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Systematic Review

A systematic review and meta-analysis of
prevalence of vitamin D deficiency among
Indonesian pregnant women: a public health
emergency

Gilbert Sterling Octavius, MD, MHM, MM; Vamela Adman Daleni, MD; Glenda Angeline, MD; Cindy Virliani, MD
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OBJECTIVE: There are few in-depth investigations or meta-analyses determining the prevalence of vitamin D insufficiency in expectant Indo-
nesian mothers. This systematic review and meta-analysis aims to determine this prevalence.

DATA SOURCES: We searched information using the following databases: MEDLINE, PubMed, Google Scholar, Cochrane Library, Science-
Direct, Neliti, Indonesia Onesearch, Indonesian Scientific Journal Database, bioRxiv, and medRxiv.

STUDY ELIGIBILITY CRITERIA: The inclusion criteria included cross-sectional studies or observational studies published in any lan-
guage, studying Indonesian pregnant women whose vitamin D levels were measured.

METHODS: Vitamin D deficiency in this review was defined as serum 25-hydroxyvitamin D <50 nmol/L, whereas vitamin D insufficiency was
defined as serum 25-hydroxyvitamin D between 50 and 75 nmol/L. The analysis was done using Stata software with the Metaprop command.
RESULTS: The meta-analysis included 6 studies involving 830 pregnant women aged 27.6—30.6 years. Prevalence of vitamin D deficiency
among Indonesian pregnant women was 63% (95% confidence interval, 40—86; £, 98.9%: P<.0001). The prevalence rates of vitamin D insuffi-
ciency and hypovitaminosis D were 25% (95% confidence interval, 16—34; 7, 83.37%; P<.01) and 78% (95% confidence interval, 60—96; £,
96.81%; P<.01), respectively. The mean serum vitamin D level was 40.59 nmol/L (95% confidence interval, 26.04—55.13; 7, 99.57%; P<.01).
CONCLUSION: Pregnant women in Indonesia are at risk for vitamin D deficiency, which constitutes a public health issue. Possible unwanted
consequences, including preeclampsia and small-for-gestational-age newborns, are more likely to occur when vitamin D deficiency in pregnant

women is left untreated. However, more studies are needed to prove these relationships.
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Introduction

Vitamin D consists of 2 active metabo-
lites, calcidiol 25-hydroxyvitamin D (25
[OH]D) and calcitriol (1,25[0OH],D),
which have proven skeletal benefits,
such as preventing the development of
rickets and osteomalacia.”” Tllnesses
such as asthma and upper respiratory
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tract infections, cancer, autoimmune
disorders, falls, and chronic diseases of
adulthood, including osteoporosis and
cardiovascular disease, are all linked to
low vitamin D level.>’ The numerous
vitamin D benefits may be attributable
to the widespread presence of vitamin
D receptors, except in mature muscle,
including the heart and liver.*

Vitamin D deficiency during preg-
nancy has been linked to increased risk
of some conditions affecting both the
mother and the fetus or newborn,
including preterm birth (if vitamin D
deficiency occurs in the middle of preg-
nancy),” spontaneous pregnancy loss,”’
small-for-gestational-age,” low birth-
weight,” and preeclampsia.'™'" How-
ever, despite the importance of vitamin
D during pregnancy, Indonesia does
not have adequate data on vitamin D
levels among pregnant women.

One study mentions that vitamin D
deficiency in Indonesian pregnant
women ranges from 60% to 95%,”

whereas another study quotes 20% to
95%." This number, however, is
derived from other primary studies
without any pooling. Therefore, this
prevalence of vitamin D deficiency in
Indonesian pregnant women is esti-
mated at best. To our best knowledge,
no large studies (such as the South
East Asian Nutrition Survey [SEA-
NUTS] in children'’) or meta-analyses
have yet been conducted on the preva-
lence of vitamin D levels in Indonesia.
Given that Indonesia’s maternal mor-
tality ratio (MMR) is still high, at 177
per 100,000 live births, this absence of
data is particularly worrisome."*
Although no causal links can be
derived between vitamin D deficiency
and MMR in Indonesia, it is essential
to take action regarding vitamin D
deficiency in Indonesia after realizing
the adverse effects on mothers and
newborns. The data on vitamin D defi-
ciency among Indonesian pregnant
women must be known so that the
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Why was this study conducted?

women.

Key findings

because of the tropical climate.

The prevalence of vitamin D deficiency (VDD) in Indonesian pregnant women
is mostly unknown. No extensive epidemiologic studies or meta-analyses have
been conducted to assess the prevalence of VDD in Indonesian pregnant

The prevalence of VDD in Indonesian pregnant women is 65%. The prevalence
rates of vitamin D insufficiency and hypovitaminosis D are 25% and 78%,
respectively. The mean serum vitamin D level is 40.59 nmol/L, lower than the
<50 nmol/L cutoffs for diagnosing VDD.

What does this add to what is known?
Pregnant women are vulnerable to VDD, and our data confirm the finding in
Indonesia. This result disproves the myth that VDD is sparse in Indonesia

government, stakeholders, and clinical
health practitioners can make recom-
mendations.

Therefore, this systematic review and
meta-analysis aims to determine the
prevalence of vitamin D deficiency
among pregnant women in Indonesia.
Our secondary goal is calculating the
average vitamin D levels, the prevalence
of low vitamin D levels, and the preva-
lence of hypovitaminosis D among
Indonesian pregnant women.

Methods

Eligibility criteria

The PRISMA (Preferred Reporting
Items for Systematic Reviews and Meta-
Analyses) 2020 guidance was fol-
lowed.”” The study protocol was
recorded in PROSPERO (International
Prospective Register of Systematic
Reviews) under registration number
CRD42022347207.

The studied population was all Indo-
nesian pregnant women with known
serum vitamin D levels irrespective of
gestational age during serum sampling
because of our prediction of small
amounts of studies in this category. The
primary outcome of this study was the
prevalence of vitamin D deficiency
among pregnant women in Indonesia.
Different studies using the same data
set were considered as 1 study, and we
chose 1 representative study on the
basis of the required data, the complete-
ness of the data, or both. The study’s
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secondary outcome was mean blood
vitamin D levels in Indonesian pregnant
women. In this meta-analysis, there

were no interventional or control
groups.
Inclusion  requirements included

cross-sectional research or observa-
tional studies published in any lan-
guage. Vitamin D deficiency in this
review was defined as serum 25[OH]
D <50 nmol/L, whereas vitamin D
insufficiency was defined as serum 25
(OH)D between 50 and 75 nmol/L."°
We defined hypovitaminosis D as a
combination of vitamin D deficiency
and vitamin D insufficiency. However,
using this cutoff as a strict criterion for
inclusion would result in very few stud-
ies being included in our meta-analysis.
Hence, we decided to include all studies,
irrespective of the cutoffs used in each
study. A subgroup analysis of serum 25
(OH)D cutoffs (<50 nmol/L vs not <50
nmol/L) was undertaken to assess their
impact on the prevalence. In addition,
we performed subgroup analyses based
on: the machines used to quantify
serum vitamin D and vitamin D suffi-
ciency and deficiency; the quality of the
studies; and the likelihood of bias. All
supplemental resources were searched
to ensure that all data were fully
extracted. Case reports, case series,
cohort studies, reviews, animal studies,
and studies conducted outside of Indo-
nesia were excluded from this investiga-
tion. We also excluded studies with <50

samples to maintain the stability of the
prevalence pool.'”” Another exclusion
criterion were studies that did not pro-
vide enough data to calculate the preva-
lence rate. Finally, expectant mothers
with comorbid conditions such as pre-
eclampsia were excluded. Citations
from review studies were searched to
ensure literature saturation. To ensure
that all relevant research was included,
we also conducted manual searches and
citation checks on omitted papers. We
multiplied the mean values in nano-
gram per milliliter (ng/mL) by 2.5 for
conversion to nanomole per liter
(nmol/L) to retain data consistency.

Search strategy and study selection

The literature search began and was
completed on July 10, 2022. We
searched 5 academic databases: MED-
LINE, PubMed, Google Scholar,
Cochrane Library, and ScienceDirect.
Three Indonesia-specific databases—
Neliti, Indonesia Onesearch, and the
Indonesian Scientific Journal Database
(ISJD)—were also used to increase liter-
ature saturation. We also searched bio-
Rxiv. and medRxiv for possible
preprints related to our meta-analysis.
The search was conducted in English
and Bahasa Indonesia. The key words
used were related to vitamin D (“Vita-
min D deficiency,” “Vitamin D insuffi-
ciency,” “hypovitaminosis D,”
“ergocalciferol,”  “25-hydroxyvitamin
D”), pregnancy, and Indonesia. The
Medical Subject Headings (MeSH)
terms for each database are listed in
Supplemental Table 1. All records were
entered into the Rayyan program
(Rayyan Systems Inc., Cambridge, MA),
which inspected them and automati-
cally identified duplicates."® This pro-
gram can be used to collaboratively
select relevant research. Initial searches
were carried out independently by 2
authors (G.S.0O. and C.V.), who then
imported all of the results into Rayyan
software. The first search was then
cross-checked by 2 other authors (G.A.
and V.A.D.). These 4 authors individu-
ally reviewed each available article. Dis-
putes were settled through discussions.
Grey literature was also actively sought,
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including posters, abstracts, and white
papers.

Data extraction and quality
assessment

Two authors (G.S.O. and V.A.D.) inde-
pendently extracted the data, which
were then checked for accuracy by a
third author (C.V.). We gathered perti-
nent data, including study identity
(author and publication year), study
characteristics (place, study design, and
study duration), and the prevalence of
vitamin D deficiency (total number of
pregnant women checked for vitamin D
as well and the number of pregnant
women who suffered from vitamin D
deficiency).

The Newcastle—Ottawa scale (NOS)
for cross-sectional studies was used to
rate the quality of the studies. On the
NOS, a score of 7 to 9 indicates good
study quality, a score of 4 to 6 moderate
or fair quality, and a score of 0 to 3
poor quality."” We used JBI criteria for
prevalence studies to evaluate risk of
bias. Studies with a score of 0 to 3 were
considered as low-risk, a score of 4 to 6
as moderate-risk, and a score of 7 to 9

as high-risk.”” The NOS and JBI scale
were separately evaluated by 3 reviewers
(GS.0, GA, and V.AD.), and C.V.
double-checked the results. All differen-
ces were resolved through discussion
until an agreement was reached. Emails
or ResearchGate messages were sent to
corresponding authors to inquire about
any missing or additional data.

Data synthesis

We calculated the point prevalence by
dividing the total number of women
with known vitamin D levels by the
number of pregnant women who had
vitamin D deficiency.”' The analysis
was done using Stata software, Version
17.0 (StataCorp, College Station, TX),
and Metaprop was the command of
choice for prevalence calculation. The
DerSimonian and Laird random-effects
model was chosen, and we calculated
the 95% confidence interval (CI) using
the Clopper—Pearson method.”> We
used prediction intervals to assess het-
erogeneity if >10 studies were
included,” and between-study hetero-
geneity was explored with a Galbraith
plot.”* Small-study effects were assessed

with funnel plot analysis if >10 studies
were included,” and Begg and Mazum-
dar test was used for rank correlation,”®
and the Egger test for a regression inter-
cept.”” If the funnel plot was asymmet-
rical, trim-and-fill  analysis  was
conducted.”® Random effects with Har-
tung—Knapp—Sidik—Jonkman method
were used to calculate the weighted
mean 25(OH)D values.”” We also con-
ducted a sensitivity analysis to assess
one study’s impact on the overall
prevalence.”

Results
Of the 917 identified articles, 82 were
duplicate content. After title and

abstract evaluation, 23 publications
underwent a thorough evaluation and
were excluded, and 812 records were
left. Five articles remained after apply-
ing exclusion criteria. Another 6 publi-
cations were identified through
citations and manual searches, of which
1 was included in the final analysis.
Thus, 6 articles were included in this
systematic review and meta-analysis
(Figure 1). The Table lists the study
characteristics and the scores on the

PRISMA flowchart for selection of included studies
[ Identification of studies via databases and registers } [ Identification of studies via other methods ]
—
Records identified from:
c Mediine (n=225)
S gzg::ge(nﬂfr;)"’ (n=12) Records removed before o
i Google Scholar (n=117) .| screening: Records identified from:
= Science Direct (n=352) i Duplicate records removed (n Citation searching (n = 2)
= Indonesian Scientific Journal =82) Hand searching (n = 4)
o Database (n=0)
= Neliti (n=16)
Indonesia One Search (n=16)
MedRxiv & BioRxiv (N=160)
-
— ¥
Records screened »| Records excluc!ed via automation
(n=835) screening (n = 0)
l v
Reports sought for retrieval »| Reports not retrieved after title Reports sought for retrieval »| Reports not retrieved after title
2 (n=835) and abstract screening (n = 812) (n=6) and abstract screening (n = 2)
= .
: I l
O
n
Reports assessed for eligibility o Reports assessed for eligibility
n=23 e =2 e .
( ) Reports excluded: (n=2) Reports excluded: .
« Data comes from the same Studies not done in
database (N=13) Indonesia (n=1)
o <50 samples (N=2)
« No data on maternal vitamin D
(N=1)
« Not enough data to assess
— prevalence (N=2)
= Studies included in systematic
= review (n = 6)
] Studies included in meta-
= analysis (n= 6)

PRISMA, Preferred Reporting Items for Systematic Reviews and Meta-Analysis.
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NOS, whereas Supplemental Table 2
lists the risk of bias for each study. Sup-
plemental Table 3 summarizes all exclu-
sions of important studies and their
justifications.

The oldest study was conducted by
Wibowo et al’” between February 2012
and April 2015. The rest of the studies
were done between 2016 and 2019. All
of the studies used the cross-sectional
method. Two studies included the mea-
surement of serum 25(OH)D during
the first trimester,”>”” 1 study measured
serum 25(OH)D during the third tri-
mester,”’ and 1 study measured serum
25(0H)D after delivery.”” Another 2
studies measured serum 25(OH)D at
<13 and >27 weeks’* and at 28 weeks®
of gestation, respectively. Three studies
were conducted in West Sumatra,”***
whereas the other 3 were done in Java
island (2 studies in Jakarta®**® and 1 in
the Bandung region™”).

A total of 830 pregnant women were
included in this meta-analysis, aged
from 27.6 to 30.6 years. The prevalence
of vitamin D deficiency among these
women was 63% (95% CI, 40—86; )
98.9%; P<.0001) (Figure 2). No hetero-
geneity was detected according to the
Galbraith plot (Supplemental Figure 1).
With a P value of .45, the Begg and
Mazumdar rank correlation test found
no indication of publication bias. With
a P value of .0075, the Egger test for a
regression intercept revealed potential
publication bias. Sensitivity analyses
showed that excluding studies con-
ducted by Wibowo et al’” yielded a
prevalence rate of 56% (95% CI, 38
—74).

Subgroup analysis was performed for
study quality, serum 25(OH)D cutoffs,
machine used to measure vitamin D,
and risk of bias. The prevalence rate
was higher among studies using
<50 nmol/L as their cutoff compared
with those that did not (66% vs 61%).
However, the CI was wider for studies
that did not use <50 nmol/L as their
cutoff than for those that did (16
—106 vs 44—87). The heterogeneity
between the groups was not significant
(P=.853) (Supplemental Figure 2). Stud-
ies that used enzyme-linked immuno-
sorbent assay (ELISA) had a much
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FIGURE 2

Prevalence of vitamin D deficiency in Indonesian pregnant women

Study

1 (limiawati et al 2020)

2 (Judistiani et al 2019)

3 (Irwinda & Andardi 2020)

4 (Ajietal 2019)

5 (Wibowo et al 2017)

6 (Putri et al 2019)

Overall (12 =98.9%, p = 0.000)

ES (95% CI) Weight

'

—_—— 0.45 (0.35, 0.56) 16.51
'
'

! . 0.80 (0.74, 0.86) 16.92
|
i

—_— 0.70 (0.57, 0.81) 16.38
'
i

—_— | 0.47 (0.40, 0.55) 16.80
i
'

: - 1.00(0.98, 1.00) 17.08
|
i

—_—— ! 0.35 (0.23, 0.48) 16.32
'

0.63 (0.40, 0.86) 100.00

Cl, confidence interval; S, effect size.
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lower vitamin D deficiency prevalence
(52%; 95% CI, 30—75) compared with
studies that used non-ELISA tests (99%;
95% CI, 99—100). The heterogeneity
between the groups was significant
(P<.01) (Supplemental Figure 3). Stud-
ies of moderate quality also seemed to
have lower prevalence rates of vitamin
D deficiency (63%; 95% CI, 27—98)
compared with those of good quality
(68%; 95% CI, 64—73). However, the CI
was narrower in studies of good quality.
The heterogeneity between the groups
was not significant (P=.759) (Supple-
mental Figure 4). Lastly, studies with
low risk of bias had a higher prevalence
of vitamin D deficiency (73%; 95% CI,
68—78) compared with studies with
moderate risk of bias (63%; 95% CI, 28
—99). The heterogeneity between the
groups was not significant (P=.595)
(Supplemental Figure 5).

With regard to the prevalence of vita-
min D insufficiency among Indonesian

pregnant women, 4 studies provided suf-
ficient data for calculation. The preva-
lence rate of vitamin D insufficiency was
25% (95% CI, 16—34; I, 83.37%; P<.01)
(Figure 3). No heterogeneity was shown
by the Galbraith plot (Supplemental
Figure 6). The rank correlation test by
Begg and Mazumdar returned a P value
of .31, which excludes publication bias.
With a P value of .0001, the Egger test
for a regression intercept showed some
indication of publication bias. Lastly,
78% (95% CI, 60—96; I, 96.81%; P<.01)
of pregnant women in Indonesia suffer
from hypovitaminosis D. No heteroge-
neity was shown by the Galbraith plot
(Supplemental Figure 7). The rank corre-
lation test by Begg and Mazumdar
returned a P value of .73, which excludes
publication bias. With a P value of .11,
the Egger test for a regression intercept
showed no sign of publication bias.

The mean serum vitamin D level was
40.59 nmol/L (95% CI, 26.04—55.13; I,

99.57%; P<.01) (Figure 5). The Gal-
braith plot indicated heterogeneity
(Supplemental Figure 8). With a P value
of .71, the Begg and Mazumdar rank
correlation test found no indication of
publication bias. With a P value of
.0001, the Egger test for a regression
intercept found evidence of potential
publication bias.

Discussion

This study found that 25%, 63%, and
78% of all Indonesian pregnant women
suffer from vitamin D insufficiency,
deficiency, and hypovitaminosis D,
respectively. According to Roth’s crite-
ria, Indonesian pregnant women suffer
from a high prevalence rate of vitamin
D deficiency, constituting a public
health emergency.” Different studies
have shown varying results compared
with ours. A meta-analysis examining
vitamin D deficiency in Turkey found a
prevalence rate as high as 83%.”

May 2023 AJOG Global Reports 5
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FIGURE 3

Prevalence of vitamin D insufficiency in Indonesian pregnant women

Study

1 (llmiawati et al 2020)

2 (Judistiani et al 2019)

4 (Aji etal 2019)

6 (Putri et al 2019)

Overall (1*2 = 83.37%, p = 0.00)

ES (85% Cl) Weight

]
\
|

: -+ 0.36 (0.26, 0.47) 2268
|
|
|
|

—_— 0.16 (0.11,0.22) 2871
|
|
i
|

—_— 0.17 (0.12, 0.24) 2827
i
\
i

L + 033 (0.22, 0.47) 2034
|
i

025 (0.16, 0.34) 100.00

Cl, confidence interval; £S, effect size.
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However, some studies showed lower
prevalence of vitamin D deficiency and
insufficiency. One study in Turkey
found a prevalence rate of 53.3% for
vitamin D deficiency among 90 preg-
nant women, albeit using a different
cutoff for serum 25(OH)D level.”
Another study including 515 Banglade-
shi pregnant women at <20 weeks of
gestation found a prevalence rate of
17.3% for vitamin D deﬁciency.3 ? Lastly,
a large observational study in China
involving 34,417 pregnant women
found that only 25.1% were vitamin D
—deficient, applying the same cutoff as
this review."’

Pregnant women in Indonesia have a
pooled serum vitamin D level of
40.59 nmol/L, below the threshold for
serum 25(OH)D deficiency (<50 nmol/
L). This value is in concordance with
the high prevalence of vitamin D defi-
ciency. For pregnant women and new
mothers, a meta-analysis in Africa dis-
covered a higher average vitamin D

6 AJOG Global Reports May 2023

level of 68.46 nmol/L (95% CI, 49.91
—87.01),"" whereas another Iranian
meta-analysis found a pooled mean of
15.02 ng/mL (95% CI, 13.68—16.35) or
37.55 nmol/L (95% CI, 34.2—40.875)
after conversion."”

There are some explanations as to
why Indonesian pregnant women suffer
from such a high rate of vitamin D defi-
ciency and low overall mean serum 25
(OH)D. Despite being a country that
receives sunlight throughout the entire
year, rapid urbanization and associated
lifestyle changes may explain the high
vitamin D deficiency among Indonesian
pregnant women."' Southeast Asian
females wear traditional heavy clothing
such as hijab or shari, concealing their
skin from possible sources of UV
light.”” Furthermore, Asian females are
concerned with their sun exposure, and
thus many intentionally attempt to
avoid it, or practice preventive measures
against sunburn, such as wearing sun-
screen or carrying an umbrella.***

Indonesian pregnant women also do
not regularly practice vitamin D supple-
mentation because it is not made man-
datory by the National Health
Minister.”® One study found a low con-
sumption of vitamin D and calcium
among pregnant women in West Suma-
tra, from where 3 of the studies in this
review originated.”” Another critical
factor that may contribute to low serum
25(OH)D is the worsening air pollution
in Indonesia during the past few years.**
High ambient air pollution levels may
cause atmospheric UV-B radiation
absorption, reducing the amount of
UV-B radiation available to induce vita-
min D synthesis in exposed skin."* Ulti-
mately, low vitamin D levels may affect
the children’s vitamin D levels. One
meta-analysis in Indonesia found that
the prevalence of vitamin D deficiency
among Indonesian children is 33%."
Meanwhile, some studies find that
the duration of sun exposure signifi-
cantly  affects serum  25(OH)D
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FIGURE 4
Prevalence of hypovitaminosis D in Indonesian pregnant women
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sunlight exposure and Fitzpatrick skin edge the fact that different serum 25

(OH)D cutoffs used in every study sig-
nificantly alter the prevalence rate of
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Mean vitamin D levels in Indonesian pregnant women
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hypovitaminosis D. Given the varying
characteristics among these studies and
reviews, a direct comparison with other
studies seems almost impossible.””
There are several limitations to this
meta-analysis. Firstly, it was a small
meta-analysis given that it involved only
6 studies,” and it included 830 pregnant
women, which is a small fraction of the
110-million Indonesian female popula-
tion.”” The small number of studies pre-
cluded assessment for small-study effects
and causes of heterogeneity because fun-
nel plots and prediction intervals are not
accurate if there are <10 studies.’””
This may also explain the discordance
among the results of the Galbraith plot,
Egger test, and Begg test for heterogene-
ity. All tests have low power to detect
heterogeneity, and coupled with the
small number of studies presented in our
meta-analysis, heterogeneity results are
expected to be invalid.’” According to
the I’ index classification,”” our meta-
analysis has substantial heterogeneity,
which cannot be fully explained by study
quality, serum 25(OH)D cutoffs,
machines used to measure vitamin D, or
risk of bias. Among these subgroups,
substantial between-group heterogeneity
was found only for the machine used to
measure vitamin D. This supports the
finding that recalibration according to
type of machine yielded better results in
measuring serum 25(OH)D in European
populations.”’ Heterogeneity in this
study could be caused by substantial
within-population variation caused by
socioeconomic conditions, diet, latitude,
custom, and coverage of skin with cloth-
ing, which we could not assess in this
meta-analysis."**" Secondly, Wibowo et
al ** found a vitamin D deficiency preva-
lence rate of almost 100% among preg-
nant women, therefore skewing the
overall prevalence rate. We attribute
their finding to the study’s moderate
quality and moderate risk of bias accord-
ing to NOS and JBI, respectively. Poten-
tial issues with sampling methodology,
patient selection, and underpowered
samples may have led to such a high
prevalence rate. Hence, it is unsurprising
that sensitivity analyses found an enor-
mous pooled prevalence rate. Usually,
this would decrease the confidence in the
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results of our pooled prevalence rate.”
However, even after excluding this study,
the prevalence rate of vitamin D defi-
ciency can still be considered as indica-
tive of a public health emergency, which
should be addressed urgently.’

Finally, there are several variables that
we believe could contribute to the high
prevalence of vitamin D deficiency. How-
ever, because of the paucity of data sup-
plied in each study, we cannot evaluate
them. Instead of relying on published
summary measurements, a complete
analysis of the factors affecting vitamin D
status may have been done if individual-
level data were available. Such meta-anal-
ysis of individual patient data has been
hailed as the “gold standard” for meta-
analysis,”” and it can also solve the issue
of different cutoffs used by different stud-
ies. Although one meta-analysis remedied
this issue using 3 different cutoffs, we
could not do this because insufficient data
were presented to analyze vitamin D defi-
ciency according to 3 different cutoffs.”’

Our work has merits despite its limi-
tations, which justifies conducting a
meta-analysis. The prevalence of vita-
min D deficiency, insufficiency, and
hypovitaminosis D among Indonesian
pregnant women was examined. Each
study’s relatively recent data sets repre-
sent Indonesian pregnant women’s cur-
rent vitamin D status. Hence, multiple
stakeholders can use this meta-analysis
to plan and enforce strategies to address
vitamin D deficiency in Indonesian
pregnant women. Although the low
number of studies may be a limitation,
we have searched for all possible papers,
including preprints and grey literature.
Hence, this meta-analysis is a compre-
hensive review of vitamin D status
among Indonesian pregnant women.
Vitamin D research on Indonesian
pregnant women may be affected by
salami publication, distorting the overall
results.”” To support this proposition,
Supplemental Table 3 shows that 72%
of all exclusions of studies were owing
to same data sets having been used for
different publications.

Conclusion
Vitamin D deficiency is a public health
emergency among Indonesian pregnant

women, especially given that this popu-
lation is considered a high-risk group
for vitamin D deficiency. If uncorrected,
vitamin D deficiency in pregnant
women is passed on to the fetus and
newborn, increasing the risks for
unwanted complications such as small-
for-gestational-age newborns and pre-
eclampsia.

To guarantee uniformity, there has to
be a more robust guiding agreement to
choose the vitamin D cutoff level for
each study. Deidentified, publicly acces-
sible data must also be available to
improve data accessibility and open-
ness. There is an urgent need for a siz-
able population-based study that
considers the phenotype and genotype
of pregnant women in Indonesia, ethnic
groups, geographic locations, sociocul-
tural practices, latitude and sun expo-
sure, dietary intake and habits, and
other pertinent factors. To provide a
clearer and better picture of the preva-
lence rate of vitamin D deficiency
among pregnant women in Indonesia,
conscience and research ethics should
also be exercised to reduce salami publi-
cation. Institutions and funders can
play a role in ensuring that publications
are transparent.

Various sectors, such as the govern-
ment, health practitioners, and support
groups, must convene and intervene to
solve this problem. Vitamin D supple-
mentation during pregnancy might
temporarily address this problem. How-
ever, until more conclusive research
about timing, dosage, and supplementa-
tion combination (vitamin D alone vs
vitamin D and calcium) is conducted in
Indonesia, it might not be the best
course of action.”**

Supplementary materials
Supplementary material associated with
this article can be found in the online
version at  doi:10.1016/j.xagr.2023.
100189.

REFERENCES

1. Dhamayanti M, Noviandhari A, Supriadi S,
Judistiani RTD, Setiabudiawan B. Association
of maternal vitamin D deficiency and infants’
neurodevelopmental status: a cohort study on
vitamin D and its impact during pregnancy and


https://doi.org/10.1016/j.xagr.2023.100189
https://doi.org/10.1016/j.xagr.2023.100189
http://refhub.elsevier.com/S2666-5778(23)00030-8/sbref0001
http://refhub.elsevier.com/S2666-5778(23)00030-8/sbref0001
http://refhub.elsevier.com/S2666-5778(23)00030-8/sbref0001
http://refhub.elsevier.com/S2666-5778(23)00030-8/sbref0001
http://refhub.elsevier.com/S2666-5778(23)00030-8/sbref0001
http://www.ajog.org

ajog.org

Systematic Review

childhood in Indonesia. J Paediatr Child Health
2020;56:16-21.

2. Bouillon R, Marcocci C, Carmeliet G, et al.
Skeletal and extraskeletal actions of vitamin D:
current evidence and outstanding questions.
Endocr Rev 2019;40:1109-51.

3. Roth DE, Abrams SA, Aloia J, et al. Global
prevalence and disease burden of vitamin D
deficiency: a roadmap for action in low- and
middle-income countries. Ann N Y Acad Sci
2018;1430:44-79.

4. Wang Y, Zhu J, Del.uca HF. Where is the
vitamin D receptor? Arch Biochem Biophys
2012;523:123-33.

5. Lian RH, Qi PA, Yuan T, et al. Systematic
review and meta-analysis of vitamin D defi-
ciency in different pregnancy on preterm birth:
deficiency in middle pregnancy might be at risk.
Medicine (Baltimore) 2021;100:e26303.

6. Zhang H, Huang Z, Xiao L, Jiang X, Chen D,
Wei Y. Meta-analysis of the effect of the mater-
nal vitamin D level on the risk of spontaneous
pregnancy loss. Int J Gynaecol Obstet
2017;138:242-9.

7. Tamblyn JA, Pilarski NSP, Markland AD,
et al. Vitamin D and miscarriage: a systematic
review and meta-analysis. Fertil  Steril
2022;118:111-22.

8. Chen Y, Zhu B, Wu X, Li S, Tao F. Associa-
tion between maternal vitamin D deficiency and
small for gestational age: evidence from a
meta-analysis of prospective cohort studies.
BMJ Open 2017;7:€016404.

9. Fang K, He Y, Mu M, Liu K. Maternal vitamin
D deficiency during pregnancy and low birth
weight: a systematic review and meta-analysis.
J Matern Fetal Neonatal Med 2021;34:1167-73.
10. Fogacci S, Fogacci F, Banach M, et al.
Vitamin D supplementation and incident pre-
eclampsia: a systematic review and meta-anal-
ysis of randomized clinical trials. Clin Nutr
2020;39:1742-52.

11. Hu KL, Zhang CX, Chen P, Zhang D, Hunt
S. Vitamin D levels in early and middle preg-
nancy and preeclampsia, a systematic review
and meta-analysis. Nutrients 2022;14:999.

12. Aji AS, Erwinda E, Rasyid R, et al. A
genetic approach to study the relationship
between maternal vitamin D status and new-
born anthropometry measurements: the vita-
min D pregnant mother (VDPM) cohort study. J
Diabetes Metab Disord 2020;19:91-103.

13. Sandjaja S, Budiman B, Harahap H, et al.
Food consumption and nutritional and bio-
chemical status of 0-5-12-year-old Indonesian
children: the SEANUTS study. Br J Nutr
2013;110(Suppl3):S11-20.

14. Mahmood MA, Hendarto H, Laksana
MAGC, et al. Health system and quality of care
factors contributing to maternal deaths in east
Java, Indonesia. PLoS One 2021;16:
e0247911.

15. Page MJ, McKenzie JE, Bossuyt PM, et al.
The PRISMA 2020 statement: an updated
guideline for reporting systematic reviews. BMJ
2021;372:n71.

16. Hajizadeh S, Rankin Shary J, Gayle Reed
S, Lynn Wagner C. The prevalence of hypovita-
minosis D and its risk factors in pregnant
women and their newborns in the Middle East:
a systematic review. Int J Reprod Biomed
2019;17:685-708.

17. Britto C, Pollard AJ, Voysey M, Blohmke
CJ. An appraisal of the clinical features of pedi-
atric enteric fever: systematic review and meta-
analysis of the age-stratified disease occur-
rence. Clin Infect Dis 2017;64:1604-11.

18. Ouzzani M, Hammady H, Fedorowicz Z,
Elmagarmid A. Rayyan—a web and mobile app
for systematic reviews. Syst Rev 2016;5:210.
19. Wells G, Shea B, O’'Connell D, et al. The
Newcastle-Ottawa scale (NOS) for assessing the
quality of nonrandomised studies in meta-analy-
ses. Available at: http://www.ohri.ca/programs/
clinical_epidemiology/oxford.asp. Accessed
October 3, 2022.

20. The Joanna Briggs Institute. Checklist for
prevalence studies. 2017 Available at: https://
jbi.global/sites/default/files/2019-05/JBI_Cri-
tical_Appraisal-Checklist_for_Prevalence_S-
tudies2017_0.pdf. Accessed June 20, 2022.
21. Noordzij M, Dekker FW, Zoccali C, Jager
KJ. Measures of disease frequency: prevalence
and incidence. Nephron Clin Pract 2010;115:
c17-20.

22. Nyaga VN, Arbyn M, Aerts M. Metaprop: a
Stata command to perform meta-analysis of
binomial data. Arch Public Health 2014;72:39.
23. Borenstein M. Research Note: in a meta-
analysis, the 12 index does not tell us how
much the effect size varies across studies. J
Physiother 2020;66:135-9.

24, Gao J, Yang L, Zhao J, et al. Comparison
of problem-based learning and traditional
teaching methods in medical psychology edu-
cation in China: a systematic review and meta-
analysis. PLoS One 2020;15:e0243897.

25. Page M, Higgins J, Chapter SJ, et al.
Chapter 13: assessing risk of bias due to miss-
ing results in a synthesis. In: Higgins JPT,
Thomas J, Chandler J, eds. Cochrane hand-
book for systematic reviews of interventions,
2nd ed., Chichester, England: John Wiley &
Sons; 2019:349-74.

26. Begg CB, Mazumdar M. Operating char-
acteristics of a rank correlation test for publica-
tion bias. Biometrics 1994;50:1088-101.

27. Egger M, Davey Smith GD, Schneider M,
Minder C. Bias in meta-analysis detected by a
simple, graphical test. BMJ 1997;315:629-34.
28. Duval S, Tweedie R. Trim and fill: a simple
funnel-plot-based method of testing and
adjusting for publication bias in meta-analysis.
Biometrics 2000;56:455-63.

29. IntHout J, loannidis JPA, Borm GF. The
Hartung-Knapp-Sidik-Jonkman method  for
random effects meta-analysis is straightforward
and considerably outperforms the standard
DerSimonian-Laird method. BMC Med Res
Methodol 2014;14:25.

30. Deeks JJ, Higgins JPT, Altman DG, et al.
Chapter 10. Analysing data and undertaking

meta-analyses. In: Higgins JPT, Thomas J,
Chandler J, eds. Cochrane handbook for Sys-
tematic Reviews of Interventions, 2nd ed., Chi-
chester, England: John Wiley & Sons; 2019:
241-84.

31. limiawati C, Oviana A, Friadi A, Reza M.
Sunlight exposed body surface area is associ-
ated with serum 25-hydroxyvitamin D (25(0OH)
D) level in pregnant Minangkabau women,
Indonesia. BMC Nutr 2020;6:18.

32. Judistiani RTD, Nirmala SA, Rahmawati M,
et al. Optimizing ultraviolet B radiation exposure
to prevent vitamin D deficiency among preg-
nant women in the tropical zone: report from
cohort study on vitamin D status and its impact
during pregnancy in Indonesia. BMC Preg-
nancy Childbirth 2019;19:2009.

33. Irwinda R, Andardi B. Lower placental 25-
hydroxyvitamin D(3) (25(0OH)D(3)) and higher
placental CYP27B1 and 25(0OH)D(3) ratio in
preterm birth. J Nutr Sci 2020;9:e50.

34. G Aji AS, Yusrawati Y, Malik SG, Lipoeto
NI. The association of maternal vitamin D status
during pregnancy and neonatal anthropometric
measurements: a longitudinal study in Minang-
kabau pregnant women, Indonesia. J Nutr Sci
Vitaminol (Tokyo) 2020;66:S63-70.

35. Wibowo N, Bardosono S, Irwinda R, Syafi-
tril, Putri AS, Prameswari N. Assessment of the
nutrient intake and micronutrient status in the
first trimester of pregnant women in Jakarta.
Med J Indones 2017;26:109-15.

36. Putri NI, Lipoeto NI, Rita RS, Aji AS.
Hubungan Kadar vitamin D pada Ibu Hamil
dengan Berat Bayi Lahir di Kabupaten Tanah
Datar dan Kabupaten Solok. JIUBJ 2019;
19:61-4.

37. Yakar B, Kaya MO. Vitamin D deficiency
during pregnancy in Turkey and the effect of
the sunlight: a systematic review and meta-
analysis. Turk J Biochem 2021;46:129-35.

38. Ozdemir AA, Ercan Giindemir Y, Kiicik M,
et al. Vitamin D deficiency in pregnant women
and their infants. J Clin Res Pediatr Endocrinol
2018;10:44-50.

39. Ahmed F, Khosravi-Boroujeni H, Khan MR,
Roy AK, Ragib R. Prevalence and predictors of
vitamin D deficiency and insufficiency among
pregnant rural women in Bangladesh. Nutrients
2021;13:449.

40. Li H, Ma J, Huang R, et al. Prevalence of
vitamin D deficiency in the pregnant women: an
observational study in Shanghai, China. Arch
Public Health 2020;78:31.

41. Mogire RM, Mutua A, Kimita W, et al. Prev-
alence of vitamin D deficiency in Africa: a sys-
tematic review and meta-analysis. Lancet Glob
Health 2020;8:e134-42.

42. Azami M, Badfar G, Shohani M, et al. A
meta-analysis of mean vitamin D concentration
among pregnant women and newborns in Iran.
Iran J Obstet Gynecol Infertil 2017;20:76-87.
43. Odhaib SA, Alibrahim NT, Zaboon IA, Man-
sour AA. Vitamin D metabolic profiles in pre-
menopausal women wearing nigab and hijab in
sunny Basrah. Cureus 2021;13:14909.

May 2023 AJOG Global Reports 9


http://refhub.elsevier.com/S2666-5778(23)00030-8/sbref0001
http://refhub.elsevier.com/S2666-5778(23)00030-8/sbref0001
http://refhub.elsevier.com/S2666-5778(23)00030-8/sbref0002
http://refhub.elsevier.com/S2666-5778(23)00030-8/sbref0002
http://refhub.elsevier.com/S2666-5778(23)00030-8/sbref0002
http://refhub.elsevier.com/S2666-5778(23)00030-8/sbref0002
http://refhub.elsevier.com/S2666-5778(23)00030-8/sbref0003
http://refhub.elsevier.com/S2666-5778(23)00030-8/sbref0003
http://refhub.elsevier.com/S2666-5778(23)00030-8/sbref0003
http://refhub.elsevier.com/S2666-5778(23)00030-8/sbref0003
http://refhub.elsevier.com/S2666-5778(23)00030-8/sbref0003
http://refhub.elsevier.com/S2666-5778(23)00030-8/sbref0004
http://refhub.elsevier.com/S2666-5778(23)00030-8/sbref0004
http://refhub.elsevier.com/S2666-5778(23)00030-8/sbref0004
http://refhub.elsevier.com/S2666-5778(23)00030-8/sbref0005
http://refhub.elsevier.com/S2666-5778(23)00030-8/sbref0005
http://refhub.elsevier.com/S2666-5778(23)00030-8/sbref0005
http://refhub.elsevier.com/S2666-5778(23)00030-8/sbref0005
http://refhub.elsevier.com/S2666-5778(23)00030-8/sbref0005
http://refhub.elsevier.com/S2666-5778(23)00030-8/sbref0006
http://refhub.elsevier.com/S2666-5778(23)00030-8/sbref0006
http://refhub.elsevier.com/S2666-5778(23)00030-8/sbref0006
http://refhub.elsevier.com/S2666-5778(23)00030-8/sbref0006
http://refhub.elsevier.com/S2666-5778(23)00030-8/sbref0006
http://refhub.elsevier.com/S2666-5778(23)00030-8/sbref0007
http://refhub.elsevier.com/S2666-5778(23)00030-8/sbref0007
http://refhub.elsevier.com/S2666-5778(23)00030-8/sbref0007
http://refhub.elsevier.com/S2666-5778(23)00030-8/sbref0007
http://refhub.elsevier.com/S2666-5778(23)00030-8/sbref0008
http://refhub.elsevier.com/S2666-5778(23)00030-8/sbref0008
http://refhub.elsevier.com/S2666-5778(23)00030-8/sbref0008
http://refhub.elsevier.com/S2666-5778(23)00030-8/sbref0008
http://refhub.elsevier.com/S2666-5778(23)00030-8/sbref0008
http://refhub.elsevier.com/S2666-5778(23)00030-8/sbref0009
http://refhub.elsevier.com/S2666-5778(23)00030-8/sbref0009
http://refhub.elsevier.com/S2666-5778(23)00030-8/sbref0009
http://refhub.elsevier.com/S2666-5778(23)00030-8/sbref0009
http://refhub.elsevier.com/S2666-5778(23)00030-8/sbref0010
http://refhub.elsevier.com/S2666-5778(23)00030-8/sbref0010
http://refhub.elsevier.com/S2666-5778(23)00030-8/sbref0010
http://refhub.elsevier.com/S2666-5778(23)00030-8/sbref0010
http://refhub.elsevier.com/S2666-5778(23)00030-8/sbref0010
http://refhub.elsevier.com/S2666-5778(23)00030-8/sbref0011
http://refhub.elsevier.com/S2666-5778(23)00030-8/sbref0011
http://refhub.elsevier.com/S2666-5778(23)00030-8/sbref0011
http://refhub.elsevier.com/S2666-5778(23)00030-8/sbref0011
http://refhub.elsevier.com/S2666-5778(23)00030-8/sbref0012
http://refhub.elsevier.com/S2666-5778(23)00030-8/sbref0012
http://refhub.elsevier.com/S2666-5778(23)00030-8/sbref0012
http://refhub.elsevier.com/S2666-5778(23)00030-8/sbref0012
http://refhub.elsevier.com/S2666-5778(23)00030-8/sbref0012
http://refhub.elsevier.com/S2666-5778(23)00030-8/sbref0012
http://refhub.elsevier.com/S2666-5778(23)00030-8/sbref0013
http://refhub.elsevier.com/S2666-5778(23)00030-8/sbref0013
http://refhub.elsevier.com/S2666-5778(23)00030-8/sbref0013
http://refhub.elsevier.com/S2666-5778(23)00030-8/sbref0013
http://refhub.elsevier.com/S2666-5778(23)00030-8/sbref0013
http://refhub.elsevier.com/S2666-5778(23)00030-8/sbref0013
http://refhub.elsevier.com/S2666-5778(23)00030-8/sbref0014
http://refhub.elsevier.com/S2666-5778(23)00030-8/sbref0014
http://refhub.elsevier.com/S2666-5778(23)00030-8/sbref0014
http://refhub.elsevier.com/S2666-5778(23)00030-8/sbref0014
http://refhub.elsevier.com/S2666-5778(23)00030-8/sbref0014
http://refhub.elsevier.com/S2666-5778(23)00030-8/sbref0015
http://refhub.elsevier.com/S2666-5778(23)00030-8/sbref0015
http://refhub.elsevier.com/S2666-5778(23)00030-8/sbref0015
http://refhub.elsevier.com/S2666-5778(23)00030-8/sbref0015
http://refhub.elsevier.com/S2666-5778(23)00030-8/sbref0016
http://refhub.elsevier.com/S2666-5778(23)00030-8/sbref0016
http://refhub.elsevier.com/S2666-5778(23)00030-8/sbref0016
http://refhub.elsevier.com/S2666-5778(23)00030-8/sbref0016
http://refhub.elsevier.com/S2666-5778(23)00030-8/sbref0016
http://refhub.elsevier.com/S2666-5778(23)00030-8/sbref0016
http://refhub.elsevier.com/S2666-5778(23)00030-8/sbref0017
http://refhub.elsevier.com/S2666-5778(23)00030-8/sbref0017
http://refhub.elsevier.com/S2666-5778(23)00030-8/sbref0017
http://refhub.elsevier.com/S2666-5778(23)00030-8/sbref0017
http://refhub.elsevier.com/S2666-5778(23)00030-8/sbref0017
http://refhub.elsevier.com/S2666-5778(23)00030-8/sbref0018
http://refhub.elsevier.com/S2666-5778(23)00030-8/sbref0018
http://refhub.elsevier.com/S2666-5778(23)00030-8/sbref0018
http://www.ohri.ca/programs/clinical_epidemiology/oxford.asp
http://www.ohri.ca/programs/clinical_epidemiology/oxford.asp
https://jbi.global/sites/default/files/2019-05/JBI_Critical_Appraisal-Checklist_for_Prevalence_Studies2017_0.pdf
https://jbi.global/sites/default/files/2019-05/JBI_Critical_Appraisal-Checklist_for_Prevalence_Studies2017_0.pdf
https://jbi.global/sites/default/files/2019-05/JBI_Critical_Appraisal-Checklist_for_Prevalence_Studies2017_0.pdf
https://jbi.global/sites/default/files/2019-05/JBI_Critical_Appraisal-Checklist_for_Prevalence_Studies2017_0.pdf
http://refhub.elsevier.com/S2666-5778(23)00030-8/sbref0021
http://refhub.elsevier.com/S2666-5778(23)00030-8/sbref0021
http://refhub.elsevier.com/S2666-5778(23)00030-8/sbref0021
http://refhub.elsevier.com/S2666-5778(23)00030-8/sbref0021
http://refhub.elsevier.com/S2666-5778(23)00030-8/sbref0022
http://refhub.elsevier.com/S2666-5778(23)00030-8/sbref0022
http://refhub.elsevier.com/S2666-5778(23)00030-8/sbref0022
http://refhub.elsevier.com/S2666-5778(23)00030-8/sbref0023
http://refhub.elsevier.com/S2666-5778(23)00030-8/sbref0023
http://refhub.elsevier.com/S2666-5778(23)00030-8/sbref0023
http://refhub.elsevier.com/S2666-5778(23)00030-8/sbref0023
http://refhub.elsevier.com/S2666-5778(23)00030-8/sbref0024
http://refhub.elsevier.com/S2666-5778(23)00030-8/sbref0024
http://refhub.elsevier.com/S2666-5778(23)00030-8/sbref0024
http://refhub.elsevier.com/S2666-5778(23)00030-8/sbref0024
http://refhub.elsevier.com/S2666-5778(23)00030-8/sbref0024
http://refhub.elsevier.com/S2666-5778(23)00030-8/sbref0025
http://refhub.elsevier.com/S2666-5778(23)00030-8/sbref0025
http://refhub.elsevier.com/S2666-5778(23)00030-8/sbref0025
http://refhub.elsevier.com/S2666-5778(23)00030-8/sbref0025
http://refhub.elsevier.com/S2666-5778(23)00030-8/sbref0025
http://refhub.elsevier.com/S2666-5778(23)00030-8/sbref0025
http://refhub.elsevier.com/S2666-5778(23)00030-8/sbref0025
http://refhub.elsevier.com/S2666-5778(23)00030-8/sbref0026
http://refhub.elsevier.com/S2666-5778(23)00030-8/sbref0026
http://refhub.elsevier.com/S2666-5778(23)00030-8/sbref0026
http://refhub.elsevier.com/S2666-5778(23)00030-8/sbref0027
http://refhub.elsevier.com/S2666-5778(23)00030-8/sbref0027
http://refhub.elsevier.com/S2666-5778(23)00030-8/sbref0027
http://refhub.elsevier.com/S2666-5778(23)00030-8/sbref0028
http://refhub.elsevier.com/S2666-5778(23)00030-8/sbref0028
http://refhub.elsevier.com/S2666-5778(23)00030-8/sbref0028
http://refhub.elsevier.com/S2666-5778(23)00030-8/sbref0028
http://refhub.elsevier.com/S2666-5778(23)00030-8/sbref0029
http://refhub.elsevier.com/S2666-5778(23)00030-8/sbref0029
http://refhub.elsevier.com/S2666-5778(23)00030-8/sbref0029
http://refhub.elsevier.com/S2666-5778(23)00030-8/sbref0029
http://refhub.elsevier.com/S2666-5778(23)00030-8/sbref0029
http://refhub.elsevier.com/S2666-5778(23)00030-8/sbref0029
http://refhub.elsevier.com/S2666-5778(23)00030-8/sbref0030
http://refhub.elsevier.com/S2666-5778(23)00030-8/sbref0030
http://refhub.elsevier.com/S2666-5778(23)00030-8/sbref0030
http://refhub.elsevier.com/S2666-5778(23)00030-8/sbref0030
http://refhub.elsevier.com/S2666-5778(23)00030-8/sbref0030
http://refhub.elsevier.com/S2666-5778(23)00030-8/sbref0030
http://refhub.elsevier.com/S2666-5778(23)00030-8/sbref0030
http://refhub.elsevier.com/S2666-5778(23)00030-8/sbref0031
http://refhub.elsevier.com/S2666-5778(23)00030-8/sbref0031
http://refhub.elsevier.com/S2666-5778(23)00030-8/sbref0031
http://refhub.elsevier.com/S2666-5778(23)00030-8/sbref0031
http://refhub.elsevier.com/S2666-5778(23)00030-8/sbref0031
http://refhub.elsevier.com/S2666-5778(23)00030-8/sbref0032
http://refhub.elsevier.com/S2666-5778(23)00030-8/sbref0032
http://refhub.elsevier.com/S2666-5778(23)00030-8/sbref0032
http://refhub.elsevier.com/S2666-5778(23)00030-8/sbref0032
http://refhub.elsevier.com/S2666-5778(23)00030-8/sbref0032
http://refhub.elsevier.com/S2666-5778(23)00030-8/sbref0032
http://refhub.elsevier.com/S2666-5778(23)00030-8/sbref0032
http://refhub.elsevier.com/S2666-5778(23)00030-8/sbref0033
http://refhub.elsevier.com/S2666-5778(23)00030-8/sbref0033
http://refhub.elsevier.com/S2666-5778(23)00030-8/sbref0033
http://refhub.elsevier.com/S2666-5778(23)00030-8/sbref0033
http://refhub.elsevier.com/S2666-5778(23)00030-8/sbref0034
http://refhub.elsevier.com/S2666-5778(23)00030-8/sbref0034
http://refhub.elsevier.com/S2666-5778(23)00030-8/sbref0034
http://refhub.elsevier.com/S2666-5778(23)00030-8/sbref0034
http://refhub.elsevier.com/S2666-5778(23)00030-8/sbref0034
http://refhub.elsevier.com/S2666-5778(23)00030-8/sbref0034
http://refhub.elsevier.com/S2666-5778(23)00030-8/sbref0035
http://refhub.elsevier.com/S2666-5778(23)00030-8/sbref0035
http://refhub.elsevier.com/S2666-5778(23)00030-8/sbref0035
http://refhub.elsevier.com/S2666-5778(23)00030-8/sbref0035
http://refhub.elsevier.com/S2666-5778(23)00030-8/sbref0035
http://refhub.elsevier.com/S2666-5778(23)00030-8/sbref0036
http://refhub.elsevier.com/S2666-5778(23)00030-8/sbref0036
http://refhub.elsevier.com/S2666-5778(23)00030-8/sbref0036
http://refhub.elsevier.com/S2666-5778(23)00030-8/sbref0036
http://refhub.elsevier.com/S2666-5778(23)00030-8/sbref0036
http://refhub.elsevier.com/S2666-5778(23)00030-8/sbref0037
http://refhub.elsevier.com/S2666-5778(23)00030-8/sbref0037
http://refhub.elsevier.com/S2666-5778(23)00030-8/sbref0037
http://refhub.elsevier.com/S2666-5778(23)00030-8/sbref0037
http://refhub.elsevier.com/S2666-5778(23)00030-8/sbref0038
http://refhub.elsevier.com/S2666-5778(23)00030-8/sbref0038
http://refhub.elsevier.com/S2666-5778(23)00030-8/sbref0038
http://refhub.elsevier.com/S2666-5778(23)00030-8/sbref0038
http://refhub.elsevier.com/S2666-5778(23)00030-8/sbref0038
http://refhub.elsevier.com/S2666-5778(23)00030-8/sbref0038
http://refhub.elsevier.com/S2666-5778(23)00030-8/sbref0039
http://refhub.elsevier.com/S2666-5778(23)00030-8/sbref0039
http://refhub.elsevier.com/S2666-5778(23)00030-8/sbref0039
http://refhub.elsevier.com/S2666-5778(23)00030-8/sbref0039
http://refhub.elsevier.com/S2666-5778(23)00030-8/sbref0039
http://refhub.elsevier.com/S2666-5778(23)00030-8/sbref0040
http://refhub.elsevier.com/S2666-5778(23)00030-8/sbref0040
http://refhub.elsevier.com/S2666-5778(23)00030-8/sbref0040
http://refhub.elsevier.com/S2666-5778(23)00030-8/sbref0040
http://refhub.elsevier.com/S2666-5778(23)00030-8/sbref0041
http://refhub.elsevier.com/S2666-5778(23)00030-8/sbref0041
http://refhub.elsevier.com/S2666-5778(23)00030-8/sbref0041
http://refhub.elsevier.com/S2666-5778(23)00030-8/sbref0041
http://refhub.elsevier.com/S2666-5778(23)00030-8/sbref0042
http://refhub.elsevier.com/S2666-5778(23)00030-8/sbref0042
http://refhub.elsevier.com/S2666-5778(23)00030-8/sbref0042
http://refhub.elsevier.com/S2666-5778(23)00030-8/sbref0042
http://refhub.elsevier.com/S2666-5778(23)00030-8/sbref0043
http://refhub.elsevier.com/S2666-5778(23)00030-8/sbref0043
http://refhub.elsevier.com/S2666-5778(23)00030-8/sbref0043
http://refhub.elsevier.com/S2666-5778(23)00030-8/sbref0043
http://www.ajog.org

Systematic Review

ajog.org

44. Cashman KD, Sheehy T, O’'Neill CM. Is
vitamin D deficiency a public health concern for
low middle income countries? A systematic lit-
erature review. Eur J Nutr 2019;58:433-53.
45. Alharbi AA, Alharbi MA, Aljafen AS, et al.
Gender-specific differences in the awareness
and intake of vitamin D among adult population
in Qassim Region. J Family Community Med
2018;25:148-54.

46. Kementerian kesehatan republik Indonesia.
Buku KIA Kesehatan lbu dan Anak. 2020. Avail-
able at: https://promkes.kemkes.go.id/buku-kia-
kesehatan-ibu-dan-anak. Accessed Oct. 3, 2022.
47. Aji AS, Yerizel E, Desmawati D, Lipoeto NI.
Low maternal vitamin D and calcium food
intake during pregnancy associated with place
of residence: a cross-sectional study in west
Sumatran women, Indonesia. Open Access
Maced J Med Sci 2019;7:2879-85.

48. Istigomah NA, Marleni NNN. Particulate air
pollution in Indonesia: quality index, character-
istic, and source identification. IOP Conf S
Earth Environ Sci 2020;599:012084.

49. Octavius GS, Shakila A, Meliani M, Halim
A. Vitamin D deficiency is a public health emer-
gency amongst Indonesian children and ado-
lescents: a systematic review and meta-
analysis of prevalence. Ann Pediatr Endocrinol
Metab 2023. [Epub ahead of print].

50. Song SJ, Zhou L, Si S, et al. The high prev-
alence of vitamin D deficiency and its related
maternal factors in pregnant women in Beijing.
PL0oS One 2013;8:e85081.

10 AJOG Global Reports May 2023

51. Ravinder SS, Padmavathi R, Maheshku-
mar K, et al. Prevalence of vitamin D deficiency
among south Indian pregnant women. J Fam
Med Prim Care 2022;11:2884-9.

52. Binkley N, Novotny R, Krueger D, et al.
Low vitamin D status despite abundant sun
exposure. J Clin Endocrinol Metab 2007;92:
2130-5.

53. Woon FC, Chin YS, Ismail IH, et al. Vitamin
D deficiency during pregnancy and its associ-
ated factors among third trimester Malaysian
pregnant women. PLoS One 2019;14:
e0216439.

54. Nimitphong H, Holick MF. Vitamin D status
and sun exposure in Southeast Asia. Derma-
toendocrinol 2013;5:34-7.

55. Siddigee MH, Bhattacharjee B, Siddigi UR,
Rahman MM. High prevalence of vitamin D
insufficiency among South Asian pregnant
women: a systematic review and meta-analy-
sis. Br J Nutr 2022;128:1118-29.

56. Mikolajewicz N, Komarova SV. Meta-ana-
lytic methodology for basic research: a practical
guide. Front Physiol 2019;10:203.

57. The Asia Foundation, Asian Development
Bank, Canadian International Development
Agency, National Democratic Institute, The
World Bank. Country Gender Assessment.
2006. Available at: https://www.adb.org/sites/
default/files/institutional-document/32231/cga-
indonesia.pdf. Accessed February 14, 2023.
88. IntHout J, loannidis JPA, Rovers MM,
Goeman JJ. Plea for routinely presenting

prediction intervals in meta-analysis. BMJ
Open 2016;6:e010247.

59. Shi X, Nie C, Shi S, et al. Effect comparison
between Egger’s test and Begg'’s test in publi-
cation bias diagnosis in meta-analyses: evi-
dence from a pilot survey. Int J Res Stud Biosci
2017;5:14-20.

60. Cashman KD, Dowling KG, Skrabakova Z,
et al. Vitamin D deficiency in Europe: pan-
demic? Am J Clin Nutr 2016;103:1033-44.

61. Cashman KD. Vitamin D deficiency: defin-
ing, prevalence, causes, and strategies of
addressing. Calcif Tissue Int 2020;106:14-29.
62. Papadimitropoulou K, Stijnen T, Riley RD,
Dekkers OM, le Cessie S. Meta-analysis of con-
tinuous outcomes: using pseudo IPD created
from aggregate data to adjust for baseline
imbalance and assess treatment-by-baseline
modification. Res Synth Methods 2020;11:
780-94.

63. Supak Smolci¢ V. Salami publication: defi-
nitions and examples. Biochem Med (Zagreb)
2013;23:237-41.

64. Palacios C, De-Regil LM, Lombardo LK,
Pena-Rosas JP. Vitamin D supplementation
during pregnancy: updated meta-analysis on
maternal outcomes. J Steroid Biochem Mol
Biol 2016;164:148-55.

65. Thorne-Lyman A, Fawzi WW. Vitamin D
during pregnancy and maternal, neonatal and
infant health outcomes: a systematic review
and meta-analysis. Paediatr Perinat Epidemiol
2012;26(Suppl 1):75-90.


http://refhub.elsevier.com/S2666-5778(23)00030-8/sbref0044
http://refhub.elsevier.com/S2666-5778(23)00030-8/sbref0044
http://refhub.elsevier.com/S2666-5778(23)00030-8/sbref0044
http://refhub.elsevier.com/S2666-5778(23)00030-8/sbref0044
http://refhub.elsevier.com/S2666-5778(23)00030-8/sbref0045
http://refhub.elsevier.com/S2666-5778(23)00030-8/sbref0045
http://refhub.elsevier.com/S2666-5778(23)00030-8/sbref0045
http://refhub.elsevier.com/S2666-5778(23)00030-8/sbref0045
http://refhub.elsevier.com/S2666-5778(23)00030-8/sbref0045
https://promkes.kemkes.go.id/buku-kia-kesehatan-ibu-dan-anak
https://promkes.kemkes.go.id/buku-kia-kesehatan-ibu-dan-anak
http://refhub.elsevier.com/S2666-5778(23)00030-8/sbref0047
http://refhub.elsevier.com/S2666-5778(23)00030-8/sbref0047
http://refhub.elsevier.com/S2666-5778(23)00030-8/sbref0047
http://refhub.elsevier.com/S2666-5778(23)00030-8/sbref0047
http://refhub.elsevier.com/S2666-5778(23)00030-8/sbref0047
http://refhub.elsevier.com/S2666-5778(23)00030-8/sbref0047
http://refhub.elsevier.com/S2666-5778(23)00030-8/sbref0048
http://refhub.elsevier.com/S2666-5778(23)00030-8/sbref0048
http://refhub.elsevier.com/S2666-5778(23)00030-8/sbref0048
http://refhub.elsevier.com/S2666-5778(23)00030-8/sbref0048
http://refhub.elsevier.com/S2666-5778(23)00030-8/sbref0049
http://refhub.elsevier.com/S2666-5778(23)00030-8/sbref0049
http://refhub.elsevier.com/S2666-5778(23)00030-8/sbref0049
http://refhub.elsevier.com/S2666-5778(23)00030-8/sbref0049
http://refhub.elsevier.com/S2666-5778(23)00030-8/sbref0049
http://refhub.elsevier.com/S2666-5778(23)00030-8/sbref0049
http://refhub.elsevier.com/S2666-5778(23)00030-8/sbref0050
http://refhub.elsevier.com/S2666-5778(23)00030-8/sbref0050
http://refhub.elsevier.com/S2666-5778(23)00030-8/sbref0050
http://refhub.elsevier.com/S2666-5778(23)00030-8/sbref0050
http://refhub.elsevier.com/S2666-5778(23)00030-8/sbref0051
http://refhub.elsevier.com/S2666-5778(23)00030-8/sbref0051
http://refhub.elsevier.com/S2666-5778(23)00030-8/sbref0051
http://refhub.elsevier.com/S2666-5778(23)00030-8/sbref0051
http://refhub.elsevier.com/S2666-5778(23)00030-8/sbref0052
http://refhub.elsevier.com/S2666-5778(23)00030-8/sbref0052
http://refhub.elsevier.com/S2666-5778(23)00030-8/sbref0052
http://refhub.elsevier.com/S2666-5778(23)00030-8/sbref0052
http://refhub.elsevier.com/S2666-5778(23)00030-8/sbref0053
http://refhub.elsevier.com/S2666-5778(23)00030-8/sbref0053
http://refhub.elsevier.com/S2666-5778(23)00030-8/sbref0053
http://refhub.elsevier.com/S2666-5778(23)00030-8/sbref0053
http://refhub.elsevier.com/S2666-5778(23)00030-8/sbref0053
http://refhub.elsevier.com/S2666-5778(23)00030-8/sbref0054
http://refhub.elsevier.com/S2666-5778(23)00030-8/sbref0054
http://refhub.elsevier.com/S2666-5778(23)00030-8/sbref0054
http://refhub.elsevier.com/S2666-5778(23)00030-8/sbref0055
http://refhub.elsevier.com/S2666-5778(23)00030-8/sbref0055
http://refhub.elsevier.com/S2666-5778(23)00030-8/sbref0055
http://refhub.elsevier.com/S2666-5778(23)00030-8/sbref0055
http://refhub.elsevier.com/S2666-5778(23)00030-8/sbref0055
http://refhub.elsevier.com/S2666-5778(23)00030-8/sbref0056
http://refhub.elsevier.com/S2666-5778(23)00030-8/sbref0056
http://refhub.elsevier.com/S2666-5778(23)00030-8/sbref0056
https://www.adb.org/sites/default/files/institutional-document/32231/cga-indonesia.pdf
https://www.adb.org/sites/default/files/institutional-document/32231/cga-indonesia.pdf
https://www.adb.org/sites/default/files/institutional-document/32231/cga-indonesia.pdf
http://refhub.elsevier.com/S2666-5778(23)00030-8/sbref0058
http://refhub.elsevier.com/S2666-5778(23)00030-8/sbref0058
http://refhub.elsevier.com/S2666-5778(23)00030-8/sbref0058
http://refhub.elsevier.com/S2666-5778(23)00030-8/sbref0058
http://refhub.elsevier.com/S2666-5778(23)00030-8/sbref0059
http://refhub.elsevier.com/S2666-5778(23)00030-8/sbref0059
http://refhub.elsevier.com/S2666-5778(23)00030-8/sbref0059
http://refhub.elsevier.com/S2666-5778(23)00030-8/sbref0059
http://refhub.elsevier.com/S2666-5778(23)00030-8/sbref0059
http://refhub.elsevier.com/S2666-5778(23)00030-8/sbref0060
http://refhub.elsevier.com/S2666-5778(23)00030-8/sbref0060
http://refhub.elsevier.com/S2666-5778(23)00030-8/sbref0060
http://refhub.elsevier.com/S2666-5778(23)00030-8/sbref0060
http://refhub.elsevier.com/S2666-5778(23)00030-8/sbref0060
http://refhub.elsevier.com/S2666-5778(23)00030-8/sbref0060
http://refhub.elsevier.com/S2666-5778(23)00030-8/sbref0061
http://refhub.elsevier.com/S2666-5778(23)00030-8/sbref0061
http://refhub.elsevier.com/S2666-5778(23)00030-8/sbref0061
http://refhub.elsevier.com/S2666-5778(23)00030-8/sbref0062
http://refhub.elsevier.com/S2666-5778(23)00030-8/sbref0062
http://refhub.elsevier.com/S2666-5778(23)00030-8/sbref0062
http://refhub.elsevier.com/S2666-5778(23)00030-8/sbref0062
http://refhub.elsevier.com/S2666-5778(23)00030-8/sbref0062
http://refhub.elsevier.com/S2666-5778(23)00030-8/sbref0062
http://refhub.elsevier.com/S2666-5778(23)00030-8/sbref0062
http://refhub.elsevier.com/S2666-5778(23)00030-8/sbref0063
http://refhub.elsevier.com/S2666-5778(23)00030-8/sbref0063
http://refhub.elsevier.com/S2666-5778(23)00030-8/sbref0063
http://refhub.elsevier.com/S2666-5778(23)00030-8/sbref0063
http://refhub.elsevier.com/S2666-5778(23)00030-8/sbref0064
http://refhub.elsevier.com/S2666-5778(23)00030-8/sbref0064
http://refhub.elsevier.com/S2666-5778(23)00030-8/sbref0064
http://refhub.elsevier.com/S2666-5778(23)00030-8/sbref0064
http://refhub.elsevier.com/S2666-5778(23)00030-8/sbref0064
http://refhub.elsevier.com/S2666-5778(23)00030-8/sbref0064
http://refhub.elsevier.com/S2666-5778(23)00030-8/sbref0065
http://refhub.elsevier.com/S2666-5778(23)00030-8/sbref0065
http://refhub.elsevier.com/S2666-5778(23)00030-8/sbref0065
http://refhub.elsevier.com/S2666-5778(23)00030-8/sbref0065
http://refhub.elsevier.com/S2666-5778(23)00030-8/sbref0065
http://www.ajog.org

	A systematic review and meta-analysis of prevalence of vitamin D deficiency among Indonesian pregnant women: a public health emergency
	Introduction
	Methods
	Eligibility criteria
	Search strategy and study selection
	Data extraction and quality assessment
	Data synthesis

	Results
	Discussion
	Conclusion

	Supplementary materials
	References



