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Abstract
Background
Several studies on the serum level of vitamin D and the percentage of vitamin D deficiency in children with asthma have been conducted in Asia and Africa, but the results have been inconsistent and inconclusive, requiring a systematic review and meta-analysis to assess the strength of the evidence.

Objective
The objective of this review is to synthesize evidence on serum levels of vitamin D and the percentage of vitamin D deficiency among children with asthma in Asia and Africa.

Methods
To identify relevant articles, a comprehensive search was conducted across various databases and repositories such as PubMed, Google Scholar, Hinary, Web of Science, ResearchGate, as well as gray literature sources. The Preferred Reporting Items for Systematic Review and Meta-Analysis (PRISMA) guidelines were followed during the retrieval process. Data extraction was performed following a standardized format based on the JBI (Joanna Briggs Institute) data extraction guidelines. Microsoft Excel was utilized for data extraction, and subsequently, the data was exported to STATA 17 for further analysis. To assess the heterogeneity among the included studies, Cochrane Q-statistics and the I2 tests were employed. Publication bias was assessed using the Egger test and funnel plot.

Result
This meta-analysis investigated 33 articles encompassing a total of 3432 children diagnosed with asthma. The findings demonstrated that in low- or middle-income countries across Africa and Asia, children with asthma had an average serum vitamin D level of 21.9 ng/ml (95% confidence interval [CI]: 18.0–25.9 ng/ml), with 53.7% (95% CI: 40.5–66.9) experiencing vitamin D deficiency. Additionally, when considering the continent, children with asthma in Asia had an average serum vitamin D level of 18.5 ng/ml (95% CI: 13.8–23.3), while those in Africa had a level of 28.7 ng/ml (95% CI: 22.7–34.8). The analysis further explored different sub-group analyses. Depending on the study design, case–control studies yielded an average serum vitamin D level of 20.3 ng/ml (95% CI: 18.2–22.4), whereas cross-sectional studies resulted in 23.8 ng/ml (95% CI: 17.5–30.1). Based on publication year, studies published on or before 2015 had an average serum level of 21.0 ng/ml (95% CI: 18.0–24.0), while those published after 2015 had a level of 22.4 ng/ml (95% CI: 17.2–27.7). Moreover, when considering sample size, studies with 100 participants or less had an average serum level of 21.7 ng/ml (95% CI: 17.3–26.1), while studies with more than 100 participants had a level of 22.1 ng/ml (95% CI: 18.6–25.6).

Conclusion
Children with asthma in Asia and Africa were found to have low serum levels of vitamin D and a high percentage of vitamin D deficiency. This highlights the importance of early detection and monitoring of vitamin D levels in these children to prevent potential complications associated with vitamin D deficiency. Taking proactive measures to address and manage vitamin D deficiency is crucial for the well-being of children with asthma in these regions.
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	Text box 1. Contributions to the literature

	• This systematic review and meta-analysis critically examine existing literature on vitamin D levels and the prevalence of deficiency among children with asthma in Asia and Africa, contributing to our understanding of how vitamin D deficiency impacts this specific population globally.

	• Through identifying geographical variations in vitamin D deficiency among children with asthma in Asia and Africa, this research expands our knowledge and facilitates the implementation of targeted public health strategies and interventions aimed at optimizing vitamin D status and improving asthma management in these specific regions.

	• Through identifying geographical variations in vitamin D deficiency among children with asthma in Asia and Africa, this research expands our knowledge and facilitates the implementation of targeted public health strategies and interventions aimed at optimizing vitamin D status and improving asthma management in these specific regions.

	• By contextualizing the study's findings within the broader body of research on vitamin D deficiency and asthma, this research underscores the significance of considering vitamin D status as a modifiable factor in the prevention and management of asthma among children in Asia and Africa. These insights contribute to ongoing efforts to enhance respiratory health outcomes in these regions.




Introduction
Asthma, a prevalent chronic lung disease in children and adults [1, 2], causes symptoms like coughing, wheezing, and breathing difficulties due to narrowed airways [1, 3]. The risk factors for asthma include having a family history, respiratory infections, exposure to air pollution, smoking, allergies, and weather condition [1, 3, 4]. Children with asthma commonly experience sleep problems, recurrent respiratory infections, fatigue, learning disabilities, and growth retardation [2, 5, 6]. If left untreated or poorly managed, childhood asthma can lead to complications such as obstructive sleep apnea, anxiety, pneumonia, and even respiratory failure [6–8].
Asthma is a significant global health issue, with a considerable number of deaths and a high prevalence of affected individuals. In 2019, asthma was responsible for 455,000 deaths, impacting an estimated 262 million people [1]. Particularly in Africa, there has been a substantial increase in the number of children with asthma between 1990 and 2010, there were 34.1 million and 49.7 million more children with asthma in Africa [9], and asthma is also becoming more prevalent in Asia [10].
Vitamin D has been increasingly associated with the development and management of asthma. It plays a role in activating specific immune cells that regulate the severity and frequency of asthma attacks [11–13]. Additionally, higher vitamin D levels have been linked to reduced inflammation markers and improved control of asthma symptoms [12, 14, 15]. However, many children with asthma have low levels of vitamin D, which may lead to more frequent asthma attacks and increased reliance on medications [14, 16]. The normal vitamin D level for children is considered to be equal to or greater than 50 nmol/L [17], but most children with asthma have been found to have levels below 20 ng/ml [14, 18, 19]. These levels are categorized as insufficient (20 to 30 ng/ml) or deficient (< 20 ng/ml) according to reference laboratories [20, 21].
Asthma and vitamin D deficiency often coexist and can have a reciprocal negative impact on each other [12, 16]. Children with asthma are more likely to have vitamin D insufficiency or deficiency, which is associated with increased asthma symptoms, exacerbations, decreased lung function, higher medication use, and more severe disease [22, 23]. The prevalence of vitamin D deficiency in children with asthma varies widely, ranging from 28.5% to 90.6% [24, 25], with mean values ranging from 9.0 ng/ml to 68.6 ng/ml [26, 27].
While several studies have explored the relationship between vitamin D levels and asthma in children from Africa and Asia, the findings have been inconsistent and inconclusive. Hence, the scope of this study is to conduct a systematic review and meta-analysis focused on examining the serum levels of vitamin D and the percentage of vitamin D deficiency among children with asthma specifically in the Asian and African continents. The study aims to synthesize and analyze existing evidence from relevant studies conducted in these regions to provide a comprehensive understanding of the relationship between vitamin D status and asthma in children. Additionally, the study seeks to explore potential variations across different populations and evaluate the impact of vitamin D levels on asthma outcomes among children in Asia and Africa.

Methods
Design and search strategy
Review question
This systematic review and meta-analysis aimed to answer two main questions: What are the vitamin D serum levels among children with asthma in Africa and Asia? and what is the prevalence of vitamin D deficiency among children with asthma in Africa and Asia?

Reporting
The review protocol has been sent to the PROSPERO database for registration with ID 422317. The systematic review and meta-analysis were reported using the Preferred Reporting Items for Systematic Reviews and Meta-Analyses (PRISMA) [28] statement guideline to determine the serum level of vitamin D and percentage of vitamin D deficiency among children with asthma in African. A systematic search was conducted across various international databases, such as PubMed, Google Scholar, Hinary, Web of Science, ResearchGate, as well as gray literature sources (Table 1).
Table 1The Search strategy of the serum level of vitamin D and the percentage of vitamin D deficiency among children with asthma in Asia and Africa


	#1
	("serum level of vitamin D" OR "vitamin D levels" OR "vitamin D concentration" OR "vitamin D percentage" OR "vitamin D prevalence" OR "vitamin D magnitude" OR "vitamin D epidemiology OR "vitamin D deficiency)

	#2
	("children” OR " Kids” OR " infant” OR " adolescents")

	#3
	(Africa" OR Low-income countries " OR "Developing nations " OR " Resource-constrained settings " OR "economically disadvantaged countries " OR " Asia)

	#4
	Search #1 AND #2 AND #3 not animal studies

	#5
	Search links: https://​pubmed.​ncbi.​nlm.​nih.​gov/​?​term=​%28%22serum+level+of​+vitamin+D%22+OR+%22vitamin+D+leve​ls%22+OR+%22vitamin+D+conc​entration%22+OR+%22vitamin+D+perc​entage%22+OR+%22vitamin+D+prev​alence%22+OR+%22vitamin+D+magn​itude%22+OR+%22vitamin+D+epid​emiology+OR+%22vitamin+D+defi​ciency%29+AND+%28%22children%E2%80%9D+OR+%22+Kids%E2%80%9D+OR+%22+infant%E2%80%9D+OR+%22+adolescents%22%29+AND+%28Africa%22+OR+Low-income+countries​+%22+OR+%22Developing+nat​ions+%22+OR+%22+Resource-constrained+sett​ings+%22+OR+%22economically+d​isadvantaged+cou​ntries+%22+OR+%22+Asia%29







Characteristics of the included articles
Eligibility criteria
Inclusion criteria
Study area
Studies conducted on the Asia and African.

Publication conditions
Articles published in peer-reviewed journals and articles available on the university website.

Study design
All observational study designs (cross-sectional and case–control) reporting the serum level of vitamin D and/or percentage of vitamin D deficiency among children with asthma in Asia and Africa countries were considered.

Outcome of interests
Studies reported data on the serum level of vitamin D and percentage of vitamin D deficiency among children with asthma in Asia and/or Africa were considered in the Population, Exposure, Comparison, and Outcome (PICO) format.

Language
Articles reported in the English language were considered.



Exclusion criteria
Articles, which were not fully accessed, were excluded because of inability to assess the quality of articles in the absence of full text and to estimate the outcome variable. Moreover, case reports, case series, and studies not differentiating asthma children from other respiratory disorders were excluded from the study.

Outcome measurement among children with asthma
This systematic review has two main outcome variables. The primary outcome variable of this study is a percentage of vitamin D deficiency. The percentage of vitamin D deficiency was calculated from each primary study by dividing the number of vitamin D deficiency with asthma by the total number of children with asthma multiplied by 100 [29, 30]. The second outcome was to determine the serum level of vitamin D [30, 31]. According to the criteria established in this study, children are defined as individuals who are younger than 18 years of age.

Data extraction
All titles and abstracts were exhaustively screened through using a standardized JBI data extraction format to extract all potentially relevant data. The primary author, continent/country, year publication, study area, study design, sample size, and serum level of vitamin D with 95% confidence intervals or with the standard deviation score of each study were included in the data extraction format.
Further information and differences of opinion were settled by discussion and agreement at the time of data abstraction.
The retrieved studies were exported to the citation manager (Zotero) and then duplicate articles were excluded. Disagreements were discussed during a consensus meeting with other reviewers for the final selection of studies to be included in the systematic review and meta-analysis.

Quality assessment
The Joanna Briggs Institute Critical Appraisal tool for use in JBI Systematic Reviews (JBI-MAStARI) was used to assess the trustworthiness, relevance, and results of published papers [32]. The tool compromises eight main standards for evaluating each primary study critically. As a result, primary studies that had a score of 50% or higher were included in the systematic review and meta-analysis study.

Statistical analysis
The extracted data were edited, cleaned, and checked for completeness in a Microsoft Excel sheet, and then exported into STATA 17 for further analysis. Pooled overall serum level of vitamin D and percentage of vitamin D deficiency among children with asthma were estimated through a random effect meta-analysis model. Cochrane Q-statistics and the I2 test's p-values were used to assess the heterogeneity of reported serum levels of vitamin D and the percentage of vitamin D deficiency among studies [33, 34].
The publication bias was estimated through the Egger test and funnel plots [35] and sensitivity analysis was piloted to examine the effect of a single study on the overall estimation. Moreover, subgroup analysis was performed by the study continent, study design, sample size, and year of publication.


Results
Out of the initial pool of 1750 studies, after removing duplicates, 577 studies remained. Among these, 434 studies were excluded based on the assessment of their titles, abstracts, and study nature (such as case reports and qualitative studies). After this exclusion, 143 full-text articles were assessed, and 110 of them were further excluded as they did not report the outcome variable of interest. finally, a total of 33 studies with full-text articles were included in the review. These studies involved a combined sample size of 3,432 participants. The studies were conducted in 12 different countries across Africa and Asia, including Egypt, Turkey, Nigeria, Iran, China, India, South Korea, Tunisia, Israel, Iraq, Thailand, and Qatar. (Fig. S1).
Characteristics of the included articles
A total of 3,432 asthmatic children from 12 countries in Asia and Africa were included in the 33 studies comprising this meta-analysis, published between 2011 and 2022.
From a total of 33 studies, 12 studies were reported from Egypt [36–41], and Turkey [25, 42–46]. Additionally, 15 were reported from Nigeria [27, 47–49], Iran [20, 50–52], China [21, 53–55], and India [26, 56, 57]. Furthermore, 6 studies were reported from South Korea [58], Tunisia [59], Israel [60], Iraq [61], Thailand [62], and Qatar [63].
From the total of 33 studies, 16 studies were cross sectional [25–27, 39, 40, 44–47, 49, 50, 52, 58, 60–62], and 17 were case–control studies [20, 21, 37, 38, 41–43, 48, 51, 53–57, 59, 63, 64].
All of the studies included in this review were observational stuies, with a sample size ranging from 36 participants reported from a study in Egypt [64], and 483 from Qatar [63].
Of the 33 studies, 27 studies described both the serum level of vitamin D and the percentage of vitamin D deficiency, whereas, 6 studies only reported the serum level of vitamin D in children with asthma in Africa and Asia continents (Table 2).
Table 2The serum level of vitamin D and percentage of vitamin D deficiency distribution among children with asthma in Asia and Africa


	First Author/year
	Country
	Continent
	Study Design
	Sample size
	Mean value of vitamin D
	Vitamin D deficiency (%)
	Quality status

	Nabih et al. (2014)  [38]
	Egypt
	Africa
	Case–control
	180
	26 ± 12.5
	77.3
	Low risk

	Kuti et al. (2021) [48]
	Nigera
	Africa
	Case–control
	90
	38 ± 17
	26
	Low risk

	Ibegbu et al. (2022) [27]
	Nigera
	Africa
	Cross sectional
	65
	68.6 ± 25.9
	1.5
	High risk

	Elnadya et al. (2013)  [40]
	Egypt
	Africa
	Cross sectional
	50
	24.1 ± 2.9
	40
	Low risk

	Omole et al. (2018)  [49]
	Nigera
	Africa
	Cross sectional
	103
	49.2 ± 7.2
	2
	High risk

	Gamal et al. (2018)  [39]
	Egypt
	Africa
	Cross sectional
	90
	12.2 ± 1.9
	80
	Low risk

	El-Menem et al. (2013) [41]
	Egypt
	Africa
	Case–control
	60
	39 ± 12
	45
	Low risk

	Ahmed et al. (2020) [37]
	Egypt
	Africa
	Case–control
	36
	7.69 ± 2.3
	75
	Low risk

	Kim (2017)  [58]
	S/Korea
	Asia
	Cross sectional
	50
	16.3 ± 4.2
	86
	Low risk

	Mohammad et al. (2020)  [50]
	Iran
	Asia
	Cross sectional
	200
	20.4 ± 13.4
	36.5
	Low risk

	Ahmed et al.  (2020)  [37]
	Egypt
	Africa
	Case–control
	50
	13.5 ± 10.5
	72
	Low risk

	KAVITHA et al. (2017)  [26]
	India
	Asia
	Cross sectional
	105
	9 ± 5.1
	66.7
	Low risk

	Maalmi (2013)  [59]
	Tunisia
	Africa
	Case–control
	155
	18.9 ± 6.7
	61.3
	Low risk

	Zhang et al. (2017)  [53]
	China
	Asia
	Case–control
	143
	22.2 ± 10.5
	48.9
	Low risk

	Dabbah et al. (2015)  [60]
	Israel
	Asia
	Cross sectional
	71
	23 ± 7.7
	36.6
	Low risk

	Uysalol et al. (2013)  [25]
	Turkey
	Asia
	Cross sectional
	85
	16.6 ± 8.5
	29.4
	Low risk

	Anand et al. (2021)  [56]
	India
	Asia
	Case–control
	101
	17.3 ± 12.2
	64.4
	Low risk

	Dogru (2014)  [42]
	Turkey
	Asia
	Case–control
	120
	21.5 ± 7.7
	43.3
	Low risk

	Kang et al. (2018) [54]
	China
	Asia
	Case–control
	96
	18.9 ± 3.6
	Not found
	Low risk

	Hou et al. (2018)  [55]
	China
	Asia
	Case–control
	70
	16.8 ± 3.3
	Not found
	Low risk

	Yusuff et al. (2022)  [47]
	Nigera
	Africa
	Cross sectional
	128
	22.4 ± 2.9
	Not found
	Low risk

	Al-Sharifi et al. (2017)  [61]
	Iraq
	Asia
	Cross sectional
	50
	2.05 ± 0.4
	Not found
	Low risk

	Bai and Dai (2018)  [21]
	China
	Asia
	Case–control
	57
	17.5 ± 2.1
	Not found
	Low risk

	Thomas et al. (2019)  [45]
	Turkey
	Asia
	Cross sectional
	73
	12.1 ± 7.4
	82.2
	Low risk

	Havan et al. (2017)  [44]
	Turkey
	Asia
	Cross sectional
	72
	14.2 ± 6.7
	80.6
	Low risk

	Hatami et al. (2014)  [51]
	Iran
	Asia
	Case–control
	200
	20.3 ± 2.8
	56
	Low risk

	Awasthi (2014)  [57]
	India
	Asia
	Case–control
	50
	20.8 ± 8.1
	57.1
	Low risk

	Krobtrakul et al. (2013)  [62]
	Thailand
	Asia
	Cross sectional
	125
	25.9 ± 9.4
	19.2
	Low risk

	Alyasin et al. (2011)  [52]
	Iran
	Asia
	Cross sectional
	50
	49.3 ± 21.4
	4
	High risk

	Kilic et al. (2019)  [43]
	Turkey
	Asia
	Case–control
	100
	22.2 ± 12.3
	58.4
	Low risk

	Esfandiar et al. (2016)  [20]
	Iran
	Asia
	Case–control
	53
	14.5 ± 8.1
	73.6
	Low risk

	Bener et al. (2012)  [63]
	Qatar
	Asia
	Case–control
	483
	17.2 ± 11.1
	68.1
	Low risk

	Ozdogan et al. (2017)  [46]
	Turkey
	Asia
	Cross sectional
	71
	11.8 ± 10.3
	4
	High risk





Meta-analysis
The pooled estimation of serum levels of vitamin D and the percentage of vitamin D deficiency among children with asthma in Asia and Africa was derived based on the following studies: Thirty-three studies (n = 33) provided data on serum levels of vitamin D, and twenty-seven (n = 27) studies reported the percentage of vitamin D deficiency. The serum level of vitamin D ranged from the highest reported level in Nigeria, 68.6 ± 25.9 ng/ml [27], to the lowest reported level in Iraq, 2.05 ± 0.4 ng/ml [61].
Moreover, the percentage of vitamin D deficiency ranged from the highest reported from a study in Turkey 82.2% [45], to the lowest report was from Nigeria 1.5% [27].
The pooled serum level of vitamin D among children with asthma in Africa and Asia was found to be 21.9 ng/ml (95%CI; 18.0–25.9 ng/ml), as displayed in (Fig. S2).
Moreover, the percentage of vitamin D deficiency children with asthma in Africa and Asia was found to be 53.7% (95%CI; 40.5–66.9) (Table 3).
Table 3The pooled percentage of vitamin D deficiency among children with asthma in Africa and Asia


	Study
	Effect size
	[95% conf. interval]
	% weight

	Alyasin etal, 2011  [52]
	4.0
	-1.4
	9.4
	3.8

	Bener et al. 2012  [63]
	68.1
	63.9
	72.3
	3.8

	Elnadya et al. 2013  [40]
	40.0
	26.4
	53.6
	3.6

	Krobtrakulchai et al. 2013  [62]
	19.2
	12.3
	26.1
	3.7

	Maalmi, 2013  [59]
	61.3
	53.6
	69.0
	3.7

	Uysalol et al. 2013  [25]
	90.6
	84.4
	96.8
	3.7

	Hatami et al. 2014  [51]
	56.0
	49.1
	62.9
	3.7

	Nabih et al. 2014  [38]
	77.3
	71.2
	83.4
	3.7

	Awasthi and Vikram, 2014  [57]
	57.1
	43.4
	70.8
	3.6

	Dogru, 2014  [42]
	43.3
	34.4
	52.2
	3.7

	Dabbah et al. 2015  [60]
	36.6
	25.4
	47.8
	3.7

	Ahmed et al. (2020) [37]
	75.0
	60.9
	89.1
	3.6

	El-Menem et al. 2013 [41]
	45.0
	32.4
	57.6
	3.7

	Esfandiar et al. 2016  [20]
	73.6
	61.7
	85.5
	3.7

	Havan et al. 2017  [44]
	80.6
	71.5
	89.7
	3.7

	Kim, 2017  [58]
	86.0
	76.4
	95.6
	3.7

	Zhang et al. 2017  [53]
	48.9
	40.7
	57.1
	3.7

	KAVITHA et al. 2017  [26]
	66.7
	57.7
	75.7
	3.7

	Gamal et al. 2018  [39]
	80.0
	71.7
	88.3
	3.7

	Omole et al. 2018  [49]
	2.0
	-0.7
	4.7
	3.8

	Kilic et al. 2019  [43]
	58.4
	48.7
	68.1
	3.7

	Thomas et al. 2019  [45]
	82.2
	73.4
	91.0
	3.7

	Mohammadzadeh et al. 2020  [50]
	36.5
	29.8
	43.2
	3.7

	Kuti et al. 2021 [48]
	26.0
	16.9
	35.1
	3.7

	Ahmed et al. 2020  [37]
	72.0
	59.6
	84.4
	3.7

	Anand et al. 2021  [56]
	64.4
	55.1
	73.7
	3.7

	Ibegbu et al. 2022 [27]
	1.5
	-1.5
	4.5
	3.8

	Theta
	53.702
	40.531
	66.872
	 

Number of studies = 27, Heterogeneity: tau2 = 1.2e + 03, I2 (%) = 99.04, H2 = 103.90 Test of theta = 0: z = 7.99, Prob >|z|= 0.0000, Test of homogeneity: Q = chi2 (26) = 2701.40, Prob > Q = 0.0000




Sub group analysis of pooled of serum levels of vitamin D among children with asthma in Africa and Asia
The subgroup analysis was employed for a dual purpose, as it not only estimates the pooled mean within each group but also tests for differences in the pooled means between groups for deeper into the subject matter to ensure a comprehensive understanding.
In this regard, the studies were stratified by continent, study design, year of publication, and sample size. The pooled serum level of vitamin D among children with asthma by continent in Asia and Africa was found to be 18.5 ng/ml (95%CI; 13.8- 23.3) and 28.7 ng/ml (95%CI; 22.7–34.8), by study design of case control and cross-sectional was found to be 20.3 ng/ml (95%CI; 18.2–22.4) and 23.8 ng/ml (95%CI; 17.5–30.1), by year of publication ≤ 2015 and > 2015 was found 21.0 ng/ml (95%CI; 18.0–24.0) and 22.4 ng/ml (95%CI; 17.2–27.7), and by sample size ≤ 100 and > 100 was found to be 21.7 ng/ml (95%CI; 17.3–26.1) and 22.1 ng/ml (95%CI; 18.6–25.6)respectively (Fig. S3-6).

Sub group analysis of pooled percentage of vitamin D among children with asthma in Asia and Africa
The subgroup analysis was employed to estimate percentage of vitamin D by stratifying the studies into different categories. In this regard, the studies were stratified by continent, study design, year of publication, and sample size. The pooled percentage of vitamin D among children with asthma by continent in Asia and Africa was found to be 57.1%(95%CI; 44.1–70.1) and 47.8%(95%CI; 26.5–69.2), by study design of case control and cross-sectional was found to be 60.8%(95%CI; 53.2–68.3) and 44.9%(95%CI; 25.-64.6), by year of publication ≤ 2015 and > 2015 was found 55.2%(95%CI; 40.1–70.3) and 52.0% (95%CI; 33.3–70.8) and by sample size ≤ 100 and > 100 was found to be 56.7%(95%CI; 36.7–76.7), and 49.2%(95%CI; 29.7–69.0) (Table 4) respectively.
Table 4Summary of subgroup of vitamin D deficiency percentage among children with asthma by continent, study design, year of publication, and sample size in Asia and Africa


	Variable
	Characteristics
	Effect
	[95% Conf. Interval]
	% Weight

	By continent
	Asia
	57.1
	44.1
	70.1
	63.1

	Africa
	47.8
	26.5
	69.2
	36.9

	By study design
	Case–control
	60.8
	53.2
	68.3
	55.4

	Cross-sectional
	44.9
	25.1
	64.6
	44.6

	By year of publication
	 ≤ 2015
	55.2
	40.1
	70.3
	51.7

	 > 2015
	52.0
	33.3
	70.8
	48.3

	By sample size
	 ≤ 100
	56.7
	36.7
	76.7
	58.9

	 > 100
	49.2
	29.7
	69.0
	41.0





Publication bias
Egger's test was used to explain the visual for detecting bias or systematic heterogeneity of serum level of vitamin D and percentage of vitamin D among children with asthma in Asian and African (Table 5). Moreover, the funnel plot also determines the publication bias of serum level of vitamin D and percentage of vitamin D among children with asthma in Asian and African (Fig. S7-8).
Table 5Egger's test of serum level of vitamin D among children with asthma in Asia and Africa


	Std_Eff Coefficient
	Std. errs
	T
	P > t
	[95% conf interval]

	Slope
	2.7
	1.2
	2.1
	0.04
	0.12
	5.2

	bias
	27.1
	4.6
	5.9
	0.0
	17.7
	36.5


Test of H0: no small-study effects P = 0.000 Number studies = 33, Root MSE = 21.45



Furthermore, the results of sensitivity analyses were also examined of serum level of vitamin D and percentage of vitamin D among children with asthma in Asia and Africa respectively (Table 6 and Fig. S9).
Table 6The sensitivity test of serum level of vitamin D among children with asthma in Asia and Africa


	Study omitted
	Estimate
	[95% Conf. Interval]

	Alyasin et al. (2011)  [52]
	21.1
	17.2
	25.1

	Bener et al. (2012)  [63]
	22.1
	18.1
	26.1

	Elnadya et al. (2013)  [40]
	21.9
	17.9
	25.8

	Krobtrakulchai et al. (2013)  [62]
	21.8
	17.8
	25.8

	Maalmi (2013)  [59]
	22.0
	18.0
	26.0

	Uysalol et al. (2013)  [25]
	22.1
	18.1
	26.1

	Hatami et al. (2014)  [51]
	21.9
	18.0
	25.9

	Nabih et al. (2014)  [38]
	21.8
	17.8
	25.8

	Awasthi and Vikram (2014)  [57]
	21.9
	17.9
	25.9

	Dogru (2014)  [42]
	21.9
	17.9
	25.9

	Dabbah et al. (2015)  [60]
	21.9
	17.9
	25.9

	Ahmed et al. (2020) [37]
	22.4
	18.3
	26.5

	El-Menem et al. (2013) [41]
	21.4
	17.5
	25.4

	Esfandiar et al. (2016)  [20]
	22.2
	18.2
	26.2

	Havan et al. (2017)  [44]
	22.2
	18.2
	26.2

	Al-Sharifi et al. (2017)  [61]
	22.3
	19.0
	24.6

	Ozdogan et al. (2017)  [46]
	22.3
	18.3
	26.2

	Kang et al. (2018) [54]
	22.0
	18.0
	26

	Kim (2017)  [58]
	22.1
	18.1
	26.1

	Zhang et al. (2017)  [53]
	21.9
	17.9
	25.9

	KAVITHA et al. (2017)  [26]
	22.3
	18.3
	26.4

	Bai and Dai (2018)  [21]
	22.1
	18.0
	26.1

	Gamal et al. (2018)  [39]
	22.3
	17.9
	26.5

	Omole et al. (2018)  [49]
	21.1
	17.3
	24.8

	Hou et al. (2018)  [55]
	22.1
	18.1
	26.1

	Kilic et al. (2019)  [43]
	21.9
	17.9
	25.9

	Thomas et al. (2019)  [45]
	22.2
	18.3
	26.2

	Mohammadzadeh et al. (2020)  [50]
	21.9
	18.0
	25.9

	Kuti et al. (2021) [48]
	21.4
	17.5
	25.4

	Ahmed et al. (2020)  [37]
	22.2
	18.2
	26.2

	Anand et al. (2021)  [56]
	22.1
	18.1
	26.1

	Ibegbu et al. (2022) [27]
	20.6
	16.6
	24.5

	Yusuff et al. (2022)  [47]
	21
	17.9
	25.8

	Combined
	21.9
	18.0
	25.9






Discussion
This study aims to estimate the pooled serum level of vitamin D and the percentage of vitamin D deficiency among children with asthma in the Asian and African.
In this regard, the pooled serum level of vitamin D and the percentage of vitamin D deficiency was found to be 21.9 ng/ml (95%CI; 18.0–25.9 ng/ml), and 53.7% (95%CI; 40.5–66.9) among children residing in low- or middle-income countries in Africa and Asia respectively.
The serum level of vitamin D among children with asthma in this review was consistent or lower than the study conducted in Russia [65], Mexico [66], UK [67], Italy [68], and U.S.A [69]. Moreover, the proportion of vitamin Deficiency in this study is higher than the study conducted in Spain [70], in U.S.A [69], and in Mexico [66].
This difference might be this review was conducted in a resource-limited setting whereas the above studies were conducted in developed countries since in developed countries the health care provider, patients, and stakeholders may have good equipment, knowledge, and quality of care to reduce and prevent the deficiency of vitamin D among children with asthma. Moreover, supplementation of vitamin D and early detection might be higher in developed countries as compared with a resource-limited setting [71–73].
However, the percentage of vitamin D deficiency among children with asthma in this study is lower than several other studies conducted in Brazil [74], Russia [65], and UK [23]. This discrepancy might be the cut value difference in defining vitamin D deficiency, For example, the cut of vitamin D deficiency in the study conducted in the UK was < 50 nmol/l whereas in this study was < 20 nmol/l [23]. Moreover, the study participant difference or the level of severity/attack or recurrent wheezing might be contributing to this difference [74].
The findings in this review will fill an evidence gap on the average mean value of vitamin D and the extent of vitamin D deficiency among children with asthma in resource-limited settings (i.e. Asia and Africa). Moreover, the review findings illuminate the high prevalence of vitamin D deficiency among children with asthma, offering valuable insights to stakeholders, including non-governmental and governmental organizations, and researchers in the field of childhood asthma. These insights can help focus attention and efforts on mitigating the burden associated with this issue. Given the frequent co-occurrence of asthma and vitamin D deficiency, it is important to address both conditions as they exacerbate each other. [12, 16]. The majority of asthmatic infants have low vitamin D levels, which could make asthma attacks frequent, and severe, and increase the demand for drugs [14, 16].
This study is the estimate the pooled serum level of vitamin D and the percentage of vitamin D deficiency among children with asthma to recognize the issue in general. In addition to that, the study also perform a sub group analysis to see the serum level of vitamin D and the percentage of vitamin D deficiency between the group, it allows researchers to test their hypotheses in more detail, and It is important to understand the risks associated with this kind of analysis of serum level of vitamin D associated with childhood asthma [75–77]. Given the significance of a large sample size for accuracy, the reported pooled serum level of vitamin D and the percentage of vitamin D deficiency among children with asthma in Asia and Africa may potentially be underestimated in this study. Moreover, recent studies focusing on this specific population in the region have indicated a decline in vitamin D levels and an increase in the prevalence of vitamin D deficiency among children with asthma. To avoid drawing misleading conclusions influenced by confounding factors, it is crucial to take into account the subgroup analysis findings presented in this study. These findings highlight the variability in serum vitamin D levels and deficiency rates across different subgroups based on factors such as continent, study design, year of publication, and sample size. Considering these factors will contribute to a more accurate understanding of the actual situation.
Limitations of the study
While this systematic review and meta-analysis approach multiple studies to estimate the prevalence of vitamin D deficiency and its impact on asthma outcomes in children from Asia and Africa, it is important to acknowledge a limitation. This review did not specifically assess the factors influencing serum levels of vitamin D and the percentage of vitamin D deficiency among children with asthma. Consequently, further research is needed to investigate these factors and gain a more comprehensive understanding of their role in the relationship between vitamin D status and asthma outcomes in this population.


Conclusion
The serum level of vitamin D was found to be low, and the percentage of vitamin D deficiency was found to be high among children with asthma in Asia and Africa. Hence, early detection level of vitamin D and its deficiency is crucial to prevent the complications associated with vitamin D deficiency among children with asthma to decrease the frequency, attack, and exacerbation of asthma in Africa and Asia because together worsen one another.

Acknowledgements
We would like to thank all authors of the studies included in this systematic review and meta-analysis.

Authors’ contributions
ESC, PLS, and GZ developed the protocol, involved in the design, selection of study, data extraction, and revised the manuscript.  Moreover, all authors reviewed the manuscript after the statistical analysis, and the manuscript was prepared by the principal investigator.

Funding
Not applicable.

Availability of data and materials
All data are available upon the request from the corresponding Author.

Declarations
Ethics approval and consent to participate
Not applicable.

Consent for publication
Not applicable.

Competing interests
The authors declare no competing interests.


References
	1.
Asthma. Available: https://​www.​who.​int/​news-room/​fact-sheets/​detail/​asthma. Accessed 11 May 2023.


	2.
Asthma in Children. Available: https://​www.​hopkinsmedicine.​org/​health/​conditions-and-diseases/​asthma/​asthma-in-children. Accessed 11 May 2023.


	3.
Asthma in Children: Symptoms, Causes & Treatment’, Cleveland Clinic. Available: https://​my.​clevelandclinic.​org/​health/​diseases/​6776-asthma-in-children. Accessed 11 May 2023.


	4.
‘Respiratory Infections’, Asthma & Allergy Foundation of America.  Available: https://​aafa.​org/​asthma/​asthma-triggers-causes/​health-conditions-that-trigger-asthma/​respiratory-infections-flu-cold-asthma/​. Accessed 11 May 2023.


	5.
‘Asthma Complications: Long- and Short-Term Effects’, Healthline.  Available: https://​www.​healthline.​com/​health/​asthma-complications. Accessed 11 May 11, 2023.


	6.
https://​www.​facebook.​com/​verywell. Medical and Lifestyle Complications of Asthma. Verywell Health. Available: https://​www.​verywellhealth.​com/​complications-of-asthma-5215192. Accessed 11 May 2023.


	7.
https://​www.​facebook.​com/​WebMD. What Happens When Asthma Isn’t Controlled. WebMD. Available:  https://​www.​webmd.​com/​asthma/​asthma-complications-effects. Accessed 11 May 2023.


	8.
Childhood asthma if untreated can cause - Google Search’. Accessed: May 11, 2023. Available: https://​www.​google.​com/​search?​q=​childhood+asthma​+if+untreated+ca​n+cause&​oq=​childhood+asthma​+if+untreated+ca​n+cause&​aqs=​chrome.​69i57j33i160i395​.​16418j1j9&​sourceid=​chrome&​ie=​UTF-8.


	9.
Adeloye D, Chan KY, Rudan I, Campbell H. An estimate of asthma prevalence in Africa: a systematic analysis. Croat Med J. 2013;54(6):519–31. https://​doi.​org/​10.​3325/​cmj.​2013.​54.​519.CrossrefPubMedPubMedCentral


	10.
Sio YY, Chew FT. Risk factors of asthma in the Asian population: a systematic review and meta-analysis. J Physiol Anthropol. 2021;40(1):22. https://​doi.​org/​10.​1186/​s40101-021-00273-x.CrossrefPubMedPubMedCentral


	11.
https://​www.​facebook.​com/​verywell. ‘3 Vitamins That May Impact Your Asthma’, Verywell Health. Available: https://​www.​verywellhealth.​com/​vitamins-impacting-asthma-treatment-200680. Accessed: 11 May 2023


	12.
Menon B, Nima G, Dogra V, Mittal A, Kaur C, Mittal U. Evaluation of vitamin D in bronchial asthma and the effect of vitamin D supplementation on asthma severity and control: A randomised control trial. Eur Respir J. 2014;44(Suppl 58).  Available:  https://​erj.​ersjournals.​com/​content/​44/​Suppl_​58/​P4049. Accessed 11 May 2023.


	13.
https://www.facebook.com/verywell. A Vitamin D Deficiency Can Make Your Allergies Worse’, Verywell Health. Available: https://​www.​verywellhealth.​com/​vitamin-d-deficiency-causes-asthma-and-allergies-83031. Accessed 11 May 2023.


	14.
Nutraingredients-asia.com, ‘Insufficient vitamin D associated with respiratory health problems: Population study’, nutraingredients-asia.com. Available: https://​www.​nutraingredients​-asia.​com/​Article/​2018/​02/​21/​Insufficient-vitamin-D-associated-with-respiratory-health-problems-Population-study. Accessed 11May 2023.


	15.
Kaaviyaa A, Krishna V, Arunprasath T, Ramanan PV. Vitamin D deficiency as a factor influencing asthma control in children. Indian Pediatr. 2018;55(11):969–71. https://​doi.​org/​10.​1007/​s13312-018-1420-3.CrossrefPubMed


	16.
Ogeyingbo OD, et al. The Relationship Between Vitamin D and Asthma Exacerbation. Cureus. 13(8):e17279. https://​doi.​org/​10.​7759/​cureus.​17279.


	17.
Clinical Practice Guidelines : Vitamin D deficiency.  Available: https://​www.​rch.​org.​au/​clinicalguide/​guideline_​index/​Vitamin_​D_​deficiency/​. Accessed 11 May 2023.


	18.
Somashekar AR, Prithvi AB, Gowda MNV. Vitamin D levels in children with bronchial asthma. J Clin Diagn Res. 2014;8(10):PC04–7. https://​doi.​org/​10.​7860/​JCDR/​2014/​10387.​5055.CrossrefPubMedPubMedCentral


	19.
Kolokotroni O, et al. Vitamin D levels and status amongst asthmatic and non-asthmatic adolescents in Cyprus: a comparative cross-sectional study. BMC Public Health. 2015;15(1):48. https://​doi.​org/​10.​1186/​s12889-015-1385-2.CrossrefPubMedPubMedCentral


	20.
Esfandiar N, Alaei F, Fallah S, Babaie D, Sedghi N. Vitamin D deficiency and its impact on asthma severity in asthmatic children. Ital J Pediatr. 2016;42(1):108. https://​doi.​org/​10.​1186/​s13052-016-0300-5.CrossrefPubMedPubMedCentral


	21.
Bai Y-J, Dai R-J. Serum levels of vitamin A and 25-hydroxyvitamin D3 (25OHD3) as reflectors of pulmonary function and quality of life (QOL) in children with stable asthma. Medicine (Baltimore). 2018;97(7):e9830.CrossrefPubMed


	22.
Li Q, et al. Long-term effects of vitamin D on exacerbation rate, health care utilization and lung function in children with asthma. Ann Transl Med. 2022;10(20):1094. https://​doi.​org/​10.​21037/​atm-22-2750.CrossrefPubMedPubMedCentral


	23.
Gupta A, Bush A, Hawrylowicz C, Saglani S. Vitamin D and asthma in children. Paediatr Respir Rev. 2012;13(4):236–43. https://​doi.​org/​10.​1016/​j.​prrv.​2011.​07.​003. quiz 243.CrossrefPubMed


	24.
Jat KR, Khairwa A. Vitamin D and asthma in children: a systematic review and meta-analysis of observational studies. Lung India. 2017;34(4):355. https://​doi.​org/​10.​4103/​0970-2113.​209227.CrossrefPubMedPubMedCentral


	25.
Uysalol M, et al. Childhood asthma and vitamin D deficiency in Turkey: is there cause and effect relationship between them? Ital J Pediatr. 2013;39:78. https://​doi.​org/​10.​1186/​1824-7288-39-78.CrossrefPubMedPubMedCentral


	26.
Kavitha TK, Gupta N, Kabra SK, Lodha R. Association of serum vitamin D levels with level of control of childhood asthma. Indian Pediatr. 2017;54(1):29–32. https://​doi.​org/​10.​1007/​s13312-017-0992-7.CrossrefPubMed


	27.
Ibegbu MD, et al. Serum Immunoglobulin E and vitamin D levels in asthma patients in enugu, Nigeria: association with asthma control. West Afr J Med. 2022;39(7):721–8.PubMed


	28.
Page MJ, et al. The PRISMA 2020 statement: an updated guideline for reporting systematic reviews. Syst Rev. 2021;10(1):89. https://​doi.​org/​10.​1186/​s13643-021-01626-4.CrossrefPubMedPubMedCentral


	29.
Nouri S, Alaki S, Ashiry E. Oral health in children with cerebral palsy. Oral Health Dent Manag. 2014;13:1067–75. https://​doi.​org/​10.​4172/​2247-2452.​1000731.Crossref


	30.
‘Oral health surveys: basic methods - 5th edition’. Available:  https://​www.​who.​int/​publications-detail-redirect/​9789241548649. Accessed 06 May 2023.


	31.
Denloye O, Ajayi D, Lagunju I. Oral health status of children seen at a paediatric neurology clinic in a tertiary hospital in Nigeria. Pediatr Dent J. 2012;22(1):16–21. https://​doi.​org/​10.​1016/​S0917-2394(12)70247-1.Crossref


	32.
JBI Manual for Evidence Synthesis - JBI Global Wiki. Available: https://​jbi-global-wiki.​refined.​site/​space/​MANUAL.


	33.
‘9.5.2 Identifying and measuring heterogeneity’. Available: https://​handbook-5-1.​cochrane.​org/​chapter_​9/​9_​5_​2_​identifying_​and_​measuring_​heterogeneity.​htm. Accessed 06 May 2023.


	34.
von Hippel PT. The heterogeneity statistic I2 can be biased in small meta-analyses. BMC Med Res Methodol. 2015;15(1):35. https://​doi.​org/​10.​1186/​s12874-015-0024-z.Crossref


	35.
‘Identifying publication bias in meta-analyses of continuous outcomes’. Available:  https://​training.​cochrane.​org/​resource/​identifying-publication-bias-meta-analyses-continuous-outcomes. Accessed 06 May 2023.


	36.
‘249336606.pdf’. Accessed: Apr. 22, 2023. Available: https://​core.​ac.​uk/​download/​pdf/​249336606.​pdf


	37.
Ahmed AE-A, Hassan MH, Toghan R, Rashwan NI. Analysis of 25-hydroxy cholecalciferol, immunoglobulin E, and vitamin D receptor single nucleotide polymorphisms (Apa1, Taq1, and Bsm1), among sample of Egyptian children with bronchial asthma: a case-control study. Pediatr Pulmonol. 2020;55(6):1349–58. https://​doi.​org/​10.​1002/​ppul.​24785.CrossrefPubMed


	38.
Nabih ES, Kamel TB. Association between vitamin D receptor gene FokI polymorphism and atopic childhood bronchial asthma. Egypt J Chest Dis Tuberc. 2014;63(3):547–52. https://​doi.​org/​10.​1016/​j.​ejcdt.​2014.​02.​012.Crossref


	39.
El-Gamal YM, El-Owaidy RH, Shabaan MA, Hassan MH. The critical level of vitamin D in childhood asthma. Egypt J Pediatr Allergy Immunol. 2018;16(2);31-9 https://​doi.​org/​10.​4314/​ejpai.​v16i2.Crossref


	40.
Elnadya, ‘Serum vitamin D level as a predictor of bronchial asthma in Egyptian children’. 2013;8(2);67–73. Available:  https://​www.​new.​asmr.​eg.​net/​article.​asp?​issn=​1687-42933. Accessed 23 Apr 2023.


	41.
El-Menem MA, Aziz MAA, Guindy WE, Banna NE. The frequency of vitamin D deficiency among asthmatic Egyptian children. Egypt J Pediatr Allergy Immunol. 2013;11(2):Art. no. 2. https://​doi.​org/​10.​4314/​ejpai.​v11i2.


	42.
Dogru M, Kirmizibekmez H, Mutlu RGY, Aktas A, Ozturkmen S. Clinical effects of vitamin D in children with asthma. Int Arch Allergy Immunol. 2014;164(4):319–25. https://​doi.​org/​10.​1159/​000366279.CrossrefPubMed


	43.
Kilic M, Ecin S, Taskin E, Sen A, Kara M. The vitamin D receptor gene polymorphisms in asthmatic children: a case-control study. Pediatr Allergy Immunol Pulmonol. 2019;32(2):63–9. https://​doi.​org/​10.​1089/​ped.​2018.​0948.CrossrefPubMedPubMedCentral


	44.
Havan M, Razi CH, Bulus AD, Köksal AO, Andıran N. Effects of 25 hydroxy vitamin D levels on the severity and asthma control in school age asthma patients. Arch Argent Pediatr. 2017;115(4):336–42. https://​doi.​org/​10.​5546/​aap.​2017.​eng.​336.CrossrefPubMed


	45.
Thomas GO, Tutar E, Tokuc G, Oktem S. 25-hydroxy vitamin D levels in pediatric asthma patients and its link with asthma severity. Cureus. 2019;11(3):e4302. https://​doi.​org/​10.​7759/​cureus.​4302.Crossref


	46.
Ozdogan S, Sari G, Aktan IH, Aydin B, Irmak C, Cavdar S. Vitamin D status, lung function and atopy in children with asthma. J Coll Physicians Surg Pak. 2017;27(5):292–5.PubMed


	47.
Yusuff JO, Biliaminu SA, Akande AA. Relationship between serum 25-hydroxy vitamin D and severity of asthmatic attack in children. West Afr J Med. 2022;39:286–90.


	48.
Kuti BP, Kuti DK. Relationship between serum 25-hydroxyvitamin D and inflammatory cytokines in Nigerian children with asthma. J Asthma Off J Assoc Care Asthma. 2021;58(5):604–13. https://​doi.​org/​10.​1080/​02770903.​2020.​1712726.Crossref


	49.
Omole KO, Kuti BP, Oyelami OA, Adegbola AJ, Omole JO. Serum vitamin D profile of Nigerian children with asthma: association with asthma severity and control. Pediatr Pulmonol. 2018;53(5):544–51. https://​doi.​org/​10.​1002/​ppul.​23969.CrossrefPubMed


	50.
Mohammadzadeh I, Darvish S, Qujeq D, Hajiahmadi M, Vaghari-Tabari M. Association of serum 25-OH vitamin D3 with serum IgE and the pediatric asthma severity score in patients with pediatric asthma. Allergy Asthma Proc. 2020;41(2):126–33. https://​doi.​org/​10.​2500/​aap.​2020.​41.​190025.CrossrefPubMed


	51.
Hatami G, Ghasemi K, Motamed N, Firoozbakht S, Movahed A, Farrokhi S. Relationship between vitamin D and childhood asthma: a case–control study. Iran J Pediatr. 2014;243(6):710–4 Available: https://​www.​ncbi.​nlm.​nih.​gov/​pmc/​articles/​PMC4442832/​. Accessed: 23 Apr 2023 .


	52.
Alyasin S, Momen T, Kashef S, Alipour A, Amin R. The relationship between serum 25 hydroxy vitamin D levels and asthma in children. Allergy Asthma Immunol Res. 2011;3(4):251–5. https://​doi.​org/​10.​4168/​aair.​2011.​3.​4.​251.CrossrefPubMedPubMedCentral


	53.
Zhang Y, Wang Z, Ma T. Associations of genetic polymorphisms relevant to metabolic pathway of vitamin D3 with development and prognosis of childhood bronchial asthma. DNA Cell Biol. 2017;36(8):682–92. https://​doi.​org/​10.​1089/​dna.​2017.​3730.CrossrefPubMed


	54.
Kang Q, Zhang X, Liu S, Huang F. Correlation between the vitamin D levels and asthma attacks in children: evaluation of the effects of combination therapy of atomization inhalation of budesonide, albuterol and vitamin D supplementation on asthmatic patients. Exp Ther Med. 2018;15(1):727–32. https://​doi.​org/​10.​3892/​etm.​2017.​5436.CrossrefPubMed


	55.
Hou C, Zhu X, Chang X. Correlation of vitamin D receptor with bronchial asthma in children. Exp Ther Med. 2018;15(3):2773–6. https://​doi.​org/​10.​3892/​etm.​2018.​5739.CrossrefPubMedPubMedCentral


	56.
Anand V, Yadev I, Sasidharan B. Childhood asthma and vitamin D-case control study in an academic tertiary care hospital. J Pediatr Res. 2021;8:188–94. https://​doi.​org/​10.​4274/​jpr.​galenos.​2020.​59387.Crossref


	57.
Awasthi S, Vikram K. Serum 25 hydroxy vitamin D insufficiency associated with bronchial asthma in Lucknow, India. Indian J Pediatr. 2014;81(7):644–9. https://​doi.​org/​10.​1007/​s12098-013-1310-6.CrossrefPubMed


	58.
Kim Y-R, Seo SC, Yoo Y, Choung JT. Are children with asthma in South Korea also associated with vitamin D deficiency? Environ Health Toxicol. 2017;32:e2017005. https://​doi.​org/​10.​5620/​eht.​e2017005.CrossrefPubMedPubMedCentral


	59.
Maalmi H, Sassi FH, Berraies A, Ammar J, Hamzaoui K, Hamzaoui A. Association of vitamin D receptor gene polymorphisms with susceptibility to asthma in Tunisian children: a case control study. Hum Immunol. 2013;74(2):234–40. https://​doi.​org/​10.​1016/​j.​humimm.​2012.​11.​005.CrossrefPubMed


	60.
Dabbah H, Yoseph RB, Livnat G, Hakim F, Bentur L. Bronchial reactivity, inflammatory and allergic parameters, and vitamin D levels in children with asthma. Respir Care. 2015;60(8):1157–63. https://​doi.​org/​10.​4187/​respcare.​03763.CrossrefPubMed


	61.
Al-Sharifi ZA, Al-Ammar HA, Mahmood HG, Turki KM, Al-Karkhi II. Lack of vitamin D in Iraqi children with asthma. Biomed Pharmacol J. 2017;10(1):89–93 Available: https://​biomedpharmajour​nal.​org/​vol10no1/​lack-of-vitamin-d-in-iraqi-children-with-asthma/​. Accessed 23 Apr 2023.Crossref


	62.
Krobtrakulchai W, et al. The effect of vitamin D status on pediatric asthma at a University Hospital, Thailand. Allergy Asthma Immunol Res. 2013;5(5):289–94. https://​doi.​org/​10.​4168/​aair.​2013.​5.​5.​289.CrossrefPubMedPubMedCentral


	63.
Bener A, Ehlayel MS, Tulic MK, Hamid Q. Vitamin D deficiency as a strong predictor of asthma in children. Int Arch Allergy Immunol. 2012;157(2):168–75. https://​doi.​org/​10.​1159/​000323941.CrossrefPubMed


	64.
Vitamin_D-Treg-Asthma-libre.pdf. Available: https://​d1wqtxts1xzle7.​cloudfront.​net/​58322541/​vitamin_​D-Treg-Asthma-libre.​pdf?​1549203192=​&​response-content-disposition=​inline%3B+filename%3Dvitamin_​D_​Treg_​Asthma_​pdf.​pdf&​Expires=​1682227004&​Signature=​Xuw3A0L~Rg4JHXQc​AxENyZLAm-M-SYX1D-QQtANoMrF1mKAN6o​QDz5RIjx7FuXzoIx​FpyLfpGldRuc~9DT​Vwvg2am9yewiVgRh​gLDvN5hdQhSaIB3~​0NJp4h84u7Gmnb5Z​6R-d0xJvs4E-n08U-z5MNJN19wtatMhZe​Ax5Ht4sjwmB~iY8m​USRc6X31SOYW97cd​ZmYb1mjBls5fQ1HL​KJGryHRU5jnk8Ka9​raon-7eCRkCa~9ERmucx4​Pwcju7Qtz6Y-yHTHMmoUwTfYMHyk​XfhXn3sc~WmLfnQs​iLltnOdfh3AcxfND​pTB-4BW7zbCdnAYZSypZ​SxEsXxEnjb0y4w_​_​&​Key-Pair-Id=​APKAJLOHF5GGSLRB​V4ZA. Accessed 23 Apr 2023.


	65.
Kondratyeva E, et al. Prevalence of vitamin D deficiency in children with asthma. Multicenter study. Eur Respir J. 2020;56(suppl):64. https://​doi.​org/​10.​1183/​13993003.​congress-2020.​672.Crossref


	66.
Urquiza-Ramírez CI, et al. Prevalence of Vitamin D deficiency and associated factors in Mexican patients with allergic rhinitis and asthma. Rev Médica Hosp Gen México. 2020;83(3):113–9. https://​doi.​org/​10.​24875/​hgmx.​20000083.Crossref


	67.
Jolliffe DA, et al. Prevalence, determinants and clinical correlates of vitamin D deficiency in adults with inhaled corticosteroid-treated asthma in London, UK. J Steroid Biochem Mol Biol. 2018;175:88–96. https://​doi.​org/​10.​1016/​j.​jsbmb.​2016.​11.​004.CrossrefPubMed


	68.
Chinellato I, Piazza M, Sandri M, Peroni D, Piacentini G, Boner AL. Vitamin D serum levels and markers of asthma control in Italian children. J Pediatr. 2011;158(3):437–41. https://​doi.​org/​10.​1016/​j.​jpeds.​2010.​08.​043.CrossrefPubMed


	69.
Breysse P, et al. Vitamin D and asthma symptoms in a cohort of inner-city children in Baltimore. MD. Epidemiology. 2009;20(6):S222. https://​doi.​org/​10.​1097/​01.​ede.​0000362745.​18358.​84.Crossref


	70.
Sangüesa J, et al. Prenatal and child vitamin D levels and allergy and asthma in childhood. Pediatr Res. 2023;93(6):1745–51. https://​doi.​org/​10.​1038/​s41390-022-02256-9.CrossrefPubMed


	71.
Jat KR, et al. Efficacy of vitamin D supplementation in asthmatic children with vitamin D deficiency: a randomized controlled trial (ESDAC trial). Pediatr Allergy Immunol Off Publ Eur Soc Pediatr Allergy Immunol. 2021;32(3):479–88. https://​doi.​org/​10.​1111/​pai.​13415.Crossref


	72.
Peabody JW, Taguiwalo MM,  Robalino DA,  Frenk J. Improving the Quality of Care in Developing Countries. In Disease Control Priorities in Developing Countries, 2nd ed., D. T. Jamison, J. G. Breman, A. R. Measham, G. Alleyne, M. Claeson, D. B. Evans, P. Jha, A. Mills, and P. Musgrove, Eds., Washington (DC): The International Bank for Reconstruction and Development / The World Bank, 2006.  Available: http://​www.​ncbi.​nlm.​nih.​gov/​books/​NBK11790/​. Accessed 14 May 2023.


	73.
Amrein K. Vitamin D deficiency 2.0: an update on the current status worldwide. Eur J Clin Nutr. 2020;74(11):11. https://​doi.​org/​10.​1038/​s41430-020-0558-y.Crossref


	74.
Peçanha MB, Freitas RD, Moreira TR, Silva LS, Oliveira LL, Cardoso SA. Prevalence of vitamin D deficiency and its relationship with factors associated with recurrent wheezing. J Bras Pneumol. 2019;45:e20170431. https://​doi.​org/​10.​1590/​1806-3713/​e20170431.CrossrefPubMedPubMedCentral


	75.
Tanniou J, van der Tweel I, Teerenstra S, Roes KCB. Subgroup analyses in confirmatory clinical trials: time to be specific about their purposes. BMC Med Res Methodol. 2016;16:20. https://​doi.​org/​10.​1186/​s12874-016-0122-6.CrossrefPubMedPubMedCentral


	76.
Subgroup analysis.  Available: https://​www.​iwh.​on.​ca/​what-researchers-mean-by/​subgroup-analysis. Accessed 14 May 2023.


	77.
Farrokhyar F, et al. When to believe a subgroup analysis: revisiting the 11 criteria. Eye. 2022;36(11):11. https://​doi.​org/​10.​1038/​s41433-022-01948-0.Crossref




Publisher’s Note
Springer Nature remains neutral with regard to jurisdictional claims in published maps and institutional affiliations.


OEBPS/navigation.xhtml

    
      Contents


      
        		The serum level of vitamin D and prevalence of vitamin D deficiency among children with asthma in Asia and Africa: a systematic review and meta-analysis


      


    
    
      Landmarks


      
        		Body Matter


      


    
  

OEBPS/css/envelope.png





OEBPS/css/sidebar.gif





