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Abstract 

Vitamin D deficiency (VDD) is one of the serious and highly debatable public health problems affecting 

at least one billion of world population. This study objected to evaluate Vitamin D status in adult population of 

both sexes residing in different geographical areas of Kazakhstan and to elucidate the possible contributing 

factors related to VDD.  

This cross-sectional study covered 6 regions of Kazakhstan and applied the systematic random sampling 

to recruit 1,347 healthy adults (of whom 819 were females) with mean age 44±14 years. The concentration of 

25-hydroxy vitamin D (25-OHD) was measured from May 2018 to August 2018 with Architect 25OH Vitamin 

D assay (Abbott Ireland Diagnostics Division Lisnamuck, Longford Co. Longford Ireland). Vitamin D 

deficiency was defined as 25-OHD values not exceeding 20 ng/mL as a reference threshold in healthy 

population.  

The median serum 25(OH)D concentrations in all studied regions of Kazakhstan were below the 

reference threshold (20 ng/mL). The lowest range of vitamin D (<10 ng/mL) was observed more commonly in 

females (34.6 % – 283) as compared to males (16.7 % – 88) and was significantly higher in Asians (33.2 % – 

352) in contrast with Caucasians (6.7 % – 19) (χ2=177,939; D.f.=3; p-value=<0,001). The proportion of severe 

VDD was higher in individuals with low body mass index (31.1 % – 188) vs. individuals with high body mass 

index (18.7 % – 50). In this study individuals aged 60 years and older had the most favorable situation with 25-

OHD concentrations since these were normal in 14.4 % of observations (χ2=26,589; D.f.=6; p-value=<0,001). 

Studying the prevalence of VDD is an important public health task. Further research is needed to 

understand the epidemiology of VDD in more details to tailor intervention programs. 
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Introduction 

Globally, Vitamin D deficiency (VDD) remains one of the unresolved public health issues affecting at 

least one billion of world population [1]. Prevalence of vitamin D deficiency in the northern hemisphere gets 

even higher in winter, with decreased insolation [2] and remains unresolved even with daily intake of vitamin 

complexes, drinking of a glass of milk and eating salmon [3]. Although people residing near the equator and not 

protecting their skin from sunlight have adequate levels of Vitamin D [4], others living even in the sunniest 

world’s countries and shielding most of their skin, are affected by VDD [5]. 

In fact, Vitamin D presents a family of fat-soluble vitamins, of which 25-hydroxyvitamin D3 

(cholecalciferol) and 25-hydroxyvitamin D2 (ergocalciferol) are the most important for humans. Vitamin D is 

responsible for a range of physiological effects, including absorption of calcium, magnesium, and phosphorous 

in small intestine [6]. Vitamin D could be obtained both through a direct synthesis in human skin following 

exposure to a sunlight (wavelength 290 to 315 nm) or through a diet containing Vitamin D-rich products 

(primarily dairy products and oily fish). Vitamin D status could be evaluated by means of 25-hydroxyvitamin D 

(25(OH)D), which is synthetized in liver and is metabolized in kidneys to 1.25-dihydroxyvitamin D [7]. 

However, to judge about the prevalence of VDD properly, the issue of definition is of utmost 

importance. Although there is no unified classification related to Vitamin D status, the serum level of 25(OH)D 

below 10 ng/mL (25 nmol/L) is considered to be deficient by a number of international clinical guidelines [2, 8]. 

Nevertheless, the Institute of Medicine [9] states that serum levels of 25(OH)D should not drop below 20 ng/mL 

(50 nmol/L), while according to the Endocrine Society [2], to achieve optimal skeletal health and muscle 

strength, the serum levels of 25(OH)D should be at least 30 ng/mL (75 nmol/L). Still, it has to be noted that the 

Endocrine Society guidance relates to patient populations while for a healthy adult population the threshold of 30 

ng/mL is not applicable and an individual threshold of 20 ng/mL (50 nmol/L) should be used instead. The cut-off 

of 30 ng/mL was selected based on the findings that serum PTH begins to plateau and maximum calcium 

absorption occurs when 25(OH)D reaches the level of 30–40 ng/mL [10], and that this level reduces the risk for 

falls [11]. In their Practice Guidelines on Vitamin D, the Endocrine Society went further and defined VDD as the 

serum 25(OH)D < 20 ng/mL, and insufficiency as 21–29 ng/mL [2]. 

Over the past decade of years numerous studies evaluating the vitamin D status in countries across the 

world were performed. Still, to the best of our knowledge, none of them described the situation in Kazakhstan – 

a Central-Asian state located at longitude from 46.490 to 87.310 E and at latitude from 40.670 to 54.905 N. The 

country has a markedly continental climate with approximately 200 sunny days a year for most of its territory 

[12]. The population of Kazakhstan is around 18.3 million people and being the ninth largest world country, 

Kazakhstan has one of the lowest population densities (6 people per square kilometer). The country is composed 

of 14 regions that could be geographically divided into eastern provinces (East Kazakhstan and Pavlodar 

regions), central provinces (Karaganda and Akmola regions), northern provinces (North Kazakhstan and 

Kostanay regions), western provinces (West Kazakhstan, Aktobe, Atyrau and Mangystau regions), and southern 

provinces (South Kazakhstan, Almaty, Zhambyl and Kyzylorda regions). Besides, Kazakhstan has three so-

called “cities of republican significance” – Nur-Sultan, Almaty and Shymkent that administratively are 

considered to be equal to a region [13]. The majority of population (56 %) resides in urban areas and the 

proportion of women makes up 51.7 %. Kazakhstan is one of the most industrialized countries in the world 

possessing ample natural resources [14]. The total fertility rates vary between the country’s regions being the 

highest (>3.2) in more religious southern provinces [15].  
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The aim of this study was to evaluate Vitamin D status in adult population of both sexes residing in 

different geographical areas of Kazakhstan and to elucidate the possible contributing factors related to VDD. 

 

Materials and methods 

This cross-sectional study enrolled 1,347 healthy adults (out of them 819 were females), residing in 6 

regions of Kazakhstan with a mean age of 44±14 years, who attended a single-consultation outpatient clinic for 

routine check-up. The systematic random sampling was applied to select 10-15 patients per day from each region 

during summer months (from May 2018 to August 2018). General characteristics of the study participants are 

presented in Table 1. 

 

Table 1: General characteristics of the study participants (N=1,347) 

Variables N %  

Sex Female 819 60.8 % 

Male 528 39.2 % 

Ethnicity Caucasian (Russian) 285 21.2 % 

Asian (Kazakh) 1,061 78.8 % 

*BMI < 25.0 604 44.8 % 

25.0-29.9 476 35.3 % 

 => 30.0 267 19.8 % 

Age (Median and 25th; 75th percentiles) 43 (33; 55) 

Age group, years 

18-39  589 43.7 % 

40-59  570 42.3 % 

=> 60  188 14.0 % 

Concentration of 25(OH)D (Median and 25th; 75th percentiles) 15,00 (10; 22,00) 

Status of serum 25(OH)D levels < 20 ng/mL 943 70.0 % 

=> 20 ng/mL 404 30.0 % 

Total amount  1,347 100.0 % 

*BMI – Body Mass Index 

 

The exclusion criteria were: (1) presence of any acute or chronic severe somatic pathology, including 

hepatic or renal disease, metabolic bone disease, type 1 diabetes, malignancy, (2) history of recent immobility 

for a period of more than one week, (3) pregnancy and lactation, (4) current dieting or consumption of 

multivitamin supplements containing vitamin D or its combinations. 

Selection of study regions was made to enable adequate representation of all geographical areas of 

Kazakhstan with the exception of northern provinces, where D(25-OHD) assay was unavailable. Figure 1 

demonstrates the proportion of individuals enrolled from different country regions. 

 

Biochemical analysis  

Blood sampling was performed between 8:00 and 10:00 a.m. in a network of governmentally licensed 

laboratories entitled “IN VITRO”, which operate in all study regions. After disinfection of hands and 

venipuncture, blood was drawn into a test tube with subsequent centrifugation and storage at -20 °C. 
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Concentrations of serum 25-hydroxy vitamin D(25-OHD) were measured with Architect 25OH Vitamin D assay 

and expressed in ng/mL. 

The Architect (Abbott Ireland Diagnostics Division Lisnamuck, Longford Co. Longford Ireland) 25OH 

Vitamin D assay (5Р02 ARCHITECT 25-ОН Vitamin D Reagent Kit) is a delayed 1-step chemiluminescence 

microparticle immunoassay (CMIA) that includes automated online pre-treatment with flexible assay protocols 

(Chemiflex). The test uses microparticles coated with a polyclonal sheep anti-vitamin D IgG antibody, and a 

biotinylated vitamin D anti-biotin IgG acridinium-labelled conjugate complex for the quantitative determination 

of 25(OH)D2 and D3 in human serum and plasma. 

 

External and Internal Quality Control Procedures for analyzing 25(OH)D levels  

All IN VITRO laboratories utilize the Vitamin D Standardization Program (VDSP), which is certified 

according to Standard Reference Material 2972 of the National Institute of Standards and Technology (SRM 

2972 NIST). IN VITRO laboratories successfully passed the performance criterion of ±5 % mean bias of the 

Centers for Disease Control and Prevention (CDC) and University of Ghent Vitamin D2 and D3 Reference 

Method with an overall imprecision of <10% over the concentration from 22 to 275 nmol/L for total 25-

hydroxyvitamin D [16]. 

All IN VITRO laboratories have standardized procedures to test for serum 25(OH)D levels, which are 

based on the analysis of panels obtained from representative sample of population. The target range for 25(OH)D 

is 30 to 40 ng/ml (75 – 100 nmol/L). The reference range varied from 30 to 100 ng/ml with respect to 

geographical, seasonal, populational, and nutritional characteristics as well as environmental factors. As the gold 

standard, all IN VITRO laboratories adopted a mean range that was analyzed with liquid chromatography-mass 

spectrometry (LC-MS). The vast majority (96 %) of results obtained from all IN VITRO laboratories have fallen 

within ± 25 % of the target values and were not significantly different from the mean values analyzed with LC-

MS. The laboratories are standardized between themselves according to a strict quality control system 

(ISO15189:2012, ISO15189:2007) and standard operating procedures (SOP). External quality control for 

harmonization of 25(OH)D test results between different laboratories is provided by means of audits from the 

side of responsible agency – Ministry of Healthcare of the Republic of Kazakhstan – that are conducted to ensure 

the compliance with ICH GCP and GLP standards. 

Quality control of the ARCHITECT 25-OH Vitamin D assay consisted of testing for one repetition of 

each control level every 24 hours of operation after performing calibration and service procedures or 

maintenance, which may affect the test performance. Each laboratory independently set its own control ranges to 

monitor the test performance. If the control value was outside the specified range, the corresponding test results 

were considered to be invalid. In such cases, re-testing and re-calibration were carried out. To establish control 

ranges, each laboratory independently set the target concentration and concentration ranges for new control 

series at each level of clinically significant concentration of serum 25(OH)D. The procedure included at least 20 

test repetitions performed over several (3-5) days with further determination of the expected average (target) 

values and variability of these average values based on the results obtained. 

General recommendations for quality control are implemented in accordance with the Clinical and 

Laboratory Standards Institute (CLSI) Document C24-AZ and other published guidelines (Clinical and 

Laboratory Standards Institute (CLSI). Statistical Quality Control for Quantitative Measurement Procedures: 

Principles and Definitions; Approved Guideline–Third Edition. CLSI Document C24-A3. Wayne. PA: CLSI; 

2006) [17]. 
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Definition of vitamin D deficiency 

Vitamin D deficiency was defined as 25-OHD values not exceeding 20 ng/mL as a reference threshold. It 

was a target, which was achieved by many in the current healthy population [18]. 

 

Statistical analysis 

Statistical analyses was processed in SPSS 20.0 for Windows. Firstly, the type of data distribution was 

tested and descriptive statistics of numerical variables was evaluated. Because the data distribution was different 

from normal, descriptive statistics were generated by computing median and the respective 25 and 75 percentile 

boundaries. Kruskal-Wallis test (H) was applied to enable comparisons between study groups. Qualitative 

variables were presented in absolute numbers and their percentages. Pearson's chi-square (χ2) test was used to 

evaluate difference of the frequencies in groups. The critical value was considered significant at p < 0.05. 

 

Ethics 

All the study participants signed voluntary informed consent before participation. The study was 

approved by the Ethics Committee of the Non-Profit Joint-Stock Company Astana Medical University (Protocol 

No 6, February 15th, 2018).  

 

Results 

The median serum 25(OH)D concentrations in all studied regions of Kazakhstan were below the 

reference threshold (20 ng/mL). In two southern provinces – Almaty and South Kazakhstan regions – the median 

serum 25(OH)D levels were 18.0 (12.00; 24.00) ng/mL and 16.0 (11.00; 22.00) ng/mL, respectively. Meanwhile, 

the central provinces of Kazakhstan had median rates of 25(OH)D equal to 18 (11.0; 26.0) ng/mL in Karaganda 

region and to 11 (8.00;18.00) ng/mL in Akmola region. The population of western Kazakhstan province – 

Aktobe region – was also characterized by the low median level of 25(OH)D, which was found to be 12.00 

(9.00; 12.00) ng/mL. Eastern part of the country was represented by Pavlodar region, which had the median 

range of 25(OH)D equal to 14 (10.00; 19.00) ng/mL. Such, we revealed significant differences in median ranges 

of 25(OH)D between the study regions (H=85.162; D.f.=5; р<0.001) (Figure 2). 

We found out that low vitamin D status (<20 ng/mL) was more common among females (647 – 79.0 %) 

as compared to males (296 –56.1 %) (χ2=80.447; D.f.=1; p=<0.001). Asians, who constitute the bulk of 

Kazakhstani population have significantly higher rates of VDD equal to 77.9 % (827 individuals) as compared to 

Caucasians, who had lower rates of VDD (40.4 % – 115 individuals) (χ2=151.154; D.f.=1; p=<0.001). The most 

affected by VDD was the group aged between 40 and 59 years, in which the proportion of individuals with 

normal range of serum 25(OH)D was as low as 5.6 %. The most favorable situation was observed in the age 

group of 60 years and over, where 25(OH)D concentrations were normal in 14.4 % of individuals (χ2=26.589; 

D.f.=6; p=<0.001). Of interest was the fact that the proportion of individuals with VDD among those who had 

body mass index (BMI) < 25.0 was almost the same as among those who had BMI => 30.0 and composed 70.7 

% and 70.0 %, respectively (χ2=3.360; D.f.=2; p=0.186). Also, we failed to find any difference in 25(OH)D 

concentrations between representatives of different income groups (χ2=0.130; D.f.=1; p=0.719) (Table 2). 

Most people in our study (42.4 %) had vitamin D status in the range from 10 to 20 ng/mL and nearly 

one third (27.5 %) of them had serum 25(OH)D concentrations below 10 ng/mL. Females had deficient vitamin 

D status (<10 ng/mL) two times more often than males. Similarly, males had sufficient serum 25(OH)D 
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concentrations (20-30 ng/mL) 2.5 times more frequently than females. There was no much variation in serum 

25(OH)D concentrations across different age groups at the cut-offs of <10 ng/mL and of 10-20 ng/mL. Still, the 

proportion of individuals having 25(OH)D concentrations in the range from 20 to 30 ng/mL were almost two 

times smaller in the older age group (=> 60 years). Surprisingly, the same age group had 2 times more often 

serum 25(OH)D concentrations above 30 ng/mL (Table 3). 
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Table 2: Characteristics of vitamin D status in adult Kazakhstani population (n=1347) 

Variables Status of 25(OH)D in serum Test of difference 

=> 20 ng/mL <20 ng/mL χ2 D.f. p 

N % N % 

Sex        

Female 172 21.0 % 647 79.0 % 80.447 1 <0.001 

Male 232 43.9 % 296 56.1 %    

Ethnicity        

Caucasian (Russian) 170 59.6 % 115 40.4 % 151.154 1 <0.001 

Asian (Kazakh) 234 22.1 % 827 77.9 %    

Age group, years        

18-39 186 31.6 % 403 68.4 % 1.812 2 0.404 

40-59 168 29.5 % 402 70.5 %    

=> 60 50 26.6 % 138 73.4 %    

BMI group        

< 25.0 177 29.3 % 427 70.7 % 3.360 2 0.186 

25.0-29.9 156 32.8 % 320 67.2 %    

 => 30.0 404 30.0 % 943 70.0 %    

Monthly income*        

Salary above the median 

range 

104 30.8 % 234 69.2 % 0.130 1 0.719 

Salary below the median 

range 

300 29.7 % 709 70.3 %    

*According to the 2017 report of the national Committee on Statistics, the median salary in Kazakhstan 

constituted 83,000 Tenge, which was equivalent to 254.6 USD [19] 

 

Table 3. Different status of vitamin D in adult Kazakhstani population by sex and age (n=1347) 

 Status of 25(OH)D in serum 

< 10 ng/ml 10-20 ng/ml 20-30 ng/ml > 30 ng/ml 

N % N %  N %  N %  

Sex 

 

Female 283 34.6 363 44.3 105 12.8 68 8.3 

Male 88 16.7 208 39.4 184 34.8 48 9.1 

Age group, years 

18-39  157 26.7 245 41.6 130 22.1 57 9.7 

40-59  151 26.5 251 44.0 136 23.9 32 5.6 

=> 60 63 33.5 75 39.9 23 12.2 27 14.4 

Total population 371 27.5 571 42.4 289 21.5 116 8.6 

 

Discussion 
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This study aimed at evaluation of VDD rates amongst adults residing in different regions of the 

Republic of Kazakhstan representing different geographical areas and at identification of the possible 

contributing factors related to VDD. The major finding of this study was a high rate of VDD as two thirds of 

study participants had serum 25(OH)D concentrations below 20 ng/mL, while not more than 10 % of them had 

optimal levels of serum 25(OH)D defined as 30 ng/mL (75 nmol/L). Female gender, younger age, high BMI and 

residence in provinces further north were the major contributing factors for VDD.  

As various studies on VDD use various assays, a significant variation may occur and up to a quarter of 

the screened population may be regarded as in need of treatment [20]. Notwithstanding that immunoassays have 

been commonly used for testing the serum level of 25(OH)D, tandem mass spectrometry has been recently 

recognized as the gold standard due to its higher precision. Also, it enables separate detection of 25(OH)D2 and 

25(OH)D3 [21]. Besides, the National Institute of Standardization Technology provides standards for the Vitamin 

D Standardization Program and frozen samples from the previous studies are also available for standardization of 

the existing serum 25(OH)D data [22]. All this helps to decrease non-objectivity of the serum 25(OH)D 

measurement between different studies coming from different populations. 

Unfortunately, there is a lack of published evidence from Kazakhstan regarding the magnitude of VDD 

among adults. Nugmanova et al. investigated associations between Vitamin D status and human 

immunodeficiency virus (HIV) viral load. Although this study failed to confirm such relationship, the median 

serum level of 25(OH)D was 24.42 [23]. Algazinа et al. evaluated serum levels of 25(OH)D in patients with skin 

disorders (acne and psoriasis) in comparison with healthy controls on a small sample consisting of 66 

individuals. According to this study, the majority of healthy controls (88.5 %) had normal values of 25(OH)D (≥ 

30 ng/mL), while 40 % of dermatology patients had vitamin D insufficiency and 35 % were deficient or had 

serum 25(OH)D below 20 ng/mL [24]. A number of studies evaluated the rate of arterial hypertension [25, 26] 

and depression [27, 28] in residents of central and eastern provinces located at higher latitudes as compared to 

Southern provinces. Although the status of Vitamin D was not assessed as a part of these surveys, one might 

hypothesize that increased rates of arterial hypertension and depression maybe partly attributed to low serum 

levels of 25(OH)D. 

Low exposure to sun rays is considered to be the major cause of VDD. In Kazakhstan the sunshine 

duration is 2,200 to 3,000 hours per year, which is comparable with that in the USA, India, China, Mongolia, 

most of the territory of Australia and South Africa [29]. Southern and central provinces of Kazakhstan get 1300 

– 1800 kWh per square meter of solar radiation per year, while eastern, western and northern provinces have 

around 1000 – 15000 kWh per square meter per year [30]. However, to interpreter these findings accurately, it is 

important to consider the duration of frost-free season in Kazakhstan, which lasts 140-170 days per year in 

southern provinces and 90-100 days per year in the rest of the country. With the average annual air temperature 

ranging between +2.40 C in northern provinces and +13.50 C in southern provinces, people have to cover their 

bodies most of the year, leaving only faces exposed to sun [31]. Because sun-avoiding behavior has become 

extensively popular in Kazakhstan, the obtaining of sufficient exposure to sunlight to enable adequate production 

of vitamin D3 is even more problematic. 

Consumption of oily fish, in particular salmon or herring and cod liver oil serve as major dietary 

sources of vitamin D. Still, very few traditional cuisines in the world are able to maintain the sufficient vitamin 

D intake [32]. In Kazakhstan the bulk of traditional diet consists of meat, flour and dairy products, with very 

little addition of non-oily fish. While there is a high awareness of the problems associated with VDD in young 

children and pediatricians commonly recommend the intake of fish oil or vitamin D supplements in children 
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until the age of 3 years, certain categories of disadvantaged children continue to suffer from VDD [33]. Although 

food fortification with Vitamin D is not practiced, addition of 25(OH)D3 into commercial bird feeds is common 

at the poultry farms that helps to increase the muscle content of 25(OH)D3 in chicken [6]. 

It might prove to be useful to compare the data of the present study with standardized surveillance data 

from other international locations. Such, the weighted percentage of serum 25(OH)D concentrations below 20 

ng/mL in the entire USA population during the summer months was 17 %, while that during the winter months 

was 35 %. At the same time, the weighted percentage of serum 25(OH)D concentrations below 30 ng/mL was 

seen in 57 % of the USA population during the summer months as compared to 75 % during the winter months 

[34]. According to Canadian Health Measures survey, just one third (32 %) of Canadians had 25(OH)D 

concentrations below 20 ng/mL, and during adulthood this proportion was the lowest (25 %) among individuals 

aged 60 to 79 years, which corresponds with the findings of our study [35]. As for the European Union countries, 

there is a significant variation in prevalence of VDD, which appeared to be dependent on the country latitude. 

Thus, 25(OH)D concentrations below 10 ng/mL were less prevalent in the more northerly latitude countries such 

as Iceland (7.0 % of adult population) as compared with the more mid-latitude countries such as the United 

Kingdom (21.8 % of adult population) [36]. The most likely explanation to this phenomenon is that more 

northerly latitude countries use Vitamin D supplementation and/or fortification more commonly. In central and 

eastern European countries such as Poland, 65.8 % of adults have 25(OH)D levels of less than 20 ng/ml, while 

89.9 % of the country population have 25(OH)D levels of less than 30 ng/ml. Similar to our findings, obesity and 

younger age were associated with lower 25(OH)D concentrations [37].  

Certainly, our study is not fully representative of the whole republic, due to the limited data collection 

in rural regions. In fact, our study can be declared as a pilot. The foundation of this work may be the first step for 

implementation of the large-scale epidemiological studies targeted on assessment of nutrient status in 

Kazakhstani population and on prevalence evaluation of such important health problems as vitamin D deficiency 

and iron-deficiency anemia [38]. However, a major drawback of this study is that sample collection proceeded 

during the summer months only and that this potentially presents an overly positive slant on the status values 

shown. 

Conclusion 

High prevalence of VDD remains an important problem in countries of northern hemisphere especially 

in winter months. The most predisposed population groups are elderlies, pregnant and postmenopausal women, 

obese children, people with increased skin pigmentation, and individuals avoiding direct exposure to sunlight. 

According to the study findings, there was a remarkably high rate of VDD as two thirds of study participants had 

serum 25(OH)D concentrations below 20 ng/mL, which is internationally recognized as an optimal level for 

healthy population. Based on the fact that blood samples were collected exclusively during the summer months, 

the magnitude of this problem is likely to be even greater. Females, individuals of younger age or those having 

high BMI were found to have higher rates of VDD. Thus, the studies on prevalence of VDD present an important 

public health task for medical professionals of the Kazakhstan Republic. Further research is needed to 

understand the epidemiology of VDD in more details in order to tailor intervention programs successfully. 
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Figure 1. The Kazakhstan administrative map with shares of participants enrolled in the study (n=1347) 
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Figure 2. The median of 25(OH)D concentration in the study regions, Kazakhstan, (dash line is the lowest range 

of normal concentration = 20 ng/mL) 
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