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and Vitamin B,, Levels in Psychiatric Inpatients
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ABSTRACT

Objective: To assess the pattern of serum folate and
vitamin By, levels in psychiatric inpatients compared with
nonpsychiatric controls.

Methods: An observational cross-sectional study was
conducted with 100 psychiatric inpatients diagnosed with
psychiatric illness for the first time per ICD-10 criteria and
their age-matched caregivers at a super-specialty center in
northern India (from January 1, 2012, to December 31, 2012).
Complete blood counts and serum levels of vitamin B,
folate, and homocysteine were measured in all patients and
caregivers, who were sharing the same kitchen as that of the
patients.

Results: Twenty-five percent of the patients were found to
have low levels of serum vitamin B;,, which was significant
compared with healthy controls (P <.001). Similarly, the
difference in homocysteine levels between the patient and
control groups was significant (35% vs 13%, P=.012).

Conclusions: A significant proportion of psychiatric patients
were found to be vitamin B, deficient. In-depth studies are
required to establish the cause-effect relationship between
vitamin B, deficiency and psychiatric illness and the effect of
vitamin B, replacement.
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Vitamin By, and folate are water-soluble vitamins.! Both
play an important role in the formation of red blood
cells and a key role, especially vitamin B,,, in the functioning
of the brain and nervous system.! Several psychiatric and
neurologic illnesses have been associated with vitamin B;, and
folate deficiency, such as mood disorders, dementia, paranoid
psychoses, violent behavior, and demyelinating myelopathy.?
Psychiatric manifestations may occur in individuals who have
not yet developed hematologic or neurologic abnormalities at
the time of presentation.>*

In addition to causing neuropsychiatric symptoms, vitamin
B,, and folate deficiency can lead to hyperhomocysteinemia
and methylmalonic acidemia, which can have serious health
implications.>® Early stage vitamin B, deficiency may present
with subtle and slight cognitive impairments. Hence, early
recognition is crucial to prevent irreversible damage.®

Neurologic symptoms due to vitamin B, deficiency may occur
in the absence of anemia in 20%-30% of cases.” The diagnosis
is complicated by the limitations of current assay techniques, as
a low serum vitamin By, level does not always indicate vitamin
B, deficiency and a normal level does not always exclude it.
However, individuals with biologically significant vitamin B,
deficiency almost always have elevated blood plasma levels of
total homocysteine and methylmalonic acid. Thus, individuals
with low or borderline levels of vitamin B;, and elevated levels
of homocysteine or methylmalonic acid can be defined as having
“metabolically significant” vitamin B}, deficiency.”

It has been asserted that performing vitamin B}, assays in
psychiatric patients will enable doctors to treat several disabling
diseases that otherwise may end in chronicity.> Reportedly,
several patients’ mental health symptoms have responded
dramatically to vitamin B,, and folate replacement.’*

Racial, religious, ethnic, and socioeconomic heterogeneity
of the people in India greatly influences their dietary habits.
Vitamin B, deficiency has been observed to be far more
prevalent than expected in India, and a majority of the cases
remain undiagnosed.® The purpose of the present study was to
compare serum vitamin B,,, folate, and homocysteine levels in
patients with psychiatric illness admitted to a psychiatry ward
in India and consider the relevance of the relationship between
psychiatric illness and vitamin B,, and folate deficiency.

METHODS

A descriptive cross-sectional study (observational type) was
conducted in the departments of psychiatry, biochemistry, and
pathology of a super-specialty medical center in the National
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Clinical Points

B Vitamin B,, deficiency is associated with various
psychiatric symptoms.

B Measurement of vitamin B;, and replacement might be
helpful in the management of psychiatric patients.

B Due to alack of resources in developing countries,
investigations of the levels of vitamin B;, and folate are
often neglected in psychiatric patients.

Table 1. Sociodemographic and Substance Use Profile of
Patients

Table 2. Dietary Pattern Comparison of Serum Vitamin B,
Folate, and Homocysteine Levels of Patients and Controls?

Variable Diet Patients  Controls
Serum vitamin B, Vegetarian 1(33) 0
(<211 pg/mL) Lacto-vegetarian 4 (40) 0
Lacto-ovo vegetarian 12 (35) 3(9)
Nonvegetarian 8(15) 2 (4)
Total 25(25) 5(5)
Serum folate Lacto-ovo vegetarian 1(10) 0
(<3.1 ng/mL) Nonvegetarian 1(2) 0
Total 2(2) 0
Serum homocysteine Vegetarian 2(67) 1(33)
(>16 umol/L) Lacto-vegetarian 6 (60) 0
Lacto-ovo vegetarian 15 (44) 8 (24)
Nonvegetarian 12(23) 4(8)
Total 35(35) 13(13)

Variable Patients (n=100)
Age, mean£SD,y 36.79+13.73
Sex, n (%)

Male 54 (54)

Female 46 (46)
Marital status, n (%)

Married 66 (66)

Unmarried 27 (27)

Divorced 3(3)

Widowed 4(4)
Residency, n (%)

Urban 85 (85)

Rural 15(15)
Religion, n (%)

Hindu 65 (65)

Muslim 32(32)

Sikh 2(2)

Christian 1(1)
Occupation, n (%)

Employed 73(73)

Unemployed 27 (27)
Body mass index, kg/m?

Mean+SD 24.27 £4.69

Range 17.1-39.8
Total duration of illness, y

Mean 12.70

Range 0.4-46.0
Smoking habits, n (%)

Smokers 15(15)

Nonsmokers 79 (79)

Ex-smokers 6 (6)
Chewable tobacco use, n (%)

Users 25(25)

Nonusers 71(71)

History of use in the past 4(4)
Alcohol use, n (%)

Users 25(25)

Nonusers 69 (69)

History of use in the past 6 (6)
Cannabis use, n (%)

Users 25 (25)

Nonusers 71(71)

History of use in the past 4 (4)

Capital Region of India. The study was conducted with
psychiatry inpatients from January 1, 2012, to December
31, 2012, to identify the pattern of serum folate and vitamin
By, levels in patients with psychiatric illness. The study was
approved by the institution’s ethics committee. A total of 100
consecutive inpatients, who were diagnosed for the first time
with a psychiatric illness per ICD-10 research criteria, and
their age-matched (+2years) caregivers (healthy controls)
were recruited for the study after written informed consent

2Data are presented as n (%).

was obtained. Exclusion criteria included age <18 years,
having significant comorbid medical illness undergoing or
requiring treatment, receiving cobalamin supplementation
for at least 3 months’ duration, and not providing consent.
A semi-structured form was used to obtain relevant medical
and dietary history. Complete blood counts and serum
vitamin B, and folate levels were measured in all patients
and their caregivers, who were sharing the same kitchen as
that of the patients. Serum homocysteine was also measured
in both groups. Cutoff values of serum vitamin B,, folate,
and homocysteine levels were set per laboratory standards,
which are calibrated regularly. Both groups were compared
and analyzed on appropriate tests of significance using IBM
SPSS Statistics version 16.0 (IBM Corp, Armonk, New York).

RESULTS

A total of 200 subjects (100 patients and 100 controls)
were recruited. Sociodemographic and substance use profiles
of the patients are shown in Table 1.

Dietary Habits

The patient sample consisted of 3 vegetarians, 10 lacto-
vegetarians, 34 lacto-ovo vegetarians, and 53 nonvegetarians,
while the control group had comparable values of 3
vegetarians, 11 lacto-vegetarians, 34 lacto-ovo vegetarians,
and 52 nonvegetarians (Table 2). Table 3 shows a comparison
of the biochemical and hematologic profiles of patients and
controls.

Vitamin B,

The mean vitamin By, level of the patients was 340.41
pg/mL. Twenty-five (25%) of the patients and 5 (5%) of
the controls had low serum B, levels. The difference in
serum vitamin B, levels between patients and controls was
statistically significant (P<.05).

Folate

The mean serum folate level in our sample was 7.74
ng/mL. Two (2%) of the patients and none of the controls
had low serum folate levels.
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Serum Folate and Vitamin B, in Psychiatric Inpatients

Table 3. Comparison of Biochemical and Hematologic Profiles of Patients and Controls?

P
Variable Patients Controls Patients Controls Value®
Hemoglobin (g/dL) 12.36+£1.63 13.07£1.62 6.7-16.8 7.9-16.6 .002
Packed-cell volume (%) 37.7+4.78 37.94+4.14 26.4-48.6 28-47.1 698
Red blood cell count (x 10%/pL) 4.49+0.55 4.56+0.46 3.1-5.77 3.52-5.53 340
Mean corpuscular volume (fL) 86.42+6.32 86.59+5.34 59.3-105.7 70.8-97.9 839
Mean corpuscular hemoglobin (pg) 29.73+2.99 30.67+3.35 15.2-37.3 22.2-38.1 .038
Mean corpuscular hemoglobin 33.31+2.13 33.24+2.29 23.9-39.2 23.9-434 845

concentration (g/L or %)

Total leukocyte count (cells/pL) 7,761+2,022.99 7,916+1,450.16 = 3,100-14,900 4,600-11,000  .534
Serum vitamin B, (pg/mL) 340.41£220.09 467.56+321.18 108.9-2,000 168-2,000 .001
Serum folate (ng/mL) 7.74+£3.89 10.21+3.6 1.88-20 3.3-20 .000
Serum homocysteine (umol/L) 17.93+11.48 14.43+7.48 3.2-50 4-50 012

2Data in the first 2 columns are presented as mean +SD; data in the last 2 columns are presented as range.

bBolded values indicate statistical significance.

Table 4. Biochemical Profile Analysis of Vitamin B;, Levels of
Patients by Diagnosis?

Table 5. Comparison of Serum Homocysteine and Folate
Levels of Patients by Diagnosis®

Serum Vitamin By,

(pg/mL) p
Diagnosis <21 >211 Value
Schizophrenia and other psychotic 7 27 024
disorder
Depression 2 14 626
Bipolar affective disorder 7 18 021
Obsessive-compulsive disorder 3 8 062
Other 6 8 .006

aData are presented as n.

Homocysteine

The mean homocysteine level was 17.93 umol/L. A higher
frequency of greater than normal levels of homocysteine
was found in patients compared with controls (35% vs 13%,
respectively), which was statistically significant (P <.05).

Hematologic Parameters

The mean+SD hemoglobin level of patients was
12.36 +1.63 g/dL, which was statistically significant
compared with controls (P=.002; range, 6.7-16.8 g/dL).
Mean £ SD corpuscular hemoglobin was 29.73 £2.99 pg,
which was also statistically significant (P=.038, Table 3).

Table 4 shows that 25 patients had low vitamin B, levels.
Seven of 34 (21%) patients with schizophrenia and other
psychotic disorder had low vitamin B, levels, which was
statistically significant (P<.05). Seven of 25 (28%) patients
with bipolar affective disorder had low vitamin B, levels
(P<.05, statistically significant), and 6 of 14 (42.86%)
patients categorized with other psychiatric disorders
including somatoform disorder and organic dissociative
disorder also had low vitamin B, levels (P<.05, statistically
significant). Two patients (both men) with low serum
folate levels were diagnosed with schizophrenia and other
psychotic disorder (Table 5).

Table 6 provides a comparison of serum B, levels with
various parameters. The mean+SD hemoglobin level of
patients was 10.7 + 1.4 g/dL, which was highly statistically
significant compared with the control group (P<.001). The
packed-cell volume of patients was 33.9% +3.7%, which
compared with the control group was a highly significant

Serum
Homocysteine Serum Folate
(mol/L) p (umol/L) p
Diagnosis <16 >16 Value® <2 =22 Value

Schizophrenia and other 21 13 .028 2 32 151
psychotic disorder

Depression 12 4 669 0 16

Bipolar affective 16 9 .047 0 25
disorder

Obsessive-compulsive 9 2 1.000 0 1
disorder

Other 7 7 .002 0 14

Total 65 35 2 98

2Data are presented as n.
bBolded values indicate statistical significance.

difference (P<.001). The red blood cell count of patients was
4.01£0.50 x 10/uL, which was highly statistically significant
(P<.001) compared with the control group. Finally, the
mean+SD corpuscular hemoglobin concentration of
patients was 32.4% +2.0%, and the difference between the
control group was statistically significant (P<.05).

DISCUSSION

The population of the Indian subcontinent is > 1 billion,
most of whom consume a diet low in cobalamin. Despite
how common cobalamin deficiency is in India, this problem
has received little attention. The national strategies for
improving micronutrient intake do not include cobalamin,
and a search of MEDLINE indicated that vitamin A, iron,
zinc, and iodine are considered the micronutrients of
interest by the Indian medical community.®

In this cross-sectional study, we found a high prevalence
of low serum vitamin By, levels (25%) among admitted
psychiatric patients compared with other studies.”!? A study
by Khanduri et al'! showed that almost half of the healthy
subjects had subnormal levels of cobalamin or folate. The
authors!! found that cobalamin deficiency is 5 times more
common than folate deficiency, which is consistent with our
findings and contrary to the common perception that folate
deficiency is widespread. In contrast, a study by Lerner et
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Table 6. Comparison of Patients’ Serum Vitamin B,, Levels and Various Parameters?®

Serum Vitamin B,

Serum Vitamin B,

<211 pg/mL 2211 pg/mL

Variable (n=25) (n=75) PValueP
Age,y 35.5+15.8 37.2£13.0 573
Age at onset, y 23.2+83 25.2+10.3 381
Duration of illness, y 125+13.1 12.8+£9.7 9
Hemoglobin (g/dL) 10.7+1.4 129+1.3 <.001
Packed-cell volume (%) 33.9+37 39+4.4 <.001
Red blood cell count (x 10%/pL) 4,01+0.5 4.64+0.47 <.001
Mean corpuscular volume (fL) 88.5+9.1 85.7+4.9 056
Mean corpuscular hemoglobin (pg) 29.3+3.8 29.9+2.7 365
Mean corpuscular hemoglobin concentration (%) 324+20 33.6+2.1 <.05
Total leukocyte count (uL) 7,192+1,900.9 7,950.7+2,039 105

2Data are presented as mean +SD.

bBolded values indicate statistical significance compared to controls.

al'? in 224 newly admitted patients in a psychiatric ward
found no significant difference in cobalamin levels compared
with controls. However, that study'? found approximately
30% of patients had low folate values compared to 2.5% in the
control group (P<.0001), and mean folate levels were higher
in controls (P<.0001). It is well documented that racial and
ethnic factors influence the levels and metabolism of these
vitamins.'>4

Studies!'>!¢ have found folate and vitamin B, to be directly
correlated and folate inversely correlated with homocysteine,
which was also a finding in our study. While some found
no correlation between vitamin B, and homocysteine,
we found a strong correlation between vitamin B, and
homocysteine most likely because their metabolism is linked.

In our study, the prevalence of vitamin B,, deficiency
in both patients and controls was on the higher end of the
prevalence range found in the general population. However,
only 2% of patients and no controls had low serum folate
levels (low folate levels in the general population may range
from 4%-18% and vitamin B, from 3%-13%"7).

Currently, there are no agreed-upon universal cutoff
values for the normal range of serum levels of vitamin B,.!®
It is possible that the higher prevalence of serum vitamin B,
levels may have been aided by the manufacturer’s vitamin
B, testing kit reccommendations, which had reference values
based on different population characteristics. The high
prevalence of low vitamin By, levels in our study could have
been a result of differences in genetics or patients’ eating habits
or dietary deficiencies, which could have been a consequence
of their mental illness.!®*® Use of anticonvulsants is also a
possibility.! Other possible causes of the difference between
our study and others could be that we did not include patients
aged <18 years. Thus, if the age group <18 years is included,
the prevalence of vitamin deficiency may increase. Ethnic
variations, which affect vitamin levels, could be another
factor.

A high prevalence of subjects with low vitamin B, levels
was found in vegetarians. Our findings are supported by
Wokes et al,”* who systematically compared a group of US,
Dutch, and British vegetarians with nonvegetarians from
those same countries and found that many of the vegetarians
had significantly lower vitamin B;, concentrations than did
the nonvegetarians.

Since the neuropsychiatric symptoms frequently appear
before the hematologic manifestations,**> we support
the approach that the cobalamin level should be based
not only on hematologic findings but also on a clinical
neuropsychiatric picture of cobalamin deficiency.?*

We found that low serum folate and vitamin B, levels
were not correlated to red blood cell count, hematocrit, mean
corpuscular hemoglobin concentration, mean corpuscular
volume, mean corpuscular hemoglobin, or hemoglobin.
In our study, of 25 patients with low vitamin B, levels,
only 11 (44%) had macrocytosis. Thirty-seven percent of
the subjects had low hemoglobin (<12 g/dL), of whom 25
patients had low vitamin B,,. While only 5% of controls had
macrocytosis (P=.002), these observations are consistent
with research?® that found that low serum folate or red
blood cell count cannot be predicted by hematologic indices.
Other studies'??® found that anemia or macrocytosis may be
absent in up to 28% of patients with vitamin B, deficiency
and related neuropsychiatric disorders. The explanation
for this finding may be that primary folate and vitamin B,
deficiency may result in macrocytic anemia characterized
by increased mean corpuscular volume, decreased red
blood cell count, and low hemotocrit, but other causes of
macrocytic anemia may include alcohol abuse, liver disease,
hypothyroidism, and drugs such as phenytoin. Not all of
these conditions involve folate or vitamin B,, deficiency.
Consequently, a patient with macrocytic anemia may not
necessarily be folate or vitamin B, deficient, and, conversely,
folate- and vitamin Bj,-deficient patients may not have
macrocytic anemia.'?

We suggest that neuropsychiatric disorders due to
cobalamin deficiency occur commonly in the absence
of anemia or an elevated mean cell volume and that
measurements of serum homocysteine are useful in the
diagnosis of these patients, which is also supported by
Lerner et al.!?

In our study, 2 of 35 (5.88%) schizophrenia patients versus
no controls had serum folate deficiency, a finding similar to
that of Bottiglieri et al.*” On the other hand, no difference in
folic acid status among different psychiatric disorders versus
healthy controls was found in other research.?®

In our study, 2 of 16 (12.5%) patients with depression had
low vitamin B, levels, which was nonstatistically significant
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(P=.626). Four eof 16 (25%) patients with depression had
high homocysteine levels, which was nonstatistically
significant (P=.669). None of the patients with depression
had folate deficiency. Bottiglieri et al*” found that only 8% of
depressed patients had subnormal vitamin B, levels, while
30.4% of patients had red blood cell folate levels below the
normal range (which is quite higher than that found in our
study). Similarly, Lerner et al'? found a positive correlation
between low folate levels and depression, which is also in
contrast to our finding.

Several studies?®” have examined serum levels of
cobalamin and folate among middle-aged psychiatric
inpatients and described a relatively low prevalence of below-
normal cobalamin levels (1%-10%). Other studies®!~33 have
reported that between 12% and 30% of inpatients with
depression had folate deficiency. Tiemeier et al* found that
the association of vitamin B;, and folate with depressive
disorders may have a different mechanism: vitamin B},
may be causally related to depression, whereas the relation
with folate is due to physical comorbidity. Abou-Saleh and
Coppen® reported that a depressed state may contribute to
vitamin deficiencies through decreased appetite and dietary
intake, poor food choices, and gastrointestinal disturbance
that may decrease absorption of vitamins in the gut.

The association of vitamin B;, and folate with bipolar
disorder has been evaluated. In a case report®® of short-
duration episodes of mania, a patient achieved clinical
remission while receiving vitamin Bj, alone, suggesting
that vitamin B, deficiency was the most likely cause of her
psychiatric disorder. In our study, 7 of 25 (28%) patients
with bipolar disorder were found to have low vitamin B,
levels, which was statistically significant (P=.021.) Nine of
18 patients (50%) with bipolar affective disorder were found
to have elevated serum homocysteine levels, while none
had low serum folate levels. Our findings could also raise
the hypothesis of different neurobiological mechanisms
underlying mood disorders and the importance of vitamin
By, in their genesis.

Among various psychiatric disorders, obsessive-
compulsive disorder (OCD) in relation to vitamin B,
deficiency has not been described. In our study, 3 of 11 (27%)
patients with OCD were found to have low vitamin By, levels,
which was close to statistical significance (P=.062). This
finding is supported by Hermesh et al,*” who found 6 of 30
patients (20%) in the OCD group had abnormally low levels
of vitamin B, suggesting that low vitamin B, levels could
be either the cause or consequence of OCD. Sharma and
Biswas>® reported the case of a middle-aged man presenting
with OCD, low serum cobalamin, and a positive family
history of vitamin B, deficiency who responded well to
methylcobalamin replacement. Two of 11 patients (18.18%)
with OCD were found to have elevated homocysteine levels,
which was not statistically significant.*®

A limitation of this study was that we measured serum
folate as opposed to red blood cell folate; the latter may be a
better predictor of an individual’s folate status.*® For example,
serum folate, unlike red blood cell folate, is sensitive to acute

Serum Folate and Vitamin B, in Psychiatric Inpatients

dietary status (eg, fasting), concomitant medications, and
time of day when blood levels are drawn. Such factors were
not corrected for in this study. Since folate and vitamin B,
levels are not predicted by red cell indices, our results, taken
in context of prior-mentioned research,” raise the question
of whether clinicians assessing patients with psychiatric
illnesses should consider obtaining baseline folate and
vitamin By, levels instead of relying on complete blood
count measurements alone. Such assessment could prove
particularly important with regard to patients with poor
nutritional status or alcoholism or those who have been
refractory to standard antidepressant regimens. There are
limited data regarding the cost-effectiveness of this type
of laboratory screening of psychiatric patients in clinical
practice.

Anfinson and Kathol*® suggest that although most of
these investigations are clinically insignificant and do not
affect treatment or outcome, certain populations may benefit
from laboratory screening. These populations include the
elderly, people of lower socioeconomic status, patients in
state hospitals, patients with substance abuse or self-neglect
histories, and patients with organic mental disorders.*’
Pending more direct assessment of cost-effectiveness, it
may be reasonable to assess folate and vitamin By, levels in
depressed patients who have comorbid conditions known
to be associated with folate or vitamin B,, deficiency
such as pregnancy, malabsorption syndromes, dementia,
alcoholism, and use of phenytoin and in patients who have
been refractory to standard antidepressant treatment.

Diagnostic algorithms have consistently stressed the
value of always including clinical data to improve the pretest
probability that test results indicating low serum cobalamin
or serum folate concentrations support the diagnosis of a
deficiency of these vitamins, as these tests have inherent
limitations in sensitivity and specificity. Further studies
are needed to address whether detection and treatment
of vitamin deficiencies will favorably alter psychiatric
outcomes in a cost-effective manner and to better identify
populations that may benefit from screening for these
deficiencies.

CONCLUSION

We found a significant proportion of psychiatric patients
to be vitamin B, deficient. So, replacement of vitamin B,
might help in the management of psychiatric inpatients.
Further, serum levels of vitamin B,, should be investigated
frequently; this testing is usually neglected in resource-
limited developing countries like India. In-depth studies are
required to establish the cause-effect relationship between
vitamin B, deficiency and psychiatric illness and the effect
of vitamin B,, replacement.
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