Chapter 5
Vitamin Deficiencies and Neuropsychiatric
Disorders in Sub-Saharan Africa
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Abstract Deficiencies of vitamins are associated with psychiatric illnesses either
by being the primary cause or an exacerbating factor. Psychiatric symptoms could
also lead to poor nutrition. Vitamin deficiencies may play a role in compromising
patient recovery. Vitamins are organic substances essential for several enzymatic
functions. There are 13 known vitamins which are either fat soluble (4 vitamins i.e.
KEDA) or water soluble (9 vitamins i.e. C, and the B group). For brain function,
B-vitamins are essential in the maintenance of myelin, neuro-transmitter production
and the methylation cycle. Fat-soluble vitamins are necessary in inflammatory regu-
lation, regeneration of antioxidants and genetic modification. Vitamin deficiencies
will, therefore, cause brain degeneration and will be associated with psychiatric
symptoms. Few studies of vitamin deficiencies have been carried out in Sub-Saharan
Africa. This chapter presents an overview of vitamins and their relation to neuro-
psychiatric disorders with the focus on Sub-Saharan Africa.
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Introduction

Deficiencies of vitamins are associated with psychiatric illnesses either by being the
primary cause or an exacerbating factor. Psychiatric symptoms could also lead to
poor nutrition. Vitamin deficiencies may play a role in compromising patient
recovery.

Vitamins are organic substances essential for several enzymatic functions. There
are 13 known vitamins which are either fat soluble (4 vitamins i.e. K, E, D, and A)
or water soluble (9 vitamins i.e. C and the B group).
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Regarding brain function, B vitamins are essential in the maintenance of myelin,
neuro-transmitter production and methylation cycle. Fat-soluble vitamins are neces-
sary in inflammatory regulation, regeneration of antioxidants and genetic modifica-
tion. Vitamin deficiencies will, therefore, cause brain degeneration and will be
associated with psychiatric symptoms. Few studies of vitamin deficiencies have
been carried out in Sub-Saharan Africa. Below is an overview of vitamins and their
relation to neuropsychiatric disorders with the focus on Africa.

Vitamin B1 Deficiency

Thiamine (Vitamin B1) is critical for glucose metabolism. It is a cofactor of
a-ketoglutarate dehydrogenase and pyruvate dehydrogenase enzymes both within
the citric acid cycle and transketolase enzyme in the pentose phosphate pathway.
Severe B1 deficiency which may result from chronic alcoholism, diabetes or malnu-
trition is usually associated with Wernicke’s encephalopathy (WE). WE is clinically
characterised by confusion, ataxia, and nystagmus. It is an acute neuropsychiatric
disorder which arises as a result of inadequate supply of thiamine to the brain.
Confusion and disorientation stem from the brain’s inability to oxidize glucose for
energy because B1 is a crucial cofactor in glycolysis and the citric acid cycle.
Deficiency leads to an increase in free oxygen radicals, cytokines, and alteration of
the blood—brain barrier permeability [1].

The WE pathology involves micro-haemorrhages, loss of neurons and gliosis in
the periaqueductal grey matter and in the mammillary bodies [2]. Inadequate treat-
ment of WE can predispose a patient to permanent brain damage: the Korsakoff
psychosis (confabulation, lack of insight, apathy, retrograde and anterograde amne-
sia). The amnesia of KS is probably due to the interruption of diencephalic-
hippocampal circuits involving the thalamic nuclei and the mammillary bodies [3].
It is recommended that routine management of patients with alcohol-related disease
should include thiamine even if neurological signs are absent as described in South
Africa [4]. Other thiamine deficiency presentations have been described in Africa.
Patients with tropical ataxic neuropathy usually on cassava diet showed evidence of
improvement when treated with thiamine [5].

Vitamin B2 (Riboflavin) Deficiency

Riboflavin is important for the reproduction of glutathione, a known antioxidant. B2
is needed to create the essential flavoprotein coenzymes for synthesis of
L-methylfolate and for proper utilization of B6. The majority of flavin coenzyme
systems help regulate cellular metabolism, whereas the rest are specifically involved
in carbohydrate or amino acid metabolism.
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Low B2 levels are more prevalent in depressed patients, possibly because of B2’s
role in the synthesis and function of glutathione [6].

Vitamin B3 Deficiency

Vitamin B3, Niacin, is an essential component of coenzymes NAD/NADP. Niacin
can be endogenously synthesized from its natural precursor, tryptophan, a process
that requires vitamins B2 and B6.

Pellagra, described as a “3D” syndrome that includes diarrhoea, dermatitis, and
dementia, results from niacin deficiency. The main aetiological factors of pellagra
are: a deficient diet in niacin; chronic alcoholism; malabsorption; drugs like isonia-
zid, pyrazinamide, ehtionamide, 6-mercaptopurine, phenobarbital and chloram-
phenicol. Neuropsychologic manifestations of niacin deficiency include asthenia,
depression, hallucinations, confusion, memory loss and psychosis [7].

Vitamin B6 Deficiency

Vitamin B6 (Pyridoxine) is crucial to glycolysis, the methylation cycle, and revital-
ising glutathione, which is an antioxidant in the brain. Pyridoxine is a coenzyme for
the synthesis of neurotransmitters i.e. serotonin, dopamine and GABA. Lower lev-
els of pyridoxal 5- phosphate (active form) as a result of low dietary and plasma B6
are significantly correlated with higher levels of depression with increased risk and
severity of depression in geriatric patients [8, 9].

Vitamin B6 deficiency is common (24-56 %) among patients receiving haemo-
dialysis [10]. Women who take oral contraceptives are at increased risk of vitamin
B6 deficiency [11].

Vitamin B9 (Folate)

Folate is required in synthesis of neurotransmitters found in the brain and in phos-
pholipid production. Dietary folate must be converted to L-methylfolate for use in
the brain. Folate deficiency and insufficiency are common among patients with
mood disorders and correlate with illness severity [12].

A meta-analysis of 11 studies of 15,315 persons found those who had low folate
levels had a significant risk of depression [13]. In Tunisia, bipolar I patients with
hyperhomocysteinemia were found to have reduced levels of folate [14].

Methylenetetrahydrofolate reductase polymorphism was associated with major
depression and bipolar disorder [15]. Clinical trials have shown that several forms
of folate can enhance antidepressant treatment [16].
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Vitamin B12 Deficiency

An essential cofactor, B12 (cobalamin) is needed to produce monoamine neu-
rotransmitters and maintain myelin. Psychiatric manifestations have been
described to occur in the presence of low serum B, levels but in the absence of
the other well-recognized neurologic and haematologic abnormalities of vitamin
B, deficiency [17]. The psychiatric illnesses caused by vitamin B12 deficiency
are depression, irritability, agitation, psychosis, and obsessive symptoms [18, 19].
Low B12 levels and elevated homocysteine increase the risk of cognitive decline
and Alzheimer’s disease and are linked to a 5-fold increase in the rate of brain
atrophy [20].

Low levels of serum cobalamin were found among 23 % of the 34 patients in
Tunisia with unexplained neurological symptoms without the presence of anaemia.
Among the 82 individuals with isolated psychiatric disorders, 14 % of had low
serum B12 levels [21]. Ranges of both Serum levels of folic and vitamin B12 levels
in a young adult Ugandan population were found to be similar to those in the west-
ern countries [22].

The prevalence of low serum vitamin B12 levels among psychiatric patients
admitted in Butabika mental hospital using Cobas E411 analyser for serum B12
assay was 28.6 %. The deficiency was 16.4 % [23]. Significant covariates indepen-
dently associated with low serum vitamin B12 levels included having a DSM-IV
diagnosis of Schizophrenia, duration of psychiatric illness >3 years and duration of
hospitalization <3 weeks. The female population was significantly associated with
protection from the low serum levels [23]. Irritable mood was a significant finding
among HIV infected ART naive adults in urban Uganda with suboptimal vitamin
B12 [24].

Ascorbic Acid or Vitamin C Deficiency

Vitamin C has important biological functions that include carnitine and neurotrans-
mitter biosynthesis, anti-oxidant protection and regeneration of folic acid and vita-
min E respectively [25]. Vitamin C’s primary role in the brain is as an antioxidant.
Oxidative neuronal damage in the free radical theory was supported by plasma vita-
min C levels being lower in older persons (aged 65 years and above) with dementia
compared to controls [26].

Depression has been found to be a classic psychiatric symptom of vitamin C
deficiency.

Ascorbic acid is a cofactor for dopamine beta-hydroxylase enzyme involved in
the conversion of dopamine (DA) to norepinephrine. Vitamin C is also a cofactor for
the tryptophan-5-hydroxylase enzyme which is required in the conversion of trypto-
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phan to 5-hydroxytryptophan (5-HT). Dopamine, noradrenaline, and 5-HT, have
important roles in the regulation of mood [27].

Vitamin C intake is significantly lower in older adults (age >60) with depression
[28]. Some research has shown that patients with schizophrenia have decreased
vitamin C levels and dysfunction of antioxidant defences [29].

Vitamin D Deficiency

Vitamin D is produced from cholesterol in the epidermis through exposure to sun-
light. Calcitriol the active form of vitamin D is derived from dermal synthesis or
ingestion of vitamin D. Increasing evidence reveals vitamin D’s role in brain func-
tion and development [30]. The pathophysiology of depression is linked to glial and
neuronal cells which possess vitamin D receptors [31].

Autism spectrum disorders (ASD) which suggest vitamin D deficiency is not
well elaborated in Africa compared to the western industrialized countries with high
technological development [32]. The prevalence of ASD among children with
developmental disorders in Egypt and Tunisia was documented as 33.6 % and
11.5 % respectively [33]. Among the co-morbid disorders diagnosed in association
with ASD among African children, intellectual disability was more common.
Belhadj et al. documented co-morbid intellectual disability in over 60 % of cases
that were studied [34].

Vitamin E Deficiency

There are 8 isoforms of vitamin E — 4 tocopherols and 4 tocotrienols — that func-
tion as fat-soluble antioxidants and also promote innate antioxidant enzymes.
Neuronal membranes are protected from oxidation by vitamin E hence reducing
inflammation of the brain. Tocotrienols are understood to mediate disease by
modifying transcription factors in the brain, for instance glutathione reductase,
and superoxide dismutase [35]. Depression has been associated with low plasma
vitamin E levels, although other factors excluding dietary intake have been con-
sidered [36].

Ataxia with vitamin E deficiency (AVED) is a rare autosomal recessive neurode-
generative disease that occurs in North Africa [37]. Its early identification is essen-
tial in order to initiate therapeutic and prophylactic vitamin E supplementation
before irreversible damage develops. In Uganda, 63 (30.3 %) of the 208 cases stud-
ied showed vitamin E deficiency. Among these, four of five patients with cerebro-
vascular accidents had vitamin E deficiency [38].
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Conclusion

There is minimal or no publications in Africa concerning vitamin deficiencies of
vitamins B,, B;, Bs, and C. Nonetheless the effect of vitamins on neuropsychiatric
disorders is not well studied in Sub Saharan Africa. These deficiencies may ulti-
mately lead to brain degeneration if not corrected as may be seen in none response
to psychiatric treatment.
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