature. Int J Clin Pract, 2009; 63: 1061-1067.
Cole GM, Ma QL, Frautschy SA: Omega-3 fatty
acids and dementia. Prostaglandins Leukot Essent
Fatty Acids, 2009; 81: 213-221.
Ames BN, Elson-Schwab I, Silver EA: High-dose
vitamin therapy stimulates variant enzymes with
decreased coenzyme binding affinity (increased
Km): relevance to genetic disease and polymorphisms. Am J Clin Nutr, 2002; 75: 616-658.
Ames BN: The metabolic tune-up: metabolic
harmony and disease prevention. J Nutr, 2003;
133:1544S-1548S.
Heseker H: Psychological disorders as early symptoms of a mild-to-moderate vitamin deficiency.
Ann N Y Acad Sci, 1992; 669: 352-357.
Gosney MA, Hammond MF, Shenkin A, et al:
Effect of micronutrient supplementation on mood
in nursing home residents. Gerontology, 2008; 54:
292-299.
Hoffer LJ: Vitamin therapy in schizophrenia. Isr J
Psychiatry Relat Sci, 2008; 45: 3-10.
Coppen A, Bolander-Gouaille C: Treatment of
depression: time to consider folic acid and vitamin
B12. J Psychopharmacol, 2005; 19: 59-65.
Muntjewerff JW, van der PN, Eskes T, et al: Homocysteine metabolism and B-vitamins in schizophrenic patients: low plasma folate as a possible
independent risk factor for schizophrenia. Psychiatry Res, 2003; 121: 1-9.

26. Freeman JM, Finkelstein JD, Mudd SH: Folateresponsive homocystinuria and “schizophrenia”: a
defect in methylation due to deficient 5,10-methylenetetrahyofolate reductase activity. N Engl J
Med, 1975; 292: 491-496.
27. Gilbody S, Lewis S, Lightfoot T: Methylenetetrahydrofolate reductase (MTHFR) genetic polymorphisms and psychiatric disorders: a HuGE
review. Am J Epidemiol, 2007; 165: 1-13.
28. Muntjewerff JW, Kahn RS, Blom HJ, et al: Homocysteine, methylenetetrahydrofolate reductase
and risk of schizophrenia: a meta-analysis. Mol
Psychiatry, 2006; 11: 143-149.
29. Robitaille J, Hamner HC, Cogswell ME, et al:
Does the MTHFR 677C - T variant affect the
recommended dietary allowance for folate in the
US population? Am J Clin Nutr, 2009; 89: 12691273.
30. Fava M, Mischoulon D: Folate in depression: efficacy, safety, differences in formulations, and clinical issues. J Clin Psychiatry, 2009; 70 (Suppl 5):
12-17.
31. Lewis DP, Van Dyke DC, Willhite LA, et al:
Phenytoin-folic acid interaction. Ann Pharmacother, 1995; 29: 726-735.
32. McCann JC, Ames BN: Is there convincing biological or behavioral evidence linking vitamin D
deficiency to brain dysfunction? FASEB J, 2008;
22: 982-1001.
33. Mocanu V, Stitt PA, Costan AR, et al: Long-term
effects of giving nursing home residents bread fortified with 125 microg (5000 IU) vitamin D(3)
per daily serving. Am J Clin Nutr, 2009; 89: 11321137.
34. Mikati MA, Dib L, Yamout B, et al: Two randomized vitamin D trials in ambulatory patients on
anticonvulsants: impact on bone. Neurol, 2006; 67:
2005-2014.
35. Breslow JL: n-3 fatty acids and cardiovascular disease. Am J Clin Nutr, 2006; 83: 1477S-1482S.
36. Calder PC, Deckelbaum RJ: Omega-3 fatty acids:
time to get the messages right! Curr Opin Clin
Nutr Metab Care, 2008; 11: 91-93.
37. Lee JH, O’Keefe JH, Lavie CJ, et al: Omega-3
fatty acids: cardiovascular benefits, sources and
sustainability. Nat Rev Cardiol, 2009; 6: 753-758.
38. Lin PY, Su KP: A meta-analytic review of doubleblind, placebo-controlled trials of antidepressant
efficacy of omega-3 fatty acids. J Clin Psychiatry,
2007; 68: 1056-1061.
39. Lucas M, Asselin G, Merette C, et al: Ethyl-eicosapentaenoic acid for the treatment of psychological distress and depressive symptoms in middleaged women: a double-blind, placebo-controlled,
randomized clinical trial. Am J Clin Nutr, 2009;
89: 641-651.
40. Appleton KM, Rogers PJ, Ness AR: Updated systematic review and meta-analysis of the effects of
n-3 long-chain polyunsaturated fatty acids on depressed mood. Am J Clin Nutr, 2010; 91: 757-770.

Micronutrients and Mental Disorders

41. Peet M: Omega-3 polyunsaturated fatty acids in
the treatment of schizophrenia. Isr J Psychiatry
Relat Sci, 2008; 45: 19-25.
42. Berger GE, Proffitt TM, McConchie M, et al:
Ethyl-eicosapentaenoic acid in first-episode psychosis: a randomized, placebo-controlled trial. J
Clin Psychiatry, 2007; 68: 1867-1875.
43. Amminger GP, Schafer MR, Papageorgiou K, et
al: Long-chain omega-3 fatty acids for indicated
prevention of psychotic disorders: a randomized,
placebo-controlled trial. Arch Gen Psychiatry,
2010; 67: 146-154.
44. Mahadik SP, Pillai A, Joshi S, et al: Prevention
of oxidative stress-mediated neuropathology and
improved clinical outcome by adjunctive use of a
combination of antioxidants and omega-3 fatty
acids in schizophrenia. Int Rev Psychiatry, 2006;
18: 119-131.
45. Scorza FA, Cysneiros RM, Terra VC, et al: Omega-3 consumption and sudden cardiac death in
schizophrenia. Prostaglandins Leukot Essent Fatty
Acids, 2009; 81: 241-245.
46. Miller CL, Dulay JR: The high-affinity niacin receptor HM74A is decreased in the anterior cingulate cortex of individuals with schizophrenia.
Brain Res Bull, 2008; 77: 33-41.
47. Hennekens CH, Hennekens AR, Hollar D, et al:
Schizophrenia and increased risks of cardiovascular disease. Am Heart J, 2005; 150: 1115-1121.
48. Zhang XY, Zhou DF, Cao LY, et al: The effect
of vitamin E treatment on tardive dyskinesia and
blood superoxide dismutase: a double-blind placebo-controlled trial. J Clin Psychopharmacol, 2004;
24: 83-86.
49. Lerner V, Miodownik C, Kaptsan A, et al: Vitamin
B6 treatment for tardive dyskinesia: a randomized,
double-blind, placebo-controlled, crossover study.
J Clin Psychiatry, 2007; 68: 1648-1654.
50. Wolf G: Estimation of the human daily requirement of vitamin E by turnover kinetics of labeled
RRR-alpha-tocopherol. Nutr Rev, 2007; 65: 4648.
51. Reiter CS, Graves L: Nutrition therapy for eating
disorders. Nutr Clin Pract, 2010; 25: 122-136.
52. Setnick J: Micronutrient deficiencies and supplementation in anorexia and bulimia nervosa: a review of literature. Nutr Clin Pract, 2010; 25: 137142.
53. Birmingham CL, Gritzner S: How does zinc
supplementation benefit anorexia nervosa? Eat
Weight Disord, 2006; 11: e109-e111.
54. Heckmann SM, Hujoel P, Habiger S, et al: Zinc
gluconate in the treatment of dysgeusia--a randomized clinical trial. J Dent Res, 2005; 84: 3538.
55. Takaoka T, Sarukura N, Ueda C, et al: Effects of
zinc supplementation on serum zinc concentration and ratio of apo/holo-activities of angiotensin
converting enzyme in patients with taste impairment. Auris Nasus Larnyx, 2010; 37: 190-194.

56. Levenson CW: Zinc regulation of food intake:
new insights on the role of neuropeptide Y. Nutr
Rev, 2003; 61: 247-249.
57. Birmingham CL, Goldner EM, Bakan R: Controlled trial of zinc supplementation in anorexia
nervosa. Int J Eat Disord, 1994; 15(3): 251-255.

161

