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ARTICLE INFO ABSTRACT

Keywords: Background: Studies show that 25 (OH) D status appears to have beneficial influence on the incidence and
Vitamin D severity of some types of infections. However, studies with vitamin D supplementation on young children pro-
Under five duced conflicting results. This study was conducted to assess and compare the pooled prevalence of vitamin D
?iiihhy deficiency among healthy and sick children in sub-Saharan Africa.

Method: A systematic review of PubMed, CINAHL, Web of science, global health and Google scholar electronic
databases was conducted. Both published and unpublished observational studies conducted among under-five
children in the year 2010-2020 were included. STATA Version 14 was used for analysis. Heterogeneity of
studies was assessed using I test. A random-effects model was used to estimate the pooled prevalence among
both healthy and sick children.

Result: A total of 1212 articles were retrieved from data bases, of which 10 papers were included. The pooled
prevalence of vitamin D deficiency among healthy children was 50.06% with mean serum vitamin D level of
41.06 nm/L. The pooled prevalence among the sick children was 39.36% with 66.96 nm/L of mean concen-
tration. The pooled prevalence among healthy children was significantly higher compared to those who have
common medical illnesses and the pooled mean concentration among the sick was also much higher than the
mean concentration among healthy children.

Conclusion: The pooled prevalence among both groups of population was significantly high and a concerning
public health problem. The prevalence among healthy children was much higher as compared to sick children.

Sub-saharan

1. Introduction globe [4].
There are two different precursor molecules of vitamin D; Chole-

Micronutrients deficiencies in children can have multi-dimensional calciferol(vitamin D3) and ergocalciferol(vitamin D2). Both are bio-

health impact on growth, immune system, cognitive development and
physical growth and development [1]. Its deficiencies are also widely
found in low income countries where micronutrient deficiencies account
for approximately 7% of the global disease burden [2].

Globally, an estimated two billion people suffer from a chronic
deficiency of essential vitamins and minerals (micronutrients), a con-
dition known as hidden hunger [2] with Vitamin D deficiency being
among the common micronutrient deficiencies worldwide [3]. Accord-
ing to the recent estimates, greater than 50% population is at risk in the
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logically inactive and must be converted to the metabolically active
form 1, 25-dihydroxyvitamin D. In this process vitamin D is first hy-
droxylated to 25-hydroxyvitamin D in hepatocytes, then a second hy-
droxylation in the kidney converts 25-hydroxyvitamin D to the active
form, 1a,25-dihydroxyvitamin D (calcitriol) [5].

Vitamin D is a fat-soluble vitamin, and it can be stored in adipose
tissue for use when necessary. This ability allows vitamin D to extend its
total half-life in the body for approximately 2 months [6].

As general consensus, serum 25-hydroxyvitamin D (25(OH)D) level

E-mail addresses: mamfys8@gmail.com (M.F. Shaka), robelk@du.edu.et (R. Hussen kabthymer), meirafdanielm@gmail.com (M.D. Meshesha), moges125@yahoo.

com (M.T. Borde).

https://doi.org/10.1016/j.amsu.2022.103403

Received 9 December 2021; Received in revised form 12 February 2022; Accepted 21 February 2022

Available online 24 February 2022

2049-0801/© 2022 The Authors. Published by Elsevier Ltd on behalf of IJS Publishing Group Ltd. This is an open access article under the CC BY-NC-ND license

(http://creativecommons.org/licenses/by-ne-nd/4.0/).


mailto:mamfys8@gmail.com
mailto:robelk@du.edu.et
mailto:meirafdanielm@gmail.com
mailto:moges125@yahoo.com
mailto:moges125@yahoo.com
www.sciencedirect.com/science/journal/20490801
https://www.elsevier.com/locate/amsu
https://doi.org/10.1016/j.amsu.2022.103403
https://doi.org/10.1016/j.amsu.2022.103403
https://doi.org/10.1016/j.amsu.2022.103403
http://crossmark.crossref.org/dialog/?doi=10.1016/j.amsu.2022.103403&domain=pdf
http://creativecommons.org/licenses/by-nc-nd/4.0/

M.F. Shaka et al.

below 50 nmol/L considered as a cutoff point for vitamin D deficiency
and if its serum level is less than 25 nmol/L, severe deficiency is diag-
nosed [3]. Vitamin D deficiency is associated with infection and
increased autoimmunity [7]. Different studies among under five chil-
dren shows that decreased level of 25(OH)D were more prevalent among
under five children with respiratory tract infections (RTIs) and its defi-
ciency was associated with increased risk of RTIs [8-10]. Furthermore,
studies also shows that, normal to high serum 25(OH)D status appears to
have some beneficial influence on the incidence and severity of some,
though not all, types of infections [10-12].

However, studies with vitamin D supplementation on young children
produced conflicting results, and it still remains unclear whether sup-
plementation may be of benefit and at what doses [8].

An observational study conducted to assess the serum concentration
of 25(0OH)D among children with active tuberculosis (TB) using non-TB
pneumonia and healthy controls revealed that larger number of vitamin
D deficient children were from active TB group [9]. Similarly, many
studies conducted elsewhere [10-14] delineated similar findings
including Dabla’s study conducted among pediatric osteoarticular
tuberculosis patients which revealed that 56% of active TB cases were
vitamin D deficient and had lower levels of serum 25(OH)D compared to
healthy controls [11]. However, significant number of studies found no
significant difference in vitamin D deficiency status TB patients and
healthy children [15-17].

Here, it’s important to note the important role of active form of
vitamin D(1,25-D) in granuloma formation.[18]Moreover, the effects of
anti-TB drugs on vitamin D level are diverse. For one, studies have
shown that rifampin treatment selectively induced CYP3A4, which
catalyzes 250HD3 metabolism into its inactive form 43,25(0OH),D3. [19]
Isoniazid also affects the 25-hydroxylation leading to impaired Vit D
action.[20] The hepatotoxic effects of rifampicin, pyrazinamide and
isoniazid [21] together with the nephrotoxic effects of isoniazid,
ethambutol and rifampicin[22] might contribute to the lower levels of
vitamin D seen in these patients.

For growing children, deficiency of Vitamin D is among the issues of
significant concern while there are limited information on its association
with malnutrition[23,24]. Studies shows that, linear growth could be
affected by vitamin D status of children even in the absence of rickets
clinical signs [25]. From the evidences currently available in literature
world, a strong evidence base of the contributions of vitamin D defi-
ciency for malnutrition, both regionally and globally, has been lacking.
Even though the role of macronutrients in physical growth is well
known, the roles of micronutrients including vitamin D in physical
growth is not well established. Particularly, evidences with respect to
the role of vitamin D on stunting among children are not conclusive, and
sometimes conflicting [23-28].

This study was conducted to assess and compare the pooled preva-
lence of vitamin D deficiency among healthy and sick children in sub-
Saharan Africa. Hence, these review was done to avail better data on
the relation between common medical illnesses and micronutrient
deficiency particularly vitamin D, to guide intervention programs and to
prioritize global focus on addressing vitamin D deficiency.

2. Materials and methods
2.1. Reporting and registration

This review followed the PRISMA (Preferred Reporting Items for
Systematic Reviews and Meta-analysis) 2020 statement: an updated
guideline for reporting systematic reviews (Additional file-1) [29].
Quality of this systematic review was assessed using AMSTAR 2 criteria
and it was found to be a high quality review [30]. The study was
registered on

www.researchregistry.org with a unique identification number of
research registry1266.
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2.2. Study sources and search strategy

A systematic review and meta-analysis study was conducted to
determine and compare the pooled prevalence of vitamin D deficiency
among apparently healthy and sick under five children in sub-Saharan
Africa. The major databases of PubMed, Cochrane library, CINAHL
and Google scholar were used for systematic search of literatures with
Boolean operators like “AND”, “NOT” and “OR”. Using the Boolean
operator we searched as: ((vitamin d"[MeSH Terms] OR "ergocalcifer-
ols"[MeSH Terms] OR vitamin D [Text Word])) AND ("child"[MeSH
Terms] OR CHILDREN|[Text Word])) AND "Africa South of the Sahar-
a"[Mesh])). A search output from different data bases were shown below
(Table 1).

2.3. Selection of study and eligibility criteria

All studies that were conducted on vitamin D deficiency among
under five children and those fulfilled the inclusion criteria according to
the interest of the study were included. All types of article types pub-
lished in English were included. Initially, availability of full text titles,
and abstracts of the articles were assessed. Then the full papers of
relevant articles were reviewed. We excluded articles with inaccessible
full paper.

2.4. Inclusion criteria
Study area: studies conducted in Sub-Saharan Africa only.

2.5. Study design: observational studies (cross-sectional, case-control and
cohort studies)

Outcome measures: Studies that measured 25(OH)D in blood.

Language: studies published/written in the English language only
were included.

Population: studies conducted among under five children.

Publication issue: both published and unpublished articles were
searched.

Study period: 2010-2020

2.6. Data extraction

Data extraction for all the necessary data was done by RH and MF
independently using a standardized data extraction format prepared in
Microsoft Excel. Any disagreements between the authors during data
extractions was discussed and reached on consensus. The data extraction

Table 1

Summary of search results for the PubMed, Google Scholar and other databases
to assess the prevalence of vitamin D deficiency among under five children in
Sub-Saharan Africa.

Number of
studies

Databases Searching terms

Google scholar All in title: vitamin D OR ergocalciferols 852
AND Children

Search ((("vitamin d"[MeSH Terms] OR 331
"ergocalciferols’"[MeSH Terms] OR

vitamin D[Text Word])) AND

("child"[MeSH Terms] OR CHILDREN

[Text Word])) AND "Africa South of the
Sahara"[Mesh]

“prevalence” or “magnitude” and 29
“Vitamin D” and “Deficiency” or “level”

PubMed

Web of science,
CINAHL and global

health and “children” or “Child” or
“ergocalciferols” and “sub-Saharan Africa”
Total retrieved articles 1212
Full text available 10

papers appropriate to
our review



http://www.researchregistry.org
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format includes first author, publication year, name of country, sample
size, included and number of event and prevalence with 95% CI. The
main outcome of interest for this study is prevalence of vitamin D
deficiency among healthy and sick children in sub-Saharan Africa. The
main types of illnesses used in this study were TB, malnutrition and HIV/
AIDS.

2.7. Risk of bias

Two authors (RH and MF) independently assessed the risk of bias for
each article using the Newcastle-Ottawa Scale quality assessment tool
[31]. Using an assessment tool as a guideline, two authors indepen-
dently evaluated the qualities of the original articles. Quality of each
study was evaluated using these parameters; those with medium (ful-
filling 50% of quality assessment criteria) and high quality (> 6 out of 10
scales) were included for analysis. Disagreements between assessors
were solved by taking the mean score of their assessment results.

2.8. Data processing and analysis

After extraction, the data were imported to STATA Version 14.0
statistical software for analysis. The standard error for each original
study was calculated using the binomial distribution formula. Hetero-
geneity among reported prevalence was assessed by computing p-value

Annals of Medicine and Surgery 75 (2022) 103403

heterogeneity among the studies (I = 98.3%, p = 0.001) and as a result
a random effect meta-analysis model was used to estimate the pooled
effect. To reduce the random effect variations between the point esti-
mates of the primary studies, a subgroup analysis was done based on
sample size. Funnel plot and Egger’s test at 5% significance level was
used to assess the publication bias. From the result, the articles were
symmetrically distributed and Egger’s test at 5% significant level was
not significant for the publication bias. Pooled prevalence with 95%
confidence intervals was presented in the forest plot format for both
healthy and sick children.

3. Results
3.1. General characteristics of studies

In the first step screening, we got a total number of 1112 papers and
478 papers were excluded due to repetition. According to the titles and
abstract 621 papers were excluded. Thirteen papers were found to be
suitable. After assessing the full text 3 papers were excluded due to
failure to report outcome of interest/exposure. Ten papers were finally
included in the study (Fig. 1) [33-42]. After identification of the
available papers, the papers were categorized in to two (healthy and
sick) based on the type of population used to study. If the individual
study used both types of population we used the included population of

12 test static [32]. As the test statistic showed there is significant each population to do the pooled measurement for the current study.
M) 1112 Records identified through database
= searching
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Fig. 1. Diagrammatic flow of data extraction process for systematic review and meta-analysis of the prevalence of vitamin D deficiency among children in sub-

Saharan Africa.
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3.2. Prevalence of vitamin D deficiency among healthy children

The finding from the seven studies that included 2736 participants
resulted in pooled prevalence of vitamin D deficiency among healthy
children to be50.06% (CI ranges from 33.46% to 66.67%) (Fig. 2)
[34-40]. The lowest prevalence was 17% from Botswana and the highest
prevalence was 90% from Ethiopia.

The pooled mean serum vitamin D level among the healthy children
was 41.06 nm/L with CI of 23.82 nm/L to 58.31 nm/L (Fig. 4) [35-39].

Publication bias using funnel plot for prevalence of VDD and con-
centration of vitamin D level among healthy children was assessed and it
shows a relatively symmetrical shape.

Funnel plot and Egger’s test were used to test Publication bias. From
the result the articles were symmetrically distributed for prevalence
(Fig. 3) and (Fig. 5) and Egger’s test result for small study effects
revealed that publication bias in estimating vitamin D deficiency and its
concentration was not statistically significant.

3.3. Pooled prevalence of vitamin D deficiency among sick children in
sub-Saharan Africa

Analysis was done to assess the pooled prevalence of vitamin D
deficiency among sick children (children having certain medical con-
ditions). The analysis of 5 studies including 684 children (253 having
HIV, 39 TB, 251 malnutrition, 47 diarrhea and 94 other) revealed that,
the pooled prevalence of vitamin D deficiency among the sick children
was 39.36% with CI of 20.57-57.96% (Fig. 6) [33-35, 38 and 411].

The lowest prevalence is 21% from Botswana and the highest was
70.2% from Tanzania.

The pooled mean serum vitamin D level among the sick children was
66.96 nm/L with 95% CI of 54.81 nm/L to 79.11 nm/L (Fig. 8) [33, 35,
40-42]. Publication bias was assessed using funnel plot and the diagram
shows that, there is symmetrical distribution of articles showing no
significant publication bias for prevalence of VDD (Fig. 7) and mean
serum concentration of vitamin D (Fig. 9).

4. Discussion

This study has tried to assess the pooled prevalence of vitamin D
deficiency among under-five children in sub-Saharan Africa. Attempts
were made to see the pooled prevalence among the healthy and sick
children separately. The common illness conditions considered in this
review were mainly malnutrition, HIV/AIDS and tuberculosis.

Study

RWEBEMBERA et al (2013)
sudfeld et al (2014)

ludmir et al (2016)

sudfeld et al (2017)

Hassam et al (2019)
Bellows et al (2017)

Bodin et al (2019)

Overall (I-squared = 98.8%, p = 0.000)

NOTE: Weights are from random effects analysis
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Fig. 3. Funnel plot with 95% confidence interval of the pooled prevalence of
vitamin D deficiency among healthy under five children in sub-Saharan Af-
rica, 2020.

From the result of analysis, the pooled prevalence among healthy
children in sub-Saharan Africa was found to be 50.06% with 95% CI
ranging from 33.46% to 66.67%. On the other hand the pooled preva-
lence among sick children was 39.36% with CI of 20.57-57.96%. Among
the studies included for the sick children the lowest prevalence (14.6%)
of vitamin D deficiency was found in Uganda among malnourished
children [34] and the highest prevalence (70.2%) was from Tanzania
among patients with diarrhea [35]. Regarding the healthy children the
lowest prevalence (17%) was among children from Botswana [36] and
the highest prevalence of 90% was from Ethiopia [40]. In this study the
pooled prevalence of vitamin D deficiency among both healthy and sick
children was found to be significantly of public health concern.

Regarding the comparison between the pooled prevalence among the
sick and healthy children, the pooled prevalence among healthy chil-
dren was found to be significantly higher. Correspondingly, the mean
serum vitamin D level among healthy children (41.06 nm/L) was found
to be significantly lower than the level among sick children (66.96 nm/
L). The finding of the current study was in contrary to the presumed
expectations and findings of other individual studies conducted else-
where which shows vitamin D deficiency more prevalent among people
with some type illnesses and health conditions [4344,45]. In the current
study the lesser prevalence of vitamin D among sick children than
healthy children might be due to the fact that, most of the studies
included for the sick children were conducted among malnourished

ES (95% Cl)

- 34.55 (27.81, 41.29)
[ 60.97 (57.86, 64.08)
— 17.00 (5.50, 28.50)

- 76.40 (72.95, 79.85)
31.90 (18.57, 45.23)

36.40 (33.13, 39.67)

—— 90.00 (83.97, 96.03)

50.06 (33.46, 66.67)

Fig. 2. Pooled prevalence of vitamin D deficiency among healthy children in sub-Saharan Africa.
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Study

RWEBEMBERA et al (2013)

sudfeld et al (2014)

ludmir et al (2016)

sudfeld et al (2017)

Bellows et al (2017)

Overall (I-squared = 99.9%, p = 0.000)

NOTE: Weights are from random effects analysis
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- 59.25 (56.38, 62.12)
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. 36.25 (34.75, 37.75)
60.92 (59.36, 62.48)

41.06 (23.82, 58.31)

T
0 50 100

Fig. 4. Mean serum vitamin D level among healthy children in sub-Saharan Africa, 2020.
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Fig. 5. Publication bias for mean concentration of serum vitamin D among
health children in sub-Saharan Africa.

children and tuberculosis children. Malnourished children were usually
fed malnutrition treatment formula which have high vitamin D [46] and
this might mask the usual vitamin deficiency among children. Similarly,
as tuberculosis is a granulomatous disease and in granulomatous dis-
eases, activated mononuclear cells (particularly macrophages) in the
lung and lymph nodes produce calcitriol from calcidiol independent of

PTH [47-50]. This may increase the serum level of vitamin D among
children with tuberculosis. Furthermore, some studies among HIV pa-
tients show that ART treatment drugs particularly, use of ritonavir or
tenofovir, was associated with higher levels of 250HD [51] and this
might also be contributed for higher vitamin D among the sick groups.

From another systematic review and meta-analysis done to assess
vitamin D deficiency in critically ill children in the other study, the
pooled VDD event rate was 54.8 (95% CI 45.4-63.9) and another study
done in developing countries comparable to the current study also
showed a higher pooled VDD rate of 64% with 95% CI 51-75%) [39]
which is much higher than the finding of the current study. This might
be due to the nature of the participants of the studies, where the par-
ticipants of the previous studies were critically ill children in ICU while
those in the current studies were not ICU patients.

Finding of systematic review and meta-analysis conducted to assess
vitamin D deficiency in Africa among the healthy children found that,
the pooled prevalence was 49.07 with 95% CI of (24-88-73.49) among
newborns and 22.99 (12.03-36.14) among older children [52]. The
pooled prevalence from this study is much lower than the finding from
the current study. This might be due to the fact that, most of the studies
included in the earlier meta-analysis were relatively from well-off
countries and the studies also used random effect meta-analysis to
report the pooled prevalence.

This study has attempted to put the burden of vitamin D deficiency
among under-five children in sub-Saharan Africa using different
segment of population based on health status of children. It has tried to

Effect Size Weight
Study with 95% Cl (%)
Sudfeld et al (2014) E B 56.92[ 50.82, 63.02] 17.15
ludmir et al (2016) —— 21.00[ 822, 33.78] 16.14
Hassam et al (2019)(a) —l— 70.20[ 60.95, 79.45] 16.75
Nabeta et al (2015) - 14.60[ 8.20, 21.00] 17.12
Walli et al (2017) —- 30.60 [ 22.80, 38.40] 16.95
Hassam et al (2019)(b) —— 4260 28.46, 56.74] 15.87
Overall R 39.36 [ 20.77, 57.96]

Heterogeneity: 1° = 514.97, I’ = 96.55%, H’ = 29.01
Test of 8 = 6;: Q(5) = 145.04, p = 0.00
Testof 6=0:z=4.15p=0.00

Random-effects DerSimonian-Laird model

20 40 60 80

Fig. 6. Pooled prevalence of vitamin D deficiency among sick children in sub-Saharan Africa.
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Fig. 7. Funnel plot with 95% confidence interval for publication bias of prev-
alence of vitamin D deficiency among sick under five children in sub-Saharan
Africa, 2020.

delineate the difference in the burden of the problem among healthy and
sick children. However, there are certain important limitations to be
considered while using the findings of this study. One of the limitation of
this study was that, all most all of the studies included in this review
considered different age groups of children and this resulted in difficulty
of conducting subgroup analysis using the age group and other impor-
tant factors.
A preprint of this manuscript has previously been published [53].

4.1. Limitation

The main limitation of this study was only English articles or reports
were considered to conduct this continent based systemic-review. In
addition, this meta-analysis represented only studies reported from few
countries, which may reflect under-representation due to the limited
number of studies included.

4.2. Implication

The findings of this study were indicative that vitamin D deficiency
in children was a public health in both apparently healthy and sick
childrens. Future researches better focus on prospective studies in
different segments of children populations to generate a strong

Study
ID
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evidence. Routine vitamin D status assessment by public health practi-
tioners and clinicians are highly crucial.

5. Conclusion

In general, the pooled prevalence of vitamin D deficiency among
under-five children in this study was found to be among the higher
public health concern and there is significant variation in the prevalence
from country to country. The pooled prevalence among the healthy
children was found to be higher than the prevalence among the sick
children. Correspondingly, the mean serum vitamin D level among the
sick children was higher than among the healthy children.
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Fig. 9. Publication bias for mean concentration of serum vitamin D among sick
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Fig. 8. Mean serum vitamin D level among sick children in sub-Saharan Africa.
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CINAHL Cumulated Index in Nursing and Allied Health Literature

HIV/AIDS Human Immunovirus/Acquired Immunodeficiency
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ICU Intensive care unit
MeSH  Medical Subject Heading
Nmol/L. Nanomole per liter

TB Tuberculosis
VDD Vitamin D deficiency
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