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Summary  This research aimed to investigate factors associated with vitamin D deficiency 
and to provide data about its prevalence in patients suffering from different psychiatric ill-
nesses. The study had a cross-sectional design and it included 220 patients of  both gen-
ders, aged from 19–81 y, with a wide range of  mental disorders (F00–F89), and treated 
in routine ambulatory and hospital practice. The researchers collected data from three 
sources: medical records, a study questionnaire and biochemical analysis of  patients’ serum 
samples (concentration of  vitamin D measured as 25(OH)D, calcium, phosphorus, magne-
sium, sodium and potassium). Data were analyzed using descriptive statistics, methods for 
hypothesis testing and binary logistic regression, at the p#0.05 level. A total of  140 patients 
(64%) had a deficiency of  vitamin D (,12 ng/mL), and 45 (20%) had inadequate vitamin 
D serum levels (12–20 ng/mL), while 35 (16%) had sufficient vitamin D serum concentra-
tions (.20 ng/mL). Among variables related to demographics, life style habits, mental ill-
ness, comorbid disorders and drugs, two of  them, female gender (odds ratio (OR)52.5, 95% 
confidence interval (CI)51.3–4.9, p50.006) and using clozapine (OR515.6, 95% CI 1.7–
144.7, p50.02), were significantly associated with vitamin D deficiency. Physical activity 
(OR5 0.4, 95% CI 0.2–0.9, p50.02), exercising (OR50.2, 95% CI ,0.1–0.7, p50.02) and 
offal in the diet (OR50.5, 95% CI 0.3–0.9, p50.03) significantly aggregated in the patients 
who had a 25(OH)D serum concentration above the deficiency cut-off  level. Patients with 
mental disorders are at high risk for vitamin D deficiency, particularly females and clozapine 
users as well as those having no adequate physical activity or dietary habits.
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The World Health Organization estimates that nearly 
half  a billion people in the world suffer from a mental 
or behavioral disorder. In addition, mental disorders are 
responsible for one third of  of  the general population 
who live with a disability (1). On the other side, scien-
tific findings about vitamin D are increasingly flooding 
contemporary medical literature, particularly the dis-
cussions over the most optimal serum levels and the best 
preventive strategies for those subjects being deficient in 
it. Data from population studies conducted in Europe, 
for example, indicate that at least four out of  ten people 
had serum vitamin D concentrations clearly associated 
with many unhealthy outcomes, which raised questions 
relating to public health issues (2, 3). The knowledge 

about the importance of  vitamin D for human brain 
functioning is accumulating, too. The prefrontal and 
cingulate cortex, hippocampus and hypothalamus are 
particularly abundant in vitamin D receptor and vita-
min D activating enzyme; however many other areas 
contain them to some extent, too (4). Neurosteroid 
effects of  vitamin D likely contribute to the brain devel-
opment as well as to maintaining the integrity of  adult 
synapses (5). Therefore, relationships between vitamin 
D deficiency and mental disturbances, particularly those 
concerning thought and memory processing as well as 
neuroendocrine axes, seem biologically plausible.

Original clinical studies of  observational designs and 
consequent systematic reviews presented much evi-
dence that there is a significant association between low 
serum levels of  vitamin D and the presence of  mental 
illnesses, particularly depression, schizophrenia and 

* To whom correspondence should be addressed.
E-mail: piki@medf.kg.ac.rs



Ristic S et al.86

dementia (6–8). However, the true nature of  the rela-
tionship of  vitamin D and mental illness is still not com-
pletely understood, particularly, knowing that several 
investigations in various population subgroups in dif-
ferent countries did not support the relationship (9–11). 
Studies conducted so far which included patients with 
depression failed to demonstrate clear clinical ben-
efit of  active vitamin D supplementation (12). It is not 
known for sure whether vitamin D deficiency causally 
affects the mental illness or is confounded with its pres-
ence (e.g. inadequate nutrition, physical inactivity, or 
sun exposure). It is also uncertain what are contribut-
ing factors and if, how and to what extent, therapeutic 
interventions (e.g. drugs) affect vitamin D homeostatic 
pathways.

The main consequences of  vitamin D deficiency are 
related to bone health. The systematic reviewers of  pub-
lished data indicated that many patients with either 
depression or schizophrenia could be at risk for bone 
loss and consequently, fractures (13, 14). Researchers 
proposed several pathogenic mechanisms and the effects 
of  psychotropic drugs could be one of  them (15). Hypo-
natremia is a rare but well-documented adverse effect 
of  both antidepressant and antipsychotic agents while 
occasional reports revealed the disturbances of  some 
other electrolytes in patients with serious mental con-
ditions including drug-treated ones (16–19). The regu-
lation of  vitamin D metabolism is interconnected with 
homeostatic regulations of  bone minerals and certain 
major electrolytes get indirectly involved in them. More 
accurate insight into the relationships between those 
pathways is awaiting novel information.

Contrary to the abundance of  published data on this 
topic in other countries throughout the world, in Ser-
bia, as we are aware, there are no studies on vitamin 
D and mental disorders. During the past two decades 
or more, the residents of  Serbia were being exposed to 
somewhat distinctive stressful experiences resulting in 
an increase in mental and other health problems among 
the population, which might have significant impact 
on public health (20). In addition, extended socio-
economic transition corresponded to high prevalence 
of  other common chronic diseases, which additionally 
affected community health status in an adverse direc-
tion (21). It has been recently demonstrated that mark-
ers of  nutritional pattern relating to obesity represented 
a strong predictor for vitamin D deficiency in patients 
with chronic, metabolic disease (22). Other researchers 
in Serbia found that the mean serum concentrations of  
25-hydroxyvitamin D were much below the threshold in 
an apparently healthy (student) population (23). Hence, 
additional research of  those issues in our country is 
necessary, since it will provide the basis for comparative 
analysis between societies with different socio-economic 
backgrounds.

Therefore, the primary aim of  our study was to inves-
tigate which factors, directly or indirectly connected 
to mental disorders, were associated with the deficient 
serum concentrations of  vitamin D in comparison with 
the subjects without these factors, within the large 

cohort of  ambulatory and hospitalized patients suffer-
ing from different psychiatric illnesses. The secondary 
objective was to provide data on the prevalence of  vita-
min D deficiency among this population group and to 
compare it with published data relating to other soci-
eties. Finally, we aimed to investigate the correlation 
between the levels of  vitamin D and bone minerals and 
some major serum electrolytes.

MATERIALS AND METHODS

Study design.  The study had a cross-sectional design 
and it included patients with a wide range of  mental 
disorders, being treated in everyday psychiatric practice. 
The study procedures did not incorporate the assess-
ment of  mental status (diagnostic and therapeutic pro-
cedures of  mental illness); necessary data were obtained 
from medical records. The study primary followed the 
observational approach because the only interventional 
procedures were related to blood sampling in order to 
measure vitamin D and other study analytes. In general, 
the study design adhered to similar approaches already 
used by other researchers in the field (24, 25). The study 
conduction complied with the code of  ethics of  the 
World Medical Association (Declaration of  Helsinki) and 
was approved by the Ethics Board of  the Clinical Centre 
“Kragujevac” and the Ethics Board of  Primary Health 
Care Centre of  Kragujevac. The researchers performed 
the study during the period from May to June 2014, 
which approximately corresponds to a season with ade-
quate sunshine (late spring, early summer).

Study population.  The inclusion criteria were: adult 
patients (18 y of  age or more), male or female gender, 
treated at the Clinic for Psychiatry of  the Clinical Centre 
“Kragujevac” (outpatients and inpatients) or Depart-
ment of  Neuropsychiatry of  the Primary Health Care 
Centre (outpatients), Kragujevac, Serbia, who had a 
mental disorder at the onset (first episode) or stable 
chronic disease or exacerbation phase (relapse) of  
chronic diseases, and had given consent for voluntary 
participation in the study. According to International 
Statistical Classification of  Diseases and Related Health 
Problems, 10th Revision, of  the World Health Organiza-
tion, diagnostic codes were as follows: organic, includ-
ing symptomatic, mental disorders (F00–F09), mental 
and behavioral disorders due to psychoactive substance 
use (F10–F19), schizophrenia, schizotypal and delu-
sional disorders (F20–F29), mood disorders (F30–F39), 
neurotic, stress-related and somatoform disorders (F40–
F48), behavioural syndromes associated with physi-
ological disturbances and physical factors (F50–F59), 
disorders of  adult personality and behaviour (F60–
F69), mental retardation (F70–F79), disorders of  psy-
chological development (F80–F89) and behavioural 
and emotional disorders with onset usually occurring 
in childhood and adolescence (F90–F98) (http://apps. 
who.int/classifications/icd10/browse/2015/en). The fol- 
lowing subjects were excluded from participation: people 
with any medically documented somatic disease that 
disturbed homeostasis of  bone and related minerals 
and hormones including vitamin D, those with an ill-
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ness that prevented study conduction (unable to care for 
themselves or requiring the equivalent of  institutional 
or hospital care or suffering from a disease that was pro-
gressing rapidly) and subjects that refused to participate 
in the study. All subjects lived in a single, narrow geo-
graphical area—the territory of  the city of  Kragujevac 
and surrounding area—and had the same ethnicity 
(Serbian) and the skin pigmentation type of  Fitzpatrick 
II (about one-fourth of  the patients) or III (about three-
fourths of  the patients).

Data collection, study procedures and vitamin D status.  
The patients were screened for eligibility from among 
the overall population of  patients with mental disor-
ders being treated at the clinic and the department. 
The investigators scheduled successive visits randomly, 
at their own discretion, because no prespecified pattern 
was defined. Only one visit per patient was planned. 
Every patient being hospitalized or attending the outpa-
tient facility during his or her regular psychiatric care 
program at the time of  the study visit was asked for 
assessment of  eligibility to be included in the study. Dur-
ing this time the researchers retrieved medical records, 
explained the study to the patient, performed the pre-
liminary interview and if  inclusion criteria were met 
(having no exclusion conditions), obtained subject’s 
informed consent. Then, the researcher interviewed the 
patient in more detail, for additional data relating to the 
study variables.

The semi-structured questionnaire designed for 
assessment of  vitamin D status was based on previ-
ous studies concerning the topic and conducted in the 
same geographical area (26, 27). That original ques-
tionnaire was modified and supplemented for additional 
variables of  interest, taking into account the following: 
a) the questionnaires for assessment of  demographic, 
socio-economic, nutritional and life-style habits of  the 
country’s population, used by the national public health 
authority (28); b) the guidelines for the assessment of  
status, protective and risk factors for bone and vitamin 
D metabolism (29, 30); and c) general methodological 
principles (31). The final format of  the study question-
naire consisted of  variables classified into several topics 
that related to: demographic characteristics, previous 
medical personal and family history, current psychiat-
ric and, if  appropriate, somatic illness, as well as dietary 
and living habits representing the known risk factors 
for vitamin D deficiency and/or bone metabolic diseases 
(e.g. low-calcium intake, inadequate sun exposure, phys-
ical inactivity, smoking, alcohol, drug-induced osteopo-
rosis), and information on drugs and substance abuse.

Blood sampling was performed during the visit (one 
sample per patient) according to common standards in 
clinical biochemistry. Samples were collected and centri-
fuged immediately. The serum was stored in the freezer 
(at 230˚C) until determination of  the biochemical 
parameters (usually within a week from date of  sam-
pling) in the Biochemistry Department of  the hospital.

Serum concentration of  vitamin D, in the form of  
25-hydroxyvitamin D [25(OH)D], calcium, phospho-
rus, magnesium, sodium and potassium were mea-

sured using a Cobas e601 analyzer (Roche Diagnostics, 
Mannheim, Germany) and Beckman Coulter AU 680 
biochemical analyzers, as appropriate. Vitamin D mea-
surements were performed using the manufacturer’s 
reagent testing kit for the electrochemiluminescence 
binding assay (vitamin D total), providing the quality 
control measures which included regular internal and 
external controls according to the laboratory quality 
assurance procedures.

The primary dependent variable was the frequency 
of  vitamin D status types defined by cut-off  serum 
concentration as deficiency (,12 ng/mL), inadequacy 
(12–20 ng/mL), or sufficiency (.20 ng/mL) (32). The 
higher value ranges were also considered in supplemen-
tary analysis because some professional and scientific 
authorities recommended the cut-off  value of  30 ng/
mL as the level of  vitamin D sufficiency status (30, 
33). The toxic range was defined as values .150 ng/
mL (34). Different variables were identified as indepen-
dent or confounding factors for vitamin D status such 
as psychotropic drugs or somatic comorbidities con-
nected with osteoporosis (35, 36). In addition, we mea-
sured serum concentration of  ions of  calcium (total), 
phosphorus and magnesium (secondary outcome vari-
ables), as well as sodium and potassium (confounding 
variables). Determination of  serum electrolytes was 
based on well-known facts about direct and indirect 
connections to their metabolism, mutually and with the 
homeostasis of  vitamin D (37–39) as well as the influ-
ence of  psychotropic drugs (16, 17, 40).

Statistical analysis.  We estimated sample size based 
on recent research investigating the status of  vitamin 
D in patients with psychotic disorders in the same geo-
graphic area (26). The mean vitamin D serum concen-
tration, measured as 25(OH)D, in that study popula-
tion was 22.26 ng/mL and the standard deviation was 
8.97 ng/mL. We proposed that a putative factor (a study 
variable), being the risk for vitamin D deficiency would 
decrease 25(OH)D concentrations for at least 20% (tar-
getting the range of  insufficient levels), in the exposed 
patients cohort (in whom a study variable was present) 
compared to the unexposed subjects in our study cohort 
(in whom a study variable was absent). Taking into 
account the above-mentioned data, an alpha of  0.05, 
a study power of  0.8 and a two-sided test between two 
independent groups with a ratio of  the exposed and the 
unexposed of  1 : 3, we calculated a total sample size of  
220 patients.

Statistical analyses of  collected data included testing 
of  sample distribution for normality with graphs (Nor-
mal Q-Q Plot and Histogram) and tests (Kolmogorov-
Smirnov and Shapiro-Wilk). The measures of  descriptive 
statistics (frequencies, percentages, mean, median, stan-
dard deviation [SD] and range) were used for parameters 
description. The Fisher exact test was applied for testing 
the differences between groups (deficiency, insufficiency, 
sufficiency and toxicity levels of  25(OH)D), along with 
the Wilcoxon rank sum test and Pearson x2 test. In order 
to identify the risks independently associated with vita-
min D deficiency we used a multivariable binary logistic 
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regression model. The study population was divided in 
two subgroups, according to the presence of  vitamin D 
deficiency. Then, we tested the association of  vitamin D 
deficiency for various proposed risk factors, grouped into 
the following categories: demographics, life style habits 
(e.g. diet, sun exposure, exercise, smoking), drug use, 
comorbid disorders (somatic diseases), type of  the men-
tal illness and current status of  musculoskeletal system 
(presence of  documented muscle disease or osteoporo-
sis or other metabolic bone disease or data about previ-
ous spontaneous bone fractures). The variables, which 
were statistically significantly associated with the pri-
mary outcome at univariable analysis, were considered 
for selection into the multivariable model whose out-
put gave independent associations as a final result. The 
Spearman rank correlation test was used to evaluate the 
correlation between 25(OH)D and other numeric vari-
ables of  interest, and linear regression was used for a 
model of  their relationship. The level of  probability for 
statistical significance was established at p,0.05. Data 
processing and analysis were done in the statistical pro-
gram R—version 3.1.1 (2014-07-10)—“Sock it to Me” 
Copyright (C) 2014 The R Foundation for Statistical 
Computing (taken over: 22nd of  October 2014).

RESULTS

The study included 220 patients with different types 
of  mental disorders with a participation rate above 90% 

of  all screened subjects. For 41 patients (19%) it was the 
first episode of  disease, 100 patients (45%) had a stable 
disease and 79 patients (36%) had a relapsing episode 
of  mental illness. The mean value of  vitamin D (stan-
dard deviation) in the whole group of  study subjects was 
12 (8) ng/mL (median 10, min 3, max 59). One hun-
dred forty patients (64%) had a deficiency of  vitamin 
D (25(OH)D,12 ng/mL), with the mean serum con-
centration of  7 (3) ng/mL (median 7, min 3, max 12). 
Forty-five patients (20%) had an inadequacy of  vitamin 
D (25(OH)D 12–20 ng/mL), with the mean serum con-
centrations of  15 (2) ng/mL (median 15, min 12, max 
20). Only 35 patients (16%) had serum concentrations 
of  25(OH)D .20 ng/mL with the mean value of  27 (8) 
ng/mL (median 25, min 20, max 59). Among them, 26 
patients had vitamin D serum concentration within the 
range of  .20–30 ng/mL, with the mean of  24 (3) ng/
mL (median 22, min 20, max 29) and 9 patients had 
vitamin D serum concentration .30 ng/mL with the 
mean serum value of  37 (9) ng/mL (median 35, min 
30, max 59). There were no subjects with serum con-
centration of  vitamin D within a toxic range (25(OH)D 
.150 ng/mL).

In total, 12 variables showed significantly different 
distribution between the two groups (gender, physical 
activity, exercising, spending a majority of  day in bed, 
offal in the diet, bread in the diet, sun exposure, spend-
ing much time outdoors, COPD, clozapine use, calcium 

Table  1.  Demographic characteristics of  patients according to 25(OH)D categories.

Variable Total

25(OH)D status

Statistics
Deficient 

,12 ng/mL
Non-deficient
.12 ng/mL

General
  Gender
    Male 72 (33%) 36 (26%) 36 (60%) Pearson x2 test
    Female 148 (67%) 104 (74%) 44 (40%) x2

159, p50.003
  Age (y)
    Mean (SD) 49 (13) 50 (14) 47 (13) Wilcoxon rank sum test
    Median (range) 49 (19–81) 49 (21–81) 49 (19–71) W56,007, p50.37
  Body mass index (kg/m2)
    Mean (SD) 25 (5) 25 (5) 25 (4) Wilcoxon rank sum test
    Median (range) 25 (16–40) 25 (16–40) 25 (17–36) W55,063, p50.77
Education and conditions of  life
  Education
    Elementary 58 (26%) 38 (27%) 20 (25%) Pearson x2 test
    Secondary 140 (64%) 86 (61%) 54 (68%) x2

159, p50.56
    Tertiary 22 (10%) 16 (11%) 6 (7%)
  Inhabitancy status
    Urban 175 (80%) 114 (81%) 61 (76%) Pearson x2 test
    Rural 44 (20%) 25 (18%) 19 (24%) x2

151, p50.31
    Not applicable 1 (0%) 1 (1%) 0 (0%)
  Life conditions
    Good 61 (28%) 34 (24%) 27 (34%) Pearson x2 test
    Average 75 (34%) 50 (36%) 25 (31%) x2

252, p50.32
    Poor 81 (37%) 54 (39%) 27 (34%)
    Not applicable 3 (1%) 2 (1%) 1 (1%)
Total number of  subjects 220 (100%) 140 (100%) 80 (100%)
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channel blockers use, and sodium). There were no sig-
nificant differences in the prevalence of  any other med-
ically-controlled, stable comorbid conditions between 
study groups, including arterial hypertension (found in 
a total of  66 subjects, 30%), diabetes mellitus (16, 7%), 
gastritis (14, 6%), osteoporosis (12, 5%) and additional, 
sporadically-appearing illnesses (documented in a total 
of  11 subjects, 5%). The details about the main vari-
ables that we analyzed in the study are shown in Tables 
1–4. Among them, eight variables had been considered 
clinically meaningful (gender, physical activity, exercis-
ing, spending a majority of  day in bed, offal in the diet, 
sun exposure, COPD, and clozapine use) and they were 
selected for a multivariable, binary logistic regression 
model in order to identify possible independent predic-
tors for vitamin D deficiency. Two variables (female gen-
der and clozapine use) were significantly associated as 
risk factors (p,0.05) and four variables (physical activ-
ity, exercising, offal in the diet, and chronic obstructive 

pulmonary disease) were associated as protective factors 
(p,0.05) for vitamin D deficiency (Table 5). For two 
variables entered in the model, spending a majority of  
the day in bed (p50.27) and sun exposure (during the 
last year) (p50.08), the associations were not statisti-
cally significant, suggesting them to be confounders. In 
addition, in the females and the users of  clozapine the 
mean vitamin D serum concentrations were .20% less 
than the mean values of  vitamin D in the males and 
the non-users of  clozapine, respectively. Serum concen-
trations of  25(OH)D were significantly correlated with 
serum concentrations of  calcium ( 50.15, p50.02), 
phosphorous ( 50.15, p50.02), magnesium ( 50.15, 
p50.03) and sodium ( 50.18, p50.01) but not with 
potassium ( 50.13, p50.06) ( , Spearman’s rank cor-
relation; p, probability). The correlations of  serum con-
centration of  25(OH)D with serum concentration of  
calcium (Fig. 1), phosphorous (Fig. 2), magnesium (Fig. 
3) and sodium (Fig. 4) had moderate positive and linear 

Table  2.  Patient’s lifestyle according to 25(OH)D categories.

Variable Total

25(OH)D status

Statistics
Deficient 

,12 ng/mL
Non-deficient
.12 ng/mL

Lifestyle
  Smoking
    Yes 122 (55%) 72 (51%) 50 (63%) Pearson x2 test
    No 87 (40%) 62 (44%) 25 (31%) x2

254, p50.13
    Earlier 10 (5%) 5 (4%) 5 (6%)
    Not applicable 1 (1%) 0 (0%) 1 (0%)
  Physical activity
    Yes 150 (68%) 88 (63%) 62 (78%) Pearson x2 test
    No 70 (32%) 52 (37%) 18 (23%) x2

155, p50.02
  Exercising (weekly)
    Yes 14 (6%) 4 (3%) 10 (13%) Fisher exact test
    No 206 (94%) 136 (97%) 70 (88%) p50.007
  Spending majority of  day in bed
    Yes 101 (46%) 72 (51%) 29 (36%) Pearson x2 test
    No 119 (54%) 68 (49%) 51 (64%) x2

155, p50.03
  Offal in the diet (how many times per month)
    Mean (SD) 2 (2) 2 (2) 3 (2) Wilcoxon rank sum test
    Median (range) 2 (1–10) 1 (1–8) 2 (1–10) W5616, p50.01
  Bread in the diet (the quantity of  bread per day)
    Mean (SD) 288 (171) 255 (146) 344 (195) Wilcoxon rank sum test
    Median (range) 225 (50–750) 200 (50–600) 300 (50–750) W53,677, p50.004
  Sun exposure, the last year
    Yes 128 (58%) 71 (51%) 57 (71%) Pearson x2 test
    No 92 (42%) 69 (49%) 23 (29%) x2

159, p50.002
  Sun exposure, the last week
    ,5 min/d 76 (35%) 55 (39%) 21 (26%) Fisher exact test
    5–15 min/d 6 (3%) 4 (3%) 2 (3%) p50.002
    15–30 min/d 44 (20%) 34 (24%) 10 (13%)
    . 30 min/d 94 (43%) 44 (34%) 47 (59%)
  Spending much time outdoors
    Yes 75 (34%) 37 (26%) 38 (48%) Pearson x2 test
    No 144 (65.45%) 102 (72.86%) 42 (52.5%) x2

1510, p50.001
    Not applicable 1 (0%) 1 (1%) 0 (0%)
Total number of  subjects 220 (100%) 140 (100%) 80 (100%)
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Table  3.  Mental and other disorders, psychotropic and other drugs of  patients according to 25(OH)D categories.

Variable Total

25(OH)D status

Statistics
Deficient

,12 ng/mL
Non-deficient
.12 ng/mL

Mental disorders (ICD-10)1

  F00–F09 18 (8%) 15 (11%) 3 (4%) Fisher exact test
p50.07

  F10–F19 20 (9%) 12 (9%) 8 (10%) Pearson x2 test 
x2

150, p50.72
  F20–F29 81 (37%) 52 (37%) 29 (36%) Pearson x2 test

 x2
150, p50.89

  F30–F39 116 (53%) 74 (53%) 42 (53%) Pearson x2 test
x2

150, p50.96
  F40–F48 27 (12%) 14 (10%) 13 (16%) Pearson x2 test

x2
152, p50.17

  F50–F59 1 (0%) 1 (1%) 0 (0%) Fisher exact test
p51

  F60–F69 8 (4%) 8 (6%) 0 (0%) Fisher exact test
p50.05

  F70–F79 7 (3%) 7 (5%) 0 (0%) Fisher exact test
p50.05

  F80–F89 2 (1%) 2 (1%) 0 (0%) Fisher exact test
p50.54

  T42 2 (1%) 0 (0%) 2 (3%) Fisher exact test
p50.13

  G40 7 (3%) 4 (3%) 3 (4%) Fisher exact test
p50.71

Mental disorder duration (y)
  Mean (SD) 7 (8) 7 (8) 7 (8) Wilcoxon rank sum test

W55,362, p50.59  Median (range) 4 (0–35) 5 (0–33) 3 (0–35)
Treatment status
  Inpatient 88 (40%) 61 (44%) 27 (34%) Pearson x2 test

x2
252, p50.15  Outpatient 132 (60%) 79 (56%) 53 (66%)

Other diseases2

  COPD 10 (5%) 3 (2%) 7 (9%) Fisher exact test
p50.04

Psychotropic drugs3

  Antipsychotics 110 (50%) 71 (51%) 39 (49%) Pearson x2 test
x2

150, p50.85
  Clozapine 15 (7%) 14 (10%) 1 (1%) Fisher exact test

p50.01
  Antidepressants 129 (59%) 83 (59%) 46 (58%) Pearson x2 test

 x2
150, p50.88

  Sedative-anxiolytics 158 (72%) 99 (71%) 59 (74%) Pearson x2 test
 x2

150, p50.53
  Mood stabilizers 92 (42%) 63 (45%) 29 (36%) Pearson x2 test

x2
151, p50.23

  Calcium channel blockers 13 (6%) 12 (9%) 1 (1%) Fisher exact test
p50.03

Total number of  subjects 220 (100%) 140 (100%) 80 (100%)

1 See text for explanation of  diagnostic codes (due to comorbidities the sum of  all diagnostic entities exceeds the number of  
study patients); T42, poisoning by antiepileptic, sedative-hypnotic and antiparkinsonism drugs (reconvalescent phase); and 
G40, epilepsy appeared as comorbidities, too.
2 The most important and statistically significant variables are presented.
3 The numbers totaled beyond study sample due to comorbid symptoms/diagnoses. 
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relationships.

DISCUSSION

In the present study we reported significant relation-
ships between the existence of  vitamin D deficiency and 
the presence of  two proposed risks and three anticipated 
protectors for decreased vitamin D serum concentra-
tions. In addition, we explored vitamin D status in 
patients with mental disorders, finding a very high prev-
alence of  deficiency and insufficiency ranges. Finally, we 
found small but detectable associations between serum 
levels of  vitamin D and calcium, phosphorous, magne-
sium and sodium. This approach had rarely been used 
in previous studies in the field of  psychiatry and similar 
data in this subpopulation were, generally, scarce.

Our study provides evidence that in patients with 
mental disorders the female gender factor and a treat-
ment-related factor (clozapine use) were independently 
associated with vitamin D deficiency. On the other side, 
some lifestyle and dietary patterns (physical activity, 

exercising, and offal in the diet) and comorbid condi-
tions (chronic obstructive pulmonary disease: COPD) 
significantly and independently aggregated in the 
patients who had 25(OH)D serum concentrations above 
the deficiency cut-off  level.

Table  4.  Serum electrolytes of  patients according to 25(OH)D categories.

Variable Total

25(OH)D status

Statistics
Deficient

, 12ng/mL
Non-deficient
.12 ng/mL

Calcium (mmol/L)
  Mean (SD) 2.36 (0.24) 2.34 (0.28) 2.41 (0.15) Wilcoxon rank sum test

W54,774, p50.17  Median (range) 2.39 (0.82–2.96) 2.39 (0.82–2.96) 2.40 (1.89–2.8)
Magnesium (mmol/L)
  Mean (SD) 0.79 (0.15) 0.78 (0.18) 0.8 (0.1) Wilcoxon rank sum test

W54,412, p50.08  Median (range) 0.78 (0.40–2.49) 0.77 (0.40–2.49) 0.79 (0.55–1.2)
Phosphorous (mmol/L)
  Mean (SD) 1.08 (0.23) 1.07 (0.24) 1.1 (0.21) Wilcoxon rank sum test

W54,740, p50.35  Median (range) 1.06 (0.33–1.91) 1.06 (0.33–1.91) 1.08 (0.71–1.6)
Sodium (mmol/L)
  Mean (SD) 140 (5) 140 (5) 141 (4) Wilcoxon rank sum test

W53,884, p50.03  Median (range) 140 (110–156) 140 (110–153) 141 (126–156)
Potassium (mmol/L)
  Mean (SD) 4.4 (0.5) 4.4 (0.5) 4.5 (0.5) Wilcoxon rank sum test

W54,245, p50.19  Median (range) 4.4 (3.3–6.0) 4.4 (3.3–6.0) 4.4 (3.6–5.7)
Total number of  subjects 220 (100%) 140 (100%) 80 (100%)

Table  5.  The factors independently associated with 
vitamin D deficiency (25(OH)D ,12 ng/mL) in the 
model of  multivariable binary logistic regression.

Variables OR 95% CI p

Female gender 2.5 1.3–4.9 0.006
Physical activity 0.4 0.2–0.9 0.02
Exercising 0.2 ,0.1–0.7 0.02
Offal in the diet 0.5 0.3–0.9 0.03
COPD 0.1 ,0.1–0.4 0.004
Clozapine 15.6 1.7–144.7 0.02

OR, odds ratio; CI, confidence interval; p, probability (Wald 
test); COPD, chronic obstructive pulmonary disease.

Fig.  1.  Correlation of  vitamin D, in the form of  25(OH)
D, and calcium serum concentrations.

Fig.  2.  Correlation of  vitamin D, in the form of  25(OH)
D, and phosphorous serum concentrations.
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It is well documented that female gender represents 
a risk for disturbances of  homeostasis of  bone miner-
als and hormones, predisposing women to the osteo-
porosis-related events (41). The researchers also found 
that females had a higher prevalence of  both vitamin 
D deficiency and vitamin D insufficiency in compari-
son with males of  the same population (42). Abundant 
fat tissue and limited muscle mass in women as well 
as pregnancy-related issues are likely contributors to 
the observed gender differences (43–45). On the other 
hand, healthy life-styles (appropriate physical activity) 
and diet with sufficient nutrients (offal is a vitamin D- 
rich food) represent recognized protective factors in this 
regard (35). The lack of  a diet rich in vitamin D con-
tent (e.g. meat, eggs, fish) and of  sufficient exposure to 
sunlight (at least 5–15 min to create 1,000–2,000 IU of  
vitamin D) are common and already reported habitual 
patterns in patients with psychiatric disorders, which 
agrees with our findings (43, 46–48).

On the other hand, there is little published evidence 
directly connecting clozapine and vitamin D. At the pres-
ent state of  knowledge, we propose that use of  clozapine 
is rather an independent marker of  severity of  mental 
illness than the major cause of  vitamin D deficiency. 
Indeed, inadequate neurosteroid action of  vitamin D on 
the brain, particularly during development, is related to 
the changes such as inflammatory and immunological 
disturbances, which are present in schizophrenia, too 
(49, 50). Therefore, the cases of  very low serum levels 
of  25(OH)D in our study probably point to patients with 
serious mental disorders that required the prescription 
of  clozapine, the first line option for treatment-resistant 
psychotic features. Our finding about COPD apparently 
contradicts many previous reports, which identified this 
illness as a risk for vitamin D deficiency. It is likely, there-
fore, that the presence of  COPD in subjects in our study 
has been linked to one or more protective confound-
ers. We conducted our research during the sunshine 
seasons, the period when the risk in COPD patients is 
decreased by more than four times (51). Three variables 
in our study, related to sun exposure significantly, but 
not independently, were associated with the vitamin D 
deficiency group. In addition, homeostatic responses to 
the bone changes induced by acid-base disturbances, 

commonly associated with COPD exacerbations, inter-
played with seasonal oscillations (52).

Our study confirms the findings of  earlier research 
that the presence of  mental illness was associated with 
clinically significant vitamin D deficiency in many 
patients. For example, within the patients with depres-
sion, the prevalence of  vitamin D deficiency was, on 
average, a third higher than in the general population 
(7). On the other side, the proportion of  patients in our 
study who had the recommended vitamin D serum lev-
els was surprisingly small (about one in eight), classify-
ing our study subjects as a very high-risk group for the 
development of  clinically important hypovitaminosis 
D features. The fraction of  patients having vitamin D- 
deficient serum concentrations in our study was almost 
two times higher than the one previously reported for 
the patients from a general practice in a developed coun-
try (53). The difference, albeit with smaller magnitude, 
could be noticed for patients suffering from mental ill-
nesses, too. Compared to our results, in some other soci-
eties there were much higher vitamin D serum levels 
and a lower prevalence of  vitamin D deficiency in both 
in- and outpatients, including those with serious psy-
chotic or depressive disorders (54–56). At present, the 
reasons for such differences are not completely under-
stood but, at least in part, could be tied to the above-
described country’s distinctions (20, 21). A national 
policy of  mental health care in our country which 
promoted the implementation of  healthy life styles and 
other preventive medical measures could also improve 
the vitamin D status in patients suffering from mental 
disorders (57). Therefore, the pattern of  vitamin D sta-
tus identified in our study represents a novelty which 
justifies further, more targeted research about the topic, 
taking into account the specificities of  local environ-
ment, too (21, 58).

Our results confirmed statistical significance for the 
positive, moderate correlation of  vitamin D with cal-
cium, phosphorus, magnesium and sodium serum con-
centrations, which, in the case of  the last, has rarely, if  
ever, been published for patients with mental disorders. 
Vitamin D is a direct regulator of  the metabolism of  
calcium and, partly, phosphate with feedback relation-
ships encompassing bone, intestine and kidney (36). 

Fig.  3.  Correlation of  vitamin D, in the form of  25(OH)
D, and magnesium serum concentrations.

Fig.  4.  Correlation of  vitamin D, in the form of  25(OH)
D, and sodium serum concentrations.
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On the other hand, excessive sodium intake represents 
a recognised risk factor for development of  osteoporo-
sis (often associated with vitamin D deficiency) due to 
interference with the renal excretion of  calcium (37). 
Psychotropic medications by themselves could cause 
sodium disturbances, primarily hyponatremia (16, 17, 
40). Some psychotropics have also been associated with 
an increased risk for osteoporosis and bone fractures as 
well as hypocalcemia, either as a drug-class or individ-
ual medicines (15, 19, 59).

Basic studies revealed the link between the activity of  
vitamin D receptor (VDR) and regulating enzymes (e.g. 
1a-hydroxylase, 24-hydroxylase) and some phosphate 
and sodium pathways (e.g. type II sodium-phosphate 
contransporters). Factors such as targeted dietary inter-
ventions and humoral regulators like fibroblast growth 
factor 23 (FGF23) influence both vitamin D metabolism 
and some of  those pathways, too (60). In addition, para-
calcitol, a metabolite of  vitamin D, regulates the expres-
sion of  dozens of  genes including mRNA levels of  atrial 
natriuretic factor in animals previously sensitized with 
a high-salt diet (61). As far as we are aware, research-
ers have not published similar evidence for humans and 
therefore, future investigation should focus on putative 
mechanisms which connect vitamin D, phosphate and 
sodium regulators, including dietary intake.

Major limitations of  our study are the heterogene-
ity of  study subjects and, particularly, the absence of  
a healthy control group. According to the study aims, 
we intentionally included a wide range of  patients with 
different mental illnesses and various treatments. This 
approach diminished sensitivity for identification of  risk 
factors but increased our scope about vitamin D status 
from an epidemiological point of  view. The prevalence 
of  vitamin D deficiency among patients in our study was 
much higher than in similar studies previously reported 
(56) which, according to the methodological recom-
mendation for observational studies, required a very 
large putative control group (at least three times the 
number of  healthy volunteers as patients) (62).

In conclusion, our study revealed that female gender 
and clozapine use were significantly associated with 
deficient levels of  vitamin D while physical activity, exer-
cising, offal in the diet and chronic obstructive pulmo-
nary disease were associated with sufficient ones. The 
prevalence of  low vitamin D serum levels, either defi-
cient or insufficient, was very high among the patients 
in our study. Apart from the expected link between 
serum concentrations of  vitamin D and bone minerals, 
we also found positive correlation with sodium. These 
findings justify the need for future studies in order to 
explore exact biological mechanisms, identify all risk 
and protective factors and establish the public health 
importance of  this issue.
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