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Abstract 

Vitamin D deficiency is a widespread public health issue associated with various health disorders, and it is often the subject of 

debate among many scientists around the world. Serum total 25(OH)D is considered the most suitable marker for assessing 

vitamin D deficiency in the body. This study aims to evaluate the prevalence of vitamin D deficiency in the population of 

Bitola, North Macedonia, over a one-year period from June 2022 to June 2023. A total of 612 patients were included in the 

study, of whom 405 were female and 197 were male. In the female group, vitamin D levels ranged from 5 ng/mL to 154 

ng/mL, with a mean 24.8±13.5 ng/ml and a median of 22 ng/mL. In the male group, levels ranged from 5 ng/mL to 80 ng/mL, 

with a mean 26.5±12.1and a median of 25 ng/mL. Vitamin D deficiency (defined as <30 ng/mL) was found in 285 females 

(70%) and 133 males (68%). Overall, 418 out of 612 patients (68.3%) were vitamin D deficient. Our findings indicate that 

vitamin D deficiency is widespread among both men and women in Bitola, North Macedonia. These results highlight the need 

for strategies aimed at reducing the prevalence of vitamin D deficiency, including early detection and treatment. We 

recommend the development of local and governmental policies, as well as dietary guidelines starting from early age, to 

improve vitamin D status, following the example of successful interventions in other countries and regions. 
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Introduction 

Vitamin D has a diverse range of actions on calcium and 

phosphorus homeostasis, bone metabolism, and numerous 

cellular regulatory functions [1, 3]. At the moment, serum 

total 25(OH)D vitamin D is considered to be the most 

suitable for assessing vitamin D deficiency in the body [4, 5]. 

Until now, no consensus has been reached regarding the 

serum level of 25(OH)D that would be optimal for our 

health, and no consensus has been reached on the values of 

vitamin D that are considered a deficiency [1, 5, 6]. A range of 

below 30 ng/ml serum 25(OH)D concentration is considered 

vitamin D deficiency by most authors and 25(OH)D <20 

ng/ml is considered as severe vitamin D deficiency [1, 6]. 

Estimates of the prevalence of 25(OH)D levels <20 ng/ml in 

the USA is 24%, in Canada it is 37% and in Europe it is 

40% [8, 9]. The prevalence of very severe vitamin D 

deficiency, defined as 25(OH)D <12 ng/ml in the USA is 

present in 5.9% of the population [8], in Canada it is 7.4% [9] 

and in Europe is represented in 13% [7]. This prevalence 

varies depending on the age of the respondents, so lower 

levels are represented in children and in the elderly [10].  

Increasing scientific evidence links vitamin D deficiency to 

a wide range of health conditions, including osteoporosis, 

autoimmune diseases, asthma, infectious diseases, several 

forms of cancer, and psychiatric disorders [11]. Monitoring 

serum vitamin D levels in asymptomatic adults is of critical 

importance for the early identification of deficiency, 

enabling timely intervention to prevent adverse clinical 

outcomes such as falls, fractures, and other complications. 

The aim of this study was to determine the incidence of 

vitamin D deficiency among a group of Macedonian 

patients over one-year period. 

Methods 

This study was performed from June 2022 to June 2023 year 
at the Department of medical biochemistry of Public Health 
Organization Clinical hospital d-r Trifun Panovski in Bitola, 
Macedonia. The total number of patients was 612, 405 were 
females and 197 males. The blood samples were taken 
between 8 AM and 10 AM after overnight fasting (12 
hours). Written informed consent was obtained from all 
participants before enrollment in the study. The serum was 
separated and vitamin D levels were measured using a fully 
automated immunoassay for 25-hydroxy vitamin D on the 
Abbot Alinity platform. The assay is a one-step delayed 
chemiluminescent microparticle immunoassay (CMIA) with 
an automated online pretreatment step, designed to facilitate 
the integration of vitamin D testing into routine laboratory 
workflows. Statistical analysis was performed with SPSS 
for Windows release 16.0.2, using the standard descriptive 
methods (mean ± SD), and corresponding analytical tests. 
Levene’s Test for Equality of Variances was performed to 
determine the equality of variances and appropriate 
independent samples, while the Student’s t-test was used to 
compare the means. The correlation between the results was 
tested with the Pearson´s Correlation Coefficient. The data 
are presented as mean± standard deviation (SD) and p ≤0.05 
is considered statistically significant. 
 
Results 

This study included 602 patients; they were divided in 2 
groups: females (405 patients) and males (197 patients). 
Patients in females’ group were age 2 to 92 years (mean 
49,07 ±20.4), and median 53 years. Patients in males’ group 
were age 2 to 92 years (mean 50.27 ± 19.35), and median 54 
years.  
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In female group levels of vitamin D was ranged from 5 

ng/mL to 154 ng/mL (mean 24.8±13.5 ng/ml) and median 

22 ng/ml and in males group level of vitamin D was ranged 

from 5 ng/mL to 80 ng/mL (mean 26.5±12.1) and median 

25ng/ml. 285 female (70%) and 133 males (68%) included 

in this study had vitamin D deficiency (<30ng/ml), and we 

can see that 418 patients (69%) of all 602 patients have 

vitamin D deficiency. 

We separated patients in 9 age groups (Table 1). Age group 

0-10 years included 30 females with median of vitamin D 

22 ng/ml and 10 males with median 26.7 ng/ml. Age group 

11 - 20 years included 23 females with median of vitamin D 

21 ng/ml and 9 males with median 25 ng/ml. Age group 21-

30 years included 19 females with median of vitamin D 24 

ng/ml and 10 males with median 24.5 ng/ml. Age group 31-

40 years included 51 females with median of vitamin D 21 

ng/ml and 29 males with median 24 ng/ml. Age group 41-50 

years included 62 females with median of vitamin D 23.5 

ng/ml and 23 males with median 24 ng/ml. Age group 51-60 

years included 79 females with median of vitamin D 23 

ng/ml and 49 males with median 26 ng/ml. Age group 61-70 

years included 87 females with median of vitamin D 22 

ng/ml and 45 males with median 25 ng/ml. Age group 71-80 

years included 49 females with median of vitamin D 20 

ng/ml and 18 males with median 28 ng/ml. Age group 81-90 

years included 4 females with median of vitamin D 23 

ng/ml and 4 males with median 17.5 ng/ml. 

 
Table 1: Median of concentration of Vitamin D in all age groups 

 

Age Females Males 

(years) Number ofpatients Median of vitamin D concentration (ng/ml) Number of patients Median of vitamin D concentration (ng/ml) 

0-10 30 22 10 26.7 

11-20 23 21 9 25 

21-30 19 24 10 24.5 

31-40 51 21 29 24 

41-50 62 23.5 23 24 

51-60 79 23 49 26 

61-70 87 22 45 25 

71-80 49 20 18 28 

81-90 4 23 4 17.5 

 

We analyzed the median vitamin D concentrations across 

the groups and found that males had higher levels in all age 

groups, except in the oldest group (81–91 years), where the 

females had higher concentrations. (Figure 1). 

 

 
 

Fig 1: Concentration of Vitamin D in males and females’ group in 

different age groups 

 

Discusion 

Currently, many countries around the world report a very 

high prevalence of vitamin D deficiency. Reduced 25(OH)D 

levels lower than 12 ng/ml at a rate higher than 20 percent 

of the population are common in India, Tunisia, Pakistan, 

and Afghanistan. An estimated 490 million people in India 

are vitamin D deficient [7, 10]. We found that the prevalence 

of vitamin D deficiency (using the cutoff <30 ng/ml) in 

Bitola was similar to that in Europe. National surveys in 

Europe have shown that about 40 percent of these 

populations have 25(OH)D concentrations less than 50 

nmol/L, [12] and 34 percent in Africa. The prevalence of 

vitamin D deficiency at the global level is represented 

differently, so in the USA there is a prevalence of vitamin D 

deficiency in 23-30% of the population [13, 14], in the Middle 

East it is 30-90%, in Australia it is 20 % in and China is 

56% [15, 16, 17]. The large variation in vitamin D status may be 

due to differences in diet and sun exposure, which are 

known determinants of vitamin D status. For example, 

supplementation and fortification of foods with vitamin D is 

a common source of vitamin D in North American countries 

and some parts of Europe [18, 19], but it is rare in Africa. 

Patients with comorbidities and numerous chronic diseases 

have a very high prevalence of vitamin D deficiency. Often, 

they are characterized by insufficiency or failure of organs 

involved in vitamin D metabolism. Patients with chronic 

renal failure and on hemodialysis, renal transplant recipients 

affected by liver disease or after liver transplantation may 

have a prevalence of vitamin D deficiency ranging from 85 

to 99% [20, 21, 22]. Observational studies have found an 

inverse relationship between good vitamin D status and 

mortality. A meta-analysis designed to examine the 

relationship between vitamin D status or supplementation 

and the incidence of diabetes mellitus type 2 found that 

subjects with serum vitamin D levels >25 ng/ml compared 

with those with levels <14 ng/ml had a 43% lower risk from 

developing type 2 diabetes and that a daily dose of vitamin 

D supplementation above 500 IU, compared to one of <200 

IU, reduced this risk by 13% [23]. Vitamin D deficiency has 

also been observed in patients with heart failure [24], 

myocardial infarction (MI) [25], stroke [26], and peripheral 

arterial disease [27]. 

 

Conclusion 

In our study, we found that vitamin D deficiency, defined as 

serum 25(OH)D levels below 30 ng/mL, is widespread in 

Bitola across all age groups. This deficiency poses a 

significant public health concern due to its impact on bone 

health and its association with various chronic diseases. 
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Early detection and timely intervention are crucial to 

prevent adverse outcomes such as fractures and other 

complications. To effectively address this issue, coordinated 

efforts involving both public and private healthcare sectors 

are essential. We strongly recommend the development of 

national and local policies, along with evidence-based 

dietary guidelines promoting adequate vitamin D and 

calcium intake from early childhood onward. By adopting 

strategies successfully implemented in other countries, 

Macedonia can improve the vitamin D status and overall 

health of its population. 

 

 References 

1. Institute of Medicine. Dietary reference intakes for 

calcium and Vitamin D,  National Academies Press, 

2011. 

2. Pludowski P, Holick MF, Pilz S, et al. Vitamin D 

effects on musculoskeletal health, immunity, 

autoimmunity, cardiovascular disease, cancer, fertility, 

pregnancy, dementia and mortality—a review of recent 

evidence.  Autoimmun Rev,2013:12(10):976-989. doi: 

10.1016/j.autrev.2013.02.004 

3. Autier P, Mullie P, Macacu A, et al. Effect of vitamin 

D supplementation on non-skeletal disorders: a 

systematic review of meta-analyses and randomised 

trials.  Lancet Diabetes Endocrinol,2017:5(12):986-

1004. doi:10.1016/S2213-8587(17)30357-1 

4. Sempos CT, Heijboer AC, Bikle DD, et al. Vitamin D 

assays and the definition of hypovitaminosis D: results 

from the First International Conference on 

Controversies in Vitamin D.  Br J Clin 

Pharmacol,2018:84(10):2194-2207. 

doi:10.1111/bcp.13652P 

5. Ross AC, Manson JE, Abrams SA, et al. The 2011 

report on dietary reference intakes for calcium and 

vitamin D from the Institute of Medicine: what 

clinicians need to know. J Clin Endocrinol 

Metab,2011:96(1):53-58. doi:10.1210/jc.2010-2704P 

6. Holick MF, Binkley NC, Bischoff-Ferrari HA, 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):1911-1930. doi:10.1210/jc.2011-

0385 

7. Cashman KD, Dowling KG, Škrabáková Z, Gonzalez-

Gross M, Valtueña J, De Henauw S, et al. Vitamin D 

deficiency in Europe: pandemic? Am J Clin 

Nutr,2016:103:1033–44. https://doi.org/ 

10.3945/ajcn.115.120873 

8. Schleicher RL, Sternberg MR, Looker AC, Yetley EA, 

Lacher DA, Sempos CT, et al. National estimates of 

serum total 25- Hydroxyvitamin D and metabolite 

concentrations measured by liquid chromatography–

Tandem mass spectrometry in the US population 

during, 2007–2010. J Nutr,2016:146:1051–61. 

https://doi.org/10.3945/jn.115.227728  

9. Sarafin K, Durazo-Arvizu R, Tian L, Phinney KW, Tai 

S, Camara JE, et al. Standardizing 25-hydroxyvitamin 

D values from the Canadian Health Measures Survey. 

Am J Clin Nutr,2015:102:1044–50. 

https://doi.org/10.3945/ajcn.114.103689 20. 

10. Cashman KD. Vitamin D deficiency, defining, 

prevalence, causes, and strategies of addressing. Calcif 

Tissue Int, 2019. https:// doi.org/10.1007/s00223-019-

00559-4 

11. Ilkovska B, Trifunova BK, Sandra Hristovska S, 

Ivanovska M. Vitamin D levels in patients with chronic 

hepatitis B, chronic hepatitis C, and health controls. J of 

IMAB,2019:25(2):2553-2558. 

DOI: 10.5272/jimab.2019252.2553 

12. Herrick KA, Storandt RJ, Afful J, et al. Vitamin D 

status in the United States, 2011–2014. Am J Clin Nutr, 

2019. 110nqz037. 

13. Schleicher RL, Sternberg MR, Lacher DA, et al. The 

vitamin D status of the US population from 1988 to 

2010 using standardized serum concentrations of 25-

hydroxyvitamin D shows recent modest increases. Am J 

Clin Nutr,2016:104:454-461. 

14. Lips P, Cashman KD, Lamberg-Allardt C, et al. 

Management of endocrine disease: current vitamin D 

status in European and Middle East countries and 

strategies to prevent vitamin D deficiency; a position 

statement of the European Calcified Tissue Society. Eur 

J Endocrinol, 2019. DOI:10.1530/EJE-18-0736 

15. Malacova E, Cheang PR, Dunlop E, et al. Prevalence 

and predictors of vitamin D deficiency in a nationally 

representative sample of adults participating in the 

2011–2013 Australian Health Survey. Br J 

Nutr,2019:121:894-904. 

16. Yu S, Fang H, Han J, et al. The high prevalence of 

hypovitaminosis D in China: a multicenter vitamin D 

status survey. Medicine (Baltimore), 2015, 94, e585. 

17. Calvo MS, Whiting SJ, Barton CN. Vitamin D 

fortification in the United States and Canada: current 

status and data needs. Am J Clin Nutr,2004:80:1710-

1716. 

18. Spiro A, Buttriss JL. Vitamin D: an overview of 

vitamin D status and intake in Europe. Nutr 

Bull,2014:39:322-350. 

19. Courbebaisse M, Alberti C, Colas S, Prie D, 

Souberbielle JC, Treluyer JM. et al. Vitamin D 

supplementation in renal transplant recipients VITALE 

a prospective, multicentre, double-blind, randomized 

trial of vitamin D estimating the benefit and safety of 

vitamin D3 treatment at a dose of 100,000 UI compared 

with a dose of 12,000 UI in renal transplant recipients: 

study protocol for a double-blind, randomized, 

controlled trial Trials,2014, 15, 430. 

https://doi.org/10.1186/1745-6215-15-430. 

20. Vos R, Ruttens D, Verleden SE, Vandermeulen E, 

Bellon H, Van Herck A, et al. High-dose vitamin D 

after lung transplantation: a randomized trial. J Heart 

Lung Transplant,2017:36:897–905. 

https://doi.org/10.1016/j.healun.2017.03.008. 

21. Zhou Q, Li L, Chen Y, Zhang J, Zhong L, Peng Z, et al. 

Vitamin D supplementation could reduce the risk of 

acute cellular rejection and infection in vitamin D 

deficient liver allograft recipients. Int 

Immunopharmacol, 2019, 75, 105811. 

https://doi.org/10.1016/j.intimp.2019.105811. 

22. Durazo-Arvizu RA, Dawson-Hughes B, Kramer H, Cao 

G, Merkel J, Coates PM, et al. The reverse J-shaped 

association between serum total 25-hydroxyvitamin D 

concentration and all-cause mortality: the impact of 

assay standardization. Am J Epidemiol,2017:185:720-

726. https://doi.org/10.1093/aje/kww244 



International Journal of Multidisciplinary Education and Research www.multieducationjournal.com 

28 

23. Mitri J, Muraru MD, Pittas AG. Vitamin D and type 2 

diabetes: a systematic review. Eur J Clin Nutr,2011: 

65:1005-1015. https://doi.org/10.1038/ejcn.2011.118 

24. Zittermann A. Vitamin D and disease prevention with 

special reference to cardiovascular disease. Prog 

Biophys Mol Biol,2006:92:39-48. 

https://doi.org/10.1016/j.pbiomolbio.2006.02.001 

25. Scragg R, Jackson R, Holdaway IM, Lim T. Beaglehole 

R. Myocardial infarction is inversely associated with 

plasma 25-hydroxyvitamin D3 levels: a community-

based study. Int J Epidemiol,1990:19:559-563. 

https://doi.org/10.1093/ije/19.3,559 

26. Poole KES, Loveridge N, Barker PJ, Halsall DJ, Rose 

C, Reeve J, et al. Reduced vitamin D in acute stroke. 

Stroke,2006:37:243-245. 

https://doi.org/10.1161/01.STR.0000195184.24297.c1 

27. Melamed ML, Muntner P, Michos ED, Uribarri J, 

Weber C, Sharma J, et al. Serum 25-hydroxyvitamin D 

levels and the prevalence of peripheral arterial disease 

results from NHANES 2001 to 2004. Arterioscler 

Thromb Vasc Biol,2008:28:1179-1185. 

https://doi.org/10.1161/ATVBAHA.108.165886 

 


