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ABSTRACT 

Тhis study aimed at exploring vitamin D levels in treated depres-
sive patients in comparison to healthy individuals. The cross-sec-
tional study included 20 ambulatory and inpatients with depres-
sive episodes taking antidepressants and 30 healthy individuals. 
The serum concentration of 25(OH)D from collected blood sam-
ples was determined using biochemical analyzers. Serum 
25(OH)D levels (ng/mL) in patients were significantly lower (the 
mean 13.1, standard deviation 7.3, median 11.4, minimal 3.8, 
maximal 35.9) then in control subjects (19.4, 9.1, 15.8, 7.6, 43.6) 
(p=0.004). Additional targeted research is needed because some 
lifestyle and dietary habits which are known to influence vitamin 
D status may confound observed effects. 
 
Keywords: vitamin D deficiency, antidepressants, depressive pa-
tients, serum vitamin D levels.

  



INTRODUCTION 

There is a growing amount of epidemiological and other 
evidence that associates depression and bone metabolism dis-
turbances with the consecutive development of osteoporosis 
and thus increased risks of bone fractures (1-4). Researchers 
proposed a variety of potential mechanisms for these causal-
ities including the past, recent and current use of antidepres-
sants. However, there is not enough scientific evidence for 
identifying any particular pharmacological subgroup or a sin-
gle drug as a definite cause of vitamin D deficiency (5, 6). 
Taking into account the tremendous importance of vitamin D 
for bone health, the studies on the potential effects of antide-
pressants should become an issue of crucial interest for both 
scientists and physicians (7). 

Surprisingly, the studies in relationships between 
individual antidepressants or drug classes and vitamin D 
levels are scarce. One of the earliest reports, published in the 
middle of the 1980s, focused on mianserin but some 
additional evidence has appeared only (8). In a trial that 
included several hundreds of elderly people (aged 60 or 
more) in which the patients with depression were compared 
to a control group without the depressive disorder, only the 
use of tricyclics (but not selective serotonin inhibitors or 
other antidepressants) was independently associated with 
significantly lower serum concentrations of 1,25(OH)2D3, 
but not 25(OH)D3, after the adjustment for confounders (9). 

METHODS 

This study aimed at exploring 25(OH)D serum levels in 
patients with depressive disorder who took antidepressants in 
comparison to healthy individuals. In order to control the 
possible side-effects of concomitant psychotropics, only a 
limited amount of benzodiazepines was allowed as an 
additional medication. 

The study has a cross-sectional design and, besides blood 
testing for measuring vitamin D levels, it follows the 
observational approach. The Ethics Committee of the 
Clinical Centre “Kragujevac”, Kragujevac, Serbia, approved 
the research and all subjects signed the informed consent for 
the participation in the study. The study sites included the 
departments of psychiatry, clinical biochemistry, and clinical 
pharmacology. 

In order to determine the sample size for this study, the 
input parameters were needed and they were obtained from 
the study conducted by Stanojević Pirković et al., 2012 (10). 
In addition, their results reveal the changes in 25(OH)D 
serum concentrations which also serve here as an argument 
for the hypothesis that there are differences between patients 
using antidepressants and healthy individuals. An 
appropriate software (www.gpower.hhu.de) was used with 
alpha=0.05, a study power of 0.8, and other necessary inputs. 
It provided the results that the total study sample should be at 
least 40 subjects – with 20 individuals in both an 
experimental and a control group. Our study included 50 

adult subjects of both genders who were allocated to two 
groups: 20 patients with mental illnesses taking 
antidepressant medication (the experimental group) and 30 
healthy individuals (the control group). 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 of Kragujevac (outpatients and inpatients) or 
Department of Neuropsychiatry of the Primary Health Care 
Centre Kragujevac (outpatients). Besides, the criteria were 
having only one diagnosis of mental disorder – a depressive 
episode (World Health Organization International 
Classification of Diseases version 10, code F32), and having 
given consent for voluntary participation in the study. The 
antidepressants had been the foundation of the treatment and 
only a limited amount of benzodiazepines was allowed to 
enhance sedative, anxiolytic effects. The use of 
antipsychotics, mood stabilizers, cognitive enhancers, and 
other psychotropic drugs was an exclusion criterion for 
participation in this study. 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 (10, 11). The other data were extracted 
from the patients’ medical files or were obtained through an 
interview with 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 laboratory where the 
vitamin D (in 25(OH)D form), calcium, phosphorus, 
magnesium, sodium, and potassium concentrations were 
determined with ”Cobas e601” analyzer (Roche Diagnostics, 
Mannheim, Germany) and ”Beckman Coulter AU 680” 
biochemical analyzers, as appropriate. The vitamin D 
measurements were performed with the manufacturer’s 
reagent testing kit (electrochemiluminescence binding 
assay), providing regular internal and external controls 
according to the laboratory quality assurance procedures.  

The vitamin D status types were defined as: deficiency 
(below 20 ng/mL), insufficiency (21-29 ng/mL) and 
sufficiency (30-100 ng/mL) (12). 

The statistical analyses of the collected data included 
testing the sample distribution for normality (Normal Q-Q 
Plot, Histogram, Kolmogorov-Smirnov test, Shapiro-Wilk 
test), descriptive statistics as well as Wilcoxon rank-sum test, 
Pearson 2 test, and Fisher exact test for analyzing the 
differences between the groups. The level of probability for 
statistical significance was predetermined at p<0.05. The 
data were processed and analyzed in the statistical program 
R – version 3.1.1 (2014-07-10). 

 

 



 

RESULTS

The demographic and other clinical variables are 
presented in detail in Table 1. There were 2 inpatients and 18 
outpatients in the antidepressant group. The mean duration of 
their primary mental illness was 3.6 (4.9) years (median 1.5, 
from one month to 19.9 years). The most frequently 
prescribed antidepressant drug was sertraline (in 10 patients) 
followed by escitalopram (4), mirtazapine (5), paroxetine (4), 
venlafaxine (2) and amitriptyline (1), maprotiline (1), and 
trazodone (1). Eight patients used a combination of two 
antidepressants and twelve had antidepressants prescribed as 
a monotherapy. Only concomitant psychotropic medications 
allowed for the participation in this study were 
benzodiazepines and similar drugs such as lorazepam (in 8 
patients), bromazepam (5), alprazolam (4), zolpidem (3), and 
diazepam (1). Arterial hypertension was the most frequent 
somatic disease in both study groups and it was significantly 
more frequent in depressive patients. Other chronic illnesses 
were osteoporosis (3 patients, 1 control subject), diabetes 
mellitus type 2 (in 3 patients), and breast cancer (one patient). 
Thus, a somatic disease burden was significantly higher in 
the patient group than in the control group. 

The data confirmed that there was a statistically 
significant difference between the study groups in 25(OH)D 
serum concentrations (Figure 1) (Table 1). The patients 
taking antidepressants had significantly lower 25(OH)D 
serum levels than healthy subjects both in the overall study 
sample (n=50, p=0.004) and in the subgroup with vitamin D 
deficiency (n=36, p=0.020) by 22 – 32% on average.  

However, some socio-demographic and most of the 
habitual and dietary characteristics that might directly or 
indirectly impact vitamin D status were also statistically 
different between the study groups (Table 1).  

The results presented in this paper, in addition to other 
reliable evidence, confirm that individuals on antidepressant 
drugs used for treating a depressive disorder are a vulnerable 
population group for developing inadequate vitamin D serum 
concentrations. The additional drugs used by the subjects in 
this study included benzodiazepines and antihypertensive 
medications (ace inhibitors, beta-blockers, and calcium 
channel blockers) but we are currently unaware of any valid 
data about their potential impacts on vitamin D metabolism 
in humans and antidepressants thus remain here the only 
agents of possible causalities. 

 

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

Variable 
Antidepressant group 

(n=20) 

Control group 

(n=30) 
Statistics 

Male gender 4 (20.0) 12 (40.0) Fisher Exact Test p=0.216 

Age (years) 52.5 (13.3) 49.2 (14.6) Wilcoxon rank sum test 

W=330.0, p=0.559 

Body mass index (kg/m2) 25.0 (3.4) 25.7 (4.0) Wilcoxon rank-sum test 

W=284, p=0.766 

Urban inhabitancy 13 (65.0) 30 (100) Fisher Exact Test, p<0.001 

Higher education* 4 (20.0) 20 (66.7) Fisher Exact Test, p=0.002 

Good life condition* 5 (25.0) 30 (100) Fisher Exact Test, p<0.001 

Smoking 10 (50.0) 9 (30) Fisher Exact Test p=0.168 

Coffee consumption* 6 (30.0) 5 (16.7) Fisher Exact Test p=0.277 

Physical activity 14 (70.0) 30 (100) Fisher Exact Test, p=0.002 

Sedentary lifestyle 9 (45.0) 0 (0) Fisher Exact Test, p<0.001  

Meat consumers 20 (100) 30 (100) n.a. 

 

Fish consumers 17 (85.0) 27 (90.0) Fisher Exact Test p=0.672 

Eggs consumers 15 (75.0) 19 (63.3) Pearson χ2 test, χ2
1=0.8, 

p=0.387 

Bread consumption (g/day) 258.3 (170.8) 185.8 (151.9) Wilcoxon rank sum test, 

W=324, p=0.027 



Variable 
Antidepressant group 

(n=20) 

Control group 

(n=30) 
Statistics 

Sun exposure (>60 

minutes/day)* 

12 (60.0) 15 (50.0) Fisher Exact Test, p=0.108 

Any somatic disease 12 (60.0) 7 (23.3) Pearson χ2 test, χ2
1=6.8 

p=0.009 

Arterial hypertension 11 (55.0) 6 (20.0) Pearson χ2 test, χ2
1=6.5 

p=0.010 

Prevous bone fracture 1 (5.0) 1 (3.3) Fisher Exact Test, p=1.000 

Serum 25(OH)D (ng/mL)1 13.1 (7.3, 11.4, 3.8, 35.9) 19.4 (9.1, 15.8, 7.6, 43.6) Wilcoxon rank-sum test 

W=156, p=0.004 

Deficiency/ Insufficiency/ 

Sufficiency of vitamin D 

17 (85.0) / 2 (10.0) / 1 (5.0) 19 (63.3) / 5 (16.7) / 6 (20.0) Fisher Exact Test, p=0.254 

Serum 25(OH)D in patients 

with deficiency (ng/mL)1 

10.7 (4.0, 10.4, 3.8, 19.8) 13.7 (3.2, 13.8, 7.6, 19.4) Wilcoxon rank-sum test 

W=87.5, p=0.020 

Serum 25(OH)D in patients  

with insufficiency (ng/mL)1 

21.7 (0.1, 21.7, 21.7, 21.8)  22.4 (1.4, 22.2, 20.9, 24.7) Wilcoxon rank-sum test 

W=2, p=0.381 

Serum 25(OH)D in patients 

with sufficiency (ng/mL)1 

35.9 (n.a., 35.9, 35.9, 35.9) 34.9 (4.9, 33.8, 30.6, 43.6) Wilcoxon rank sum test 

W=4, p=0.857 

Serum calcium (mmol/L)2 2.38 (0.22) 2.40 (0.11) Wilcoxon rank sum test 

W=295, p=0.929 

Serum magnesium 

(mmol/L)2 

0.76 (0.09) 0.90 (0.05) Wilcoxon rank sum test 

W=37, p<0.001 

Serum phosphorous 

(mmol/L)2 

1.06 (0.25) 1.11 (0.17) Wilcoxon rank-sum test, 

W=246, p=0.423 

Numbers represent the frequency (percent), 1the mean (standard deviation, median, minimum, maximum), and 2the mean 
(standard deviation); *>2 categories: n.a.-not applicable, due to single observation 

 
Figure 1. The serum concentrations of 25(OH)D in patients taking antidepressant drugs (n=20)  

and in healthy, control subjects (n=30) 

 



 

DISCUSSION 

The published data which were systematized some years 
ago identified patients with depressive disorders to be a 
population susceptible to developing vitamin D deficiency 
(13, 14). In addition, several trials suggested that vitamin D 
supplementation could improve patients’ depressions to 
some extent (15, 16, 17). This is in compliance with our 
knowledge about the significance of vitamin D for normal 
brain development and functioning (18, 19). The statistical 
significance of the observed differences between depressive 
patients and the healthy control group found in our study was 
expected. However, we are still unable to claim that there is 
a definite causality between antidepressant use and vitamin 
D deficiency since we noted significant differences between 
the study groups in some lifestyle and dietary habits which 
are known to influence vitamin D status and which may 
intervene with the effects of antidepressants (20). This is the 
major limitation of this study. A multivariable analysis is 
needed but was not performed due to the limited sample size 
and preliminary nature of our study design. Consequently, 
the issue is yet to be addressed in the future. 

It is pretty unlikely that the question about potential 
antidepressant-induced vitamin D deficiency and/or bone 
metabolism disturbances could be resolved without a 
carefully selected research approach targeted at individual 
drugs. The pharmacology of antidepressant drugs is very 
complex since they target plenty of neurotransmitter 
receptors, transporters, and other biologically active 
molecules and there are significant differences even within 
the same drug subclass which may result in a wide variety of 
effects and outcomes within the single class (21). For 
example, the analysis of group effects of selective serotonin 
reuptake inhibitors, which excluded their influence on bone 
mineral density, has revealed that fluoxetine affects 
cultivated human bone cells while citalopram and sertraline 
influence the development of human embryonic bone (22, 23, 
24). Therefore, there is a possibility that methodological 
approaches used in previous studies focused on the effects of 
a drug class had no power to detect small but important 
differences which exist among individual drugs in terms of 
their influence on bone health parameters, including vitamin 
D status. 

CONCLUSION 

In conclusion, patients with depressive episodes who take 
antidepressants have a higher probability of inadequate levels 
of 25(OH)D serum in comparison to healthy individuals. 
However, the true nature of the relations between the disease, 
disturbances, antipsychotic drugs, and other plausible 
contributors is currently unknown. Taking into account the 
significance and the scope of medical and public health issues 
related to mental disorders, further research into nutrition and 
pharmacotherapy is needed in near future in order to finally 
resolve the issues of potential drug causalities. 

 

ACKNOWLEDGMENTS 

The authors thank the Faculty of the Medical Sciences 
University of Kragujevac for the support with the junior 
research grant JP 13-14. 

CONFLICT OF INTEREST 

All authors have no conflicts of interest. 

REFERENCE 

1. Rosenblat JD, Gregory JM, Carvalho AF, McIntyre RS. 
Depression and disturbed bone metabolism: a narrative 
review of the epidemiological findings and postulated 
mechanisms. Curr Mol Med 2016; 16(2): 165-78. 

2. Cizza G, Primma S, Coyle M, Gourgiotis L, Csako G. 
Depression and osteoporosis: a research synthesis with 
meta-analysis. Horm Metab Res 2010; 42(7): 467-82. 

3. Qiu L, Yang Q, Sun N, Li D, Zhao Y, Li X, et al. 
Association between depression and the risk for fracture: 
a meta-analysis and systematic review. BMC Psychiatry 
2018; 18(1): 336. 

4. Shi TT, Min M, Zhang Y, Sun CY, Liang MM, Sun YH. 
Depression and risk of hip fracture: a systematic review 
and meta-analysis of cohort studies. Osteoporos Int 
2019; 30(6): 1157-65. 

5. Van de Ven LI, Klop C, Overbeek JA, De Vries F, 
Burden AM, Janssen PK. Association between use of 
antidepressants or benzodiazepines and the risk of 
subsequent fracture among those aged 65+ in the 
Netherlands. Osteoporos Int 2018; 29(11): 2477-85. 

6. Calarge CA, Mills JA, Janz KF, Burns TL, Schlechte JA, 
Coryell WH, et al. The Effect of Depression, 
Generalized Anxiety, and Selective Serotonin reuptake 
Inhibitors on Change in Bone Metabolism in 
Adolescents and Emerging Adults. J Bone Miner Res 
2017; 32(12): 2367-74. 

7. Anderson PH. Vitamin D Activity and Metabolism in 
Bone. Curr Osteoporos Rep 2017; 15(5): 443-9. 

8. Lo Cascio V, Adami S, Tartarotti D, Ferrari S, Zatti M. 
Aberration in vitamin D metabolism during mianserin 
treatment. Lancet 1984; 1(8383): 958-9. 

9. Oude Voshaar RC, Derks WJ, Comijs HC, Schoevers 
RA, De Borst MH, Marijnissen RM. Antidepressants 
differentially related to 1,25-(OH)₂ vitamin D₃ and 25-
(OH) vitamin D₃ in late-life depression. Transl 
Psychiatry 2014; 4(4): e383. 

10. Stanojević Pirković M. Risk factors for disturbances of 
bone tissue homeostasis in patients with psychotic 
disorders, Ph.D. Thesis. Faculty of the Medical Sciences 
University of Kragujevac, Kragujevac (in Serbian), 
2012. 

11. Milovanovic D. Population pharmacokinetics of 25-
hydroxyvitamin D in students, Ph.D. Thesis, Faculty of 



Medical Sciences University of Kragujevac, Kragujevac 
(in Serbian) 2014. 

12. Holick MF, Binkley NC, Bischoff-Ferrari HA, Gordon 
CM, Hanley DA, Heaney RP, et al. Endocrine Society: 
Evaluation, treatment, and prevention of vitamin D 
deficiency: an Endocrine Society clinical practice 
guideline. J Clin Endocrinol Metab 2011; 96(7): 1911-
30. 

13. Anglin RE, Samaan Z, Walter SD, McDonald SD. 
Vitamin D deficiency and depression in adults: 
systematic review and meta-analysis. Br J Psychiatry 
2013; 202: 100-7. 

14. Menon V, Kar SK, Suthar N, Nebhinani N. Vitamin D 
and Depression: A Critical Appraisal of the Evidence 
and Future Directions. Indian J Psychol Med 2020; 
42(1): 11-21. 

15. Woo YS, Kim S, Jeong JH, Jung YE, Kim MD, Bahk 
WM. Vitamin D Deficiency/Insufficiency among 
Inpatients with Depressive Symptoms. Clin 
Psychopharmacol Neurosci 2019; 17(1): 121-24. 

16. Bersani FS, Ghezzi F, Maraone A, Vicinanza R, 
Cavaggioni G, Biondi M, et al. The relationship between 
Vitamin D and depressive disorders. Riv Psichiatr 2019; 
54(6): 229-34. 

17. Briggs R, McCarroll K, O'Halloran A, Healy M, Kenny 
RA, Laird E. Vitamin D Deficiency Is Associated With 
an Increased Likelihood of Incident Depression in 
Community-Dwelling Older Adults. J Am Med Dir 
Assoc 2019; 20(5): 517-23. 

18. Spedding S. Vitamin D and depression: a systematic 
review and meta-analysis comparing studies with and 
without biological flaws. Nutrients 2014; 6(4): 1501-18. 

19. Anjum I, Jaffery SS, Fayyaz M, Samoo Z, Anjum S. The 
role of vitamin D in brain health: A Mini Literature 
Review. Cureus 2018; 10(7): e2960.  

20. IOM (Institute of Medicine): Dietary reference intakes 
for calcium and vitamin D. The National Academies 
Press, Washington, DC, 2011. 

21. Caraci F, Calabrese F, Molteni R, Bartova L, Dold M, 
Leggio GM, et al. International Union of Basic and 
Clinical Pharmacology CIV: The Neurobiology of 
Treatment-resistant Depression: From Antidepressant 
Classifications to Novel Pharmacological Targets. 
Pharmacol Rev 2018; 70(3): 475-504. 

22. Ham AC, Aarts N, Noordam R, Rivadeneira F, Ziere G, 
Zillikens MC, et al. Use of Selective Serotonin Reuptake 
Inhibitors and Bone Mineral Density Change: A 
Population-Based Longitudinal Study in Middle-Aged 
and Elderly Individuals. J Clin Psychopharmacol 2017; 
37(5): 524-30. 

23. Gustafsson BI, Thommesen L, Stunes AK, Tommeras K, 
Westbroek I, Waldum HL, et al. Serotonin and 
fluoxetine modulate bone cell function in vitro. J Cell 
Biochem 2006; 98(1): 139-51. 

24. Fraher D, Hodge JM, Collier FM, McMillan JS, 
Kennedy RL, Ellis M, et al. Citalopram and sertraline 
exposure compromises embryonic bone development. 
Mol Psychiatry 2016; 21(5): 656-64 

 
 

 

 


