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Introduction: Although several observational studies have investigated the association between
vitamin D status and schizophrenia, we are aware of no comprehensive meta-analysisin thisregard.

Objective: We aimed to conduct a systematic review and a meta-analysis of observational studies
to summarize the available data on the association between serum vitamin D levels and
schizophrenia.

Methods: A systematic research on all published articles until October 2013 was conducted in
PubMed, ISI (Web of science), SCOPUS, and Google Scholar. All observational studies that had
measured serum vitamin D levels in schizophrenic patients were included in the systematic review.
After considering exclusion criteria, we had 19 studies for the systematic review that were included
in three separate meta-analyses: 1) a meta-analysis on mean levels of 25-hydroxyvitamin D
[25(0OH)D] (n = 13); 2) a meta-analysis on the prevalence of vitamin D deficiency (n = 8); 3) a
meta-analysis on odds ratios (n = 8).

Results: Findings from a meta-analysis on means revealed that the overall mean difference in serum
25(0OH)D levels between schizophrenic patients and control participants was —5.91 ng/mL [95%
confidence interval (Cl) —10.68, —1.14]. Subgroup analyses based on study design, the patient’s
hospitalization status, study quality, and study location did not explain between-study heteroge-
neity; however, type of biomarker assessed [25-dihydroxyvitamin D5 vs 250H)D)] could account for
some degree of heterogeneity. Results from the meta-analysis on the prevalence of vitamin D
deficiency indicated that the overall prevalence of vitamin D deficiency in schizophrenic patients
was 65.3% (95% Cl 46.4%-84.2%). Findings from the meta-analysis on odds ratios indicated that
vitamin D-deficient persons were 2.16 times (95% Cl 1.32, 3.56) more likely to have schizophrenia
than those with vitamin D sufficiency. No evidence of heterogeneity was detected.

Conclusion: We found a strong association between vitamin D deficiency and schizophrenia. How-
ever, randomized clinical trials are required to confirm our findings. (J Clin Endocrinol Metab 99:
0000-0000, 2014)

chizophrenia is a group set of neuropsychiatric disor-
ders characterized by symptoms like hallucinations,
delusions, confused thinking, and disorganized speech (1)
that could impose great costs to the health care system. In
a systematic review on 188 studies from 46 countries, the
median prevalence of schizophrenia ranged from 4 to 7 per
1000 persons, depending on the type of prevalence (1).
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Despite low prevalence of schizophrenia, it is one of the
great contributors to global burden of disease (2).
Prevalence of schizophrenia is widely (>10-fold) dif-
ferent across geographic regions. It is highly prevalent in
high latitudes and cold climates. The prevalence is also
higher in black than Caucasian people (3). Moreover,
schizophrenic persons tend to be born in the winter/spring

Abbreviations: BMI, body mass index; Cl, confidence interval; 25(OH)D, 25-hydroxyvitamin
D; 25(0H)D3, 25-dihydroxyvitamin Ds; OR, odds ratio; RR, relative risk.
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seasons (4). Previous studies have shown that second-gen-
eration migrants compared with first-generation who mi-
grate to colder climates are at higher risk of developing
schizophrenia (5). These ecological findings might imply
the role of vitamin D in the etiology of schizophrenia be-
cause cutaneous production of vitamin D from sun expo-
sure is less efficient at high latitudes, during winter, and in
dark-skinned persons (6).

Although the role of vitamin D in schizophrenia has
been investigated in several epidemiological studies, data
are conflicting. In a Finnish birth cohort, vitamin D sup-
plementation during the first year of life was associated
with a reduced risk of schizophrenia in male subjects (7).
In the dried blood samples of a Danish neonatal biobank,
low concentrations of 25-hydroxyvitamin D5 in neonates
was associated with a 2-fold increased risk of developing
schizophrenia later in life (8). Findings from most case-
control studies on the serum levels of vitamin D in schizo-
phrenic persons, compared with healthy controls, have
also revealed significant inverse association between vita-
min D status and schizophrenia (9). However, some stud-
ies have failed to find a significant association (10), and
some others have found that higher vitamin D concentra-
tions are associated with increased risk of schizophrenia
(8). In addition, data on the relationship between sunlight
exposure and schizophrenia did not provide convincing
support for the link (11).

Although in a most recent mini-meta-analysis, schizo-
phrenic patients have been found to have lower serum
levels of vitamin D than healthy controls (12); due to an
incomplete literature search and a significant between-
study heterogeneity in that study, we aimed to conduct a
comprehensive systematic review and meta-analysis to
summarize available data on the association between se-
rum vitamin D levels and schizophrenia.

Materials and Methods

Search strategy

A systematic search on all published articles until October 2013
was conducted in PubMed, ISI (Web of science), SCOPUS, and
Google Scholar by two separate investigators (G.V. and P.S.) using
the following MeSH key words: schizophrenia or mental disorders
or psychiatric disorders and vitamin D or 25-hydroxyvitamin D or
calcidiol or cholecalciferol or 25-hydroxyvitamin D [25(OH)D] or
hydroxycholecalciferols or ergocalciferols or 25-hydroxyvitamin
D, or dihydrotachysterol or calcifediol or dihydroxycholecalcifer-
ols or calcitriol. No language or time restrictions were applied. We
examined the reference lists of included studies and contacted re-
searchers in the specialty to identify any additional studies. Two
reviewers independently screened the output of the search to iden-
tify potentially eligible studies.

J Clin Endocrinol Metab

Inclusion and exclusion criteria

All published articles that were observational studies, had
been conducted on humans, and had measured serum levels of
vitamin D in schizophrenic patients were included in the system-
atic review. Neither restriction for study design nor the bio-
marker of vitamin D status was performed. After removing du-
plicate citations, 1265 articles remained. The citations were
reviewed through titles and abstracts by two separate researchers
(G.V.andP.S.). We excluded 1240 articles due to not meeting the
inclusion criteria, and finally 25 potential related articles re-
mained for further assessment. We also did not include one study
on maternal vitamin D status and risk of schizophrenia in off-
spring (13). Moreover, one study on vitamin D supplementation
during the first year of life and risk of schizophrenia in adulthood
was excluded due to lacking serum vitamin D levels (7). Fur-
thermore, two studies that were in the abstract format in the
scientific conferences were excluded due to lack of reporting
relevant data (14, 15). We also found two other abstracts that
seemed to have overlapped sample sizes (16, 17); therefore, we
included only the one with larger sample size (16). One study by
Kishimoto et al (18) that had measured only 1,25 dihydroxyvi-
tamin D5 was excluded from the systematic review. After these
exclusions, 19 studies were used in this systematic review (810,
16, 19, 20-33) (Supplemental Figure 1). Required information
was extracted and, if needed, was requested from the authors
through e-mails. We included these 19 studies in three meta-
analyses. Thirteen studies had reported means of serum
25(0OH)D (9, 10, 19-23, 25, 26, 28, 29, 31, 32), cight had a
reported prevalence of vitamin D deficiency in schizophrenic
patients (9, 10, 16, 21, 24, 27, 29, 30), and eight studies had
reported odds ratios for schizophrenia in vitamin D-deficient
persons (8-10, 21, 24, 29, 30, 33). Separate analyses for means,
prevalence, and odds ratios were done.

Data extraction

Required items of information were extracted from the pub-
lished papers (Tables 1 and 2). It should be noted that we com-
bined data for schizophrenic patients with those with schizoaf-
fective or other schizophrenia spectrum disorders and reported
the combined number as the patients’ sample size. We also con-
verted all serum levels of vitamin D to nanograms per milliliter.
If a study had reported an SE (19) or 95% confidence interval
(CI) for means of serum 25(OH)D (31), we calculated the SD. In
addition, for one study that reported medians and the interquar-
tile range of serum 25(OH)D levels (26), mean and SD was also
calculated using required formulas (34).

Quality assessment of studies

The quality of studies included in this meta-analysis was ex-
amined by the Newcastle-Ottawa scale (35). Based on this
method, the maximum of nine score can be awarded to each
study for selection of study groups (schizophrenic patients and
control group), comparability of groups, and substantiation of
exposure (vitamin D deficiency). For cross-sectional studies that
were included in the analysis, we used the same method by con-
sidering patients other than schizophrenia as the control sub-
jects. The quality score ranged from 5.0 to 8.0, with the median
of 6.0. In the current analysis, we considered the quality scores
of greater than 6 as high-quality studies and those with the
score of 6 or fewer points were considered as low-quality studies.
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Table 1. Summary of Cross-Sectional Studies on Serum Levels of Vitamin D and Schizophrenia
VDD Mean Levels of
n Prevalence, % Vitamin D Vitamin D
First In-/ VDD Diagnosis  Assessment
Author T F SCZ Outpatient Age, y? Country Biomarker Definition scz Controls® SCzZ Controls®  Tool Method
Abdullah 290 91 185 In 40.0 United 25(0H)D Low: 88.6 91.45 21.2 20.16 ICD-9 BPRS  ICMA
etal (21) States <32 ng/mL
Berg 133 42 108 Both Range Norway 25(0H)D 17.22 1735 DSM-IV RIA
etal (22) 18-65
Humble 117 64 20 Out 43.7 Sweden 25(0H)D 14.02 19.28 ICD-10 RIA
etal (26)
Hummer 75 18 75 Both 34.8 Austria 25(0OH)D3 ND Females: ICD-10 ND
etal (27) 52.9
Males: 50.9
Menkes 102 46 49 In Range New Zealand ~ 25(0H)D3 Mild deficiency: 59.18 50.94 1456  19.41 DSM-IV ECLIA
et al (29) 18-65 10-20 ng/mL
Severe: 26.53 11.32
<10 ng/mL
Murie 32 0 25 In 44.1 Scotland 25(0H)D Insufficient: 36 28.57 ND LC-MS/MS
et al (30) 10-20 ng/mL
Deficient: 56 71.42
<10 ng/mL
Partti 6241 3433 48 Out 52.0 Finland 25(0H)D 1558 17.51 SCID RIA
etal (31)
Agarwal () 63 26 63 Out ND United 25(0H)D Mild deficiency: 22.22 ND ND
States 21-30ng/mL  Moderate: ~ 34.92
11-20
Severe: 15.87
<10

Abbreviations: BPRS, Brief Psychiatric Rating Scale; DSM-IV, Diagnostic and Statistical Manual of Mental Disorders; ECLIA,
electrochemiluminescence immunoassay; F, females; ICD, international center of disease; ICMA, immunochemiluminometric assay; LC-MS/MS,
liquid chromatography-tandem mass spectrometry; ND, not defined; SCID, Structured Clinical Interview; SCZ, patients with schizophrenia
spectrum disorders (schizophrenia and schizoaffective disorder); T, total number of participants; VDD, vitamin D deficiency.

@ All values are mean unless indicated.

b Control group in these studies consists of psychiatric patients other than schizophrenia (depression, bipolar disorder etc).

Statistical analysis

The mean difference and SD of serum vitamin D levels in
schizophrenic patients and control group, the prevalence of vi-
tamin D deficiency in schizophrenic patients and its SE, and odds
ratios (ORs) and 95% CIs for risk of schizophrenia in vitamin D
deficient persons were used for the meta-analysis. Summary es-
timates with their corresponding SDs were derived by the
method of DerSimonian and Laird by using a random-effects
model, which incorporates between-study variability. Metare-
gression and subgroup analyses were performed to find the
source of heterogeneity. Between-subgroup heterogeneity was
evaluated using a fixed-effect model. Statistical heterogeneity
between the studies was evaluated with Cochran’s Q test. Sen-
sitivity analysis was used to explore the extent to which infer-
ences might depend on a particular study or group of studies.
Publication bias was assessed by visual inspection of funnel plots.
Formal statistical assessment of funnel plot asymmetry was done
with Egger’s regression asymmetry test. Statistical analyses were
carried out by the use of Stata, version 11.2 (Stata Corp). Values
of P < .05 were considered statistically significant.

Results

Study characteristics

Of the 1265 articles found in our initial research, 19
studies including eight cross-sectional studies (seven full
text articles and one abstract) (16,21,22,26,27,29-31),
10 case-control studies (eight full text and two abstracts)
(9, 10, 19, 20, 23-25, 28, 32, 33), and one nested case-

control study (8) were considered in the systematic review
and meta-analyses. These studies are summarized in Ta-
bles 1 and 2. Sample sizes of the included studies ranged
from 17 to 848 persons, and in total 2804 participants
aged 18-635 years were included in the systematic review.
These papers have been published between 1988 and
2013; 11 of them (8, 20, 22, 23, 25-27, 30-33) were
reported from European countries and eight (9, 10,16, 19,
21, 24, 28, 29) from non-European countries. Based on
the above-mentioned scoring method, six studies (9, 10,
23,25, 28, 32) were rated high-quality studies, and seven
reports (19,20-22,26,29, 31) were defined as low-qual-
ity studies.

Findings from systematic review

Overall, 13 studies reported mean and SD for vitamin
D(9,10,19,20-23,25,26,28,29, 31, 32). The minimum
and maximum difference between mean levels of vitamin
D in schizophrenic patients and control group was 0.13
and 19.35 ng/mL, respectively. Moreover, most studies (9,
19,23,25,26,28,29) had reported lower serum vitamin
D concentrations in schizophrenic patients compared with
the control group; however, some reports had failed to
reach a significant difference (10, 20-22, 31, 32). Eight
studies had reported the prevalence of vitamin D defi-
ciency in schizophrenic patients (9, 10, 16,21, 24,27, 29,
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Table 2. Summary of Case-Control Studies on Serum Levels of Vitamin D and Schizophrenia
n Age, y
In-/
First Author SCZ F Control F Outpatient  SCZ Control  Country Biomarker
Wyszogrodzka- 60 38 Out 31.1 31.7 Poland 25(0H)D4
Kucharska et al ()
Cha et al (24) 14 32 Out ND ND South Korea 25(0CH)D
Bergemann et al (23) 72 72 71 71 Out 33.8 33.7 Germany 25(0CH)D
Doknic et al (25) 26 14 35 24 Out 31.3 32.2 Serbia 25(0OH)D
Higuchi et al (19) 12 7 5 0 In 35.9 33.8 Japan 25(0H)D4
[tzhaky et al (9) 50 16 50 37 In 40.2 39.7 Israel 25(0H)D
Jamilian et al (28) 100 32 100 50 Out 35.67 35.26 I[ran 25(0H)D
Norelli et al (10) 40 8 20 9 In 42.8 442 New York 25(0H)D
Rey-Sanchez et al (32) 73 25 73 25 In 59.84 60.37 Spain 25(0H)D4
61.89 61.24

Schneider et al (20) 34 15 31 12 In 38.9 38.8 Germany 25(0H)D4
McGrath et al () 424 424 ND ND ND Denmark 25(0OH)D4

Abbreviations: DSM-IV, Diagnostic and Statistical Manual of Mental Disorders; ECLIA, electrochemiluminescence immunoassay; F, females; ICD,
international center of disease; LC-MS/MS, liquid chromatography-tandem mass spectrometry; ND, not defined; PANSS, Positive and Negative
Syndrome Scale; PLC, protein liquid chromatography; SCZ, schizophrenic patients; VDD, vitamin D deficiency.

@ All values are parentage of vitamin D deficiency unless indicated.

30). The prevalence of vitamin D deficiency was in the
range of 14.3%-98%. Furthermore, one study (8) had
reported a relative risk (RR) for the risk of developing
schizophrenia in vitamin D-deficient participants, and for
seven studies (9, 10, 21, 24, 29, 30, 33), ORs were calcu-
lated. The ORs of these eight studies ranged from 0.63 to
13.59.

Findings from meta-analysis on means

All eligible studies for the systematic review were in-
cluded in the meta-analysis. Thirteen studies with 14 effect
sizes were included in the meta-analysis of means (9, 10,
19,20-23,25,26,28,29, 31, 32). Finding from the meta-
analysis on these studies revealed that the overall mean
difference in serum 25(OH)D levels between schizo-
phrenic patients and control participants was —35.91
ng/mL (95% CI —10.68, —1.14) (Figure 1). However,
between-study heterogeneity was significant (Q test, P <

.001; 12 = 97.6%). To investigate the source of heteroge-
neity, subgroup analyses (based on study design, study
location, type of biomarker assessed, hospitalization sta-
tus, and quality score) were conducted (Table 3). The con-
trol group in the case-control studies consisted of healthy
subjects with no history of psychiatric disorders, but in the
cross-sectional studies, psychiatric patients, other than
schizophrenia, had been considered as the control group.
Therefore, the subgroup analysis based on study design
(case control or cross-sectional) and the status of control
participants (healthy or unhealthy) had the same results
(Figure 1).

We found that a mean difference of serum levels of
vitamin D between schizophrenic patients and the control
group was significant in case-control studies, European
and non-European countries, and studies that included
inpatients. The overall mean difference of serum levels of
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Table 2. Continued
Mean Levels of
VDD Prevalence, %? Vitamin D Vitamin D
Matching Assessment
VDD Definition SzC Control SCZ  Control Factors Diagnosis Tool Method
ND 16 0 ND DSM-IV ND
Insufficient: 20-30 35.7 4.3 ND DSM-IV RIA
ng/mL
Deficient: <20 14.3 0
ng/mL
16.3 246 Age, sex DSM-IV (ICD)-10  RIA
9.45 28.8 Age, sex, BMI, DSM-IV PANSS ECLIA
education
126 223 ND ND PLC
Insufficient: 15-30  40.8 63.3 15.0 20.2 Age PANSS Immunoassay
ng/mL
Deficient: <15 57.1 24.5
ng/mL
18.82 21.34 Age DSM-4-TR ND
Normal: >30ng/  17.5 20 19.5 227 Age, gender, DSM-IV ND
mL race or
ethnicity, BMI
Severe deficiency: 58 45
<20 ng/mL
Females 20.42 33.12 Age, sex, weight, DSM-IV CIE-10 RIA
height, (ICD-10)
gonadal status
Males 15.12 18.13
35.1 45.9 ND DSM-III-R ICD-10  Immunoassay
Summarized RR for RR 2.06 (95% Cl Sex, exact date ICD-10 LC-MS/MS

less than 16.22 1.57-2.71) of birth,

ng/mL birth in
Denmark,
being alive

vitamin D between schizophrenic patients and the control
group was not significant in cross-sectional studies and
those that included outpatients. The subgroup analysis
based on type of biomarker [25-dihydroxyvitamin D,
(25[OH]D;) vs 25(OH)D] revealed that the mean levels of
serum vitamin D were significantly different between
schizophrenic patients and controls in studies that as-
sessed the vitamin D status through the measurement of
25-dihydroxyvitamin D5 [25(OH)D;] but was not signif-
icant for studies that considered 25(OH)D as a biomarker.
When we examined the association based on study qual-
ity, we found a significant difference in mean levels of
vitamin D between schizophrenic and control participants
in both high- (quality score > 6) and low-quality (quality
score = 6) studies. After subgroup analysis, we found that
the between-study heterogeneity could not be explained
by study design, study location, hospitalization status, and
quality of studies. However, type of biomarker assessed

could account for some degree of heterogeneity such
that for studies that assessed 25(OH)D3, the between-
study heterogeneity was not significant (Q test, P = .24;
I = 26.2%). A metaregression on 10 of 13 (9, 10, 19,
20,23,25,26,28,31, 32) studies that had provided the
mean age of schizophrenic patients and controls re-
vealed that age could not explain the between-study
heterogeneity (8 = .17, P = .27, 1% residual = 97.3%).
Findings from the sensitivity analysis revealed that none
of the studies significantly influenced the overall effect.
Although a slight asymmetry was found in Begg’s funnel
plot, results from Egger’s test showed no significant
publication bias (P = .34).

Finding from meta-analysis on prevalence of
vitamin D deficiency

Eight studies, with nine effect sizes (9, 10, 16, 21, 24,
27, 29, 30), that had data on vitamin D deficiency in
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Author (Year)

Case control studies
Higuchi (1988) -
Schneider (2000) -
Bergmann (2008) L
Rey-Sanchez (2009) -
Rey-Sanchez (2009)
Norelli (2010)
Doknic (2011) -

Itzhaky (2012) =

Jamilian (2013)
Subtotal (l-squared = 98.0%, p = 0.000)

Cross-sectional studies
Berg (2010)
Humble (2010) -
Partti (2010)
Abdullah (2012)

Menkes (2012) .

Subtotal (I-squared = 68.1%, p = 0.014)

Overall (l-squared = 97.6%, p = 0.000)

-25.4

J Clin Endocrinol Metab

Mean Difference (95% CI) Weight (%)
-9.70 (-14.80, -4.60) 7.18
-10.80 (-22.00, 0.40) 5.46
-8.30 (-11.54, -5.08) 7.55
-12.70 (-25.44, 0.04) 5.02
- -3.01(-8.53,2.51) 7.08
-3.20(-9.58, 3.18) 6.86
-19.35 (-20.53, -18.17) 7.78
-5.20 (-B.16,-2.24) 7.59
- -2.52 (-3.74,-1.30) 7.78
847 (-14.77, -1.57) 62.31
- -0.13(-4.15, 3.89) 741
-5.26 (-9.53, -0.99) 7.36
- -1.93 (-4.20, 0.34) 7.68
- 1.04 (-1.26, 3.24) 7.68
-4.85 (-8.01,-1.69) 7.56
-2.03 (-4.44, 0.38) 37.69
-5.91(-10.68, -1.14) 100.00

0 25.4

Figure 1. Forest plot of observational studies that assessed the mean difference of serum levels of vitamin D in schizophrenic patients vs control

participants.

schizophrenic patients were included in this meta-analy-
sis. The definition of vitamin D varied among studies. In
some publications, the deficiency was defined as serum
vitamin D levels of lower than 30 ng/mL, but some others
had defined it as serum vitamin D levels of lower than 20
ng/mL or 10 ng/mL. The cutoff point of 20 ng/mL was
frequently used in most studies (six of eight studies) (9, 10,
16,24,29, 30). One study had considered the cutoff point
of 32 ng/mL for vitamin D deficiency (21), and the other

one had not specified the cutoff point of vitamin D defi-
ciency (27). Because we included these eight studies (with
nine effect sizes) in the meta-analysis on the prevalence of
vitamin D deficiency in schizophrenia, for the first six
studies, the cut point of 20 ng/mL was used, and for the
remaining two studies, we did not consider a new cutoff
point and included them as was. We found that the overall

prevalence of vitamin D deficiency in schizophrenic pa-
tients was 65.3% (95% CI 46.4%—84.2%) (Figure 2);

Table 3. Subgroup Analysis on Mean Serum Levels of Vitamin D and Schizophrenia
Number of Participants, P Value

Subgroup Effect Sizes n 12 Q Test ES (95% Cl) Between

Study design 14 1575 97.6 <0.001 —5.91(-10.68, —1.14) <.001
Case control 9 792 98.0 <0.001 —8.17 (—14.77, —1.57)
Cross-sectional 5 783 68.1 0.014 —2.03 (—4.44, 0.38)

Study location <.001
European 8 806 97.5 <0.001 —7.48 (—14.82, —0.14)
Non-European 6 769 77.2 0.007 —-3.61(—6.07, —1.15)

Biomarker .076
25(0OH)D 9 1245 98.5 <0.001 —5.03(—=11.18, 1.12)
25(0H)D4 5 330 26.2 0.247 —6.45 (—9.49, —3.40)

Quality score <.001
High score (>6) 7 710 98.5 <0.001 —7.65(—15.27, —0.03)

Low score (=6) 7 865 74.9 0.001 —3.45(-6.21, —0.69)

Hospitalization status 13 1442 97.8 <0.001 —6.38 (—11.37, —1.39) <.001
In-patient 8 780 73.0 0.001 —-4.76 (—=7.91, —1.62)

Outpatient 5 662 99.1 <0.001 —7.50(—=16.29, 1.29)
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Author (Year) Prevalence (95% CI)  Weight (%) Findings from meta-analysis on
Hummer (2005) 0.51 (0.33, 0.69) 11.99 odds ratios
To further investigate the associ-
Hummer (2005) 0.56 (0.21, 0.90) 5.55 . - R
ation, we did the meta-analysis on
Henemenn , otk S ORs. Totally, eight studies were in-
Cha (2011) —_— 0.14(0.00,034)  0.45 cluded in this analysis. Seven of eight
Menkes (2012) 0.85 (0.60, 1.12) 19.02 studies had not reported ORs, and
we calculated the estimate using
Iizhaky (2012) 0.98 (0.71, 1.25) 14.82 - A
number of persons with schizophre-
Mpes oo ool S nia in vitamin D sufficient (>20 ng/
Abdullah (2012) 089(075,1.02)  14.03 mL) and deficient individuals (<20
Agarwal (2013) 051(0.33,068)  12.55 ng/mL) (9, 10, 21, 24, 29, 30, 33).
One study had directly reported
Overall (I-squared = 84.8%, p = 0.000) 0.65(0.46,0.84)  100.00 o 4 )
relative risks for developing schizo-
phrenic in vitamin D-deficient indi-
T — T viduals (8). Results from this meta-
00774 1 129

Figure 2. Forest plot of observational studies that assessed the prevalence of vitamin D

deficiency in schizophrenic patients.

however, between-study heterogeneity was significant (Q
test, P < .001; I* = 84.84). Subgroup analysis based on
vitamin D deficiency cutoff points (<20 ng/mL vs <32
ng/mL and undefined jointly), study design (case-control
or cross-sectional), type of biomarker used for defining
deficiency [25(OH)D or 25(OH)D;], and study location
(European or non-European) did not explain heterogene-
ity. In addition, the metaregression based on latitude did
not provide a reason for the heterogeneity (8 = .014, P <
.001). A sensitivity analysis showed that none of the single
studies had a significant effect on overall effect size. Al-
though a slight asymmetry was seen in Begg’s funnel plot,
no proof of significant publication bias was found by Eg-
ger’s test (P = .47).

Author (Year)

Itzhaky (2012) et
Norelli {2010) B

Abdullah (2012) -

Menkes (2012) =
Wyszogrodzka-Kucharska (2006) a
Cha (2011) *
Murie (2012) .

McGrath (2010) -

Overall (l-squared = 46.8%, p = 0.068)

00419 1

Figure 3. Forest plot of observational studies for the association of vitamin D deficiency and risk

of schizophrenia (ORs).

239

analysis are shown in Figure 3. We
found that vitamin D-deficient per-
sons were 2.16 times (95% CI 1.32,
3.56) more likely to have schizophre-
nia than those with vitamin D sufficiency. No evidence of
heterogeneity was found (I* = 46.8%, P = .06). No par-
ticular study had a significant impact on overall effect size
based on the sensitivity analysis. Again, we did not find any
significant publication bias using Egger’s test (P = .46).

Discussion

Based on the findings of this meta-analysis, we found a
strong association between vitamin D deficiency and
schizophrenia. Mean serum vitamin D levels were signif-
icantly lower in schizophrenic patients compared with
controls. The prevalence of vitamin D deficiency was also
high in schizophrenic patients. Furthermore, vitamin D-
deficient individuals were at greater
odds of having schizophrenia. To

OR(95%CI)  Weight (%) - .
our knowledge, this is the first com-
LEreT. 18 prehensive meta-analysis that exam-
165(0.56,4.88) 1298 ined the association of vitamin D de-
073(032,166)  17.56 ficiency with schizophrenia.
The results of our meta-analysis
3.64 (1.37,9.83) 14.68

were in the same direction with other

13.59(0.77,238.66) 26 . . .
narrative or systematic reviews that

bAOl0Az2n) (2 reported an association between vi-
0.63(0.03, 1456)  2.32 tamin D deficiency and schizophre-
2060157.27%) 3061 nia (36-38). Our findings on mean

serum vitamin D levels were similar
216(1.32,3.56)  100.00

to a recently published mini-meta-
analysis in this regard (12). How-
ever, that study had not included six
relevant studies (10, 19, 20, 21, 23,
26) in the analysis. In addition,
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Murri et al (12) have reported their final effect size as
Hedges’ (grams), which is very hard to interpret. But we
were able to reach the exact mean difference of serum
vitamin D levels between schizophrenic patients and con-
trols that had not been derived in the previous study, and
such findings might help other investigators for conduct-
ing future studies especially controlled clinical trials.
Moreover, they found a significant between study heter-
ogeneity, even after subgroup analysis, which further
highlights their incomplete literature search. We con-
ducted several subgroup analyses to find the source of
heterogeneity. Finally, they have restricted their analysis
to the studies that had reported mean levels of serum vi-
tamin D and have not included the studies that had re-
ported their effect size as prevalence of vitamin D defi-
ciency or ORs.

In our subgroup analysis based on study design, schizo-
phrenic patients had significantly lower levels of vitamin
D than healthy controls in case-control studies. Only three
of eight case-control studies (10, 20, 32) failed to find such
a difference, which might be due to small sample sizes or
the existence of vitamin D deficiency in controls. Some
investigators have attributed this lack of a significant dif-
ference to the high body mass index (BMI) in control par-
ticipants, which in turn is associated with lower levels of
vitamin D (10). In the current study, we did not find a
significant difference in mean serum vitamin D levels be-
tween schizophrenic patients and controls in cross-sec-
tional studies. Considering psychiatric patients other than
schizophrenia as the control (or comparison) group might
explain this finding. Earlier studies have shown lower lev-
els of vitamin D in these patients than a general healthy
population (12, 39). Only two of five cross-sectional stud-
ies (26, 29) had reported significantly lower levels of vi-
tamin D in schizophrenic patients than controls, which
were patients with depression and bipolar disorders.

In this study, we conducted the meta-analysis on the
prevalence of vitamin D deficiency in schizophrenic pa-
tients. We found a high prevalence of vitamin D deficiency
in these patients. Although vitamin D deficiency is cur-
rently highly prevalent in all groups, such a high preva-
lence of vitamin D deficiency (65.3%) in schizophrenic
patients, compared with the highest prevalence of 50% in
healthy individuals around the world (40), highlights its
possible role in brain function. However, further studies
from different geographic areas are required to confirm
this finding.

Our findings on ORs revealed that vitamin D-deficient
individuals had 2.16 times greater odds of having schizo-
phrenia compared with vitamin D-sufficient persons.
However, except for a nested case-control study (8) that
had reported RRs for developing schizophrenia in adult-

J Clin Endocrinol Metab

hood based on neonatal vitamin D deficiency, the ORs for
other studies included in this meta-analysis were calcu-
lated using the prevalence of schizophrenia in vitamin D-
sufficient and deficient persons. Therefore, causality can-
not be inferred from this finding because in most studies
the exposure and the outcome coexisted. It should be
noted that in the study by McGrath et al (8), the fourth
quintile (with serum vitamin D levels of 16.22-20.39 ng/
mL) was considered as the reference. To include this study
in the meta-analysis, first we obtained a summarized OR
for first, second, and third quintiles and then used this
summarized OR in the final meta-analysis. Therefore, for
this single study, the cutoff point of vitamin D deficiency
was less than 16.22 ng/mL, whereas for other studies in the
meta-analysis, the cutoff point of vitamin D levels was less
than 20 ng/mL. Our findings from this meta-analysis was
in contrast to the increased risk of schizophrenia with se-
rum vitamin D levels of 20.4 ng/mL in the study by
McGrath et al (8). However, McGrath et al (9) have at-
tributed this unexpected result to the deficiency of an ac-
tive form of vitamin D due to the gene polymorphism.

The mechanisms through which vitamin D deficiency
might be associated with schizophrenia are still unclear.
These patients tend to spend less time on outdoor activities
that might be the reason for decreased levels of vitamin D
(38). Almost half of the studies included in our analysis
had recruited inpatients. This could be a possible reason
for reduced cutaneous synthesis of vitamin D in the skin.
However, Norelli et al (10) showed no significant differ-
ence in serum levels of vitamin D between acute care pa-
tients with less than 60 days of hospitalization and long-
stay patients (more than 6 months) in the hospital.
Moreover, findings from in vitro studies suggest that con-
sumption of antipsychotic drugs in schizophrenia might
interact by vitamin D production in the skin (41). Some
investigators believe that the relationship between vitamin
D and schizophrenia might be linked with earlier stages of
life. They have proposed that developmental vitamin D
deficiency could be a risk factor for schizophrenia (8, 13,
36). Findings from animal models have shown that devel-
opmental vitamin D deficiency in the gestational period
affect dopamine metabolism and alters dopamine system
in developing brain of rats (42), and the dopamine hy-
pothesis of schizophrenia seems to be the acceptable path-
way in the pathology of schizophrenia (43).

Although we were able to include a considerable num-
ber of studies in our meta-analysis, we were unable to
access the full text of some studies. Therefore, we either
used the abstracts that contained part of data we needed
(16, 24, 33) or excluded the studies that lacked the re-
quired data (14, 15). In addition, it must be kept in mind
that in cross-sectional studies, psychiatric patients other
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than schizophrenia were considered as the control group,
and these patients have been shown to have lower levels of
serum vitamin D compared with healthy subjects. Another
limitation that must be taken into account is that schizo-
phrenic patients tend to gain a significant amount of
weight after being on antipsychotic medications (44).
Therefore it is difficult to ascertain, based on the data
presented in this study, whether the 25-vitamin D defi-
ciency is the result of the treatment of the disease or po-
tentially a causal factor. Our previous meta-analysis re-
vealed an inverse relationship between serum vitamin D
levels and BMI (45). Also, a number of antiseizure med-
ications are also associated with significant 25-vitamin D
deficiency (25, 27), and we were unable to consider anti-
psychotic drugs in our meta-analyses. In addition, data on
other possible comorbidities that might be associated with
vitamin D deficiency, especially for inpatient individuals,
were not considered in our meta-analysis.

In conclusion, we found a strong association between
vitamin D deficiency and schizophrenia. However, well-
designed controlled clinical trials are needed to confirm
our findings.
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