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Abstract

Background: Vitamin D is involved in many brain processes including neurological immune process, regulation of
neurological factors, and neuroplasticity. Some studies have linked low serum vitamin D to major depressive
disorder (MDD) and schizophrenia, while others have not shown any relationship. The study aimed to assess
vitamin D level in patients with depression and those with schizophrenia. Sixty participants were recruited from
outpatient clinics of the Institute of Psychiatry, Ain Shams University, Cairo, Egypt. The sample was divided into
three groups: group A, 20 patients with MDD; group B, 20 patients with schizophrenia, and group C, 20 healthy
control subjects. Ain Shams Psychiatry Clinical Interview was used to gather demographic data, and Structured
Clinical interview (SCID-I) and laboratory vitamin D serum levels (ELISA) were applied to subjects.

Results: Eighty-five percent of patients with MDD and 80% of patients with schizophrenia had below normal
vitamin D serum level. Compared to controls, vitamin D serum concentration in patients with MDD was statistically
significantly lower than controls, while schizophrenia had vitamin D level lower than did control group but higher
level than patients with MDD. However, vitamin D level failed to differentiate between patients diagnosed with
schizophrenia and those with MDD.

Conclusions: Patients with MDD and those with schizophrenia demonstrated lower vitamin D level compared with
health controls. There was no statistically significant difference in vitamin D level between patients with MDD and
those with schizophrenia.
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Background
Vitamin D is a unique neurosteroid hormone that may
have an important role in the development of psychiatric
diseases [1]. While vitamin D insufficiency (serum level of
10 to 30 ng/ml) shows no overt clinical symptoms [2],
frank vitamin D deficiency (serum level below 10 ng/ml)
has long been recognized as a medical condition charac-
terized by muscle weakness, impaired bone mineralization,
bone pain, and fractures [3, 4]. Recent research has estab-
lished the important role of vitamin D in mineral balance
and proper immune system functioning [5], as well as in
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the pathogenesis of various diseases, including cancer and
autoimmune disorders [6, 7].
The association of vitamin D with psychiatric disor-

ders, however, is less clear. In fact, vitamin D receptor is
widely expressed in human brain [1] and has been re-
ported to regulate multiple neurotransmission pathways,
including dopamine, serotonin, noradrenalin, and glu-
tamine [8]. Therefore, it is not surprising that low vita-
min D concentrations is linked to several psychiatric
conditions, such as autistic spectrum disorder [9], atten-
tion deficit hyperactivity disorder, depression, and
schizophrenia [10, 11].
In addition, several studies showed that vitamin D was im-

portant for cognitive functions [12], especially in elderly [13]
or Alzheimer disease [14].
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There are several postulated mechanisms for vitamin
D impact on the brain. First, vitamin D regulates numer-
ous brain processes including neurotrophic factors, neu-
roimmunomodulation, neuroprotection, neuroplasticity,
and brain development [15]. This association is strength-
ened by the preclinical data indicating vitamin D defi-
ciency in early life affects neuronal differentiation,
axonal connectivity, and brain structure and function
[16, 17]. In the same line, another study showed vitamin
D deficiency during infancy to act as vulnerability factor
for schizophrenia [18].
Second, vitamin D regulates calcium signaling and

reduces neurotoxic calcium levels in the brain [19, 20].
Third, other studies have also shown that vitamin D is

linked to tyrosine hydroxylase and tryptophan hydroxy-
lase—the rate-limiting enzymes in the biosynthesis of
dopamine and serotonin, respectively [21]—linking vita-
min D deficiency and depression [22, 23].
Fourth, altered dopamine transporter expression, neo-

natal catechol-O-methyl transferase expression, and
dopamine metabolism were also reported, linking vita-
min D to schizophrenia [8].
Depression and schizophrenia, the focus of this

research, are psychiatric disorders with a complex and
multifactorial pathophysiology [24, 25]. Both conditions
are chronic and are both considered the top leading
causes of disability worldwide [26, 27].
The association between vitamin D and depression is

controversial, with some studies supporting this [28–31],
while others have shown no relationship [32].
In the young adults, depression was linked to vitamin

D deficiency [33–35], as well as in the elderly [36]. A
recent study showed vitamin D-deficient individuals to
have 3.5 higher odds of developing depression in com-
parison to those with sufficient vitamin D [37].
Likewise, the link between vitamin D deficiency and

the development of schizophrenia has been long investi-
gated. There is preliminary evidence linking vitamin D
insufficiency to risk of isolated psychotic symptoms [38].
Neonatal vitamin D deficiency was associated with a sig-
nificantly increased risk of schizophrenia [18, 39]. One
meta-analysis found that vitamin D-deficient participants
were 2.16 times more likely to have schizophrenia than
vitamin D-sufficient participants [40].
Although there is much information on vitamin D

deficiency in patients with MDD and schizophrenia, few
studies compared such deficiencies in patients with these
disorders, particularly in an Egyptian population.
We hypothesized that vitamin D levels in patients

diagnosed with depression and schizophrenia are lower
than controls and that certain cut-off points could pre-
dict a certain psychiatric diagnosis (i.e., depression vs.
schizophrenia). The aim of this study was to investigate
the serum level of vitamin D in an Egyptian sample of
patients diagnosed with MDD and schizophrenia, com-
pared with healthy controls.

Methods
Study design and participants
This was a cross-sectional, comparative study. It was
approved by the Ethics Committee of the Institute of
Psychiatry, Ain Shams University. A convenient sample
of patients diagnosed with MDD and schizophrenia was
selected from the outpatient clinics of Ain Shams
University, Psychiatry Department, Cairo, Egypt, which
was held on a daily basis in the period between January
2018 and January 2019. The Institute of Psychiatry is
located in Eastern Cairo and serves a catchments area of
about the third of Greater Cairo. It serves both urban
and rural areas.
The study included a statistically significant number of

(40) patients: 20 with major depressive disorder (MDD)
and 20 with schizophrenia.

Inclusion criteria
From January 2018 until January 2019, male and female
patients aged between 20 and 50 years, fulfilling the
diagnoses of MDD or schizophrenia, as outlined in the
DSM-IV criteria, and agreed to participate in the study
were included.
Twenty apparently healthy volunteers were included as

a control group; having no history of psychiatric dis-
eases, medical diseases and not receiving any medica-
tions that may affect vitamin D level. They were
matched for age, gender, and social standard to the case
groups.

Exclusion criteria
Subjects were excluded from the study if they had any of
the following conditions: past history of psychiatric dis-
orders other than MDD or schizophrenia, pregnant fe-
males, and patients with medical conditions that might
affect vitamin D levels like the liver, kidney, malabsorp-
tion diseases (which are revealed and excluded by history
taking and examination if needed), and those who
refused to sign consent.

Procedure
All eligible subjects were assessed using the following
tools. The interviews were conducted in a quiet, com-
fortable setting, and each interview lasted about 1 h.

Tools

1. A pre-formed complete history data sheet (Ain
Shams psychiatry clinical interview) was used to
record demographic information and clinical history
of the participants. Also, an assessment of
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concurrent medical conditions, concomitant therap-
ies was done.

2. Structured Clinical Interview for DSM-IV Axis I
Disorder (SCID-I):

Structured Clinical Interview for DSM-IV Axis I Dis-
orders (SCID I) [41]. Arabic version was used [42].
This was used for diagnosis of MDD or schizophrenia

and exclusion of any comorbid psychiatric disorder. It is
a clinician-administered semi-structured interview. It
provides broad coverage of psychiatric axis I diagnosis
according to DSM IV, and it consists of nine diagnostic
modules (mood episode, psychotic symptom, psychotic
disorder differential, mood disorder differential, sub-
stance use, anxiety, somatoform disorder, eating dis-
order, and adjustment disorder).

3. ELISA (enzyme-linked immunosorbent assay)

This test kit is a competitive protein binding assay for
the measurement of 25–OH vit D. It is based on the
competition of 25–OH vit D present in the sample with
25–OH vit D tracer, for the binding pocket of vitamin D
binding protein (VDBP, Gc-globulin).

Statistical methods
Statistical analysis was done on a personal computer
using IBM SPSS statistics (Statistical Package for Social
Sciences) software version 18.0, IBM Corp., Chicago,
USA, 2009.
Inferential analyses were done for quantitative vari-

ables using Shapiro-Wilk test for normality testing, inde-
pendent t test in cases of two independent groups with
normally distributed data and ANOVA test with post
hoc Bonferroni test for more than two independent
groups with normally distributed data. In qualitative
data, inferential analyses for independent variables were
done using chi-square test for differences between pro-
portions and Fisher’s exact test for variables with small
expected numbers with post hoc Bonferroni test. While
correlations were done using Pearson correlation for nu-
merical normally distributed data. Receiver-operating
characteristic (ROC) curve analysis was used to examine
the value of numerical variables for prediction of dichot-
omous outcomes. The area under the ROC curve (AUC)
was estimated, and the best cut-off criterion was defined
as that associated with the highest Youden index (J),
where J = (sensitivity + specificity) – 1.

Results
This study is a cross-sectional case-control study. During
the study period, 66 met the eligibility criteria for the
study: 3 patients refused to sign the consent, and 3
patients dropped out.
Demographic and clinical data of the study participants
The means of age of both groups of MDD and schizo-
phrenia patients were 28 years ± 7 and 31 years ± 8, re-
spectively and that of controls to be 28 years ± 2, with
almost half of patients to be males and half females in
all three groups. No statistically significant differences
were found between all 3 groups regarding age or
gender.
There was no statistically significant difference be-

tween patients’ groups according to age of onset or
pharmacotherapy treatment modality. However, the
schizophrenia group had longer duration of illness and
higher number of episodes compared to the MDD group
(Table 1).
Comparison between study groups with regard to
vitamin D serum level and severity of hypovitaminosis D
Both groups of patients showed lower levels of serum
vitamin D level when compared with healthy controls;
this was highly statistically significant. The group with
MDD had lower levels of vitamin D when compared
with the schizophrenia group (Table 2), Fig. 1.
Demographic and clinical variables associated with low
serum vitamin D among the study sample
In both groups with MDD and schizophrenia, there was
no statistically significant association between vitamin D
serum level and the patients’ age, age of onset, or dur-
ation of illness or the number of previous episodes.
In addition, vitamin D serum level was lower in female

patients than in males, yet with no statistically significant
difference (Table 3).
Diagnostic performance and characteristics of vitamin D
in differentiating between study groups
The current study used (receiver-operating characteris-
tic) ROC curve analysis to compare the diagnostic per-
formance of vitamin D among patients with MDD and
schizophrenia in comparison to healthy participants.
Diagnostic performance of vitamin D in differentiation
between the study groups
The current results showed that vitamin D serum
level—with a cut-off value of ≤ 14 ng/ml—had signifi-
cantly moderate diagnostic performance in differentiat-
ing patients MDD from control group and significantly
low diagnostic performance in differentiating patients
with schizophrenia from control group.
In addition, there was non-significant diagnostic per-

formance for vitamin D level in differentiating MDD
group from schizophrenia group (Table 4, Fig. 2).



Table 1 Clinical characteristics among patients’ groups

Illness characteristics MDD
N = 20 (%)

Schizophrenia
N = 20 (%)

p value

Age of onset (years) mean ± SD 26.6 ± 6.5 25.1 ± 6.8 ^0.482

Duration (years) mean ± SD 1.8 ± 1.5 7.6 ± 6.6 ^< 0.001*

Number of episodes mean ± SD 1.4 ± 0.6 2.4 ± 1.0 ^< 0.001*

Treatment

Monotherapy 10 (50%) 8 (40%) #0.525

Polytherapy 10 (50%) 12 (60%)

SD standard deviation, MDD major depressive disorder
^Independent t test
#Chi-square test
*Statistically significant < 0.05
**Statistically highly significant < 0.01
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Diagnostic characteristics of vitamin D level in
differentiating between groups
Vitamin D ≤ 14 ng/ml had excellent specificity, but low
in other diagnostic characteristics in differentiating
patients with MDD group from the control group.
Vitamin D ≤ 14 ng/ml has excellent specificity, but

low in other diagnostic characteristics in differentiating
patients with schizophrenia group from control group.

Discussion
The understanding of the basic physiology of vitamin D
functions in the brain is steadily increasing. Studies sug-
gest an association between low levels of vitamin D and
the expression of MDD as well as schizophrenia [37, 40].
However, the questions—whether there is a certain cut-
off point that could predict the risk for psychiatric disor-
ders, and if vitamin D level is disease specific—are still
not answered yet.

Vitamin D status in the patient groups and healthy
controls
During the assessment of the current sample, we found
vitamin D serum level to be highly significantly lower in
patients with MDD compared to controls, where 75% of
Table 2 Vitamin D serum variables among the study groups

Vitamin D variables MDD
N = 20 (%)

Serum level (ng/mL) mean±SD 18.2 ± 12.2

Severity of hypovitaminosis D

Severe deficiency (< 10 ng/ml) 2 (10%)

Deficiency (10–20 ng/ml) 13 (65%)

Insufficiency (20–30 ng/ml) 2 (10%)

Sufficient (30–50 ng/ml) 3 (15%)

SD standard deviation, MDD major depressive disorder
^ANOVA
#Chi-square test
*Statistically significant < 0.05
the MDD patients had vitamin D deficiency/severe
deficiency.
In agreement with our results, two studies found that

more than half of their samples of depressed patients
had low vitamin D levels [32, 37, 43–45]. Other studies
had equivocal results [44, 46]. For example, one study
found no difference in serum vitamin D level between
depression and healthy controls [47], which could be
attributed to different study design; while we used stan-
dardized tool for psychiatric diagnoses, they used
register-based diagnoses.
The pathology underlying vitamin D association with

depression is a multifactorial one. One psychological
proposition suggests that depression is associated with
behavioral withdrawal, which would typically reduce
outdoor activities and therefore sun exposure potentially
leading to vitamin D deficiency [48]. Alternatively, the
somatic effects of vitamin D deficiency (fatigue, vague
aches) might contribute to a general lowering of mood,
which could be viewed as the “psychologization” of
somatic symptoms [48].
Additionally, the identification of vitamin D receptors on

neurons and glia in various regions of the brain (e.g., hippo-
campus, cingulate cortex), further support speculations
Schizophrenia
N = 20 (%)

Control
N = 20 (%)

p value

27.4 ± 27.5 38.8 ± 25.2 ^< 0.001*

3 (15%) 0 (0%) 0.098 #

9 (45%) 6 (30%)

4 (20%) 5 (25%)

4 (20%) 9 (45%)



Fig. 1 Hypovitaminosis D severity among the study groups
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about vitamin D’s relationships with neurotransmitters and
psychopathological processes underlying depression [1].
In schizophrenia group, results showed their vitamin

D serum level to be statistically significantly lower com-
pared with controls with 55% of the schizophrenia
patients had vitamin D deficiency/severe deficiency.
Many studies came in line with our results, linking

hypovitaminosis D to psychosis [16, 49–54], especially
during acute exacerbation of psychotic episodes [55].
Studies also found lower vitamin D levels among
schizophrenia patients as compared with those in
healthy controls [40, 55–57]. However, other research
failed to reproduce these findings [58]. For example,
Table 3 Association of demographic and clinical variables
associated with low serum vitamin D among the study sample

Socio-demographic
and clinical variables

MDD
N = 20 (%)

Schizophrenia
N = 20 (%)

Control
N = 20 (%)

Age r − 0.225 0.210 − 0.348

p 0.339 0.375 0.132

Age of onset r − 0.192 − 0.185 –

p 0.417 0.434 –

Duration r − 0.175 0.366 –

p 0.460 0.113 –

Episodes r − 0.118 0.008 –

p 0.620 0.972 –

Gender t 1.6232 1.524 1.078

p 0.133 0.145 0.295

MDD major depressive disorder
Pearson correlation, Independent t test
in a recent study, although serum vitamin D tended
to be lower in the group with schizophrenia than in
the control group, this difference did not reach statis-
tical significance. However, this study used a non-
clinical sample drawn from the general population,
which is more likely to have less severity of psychotic
symptoms [47].
In agreement with our results, two studies showed that

nearly 65% of patients with schizophrenia had vitamin D
deficiency [40, 59].
However, in contrast, a study concluded that the odds

of schizophrenia were not different for insufficient ver-
sus sufficient subjects [60]. Yet, this study included dif-
ferent ethnic groups, which may have caused this study
to give different results from ours.
Like depression, schizophrenia patients are less likely

to adopt a healthy lifestyle, with unhealthy dietary pat-
terns which increases the risk for inadequate vitamin D
intake. Moreover, they tend to be more sedentary and
physically less active than general population, which pre-
disposes them to inadequate ultraviolet-B radiation for
vitamin D synthesis [61].
Vitamin D status in the depression group vs.
schizophrenia group
The current study showed that patients with schizo-
phrenia had a lower level of vitamin D level when
compared with healthy controls; yet, a higher level
when compared to patients with MDD. This result is
worth noting given that patients with schizophrenia
had longer duration of illness and higher number of
episodes compared to the MDD group.



Table 4 Diagnostic performance of vitamin D in differentiation between study groups

Group AUC SE p value 95% CI Cut-off Sensitivity Specificity DA PPV NPV

MDD from control 0.823 0.065 < 0.001** 0.695–0.950 ≤ 14 60% 90% 75% 85.7% 69.2%

Schizophrenia from control 0.715 0.083 0.020* 0.552–0.878 ≤ 14 50% 90% 70% 83.3% 64.3%

MDD from Schizophrenia 0.596 0.091 0.298 0.417–0.775 –

AUC area under curve, SE standard error, CI confidence interval, DA diagnostic accuracy, PPV positive predictive value, NPV negative predictive value, MDD major
depressive disorder
*Statistically significant < 0.05
**Statistically highly significant < 0.01
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Studies comparing vitamin D level between patients
with MDD and schizophrenia are scarce. Contrary to
our results, a study has concluded that serum vitamin D
levels were lower in patients with schizophrenia com-
pared to patients with MDD and to healthy controls
[57]. In another study, no differences were found in vita-
min D level between schizophrenia and non-psychotic
depression [47]. This finding warrants further investiga-
tion and needs to be replicated on a wider scale to be
confirmed.
Association of low vitamin D levels with demographic
and clinical characteristics of the study groups
Results showed that none of the patients’ demographic
or clinical variables (the age of presentation, age of on-
set, duration of illness or the number of previous epi-
sodes) were found to be associated with low level of
serum vitamin D.
However, the current study revealed that vitamin D

serum level was higher in men than in their female
counterparts with MDD, schizophrenia, and even con-
trols; yet, it did not reach statistical significance, which
may not be detected due to small sample size. These
results should be analyzed with caution due to
Fig. 2 ROC curve for vitamin D in differentiating MDD group from
schizophrenia group
involvement of other cultural and religious factors. For
example, the Islamic uniform covering most of the
female’ bodies may interfere with their exposure to sun-
light which is essential for vitamin D synthesis. This
needs further evaluations in future studies.
Like our study, a cohort study found that only women,

not men, with low vitamin D levels had significantly
higher risk of developing depressed mood during 6 years
of follow-up [45]. And it agrees with reports of high
rates of vitamin D deficiency in women in general [33].
It is worth noting that the lack of correlation with any

of the demographic or clinical variables may indicate
that hypovitaminosis D may be a comorbidity rather
than a cause or a complication to these diseases. This
observation warrants further future investigation.

Diagnostic performance of vitamin D in MDD and
schizophrenia
We found that patients with hypovitaminosis D (< 14
ng/ml) are most likely to have MDD or schizophrenia;
yet, it cannot be used as a diagnostic test as multiple
trials needed to confirm its diagnostic value.
A recent study showed that vitamin D deficiency was

an independent predictor for the presence of depression
even after adjustment for multiple confounding factors
in patients [62].
Another study showed that among women, there was

an elevated risk for depression over a broader range of
vitamin D deficiency of less or equal to 20 ng/ml in
women. For men, however, an elevated risk for depres-
sion was true only for a deficiency of lower than 12 ng/
ml [63].
In addition, there was non-significant diagnostic per-

formance for vitamin D level in differentiating MDD
group from schizophrenia group. Some studies agreed
that vitamin D concentration did not differ between
schizophrenia or depression [47, 64].
Yet, there is little published evidence directly connect-

ing vitamin D diagnostic value in patients with MDD or
schizophrenia.
The contribution of vitamin deficiencies to these pro-

cesses is not fully understood. Vitamin D deficiency may
set the stage for both the onset and the progression of
MDD and/or schizophrenia by acting synergistically with
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other factors as genetics and environmental stressors
[21]. Potential aggravation of these processes due to vita-
min deficiencies should not be overlooked. Therefore,
patient groups at risk for specific vitamin deficiencies
should be identified to implement timely and appropri-
ate interventions.
The present study has several limitations; the small

sample size and non-random method of sampling sug-
gest that it may not be representative of all patients with
MDD or schizophrenia in Egypt. In addition, the cross-
sectional nature of the study limits our ability to draw
causal inferences. Longitudinal studies are required to
determine whether hypovitaminosis D is the cause or
the effect. Despite these limitations, the current findings
are important in clarifying the relation between MDD,
schizophrenia, and vitamin D, which will provide guid-
ance for future research. Moreover, it is one of the few
studies to compare between vitamin D level in MDD
and schizophrenia.

Conclusions
The present study showed patients diagnosed with de-
pression and schizophrenia to have a statistically signifi-
cant lower level of vitamin D compared to healthy
controls. However, the level of vitamin D failed to differ-
entiate between patients with depression and those with
schizophrenia.
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