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The recent systematic published findings sug-
gest that patients with psychiatric disorders have an
increased risk for lower serum vitamin D levels (1).
However, the exact causes of this phenomenon and
its relevance for clinical outcomes have not been
fully explained yet. The population-level data sug-
gest that there is a positive correlation between opti-
mal serum levels of 25(OH)D and better mental
health indicators (2). In addition, active vitamin D
supplementation shows some improvements in the
symptoms. However, it did not affect the course of
psychosis in patients with chronic, antipsychotic-
treated disease in double-blind, placebo-controlled
clinical trial settings (3).

Antipsychotics could affect calcium, magne-
sium, phosphorous and 25(OH)D serum concentra-
tions during treatment initiations as well as during
dosage or drug changes (4). Disturbances in miner-
als and vitamins related to bone metabolism can lead
to increased risks for fractures associated with the
use of the first and the second generation of antipsy-
chotic medication as was documented in a recent
meta-analysis of the available data (5). However, the
evidence base for a definite assessment of the possi-
ble causality relations between vitamin D distur-
bances and antipsychotic drugs remains insufficient.
In addition, vitamin D levels and bone health may be
under the effect of concomitant psychotropic drugs
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affecting vitamin D metabolism such as mood stabi-
lizers (6). Therefore, this study aimed at exploring
25(OH)D serum levels in patients with psychoses
who take antipsychotics in comparison to healthy
individuals, with limited benzodiazepines allowed
as concomitant psychotropics in order to control
their possible side-effects.

The study had a cross-sectional design and,
besides blood testing for measuring vitamin D lev-
els, it followed the observational approach. The
Ethics Committee of the Clinical Centre “Kragu-
jevac”, Kragujevac, Serbia, approved the research
and all subjects signed the informed consent for par-
ticipation in the study. The study sites included the
departments of psychiatry, clinical biochemistry and
clinical pharmacology of the hospital.

Our previous research provided the basis for
sample size calculation data about the proposed sig-
nificance between group difference of 25(OH)
serum concentrations and their variability (7). Using
appropriate software (www.gpower.hhu.de), with
alpha = 0.05, study power of 0.8 and other necessary
inputs as well as the corrective increase for pre-
sumed non-parametric data distribution we estimat-
ed total study sample of at least 50 people, 25 in
each group. We finally included a total of 56 adult
subjects of both genders who were allocated to two
groups: 26 patients with mental illnesses taking
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antipsychotic medication (the experimental group)
and 30 healthy individuals (the control group). The
patients had only one diagnosis from the group of
psychotic disorders (World Health Organization
International Classification of Diseases version 10,
codes F20). The antipsychotic drugs had been the
foundation of the treatment with only limited uses of
benzodiazepines allowed to enhance sedative, anxi-
olytic effects. The use of antidepressants, mood sta-
bilizers, cognitive enhancers, and other psychotropic
drugs was an exclusion criterion. The drug treatment
for a concomitant somatic disease in stable phases or
stages was allowed within both study groups.

The semi-structured questionnaire for the
assessment of vitamin D status was designed based
on the previous studies in the field and the study was
conducted within the same geographical area (7-8).
Other data were extracted from the patients’ medical
files or were obtained through an interview in case
of healthy subjects. The blood samples were
obtained from May to June 2016 which is a season
with adequate and approximately the same sunshine
exposure. The serums were sent to the hospital lab-
oratory where the vitamin D (in 25(OH)D form),
calcium, phosphorus, magnesium, sodium, and
potassium concentrations were determined by using

Table 1. Characteristics of study subjects and the status of vitamin D and bone minerals.

Variable Antips(}r/lclzloztgc) group Cor(lrtlr(;l 3‘%;) up Statistics
Male gender 12 (46.2) 12 (40.0) p=0.642
Age (years) 50.4 (11.9) 49.2 (14.6) p =0.986
Body mass index (kg/m?) 25.3 (4.3) 25.7 (4.0) p=0.925
Urban inhabitancy 21 (80.8) 30 (100) p=0.017
Higher education* 3(11.5) 20 (66.7) p < 0.001
Good life condition* 6 (23.1) 30 (100) p <0.001
Smoking 18 (69.2) 9 (30) p = 0.008
Coffee consumption 13 (50.0) 5(16.7) p=0.012
Physical activity 13 (50.0) 30 (100) p <0.001
Sedentary life-style 20 (76.9) 0(0) p <0.001
Meat consumers 22 (84.6) 30 (100) p =0.040
Fish consumers 13 (50.0) 27 (90.0) p =0.001
Eggs consumers 24 (92.3) 19 (63.3) p=0.012
Bread consumption (g/day) 341.7 (158.6) 185.8 (151.9) p < 0.001
Sun exposure (> 60 min/day)* 9 (34.6) 15 (50.0) p=0.031
Arterial hypertension 5(19.2) 6 (20.0) p=0.942
Previous bone fracture 0(0) 1@3.3) p = 1.000
Serum 25(OH)D (ng/mL)' 11.2 (8.0, 8.4, 2.9, 30.4) 19.4 (9.1, 15.8, 7.6, 43.6) p <0.001
Suficiney ot vitamin D, 22 846)/3 (11.5)/1(39) | 19(63.3)/5(167)/6(20.0) | p=0.128
fﬁfﬁ?ﬁiﬁgﬁﬁ;‘; /fr’l?ii;ms 8.4 (4.4,8.1,2.9,19.1) 13.7(3.2, 138,76,194) | p<0.001
ifi;“ﬁégé&iﬁ;}fg}gﬁs 257 (3.8,27.3,21.4,284) | 224 (1.4,222,209,246) | p=0.393
i}fg}‘?ﬁgﬁgy}) (lr‘llgl/’sff)?ts 30.4 (n.a.) 349 (4.9,33.8,306,43.6) | p=0.286
Serum calcium (mmol/L)> 2.40 (0.12) 2.40 (0.11) p=0.859
Serum magnesium (mmol/L)* 0.79 (0.11) 0.90 (0.05) p <0.001
Serum phosphorous (mmol/L)> 1.08 (0.25) 1.11 (0.17) p =0.896

Numbers represent the frequency (percent), 'the mean (standard deviation, median, minimum, maximum) and *the mean (standard devia-

tion); *>2 categories: n.a.-not applicable, due to a single observation
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Figure 1. The serum concentrations of 25(OH)D in patients taking antipsychotic drugs (n = 26) and in healthy, control subjects (n = 30)

”Cobas 601" analyzer (Roche Diagnostics, Mann-
heim, Germany) and “Beckman Coulter AU 680~
biochemical analyzers, as appropriate. Vitamin D
measurements were performed using the manufac-
turer’s reagent testing kit (electrochemilumines-
cence binding assay), providing regular internal and
external controls according to the laboratory quality
assurance procedures.

The vitamin D status types were defined as:
deficiency (< 20 ng/mL), insufficiency (20-29.9
ng/mL) and sufficiency (> 30 ng/mL) (9). Statistical
analyses of collected data included testing of sample
distribution for normality (Normal Q-Q Plot,
Histogram, Kolmogorov-Smirnov test, Shapiro-
Wilk test), the measures of descriptive statistics as
well as Wilcoxon rank sum test, Pearson ¢’ test and
Fisher exact test for analysing the differences
between study groups. The level of probability for
statistical significance was established at p < 0.05.
Data processing and analysis were done in the sta-
tistical program R — version 3.1.1 (2014-07-10).
Demographic and other clinical variables in study
subjects are presented in detail in Table 1. There
were 16 inpatients and 10 outpatients in the antipsy-
chotic group. The mean duration of their primary
mental illness was 15.7 (9.5) years (median 18,
range 1-35). The most frequently prescribed
antipsychotic drug was haloperidol (in 16 patients)
followed by clozapine (7), olanzapine (7), risperi-
done (5), chlorpromazine (3), fluphenazine (2) and

aripiprazole (1). The mean number of antipsychotic
drugs per patient was 1.6 (from 1 to 3). Only
allowed concomitant psychotropic medications in
patients included benzodiazepines and similar drugs
such as lorazepam (in 14 patients), zolpidem (7),
diazepam (5), bromazepam (2) and midazolam (2).
The arterial hypertension was the most frequent
somatic disease in subjects of both study groups and
other chronic illnesses were diabetes mellitus type 2
in three patients with psychosis and thyroid disease
and osteoporosis in two healthy subjects.

The analysis of the data confirmed that there
was a statistically significant difference between
study groups in vitamin D serum concentrations
(Figure 1) (Table 1). The patients taking antipsy-
chotics had significantly lower vitamin D serum lev-
els than healthy subjects, in both the overall study
sample (n =56, p < 0.001) and the subgroup of peo-
ple with the deficiency (n = 41, p < 0.001). Some
socio-demographic and most of the habitual and
dietary characteristics that might directly or indi-
rectly impact vitamin D status were statistically dif-
ferent between the study groups (Table 1). However,
a multivariable analysis was not performed due to
the limited sample size.

The results presented in this paper in addition
to other reliable evidence confirm that individuals
suffering from psychotic disorders who take
antipsychotic drugs are a vulnerable population
group for developing inadequate vitamin D serum
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concentrations. The patients who participated in
our study used benzodiazepines but we are current-
ly unaware of any valid data about the possible
influence of this drug class on vitamin D metabo-
lism in humans. Some subjects took antihyperten-
sive medications but the proportion of people with
arterial hypertension was small and almost the
same in both study groups. Therefore, if the drugs
contribute to lower serum levels of 25(OH)D their
impact was present in both study groups so
antipsychotics remain the only agents for the
causative consideration.

On the other hand, our study notes significant
differences between the study groups in some life-
style and dietary habits which could influence vitamin
D status. Our previous research has proved that the use
of clozapine increases the risk for vitamin D deficien-
cy and that physical activity, exercising and vitamin
D-reach food have a protective role (10). A serious or
insufficiently controlled psychotic illness is very like-
ly associated with poor socio-economic status and
lifestyle habits which alone increase the risk for vita-
min D disturbances. However, only a few among the
numerous factors investigated in the previously pub-
lished studies unambiguously correlate with vitamin D
levels in people with psychosis (1). Moreover, the evi-
dence about the significance of vitamin D status for
normal brain development and functions has accumu-
lated over the years (11-12). The novel study has
revealed that low vitamin D blood levels are associa-
ted with outbreaks of the first schizophrenia episodes
(13). Therefore, vitamin D deficiency could either pre-
cede or contribute (or both) to the structural brain
damage and functional neuronal disturbances which
occur in patients with psychotic illnesses (14).

In our study the serum 25(OH)D concentrations
were, in general, low in both the patients and the con-
trol subjects. The design of our research precluded a
more comprehensive analysis for providing the
answer to why many healthy people in our research
did not have sufficient vitamin D serum levels during
the sunshine period. According to our knowledge,
there were no studies published in recent years which
investigated 25(OH)D serum concentrations in our
country in order to reveal the current vitamin D sta-
tus for healthy people in a large sample. Yet, some
studies which included the postmenopausal women
and the students, measuring 25(OH)D serum concen-
trations during sunshine months, also found a very
high frequency of vitamin D deficiency in those,
apparently healthy subjects (15, 16). Nevertheless,
we are unable to make any conclusion about vitamin
D status on the population level at present as the mat-
ter was outside the scope of our research.

The inability of proving the causal relationships
between antipsychotic use and vitamin D deficiency
probably constitutes one of the major limitations of
our study. Other investigators in the field also used
comparative, cross-sectional design for explorative
purposes of vitamin D status in the diseased and the
healthy people; however, well-known methodologi-
cal weaknesses of this study type precludes more
sound conclusion about the causality at the moment
(17, 18). This issue and other possible study limita-
tions (e.g. role of putative, confounders and their
interactions with individual antipsychotics) have to
be addressed in further investigations.

In conclusion, patients with psychoses taking
antipsychotics have, in comparison with healthy
individuals, a higher probability for inadequate
serum levels of 25(OH)D. However, the true nature
of the relations between the disease, disturbances,
antipsychotic drugs, and other plausible contributors
are currently unknown. Taking into account the sig-
nificance and the scope of medical and public health
issues related to mental disorders, the further
research into nutrition and pharmacotherapy is need-
ed in near future in order to finally resolve the issues
of potential drug causalities.
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