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Abstract: Background and Objectives: Kazakhstan’s unique geographic, dietary, and cultural
factors contribute to the widespread occurrence of vitamin D deficiency across the entire
country population, particularly among children. This study aims to assess the mean
prevalence of vitamin D deficiency in children in Kazakhstan and determine whether it
differs between healthy and non-healthy children, as well as between infants and older
age groups. Materials and Methods: A comprehensive literature search was performed
across five databases by two researchers. Studies were eligible if they were observational
and provided the number of children with serum 25-hydroxyvitamin D levels below
20 ng/mL out of the total number of children assessed in Kazakhstan. Results: Eleven
studies were included in the analysis, assessing 1396 children, of whom 714 had the
outcome of interest. The pooled mean estimate of vitamin D deficiency among children was
56% (95% CI, 46–65%), with particularly concerning rates among infants at 65% (95% CI,
44–82%). No substantial differences were observed between healthy and non-healthy
children. Conclusions: The prevalence of vitamin D deficiency among children is alarmingly
high. These results highlight the urgent necessity of tackling vitamin D deficiency as a
public health priority. Incorporating vitamin D deficiency prevention into Kazakhstan’s
national healthcare program is vital for improving child health outcomes and reducing the
long-term burden of associated complications.

Keywords: vitamin D; vitamin D deficiency; children; infants; prevalence; Kazakhstan;
national program; systematic review; meta-analysis

1. Introduction
Vitamin D plays a critical role in the growth and development of children, influencing

skeletal health, immune function, and overall well-being [1]. Sufficient vitamin D levels are
crucial for the absorption of calcium and the process of bone mineralization [2,3]. The most
common impacts of vitamin D deficiency (VDD) involve bone and musculoskeletal health,
leading to rickets in children and osteomalacia in adults. Beyond bone health, VDD has been
associated with several health complications in pregnant women, including pre-eclampsia,
pregnancy-induced diabetes, premature birth, and postpartum mood disorder [4]. In
infants and children, it is linked to low birth weight, reduced bone density, respiratory
tract infections, and worsening asthma symptoms [5,6]. VDD in infants and children is also
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linked to increased autoimmunity and allergies [7]. Given the vulnerability of children to
VDD due to their physiological growth demands, understanding its prevalence is vital for
developing effective prevention and management strategies.

Kazakhstan’s unique geographical, dietary, and cultural characteristics may contribute
significantly to VDD among its population, particularly children [8–10]. The country’s vast
territory experiences long winters and limited sunlight exposure during the colder months,
which restricts the synthesis of vitamin D through the skin. Additionally, traditional dietary
patterns in Kazakhstan often lack sufficient vitamin D intake sources, such as high-fat
fish, and dairy products with added nutrients [11,12]. Cultural norms, including modest
clothing styles in some communities, may further limit sun exposure, exacerbating the
risk of deficiency [13]. A systematic review of VDD among adults in Kazakhstan reported
alarmingly high rates of 57% [14]. These combined factors may contribute to the high
prevalence of VDD, especially among vulnerable groups like infants and children.

Despite these known risk factors, there is a notable lack of comprehensive data on
VDD among children in Kazakhstan. While several studies have examined vitamin D levels
in the Kazakhstani population, data specific to children remain scarce and not systemic.
Furthermore, no specific guidelines exist for the prevention and treatment of VDD in
children in Kazakhstan, aside from those addressing rickets [15]. This gap in research and
evidence is concerning, given the critical developmental window during childhood and
the potential long-term health consequences of deficiency. Previous studies conducted in
other countries have demonstrated the prevalence and determinants of VDD, but similar
data specific to Kazakhstan’s unique context is insufficiently explored [16–18]. This lack of
evidence hinders the formulation of targeted public health interventions and policies.

Addressing this research gap is imperative to guide public health initiatives in Kaza-
khstan. The aim of this study is to evaluate the mean prevalence of VDD among children
in Kazakhstan and examine whether it differs between healthy and non-healthy children,
as well as between infants and older children.

2. Materials and Methods
2.1. Search Strategy Framework

An initial search of the PROSPERO international database for registered studies
on similar topics identified a review protocol focusing on the mean vitamin D levels in
Kazakhstan and another protocol examining VDD levels specifically among adults in Kaza-
khstan [19,20]. To assess the mean prevalence of VDD among children in Kazakhstan, this
systematic review protocol was registered in the PROSPERO international database (PROS-
PERO ID: CRD42025635124). Subsequently, a comprehensive search was conducted across
five databases: PubMed, ScienceDirect, Scopus, Web of Science, and Google Scholar. The
search strategy employed the keywords “vitamin D” AND “Kazakhstan”. No restrictions
were applied regarding publication year, but the search was limited to studies published in
English and Russian, focusing on humans. The search was performed between 1 November
2024 and 31 December 2024. Additional filters were applied, including the selection of
research articles and the exclusion of other types of publications. In Google Scholar, the
search was restricted to titles only.

2.2. Inclusion and Exclusion Criteria of Studies and Data Extraction

To determine the eligibility of the retrieved articles, pre-specified inclusion and exclu-
sion criteria were applied, guided by the PICOS framework [21]. Population (P): Studies
focusing on children aged 0 to 18 years in Kazakhstan. Intervention/Exposure (I): Serum
25-hydroxyvitamin D (25(OH)D) levels were measured to determine vitamin D status,
with vitamin D deficiency (VDD) defined as a serum 25(OH)D level below 20 ng/mL.
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Comparison (C): Studies focusing on healthy children or children with acute or chronic
conditions. A secondary comparison was made based on different age groups. Outcomes
(O): Studies reporting the prevalence or number of children with VDD, along with data on
the total number of children assessed. Study Design (S): Observational studies, including
cohort studies with cross-sectional data, cross-sectional studies, and case–control studies
published in English or Russian. The exclusion criteria included studies that focused
exclusively on children with VDD or those that included a matched number of vitamin
D-deficient and non-deficient children; studies reporting only the mean serum 25(OH)D
levels without additional relevant data; studies with duplicate results already included
in the analysis; studies examining the adult population in Kazakhstan; reviews, confer-
ence proceedings, abstracts, case reports, editorials, and commentaries; and studies using
different cut-off values to define VDD.

The review and synthesis of the literature were carried out in accordance with the
Preferred Reporting Items for Systematic Reviews and Meta-Analyses (PRISMA) guide-
lines [22]. After removing duplicates, two authors autonomously assessed the eligibility
of the studies based on the title and abstract of the search results. Full-text articles that
satisfied the preliminary screening criteria were then evaluated against the established
eligibility criteria for data extraction. Data extracted from the chosen studies included
the last name of the first author, publication year, study city or district, characteristics of
the study population (e.g., specific condition or healthy controls), sample size, number
of boys, age in years or in months, 25(OH)D levels in blood if provided, 25(OH)D level
assessment method, and the number of children diagnosed with VDD. The data extraction
process was conducted autonomously by two researchers responsible for data extraction,
and any disagreements were clarified through consultation with a third author to achieve
consensus. This collaborative approach ensured accuracy and consistency in study selection
and data extraction.

2.3. Risk of Bias Assessment

The risk of bias assessment was carried out using the Newcastle–Ottawa Scale (NOS),
which is specifically designed for case–control studies, as well as its revised form for cross-
sectional studies [23]. This scale evaluated each study based on eight criteria across three
domains: selection, assessed with four criteria; comparability, assessed with one criterion;
and exposure, assessed with three criteria. The adapted version for cross-sectional studies
evaluated each study based on six criteria divided into three main domains: selection,
assessed with three criteria; comparability, assessed with one criterion; and exposure,
assessed with two criteria. Each criterion was given a score of up to one point, with the
comparability criterion capable of earning two points. The overall score ranged from
0 to 9 for case–control studies and from 0 to 7 for cross-sectional studies, with higher
scores indicating better study quality. Two authors (IK and GB) independently assessed
the quality of the included studies, and a third author (NU) calculated the inter-rater
agreement between them. Case–control studies that achieved a score of seven or higher,
and cross-sectional studies with five points or more, were included in the review.

2.4. Statistical Strategy for Data Synthesis

The RStudio software (version 2024.12.0), along with the ‘metafor’ and ‘meta’ pack-
ages, was utilized to determine the pooled mean prevalence of VDD among children in
Kazakhstan. This was performed employing a random-effects model for prevalence meta-
analysis, with 95% confidence intervals [24,25]. Forest plots were produced to visually
represent the pooled analysis results. A meta-regression analysis based on the year of pub-
lication and the number of boys in the study was applied to assess heterogeneity. To further
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explore the sources of heterogeneity, an influence analysis and leave-one-out analysis were
performed [25]. The study’s generalizability was examined through a publication bias
assessment, which involved visually inspecting a drapery plot and conducting statistical
analysis with Egger’s test. A subgroup analysis was used to compare healthy children
with those who had health conditions and to analyze differences between infants and older
children [25].

3. Results
3.1. Included Study Characteristics

The applied search strategy resulted in 234 articles. After removing 67 duplicates,
167 non-duplicative search results were initially screened, and 124 titles were deemed
ineligible for full-text review. Out of 43 remaining articles, 42 articles underwent full-text
review, as one article’s full text was not available. Upon full assessment, eleven studies met
the inclusion criteria. Seven studies focused on adults, five studies were reviews, and five
were excluded for other reasons. Seven studies were excluded because they either included
only children with VDD or included a matched number of vitamin D-deficient children
and non-deficient children [26–32]. Additionally, four studies presented the same results as
studies already included in the review [33–36]. In three of the excluded studies, VDD was
defined as serum 25(OH)D levels below 30 ng/mL or below 25 ng/mL [37–39]. Figure 1
displays the PRISMA flow diagram [22].
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The selected eleven studies were published between 2020 and 2024. Three studies were
conducted in Aktobe, Karaganda, and Astana, respectively, while one study was conducted
in Almaty and Semey. The methodological designs included five case–control studies,
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five cross-sectional studies, and one cohort study. Among these, three studies focused on
patients with chronic kidney disease, while one study examined cancer patients, recurrent
respiratory infection (RRI) patients, congenital pneumonia cases, diabetic nephropathy,
and patients infected with Helicobacter pylori (H. pylori). Additionally, five studies included
healthy patient groups. Three of the included studies focused exclusively on infants, while
the remaining studies examined children across various age groups. In total, 1396 children
were assessed across the eleven studies. Of these, 714 children were found to have serum
25(OH)D levels below 20 ng/mL, classifying them as vitamin D deficient. In seven out of
eleven studies, the method for serum 25(OH)D level assessment was not provided. Further
details regarding the selected and analyzed articles are presented in Table 1.

Table 1. Overview of the Included Studies.

First Author,
Year Region Study Design Groups Total Boys

Age
(Mean ± SD) or

Range

25(OH)D
(ng/mL)

(Mean ± SD)
25(OH)D

Assessment VDD (%)

Zhumalina,
2019 [40] Aktobe Case–control

Healthy, Kobda (a)
Healthy, Kenkiyak

(b)

52 (a)
80 (b)

n/a
n/a

8–17 years (a)
8–17 years (b)

28 ± 11 (a)
24 ± 12 (b) n/a 14 (27) (a)

26 (33) (b)

Balmukhanova,
2021 [41] Almaty Cross-sectional CKD 73 38 2–18 years Varied-based

CKD stage n/a 35 (48)

Dyussenova,
2021 [42] Karaganda Cross-sectional CKD 40 16 1–17 years n/a ELISA 25 (62)

Zhamankulov,
2021 [43] Astana Cross-sectional RRI 94 53 5.8 ± 3.3 years 31 ± 3 n/a 28 (30)

Nakipov, 2022
[44] Astana

Cross-sectional
data from

cohort

Cancer, control (a)
Cancer, nutritional

intervention (b)
100 (a)
100 (b)

55 (a)
55 (b) 0–17 years 27 ± 12 n/a 60 (60) (a)

67 (67) (b)

Dyussenova,
2023 [45] Karaganda Case–control CKD 90 34 1–17 years n/a n/a 36 (40)

Taiorazova,
2023 [46] Semey Case–control

Healthy (a)
Congenital

pneumonia (b)

152 (a)
76 (b)

67 (a)
44 (b) newborn 21 ± 6 (a)

12 ± 7 (b)

Demeditec
25-OH

Vitamin D
total ELISA

63 (41) (a)
60 (79) (b)

Zeinebekova,
2023 [47] Karaganda Case–control Diabetic

nephropathy 109 n/a 0–17 years n/a n/a 75 (69)

Rysbekov, 2024
[48] Astana Case–control Healthy (a)

H. pylori present (b)
65 (a)
63 (b)

29 (a)
20 (b)

10–14 years (a)
11–15 years (b) n/a n/a 51 (78) (a)

35 (56) (b)

Zhumalina,
2024 [49] Aktobe Cross-sectional Healthy 198 98 6.2 ± 2.4 months n/a LC-MS/MS

methodology 58 (29)

Zhumalina,
2024 [50] Aktobe Cross-sectional

7–12 months (a)
1–6 months (b)
0–28 days (c)

Healthy

32 (a)
27 (b)
45 (c)

7–12 months (a)
1–6 months (b)
0–28 days (c)

34 ± 6 (a)
21 ± 2 (b)
13 ± 5 (c)

ECLIA
19 (59) (a)
23 (85) (b)
39 (87) (c)

Abbreviations: 25(OH)D—25-hydroxyvitamin D; CKD—chronic kidney disease; ECLIA—electrochemiluminescent
immunoassay; H—healthy; H. pylori—Helicobacter pylori; LC-MS/MS—Liquid Chromatography–Tandem Mass
Spectrometry; n/a—not available; RRI—recurrent respiratory infection; SD—standard deviation; VDD—vitamin
D deficient.

3.2. Meta-Analysis of Vitamin D Deficiency Prevalence

Eleven studies, with seventeen groups, presented data on the prevalence of VDD
among children in Kazakhstan. Analysis of five studies with eight groups shows that the
pooled mean estimate of VDD in healthy children was 55% (95% CI, 39–71%), with high
heterogeneity: I2 = 92%, Q (df = 7) = 92, p < 0.01. Analysis of eight studies with nine groups
shows that the pooled mean estimate of VDD in children with health conditions was 57%
(95% CI, 46–67%), with high heterogeneity: I2 = 87%, Q (df = 8) = 63, p < 0.01 (Figure 2a).

Additionally, an analysis of eight studies with eleven groups shows that the pooled
mean estimate of VDD in children of various ages was 52% (95% CI, 41–62%), with high
heterogeneity: I2 = 89%, Q (df = 10) = 88, p < 0.01. Analysis of three studies with six groups
shows that the pooled mean estimate of VDD in infants was 65% (95% CI, 44–82%), with
high heterogeneity: I2 = 94%, Q (df = 5) = 86, p < 0.01. The total pooled mean estimate of
VDD in children was 56% (95% CI, 46–65%), I2 = 91%, Q (df = 16) = 177, p < 0.01 (Figure 2b).
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(a) [40]—environmentally friendly region; Zhumalina, 2019 (b) [40]—oil and gas producing re-
gion; Nakipov, 2022 (a) [44]—children with oncology, no nutritional support; Nakipov, 2022
(b) [44]—children with oncology, with nutritional support; Taiorazova, 2023 (a) [46]—healthy; Taio-
razova, 2023 (b) [46]—diabetic nephropathy; Rysbekov, 2024 (a) [48]—children with no H. Pylori;
Rysbekov, 2024 (b) [48]—children with H. Pylori; Zhumalina, 2024 (a) [50]—7–12 months; Zhumalina,
2024 (b) [50]—1–6 months; Zhumalina, 2024 (c) [50]—0–28 days.

A meta-regression analysis demonstrated a significant positive association between
publication year and the pooled mean estimate of VDD. Specifically, more recent studies
reported a higher prevalence of VDD, a finding that was statistically significant (p < 0.01)
(Figure 3a). A second meta-regression analysis explored the influence of gender on the
pooled estimate of VDD. This analysis suggested that an increase in the proportion of
male participants was associated with a decrease in the pooled mean prevalence of VDD.
However, this relationship was not statistically significant (p = 0.07) (Figure 3b).
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Figure 3. Meta-Regression Analysis of the Pooled Mean VDD Estimate in Children: (a) by Year of
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An influence analysis and leave-one-out analysis did not identify any studies that
significantly impacted the pooled estimate of the prevalence of VDD among children in
Kazakhstan (Figure 4a,b).
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Figure 5. Drapery Plot of the Publication Bias Assessment.

3.3. Evaluation of Risk of Bias

The results of the risk of bias evaluation are outlined in Table 2, separately for case–
control and cross-sectional studies, according to the NOS. All the included case–control
studies achieved a NOS score of 7 or higher out of a possible 8, while all cross-sectional
studies obtained a minimum score of 5 out of 7. These scores indicate that the included
studies were of high quality with a low risk of bias. Consequently, they were included in
the present systematic review and meta-analysis.

Table 2. Newcastle–Ottawa Scale Results for Risk of Bias Assessment.

First Author, Year Selection Comparability Exposure Total

Study design: Case–control

Zhumalina, 2019 [40] 3 1 3 7

Dyussenova, 2023 [45] 3 1 3 7

Taiorazova, 2023 [46] 4 1 3 8

Zeinebekova, 2023 [47] 4 1 3 8

Rysbekov, 2024 [48] 3 1 3 7

Study design: Cross-sectional

Balmukhanova, 2021 [41] 3 1 2 6

Dyussenova, 2021 [42] 3 1 2 6

Zhamankulov, 2021 [43] 2 1 2 5

Nakipov, 2022 [44] 2 1 2 5

Zhumalina, 2024 [49] 3 1 2 6

Zhumalina, 2024 [50] 2 1 2 5
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4. Discussion
4.1. Main Findings of the Present Study and Their Practical Implications

This systematic review and meta-analysis sought to evaluate the prevalence of VDD,
defined as a serum 25(OH)D level below 20 ng/mL, among children in Kazakhstan. The
findings reveal an alarmingly high prevalence, with the total pooled mean estimate of
VDD in children in Kazakhstan at 56% (95% CI, 46–65%). Notably, the prevalence did
not significantly differ based on health status; VDD rates were nearly identical among
healthy and non-healthy children, at 55% (95% CI, 39–71%) and 57% (95% CI, 46–67%),
respectively. However, age emerged as a critical determinant of VDD. Infants demonstrated
a substantially higher prevalence, with almost two-thirds being vitamin D deficient at 65%
(95% CI, 44–82%) compared to children of various older age groups, where the prevalence
was 52% (95% CI, 41–62%).

These findings are consistent with trends observed in the global literature. For instance,
a recent meta-analysis on VDD among healthy children in Iran, using the same deficiency
threshold, reported a prevalence of 31% (95% CI, 30–31%), markedly lower than that ob-
served in Kazakhstan [16]. By contrast, a meta-analysis examining VDD among neonates in
Turkey revealed even higher rates of 87% (95% CI, 70–95%) [18]. Similarly, a meta-analysis
conducted in Africa, utilizing a higher cutoff for deficiency (serum 25(OH)D level below
30 ng/mL), reported a prevalence of 64% (95% CI, 9–100%) among newborns [17]. Impor-
tantly, these studies underscore the significant correlation between maternal and neonatal
vitamin D levels, a finding corroborated by our prior meta-analysis on adults in Kazakhstan,
which reported a similarly high prevalence of VDD (57%; 95% CI, 45–69%) [14]. These
consistent patterns highlight the widespread nature of VDD across different demographic
groups and emphasize the need for targeted interventions.

The high prevalence of VDD, particularly among infants, underscores the urgent
need for targeted interventions to address this public health challenge in Kazakhstan.
While the national healthcare development program outlines a comprehensive strategy to
prevent and manage non-communicable diseases by addressing key risk factors such as
hypertension, obesity, diabetes, and unhealthy lifestyle behaviors, the omission of VDD
prevention is a significant gap [51]. Given the critical role of vitamin D in bone health,
immune function, and overall well-being, particularly for children and pregnant women,
this omission warrants immediate attention [2,3]. Moreover, recent evidence links VDD
to an increased risk of respiratory tract infections, impaired growth, and poor dental
health in children, emphasizing the broader health implications of the deficiency [52–54].
Furthermore, emerging evidence highlights the broader implications of maternal VDD,
including its impact on neurocognitive development in offspring. For example, Melough
et al. (2020) demonstrated that maternal plasma 25(OH)D levels during gestation are
positively associated with neurocognitive development in children, underscoring the
importance of addressing VDD in pregnant women to mitigate long-term developmental
risks [55].

To address this gap, Kazakhstan should integrate strategies for the prevention and
management of VDD into its national healthcare development program. Successful exam-
ples from other countries provide actionable models. Finland, for instance, implemented
mandatory food fortification policies that significantly reduced population-level VDD [56].
In Poland, updated guidelines on the prevention and treatment of VDD emphasize daily
supplementation of cholecalciferol for high-risk populations and provide recommendations
for sun exposure [57]. In the United States, the Office of Dietary Supplements successfully
led the National Vitamin D Initiative from 2004 to 2018, promoting awareness and preven-
tion efforts [58,59]. Additionally, a national supplementation program for vitamin D in Iran
demonstrated efficacy in reducing the prevalence of VDD and highlighted the importance



Medicina 2025, 61, 428 9 of 13

of a prevention-based approach over a treatment-focused one [60–62]. Similarly, Canada
has established robust supplementation programs targeting high-risk populations, such as
infants, pregnant women, and older adults, achieving measurable reductions in deficiency
rates and associated health complications [63,64].

Screening programs for pregnant women should also be prioritized in Kazakhstan,
as maternal vitamin D status directly impacts neonatal and infant outcomes [4,5]. Public
health campaigns promoting awareness of vitamin D’s importance, along with educational
initiatives about adequate sunlight exposure and dietary intake, are essential. Collaborative
efforts between healthcare providers, policymakers, and researchers are necessary to design
evidence-based guidelines that address VDD comprehensively. Such initiatives will not
only improve child health outcomes but also mitigate the long-term burden of health
complications associated with this preventable condition.

4.2. Limitations

First, we were unable to analyze region-specific data or stratify the findings based on
participants’ specific health conditions due to the limited number of studies included in
this analysis. Consequently, the heterogeneity in selected article populations and settings
may have influenced the pooled estimates. Second, limitations inherent in our previous
meta-analysis on adults, such as the absence of analyses accounting for metabolic condi-
tions, the seasonality of vitamin D measurements, and the amount of sun exposure among
participants, also apply to the present meta-analysis [14]. Finally, most studies did not
specify the assay method used to measure serum 25(OH)D. Among those that did, there
was considerable variability in the techniques employed. Differences in reagents, assay sen-
sitivity, and specificity are essential in the interpretation of the accuracy and comparability
of vitamin D measurements [65,66].

To mitigate potential biases and ensure methodological rigor, we adhered to a stan-
dardized protocol throughout the study. We used pre-defined eligibility criteria and a
structured data extraction table to minimize subjectivity during study selection, data extrac-
tion, and interpretation. Furthermore, we followed the PRISMA guidelines for conducting
systematic reviews at every step of the process and transparently reported the methods
used [22]. These measures strengthen the reliability of our findings, despite the inherent
limitations of the available data.

4.3. Future Research Directions

To address the limitations of this study and build a more comprehensive understand-
ing of VDD in Kazakhstan, future research should focus on:

• Investigating the role of metabolic disorders, seasonality, and sun exposure on vitamin
D levels in children of varying ages.

• Assessing the prevalence of maternal VDD in Kazakhstan.
• Evaluating the efficacy of maternal interventions, such as screening and supplementa-

tion, on reducing VDD in newborns.
• Assessing the sensitivity and specificity of assays used

5. Conclusions
This meta-analysis highlights an alarmingly high prevalence of VDD among children

in Kazakhstan at 56% (95% CI, 46–65%), with particularly concerning rates among infants
at 65% (95% CI, 44–82%). These findings align with global evidence and underscore the
critical need to address VDD as a public health priority. Incorporating VDD prevention into
Kazakhstan’s national healthcare program is vital to improving child health outcomes and
reducing the long-term burden of associated complications. A comprehensive upstream
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approach that combines supplementation with broader public health initiatives will be key
to reducing VDD prevalence and protecting future generations.
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