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ABSTRACT
Background: Even though previous systematic reviews have reported on the role of prenatal 
vitamin D on birth outcomes, its effect on child growth is poorly understood.
Objective: To synthesize a systematic summary of the literature on the effect of maternal 
vitamin D supplementation on the linear growth of under-five children.
Method: This study includes studies (both observational and interventional with a control 
group) that evaluated the effects of prenatal vitamin D status on child linear growth. The 
mean child length/length for age with 95% confidence interval (CI) was pooled as the 
weighted mean difference using a random-effects model. A funnel plot was used to assess 
potential publication bias.
Results: A total of 45 studies and 66 reports covering a total population of 44,992 (19,683 
intervention or high vitamin D group, and 25,309 control or low vitamin D group) were 
analyzed. Studies spanned from 1977 to 2022. The pooled weighted mean difference was 
0.4 cm (95% CI: 0.15–0.65). A subgroup analysis, based on vitamin D supplementation 
frequency, showed that mothers who supplemented monthly or less frequently had 
a 0.7 cm (95% CI: 0.2–1.16 cm) longer child. Supplementation with a dose of >2000 interna-
tional units increased child length at birth. The weighted mean difference was 0.35 cm (95% 
CI: 0.11–0.58).
Conclusion: The evidence from this review shows that maternal supplementation of vitamin 
D is associated with increased birth length. This is apparent at higher doses, low frequency 
(monthly or less frequent), and during the second/third trimester. It appears that vitamin 
D supplementation during pregnancy is protective of future growth in under-five children. 
Clinical trials are needed to establish evidence of effectiveness for the frequency and dose of 
supplementation.
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Background

Vitamin D is a fat-soluble vitamin that increases the 
absorption of calcium, magnesium, and phosphate. It is 
used by the body for the development of calcified tissues 
and helps to prevent rickets [1]. Due to the importance of 
vitamin D in the human body, its deficiency causing rickets 
was considered the ‘tip of the iceberg’ [2]. Vitamin 
D deficiency also causes growth retardation in utero and 
during childhood, and skeletal deformities that lead to and 
exacerbate osteopenia, osteoporosis, and increase the risk 
of fracture [2]. Vitamin D along with calcium plays an 
important role in the mineralization of bone and has 
a myriad of other benefits including the prevention of 
autoimmune diseases, decreased risk of cancer, hyperten-
sion, diabetes, and improved immunity [3].

Vitamin D is a steroid hormone; its receptor is 
located in the nucleus, forming a complex with specific 
DNA sequences. Vitamin D causes the transcription of 

a large number of genes, some of which are proteins 
that promote growth, including growth hormone and 
insulin-like growth factor-1 [4–7].

There is controversy regarding adequate or opti-
mal levels of serum vitamin D to prevent adverse 
health consequences. The US Institute of Medicine 
defined adequate vitamin D in pregnant women as 
a serum concentration greater than 50 nanomoles per 
liter (nmol/L) (20 nanograms per milliliter (ng/ml)) 
[8]. Others argued that the value should be raised to 
75 nmol/L (30 ng/ml) [9,10], but the burden remains 
high. Despite disagreements, inadequate vitamin D is 
classified as a deficiency at <25 nmol/L [8] and an 
insufficiency at <50 nmol/L. Adequate vitamin D is 
generally defined as more than 50 nmol/L [9].

Low vitamin D status varies in populations across 
the globe. Depending on the Food and Agricultural 
Organization world regions, the prevalence of serum 
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25(OH)D < 50 nmol/L ranges from 24% to 49% [10]. 
Although vitamin D deficiency affects every indivi-
dual at all levels, diet, supplement use, geographic 
latitude, cultural and lifestyle factors, and skin pig-
mentation are important factors. Infants, older indi-
viduals, pregnant and lactating women, and 
individuals having specific disease conditions like 
cancer are at particular risk of vitamin D deficiency 
[11,12]. Maternal vitamin D deficiency during preg-
nancy is also a critical global public health problem, 
with variations across countries. For example, defi-
ciency in pregnancy has been reported as 81% in 
Nepal [13], and over 90% in Guizhou, China [14], 
and Saudi Arabia [15]. A pooled result from a study 
in African countries reported a prevalence of almost 
44% in mothers and newborns [16].

Some countries specify a recommended dietary 
intake during pregnancy. For example, in the USA, 
Australia, New Zealand, and Canada, the recom-
mended dietary adequate intake of vitamin D for 
pregnant women is 200 International Units (IU)/day 
[17,18]. The UK recommends 400 IU/day during 
pregnancy [19].

Children less than 5 years old are among the 
most-affected population segment in terms of vita-
min D deficiency. A systematic review and meta- 
analysis covering countries in the African continent 
reported the prevalence of vitamin D deficiency at 
49% and 25% in newborns and children, respec-
tively, based on a cutoff value of <50 nmol/L [16]. 
The vitamin D status of infants depends on mater-
nal vitamin D status, the intake of breast milk, and 
its vitamin content. In India, almost 93% of healthy 
infants were found to be vitamin D deficient [20].

In the first 6–8 weeks of postnatal life, the vitamin 
D status of infants is mainly dependent on placental 
transfer in utero [21]. In most infants, the acquired 
vitamin D stores are depleted by approximately 8 
weeks of age [22]. Thereafter, the infant’s vitamin 
D supplement is derived from diet, sunlight, and 
supplementation. Human milk contains an insuffi-
cient amount for maintaining optimal vitamin 
D levels, especially if exposure to sunlight is limited 
[23]. Exclusively, breastfed infants have hypovitami-
nosis D due to the poor content of human milk 
[24,25]. In exclusively breastfed infants, 6 weeks to 6 
months postnatal is a critical window for addressing 
vitamin D deficiency [26].

Since the early 1980s, there have been many vita-
min D supplementation trials conducted during preg-
nancy. However, the interpretation of the results has 
been complicated by factors such as the type, dura-
tion, and dose of supplementation [27]. Systematic 
reviews have been conducted previously to evaluate 
the effects of prenatal vitamin D status on the differ-
ent health outcomes of children. Previous systematic 
reviews [28–31] investigated the effect of prenatal 

vitamin D supplementation on birth outcomes. In 
these studies, the effect of prenatal vitamin D on 
child growth has remained largely unknown. 
Despite numerous original studies on maternal vita-
min D and child linear growth, comprehensive scien-
tific evidence is lacking. In this review, we ask the 
question: ‘what effect does maternal vitamin D status 
have on linear growth in children under the age of 
five?’ The findings of this synthesis will help inform 
the scientific community about priority research 
areas for vitamin D supplementation in child growth.

Methods

This systematic review and meta-analysis was con-
ducted to synthesize existing evidence on the role of 
maternal gestational vitamin D supplementation/sta-
tus in the linear growth of under-five children.

Search strategy

The search strategy was performed in three stages. In 
the first stage, relevant Medical Subject Heading 
(MeSH) and other terms were identified in the litera-
ture. In the second phase, full searches were con-
ducted in PubMed, Ovid Embase, and Google 
Scholar. In the third phase, the bibliographies of 
relevant studies and university websites were 
searched to see the presence of eligible studies. The 
following terms were used to search for relevant 
articles. The population terms were combined using 
OR, and the PICO components were combined using 
AND. MeSH Terms and Asterisk were applied. 
Population terms were maternal, gestation*, prenatal, 
antenatal, pregnancy, child, children, under-five, pre-
school, infant, newborn, and ‘0–59 months’; interven-
tion terms were vitamin D [MeSH Terms], ‘vitamin 
D’, cholecalciferol, ‘vitamin D3’, ergocalciferol, and 
alfacalcidol; and outcome was searched using growth 
disorders [MeSH Terms], ‘linear growth’, stunted, 
stunting, ‘height for age’, length, ‘length for age’, 
‘short stature’, and growth. Filters were used in 
some databases. This study included studies pub-
lished from inception to 22 February 2022.

Study selection

The search included both observational and interven-
tional studies. Interventional/observational studies 
were required to have a control or comparison 
group. The outcome (child growth) was extracted as 
mean length at different age groups or as length for 
age (LFA)/height for age (HFA) from both interven-
tional and observational studies. Some studies had 
supplementation in addition to vitamin D (e.g. cal-
cium). We included such studies provided that the 
intervention and control groups differed only in 
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terms of vitamin D. There was no restriction on when 
the supplementation/measurement took place, i.e. 
during the first, second, or third trimester. 
Childhood growth was evaluated for infants or chil-
dren under the age of 5 years.

Studies were excluded if the women had multiple 
pregnancies, pregnancy complications, chronic ill-
nesses, or a child with developmental disorders. We 
did not include review articles (scoping, narrative, 
meta-analysis), non-English articles, or conference 
proceedings and articles where full texts were una-
vailable. Two authors (AAT and WD) screened the 
searched articles using title and abstracts. 
Disagreements were solved by the third 
author (TAZ).

Outcome

The primary outcome of this meta-analysis was child 
linear growth measured by length/height, height for 
age, or length for age evaluated at different time 
points in under-five children.

Data extraction

Two independent authors (AAT and WD) extracted 
the data. Data extraction sheets containing relevant 
study characteristics and study outcomes were 
drafted into Covidence software. Disagreements 
were resolved by the third author (TAZ). Relevant 
information collected included author(s), 
publication year, study period, design, country, sam-
ple size, study outcomes, baseline maternal vitamin 
D status, initiation of supplementation, the dose of 
vitamin D, frequency of supplementation, duration of 
supplementation, maternal serum vitamin 
D concentration, child length/height, mean age, 
HFA/LFA, as well as the time of outcome evaluation 
in the experimental and comparison group.

Quality assessment

The risk of bias for included clinical trials was judged 
by the Cochrane Collaboration Risk of Bias Tool [32], 
for reporting of sequence generation, allocation con-
cealment, use of blinding of participants and person-
nel, loss to follow-up, and other biases. The 
methodological quality of the observational studies 
was assessed using the Newcastle Ottawa Scale [33], 
and the risk of bias in individual studies was rated as 
low, unclear risk, and high risk.

Data analysis

Data analysis was dependent on the reporting system 
of the primary studies. Means of child length/height 
or length for age were pooled as weighted mean 

difference (WMD) in supplemented/high vitamin 
D and un-supplemented/low vitamin D groups. 
Some studies reported multiple treatment groups or 
reported deficient and insufficient vitamin D levels in 
observational studies. In both cases, the intervention 
group or deficient and insufficient vitamin D level 
sample size, mean length, and standard deviations 
were pooled [34].

Since there are studies that report child growth 
parameters at different time points, the WMD was 
calculated at different time points as well. We 
reported WMD with a 95% confidence interval 
(CI) using random effects, and the inverse variance 
method. Statistical heterogeneity was measured by I2 

static, and we consider percentages of around 
I2 = 25%, I2 = 50%, and I2 = 75% as low, medium, 
and high heterogeneity, respectively [35]. Subgroup 
analysis was conducted to identify potential sources 
of clinical and methodological heterogeneity. This 
was performed on different variables, including 
study design, study area (continent), the dose of 
supplementation, trimester of pregnancy, subject 
recruitment time, and frequency of supplementa-
tion. To detect the robustness of the results, 
a sensitivity analysis was conducted by sequential 
elimination of each study from the pool. Potential 
publication bias was assessed using funnel plots, and 
where possible, Egger’s regression test was per-
formed. The p-value ≤ 0.05 cut-point was used to 
declare statistical significance. The STATA software 
(Version 16, StataCorp, Texas, USA) was used for all 
analyses.

Results

Overall, 1703 studies were identified through data-
base searches, and nine additional articles were 
retrieved from the bibliographies of the included 
studies. Seventy duplicates were removed, and the 
remaining 1642 articles were screened by title and 
abstract, which resulted in the exclusion of 1547 
irrelevant articles. Full-text screening was performed 
on 95 studies, and data for 45 studies were extracted 
for this meta-analysis. Figure 1 depicts the various 
exclusions and selection procedures.

The flow chart shows the stages of screening as 
well as numbers of articles excluded and included. 
The exclusion criteria included studies without 
a comparison group (18 articles), no outcome (13), 
giving wrong intervention (6), incomplete outcome 
(3), articles without full text or full text was unavail-
able (2), authors’ replies (2), intervention given with 
other nutrients (2), duplicate (1), studies investigating 
non-healthy children (1), review (1), and non-English 
language (1) articles were excluded after full-text 
screening. This sums up a total exclusion of 50 
studies.
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Characteristics of included studies

A total of 45 studies and 66 reports were included in 
this meta-analysis. Twenty-five clinical trials and 20 
observational studies with a total population of 
44,992 (19,683 either intervention or high vitamin 
D group, and 25,309 control or low vitamin 
D group) have been analyzed. Included studies 
reported the outcome at different time points, includ-
ing birth (40 studies 23 interventional [36–58] and 17 
observational [59–75]), 1 month (three studies) 
[36,54,76], 3 months (five studies) [36,42,54,76,77], 
6 months (four studies) [42,60,76,77], 9 months (four 
studies) [42,62,76,77], 1 year (five studies) 
[46,55,74,76,77] and five studies reported length for 
age [45,46,55,78,79]. The clinical trials were con-
ducted between the years 1977 and 2015. The vast 
majority were randomized, and two-thirds were car-
ried out in low- and middle-income countries such as 
Iran, India, and Bangladesh. Recruitment began as 
early as 10 weeks and finished as late as 32 weeks. 
Almost all clinical trials found that the baseline 
maternal vitamin D concentration was insignificant. 
A description of the included clinical trials is given in 
Table 1.

The design of observational studies was either 
cohort or cross-sectional. Maternal vitamin D levels 
were measured from 9 weeks after conception to full 
term. The definition of low and high vitamin D levels 
varied between studies. One study did not report the 
cut points, while another simply labeled vitamin 

D levels as adequate or inadequate. Three studies 
failed to provide length/height measurements at 
birth, although they were added subsequently, e.g. at 
6 or 9 months post-birth. Table 2 lists the character-
istics of the included observational studies.

Meta-analysis

The pooled results from clinical trials and observa-
tional studies indicated the beneficial effect of vita-
min D supplementation/higher vitamin D status 
during pregnancy for the linear growth of children. 
The pooled effect size from 23 clinical trials and 17 
observational studies had a WMD of 0.4 cm birth 
length with a (95% CI: 0.15–0.65), and I2 statistics of 
97.33%. Children whose mothers were supplemented 
with various doses of vitamin D during pregnancy, or 
had sufficient vitamin D, showed a significant 
increase in birth length (p-value < 0.001), indicated 
in Figure 2.

Subgroup analysis showed that prenatal vitamin 
D supplementation had a significant effect on child-
birth length. Figure 2 shows that mothers who took 
vitamin D supplements had longer children with 
WMD = 0.25 cm (95% CI: 0.06–0.43 cm) and I2 

static = 54.48%.
According to the findings of observational studies, 

there is no statistically significant difference in birth 
length between mothers with high and low levels of 
vitamin D. WMD = 0.56 cm (95% CI: −0.04 cm to 
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Figure 1. Flow chart describing the study selection process.

4 A. A. TAREKE ET AL.



Ta
bl

e 
1.

 C
ha

ra
ct

er
is

tic
s 

of
 in

cl
ud

ed
 in

te
rv

en
tio

na
l s

tu
di

es
.

Au
th

or
Co

un
tr

y
Ye

ar
Ra

nd
om

iz
at

io
n

Bl
in

di
ng

In
te

rv
en

tio
n 

in
iti

at
io

n 
(W

ee
k)

D
os

e
Co

nt
ro

l
En

d
M

ea
su

re
m

en
t

Ba
se

lin
e 

vi
ta

m
in

 D

O
ut

co
m

e
In

te
rv

en
tio

n
Co

nt
ro

l

1
Ab

ot
or

ab
i 

20
17

Ira
n

N
E

Ra
nd

om
iz

ed
N

on
22

–2
6

50
,0

00
 IU

/w
ee

kl
y 

+
25

0 
m

g 
ca

40
0 

IU
/d

ay
 

+
25

0 
m

g 
ca

Te
rm

Bi
rt

h
45

 m
m

ol
/L

47
.5

 m
m

ol
/ 

L
An

th
ro

po
m

et
ry

 a
t 

bi
rt

h

2
Br

oo
ke

 1
98

0
U

K
19

77
– 

19
79

Ra
nd

om
iz

ed
D

ou
bl

e
28

–3
2

10
00

 IU
/d

ay
Pl

ac
eb

o
Te

rm
Bi

rt
h

20
.2

20
An

th
ro

po
m

et
ry

 a
t 

bi
rt

h

3
Br

oo
ke

 1
98

1
U

K
19

77
– 

19
79

Ra
nd

om
iz

ed
D

ou
bl

e
28

–3
2

10
00

 IU
/d

ay
Pl

ac
eb

o
Te

rm
3 

m
, 6

 m
, 

9 
m

, 1
2 

m
20

.2
 n

m
/L

20
 n

m
/L

Po
st

na
ta

l g
ro

w
th

 u
nt

il 
12

 m
on

th
s

4
Br

us
ta

d 
20

20
D

en
m

ar
k

20
10

Ra
nd

om
iz

ed
D

ou
bl

e
24

28
00

 IU
/d

ay
40

0 
IU

/d
ay

1 
w

ee
k 

po
st

pa
rt

um
B,

 3
 y,
 6

 y
76

.6
 n

m
/L

76
.4

 n
m

/L
An

th
ro

po
m

et
ric

 a
nd

 b
on

e 
ou

tc
om

es

5
Ch

ar
an

da
bi

 
20

15
Ira

n
20

13
– 

20
14

Ra
nd

om
iz

ed
Tr

ip
le

25
–3

0
10

00
 IU

/d
ay

Pl
ac

eb
o

60
 d

ay
s

Bi
rt

h
N

E
N

E
D

ur
at

io
n 

of
 p

re
gn

an
cy

, t
yp

e 
of

 d
el

iv
er

y 
an

d 
in

fa
nt

 a
nt

hr
op

om
et

ric
 in

di
ca

to
rs

6
Co

op
er

 2
01

6
U

K
20

08
– 

20
14

Ra
nd

om
iz

ed
D

ou
bl

e
10

–1
7

10
00

 IU
/d

ay
Pl

ac
eb

o
D

el
iv

er
y

Bi
rt

h
46

.7
 n

m
/L

45
.9

 n
m

/L
An

th
ro

po
m

et
ry

 a
nd

 w
ho

le
-b

od
y 

bo
ne

 
m

in
er

al
iz

at
io

n 
an

d 
co

m
po

si
tio

n 
in

 
ne

on
at

es
7

D
io

ge
ne

s 
20

15
Br

az
il

20
09

– 
20

11
Ra

nd
om

iz
ed

Si
ng

le
26

20
0 

IU
 +

 6
00

 m
g 

Ca
/ 

da
y

Pl
ac

eb
o

D
el

iv
er

y
Bi

rt
h,

 5
 w

59
.5

 n
m

/L
57

.9
 n

m
/L

In
fa

nt
 a

nt
hr

op
om

et
ric

 a
nd

 t
ot

al
 b

od
y 

bo
ne

, 
m

at
er

na
l b

on
e 

m
in

er
al

 d
en

si
ty

8
D

or
ia

 2
01

7
U

SA
20

12
– 

20
13

Ra
nd

om
iz

ed
D

ou
bl

e
24

–2
8

38
00

 IU
/d

ai
ly

40
0 

IU
/d

ai
ly

U
p 

to
 4

– 
6 

w
ee

ks
 

po
st

Bi
rt

h
31

.5
 n

g/
m

l
32

 n
g/

m
l

In
fa

nt
 a

nt
hr

op
om

et
ric

, m
at

er
na

l a
nd

 in
fa

nt
 

vi
ta

m
in

 D
 s

ta
tu

s

9
El

m
ee

 2
01

7
Ira

n
20

14
– 

20
16

N
on

- 
ra

nd
om

iz
ed

N
ot

- bl
in

de
d

14
–2

4
50

,0
00

 IU
/w

ee
k

Pl
ac

eb
o

Te
rm

Bi
rt

h
N

E
<

30
 n

g/
m

l
An

th
ro

po
m

et
ry

10
H

aj
ha

sh
em

i 
20

17
Ira

n
20

15
Ra

nd
om

iz
ed

N
on

14
–1

8
40

00
 IU

/d
ay

30
’ s

un
10

 w
ee

ks
Bi

rt
h

15
.9

5 
ng

/m
l

15
.0

9 
ng

/ 
m

l
In

fa
nt

 a
nt

hr
op

om
et

ric
 a

nd
 v

ita
m

in
 D

 le
ve

l

11
H

as
he

m
ip

ou
r 

20
14

Ira
n

20
11

– 
20

12
Ra

nd
om

iz
ed

Si
ng

le
24

–2
6

Ca
+

D
 +

 5
0,

00
0 

IU
/d

ay
Ca

+
D

8 
w

ee
ks

Bi
rt

h
<

30
 n

g/
m

l
<

30
 n

g/
m

l
M

at
er

na
l w

ei
gh

t 
ga

in
, n

eo
na

ta
l 

an
th

ro
po

m
et

ry
12

H
or

ns
by

 2
01

7
U

SA
N

E
Ra

nd
om

iz
ed

D
ou

bl
e

10
–1

8
44

00
 IU

/d
ay

40
0 

IU
/d

ay
D

el
iv

er
y

Bi
rt

h
19

.2
 n

g/
m

l 
20

.3
 n

g/
 

m
l

23
.5

 n
g/

m
l

N
eo

na
ta

l i
m

m
un

ity

13
H

os
si

an
 2

01
4

Pa
ki

st
an

20
10

– 
20

12
Ra

nd
om

iz
ed

N
A

<
20

An
d 

40
00

 IU
/d

ai
ly

40
0 

m
g 

iro
n 

+
60

0 
m

g 
Ca

/d
ai

ly

D
el

iv
er

y
Bi

rt
h

4.
74

 n
g/

dl
5.

31
 n

g/
dl

O
bs

te
tr

ic
 a

nd
 n

eo
na

ta
l o

ut
co

m
es

14
Ka

lra
 2

01
2

In
di

a
Pa

rt
ia

l 
Ra

nd
om

iz
ed

Si
ng

le
12

–2
4

Tw
o 

do
se

s 
of

 3
00

0 
ng

Si
ng

le
 1

50
0 

ng
N

E
Bi

rt
h,

 3
, 6

, 
9 

m
31

.7
 n

m
/L

32
 n

m
/L

Al
ka

lin
e 

ph
os

ph
at

as
e,

 n
eo

na
ta

l s
er

um
 C

a 
an

d 
an

th
ro

po
m

et
ry

, m
at

er
na

l v
ita

m
in

 
D

 a
t 

te
rm

15
Ka

ra
m

al
i 2

01
5

Ira
n

20
14

Ra
nd

om
iz

ed
D

ou
bl

e
20

50
00

 IU
/f

or
tn

ig
ht

ly
Pl

ac
eb

o
32

 w
ks

Bi
rt

h
16

.9
9 

ng
/m

l
17

.1
 n

g/
m

l
M

et
ab

ol
ic

 p
ro

fil
es

 a
nd

 p
re

gn
an

cy
 

ou
tc

om
es

16
Li

to
nj

ua
 2

01
6

U
SA

20
09

– 
20

15
Ra

nd
om

iz
ed

D
ou

bl
e

10
–1

8
40

00
 IU

+
40

0 
IU

/d
ai

ly
Pl

ac
eb

o+
40

0 
IU

/d
ai

ly
N

E
Bi

rt
h

23
.3

 n
g/

m
l

22
.5

 n
g/

m
l

As
th

m
a 

or
 r

ec
ur

re
nt

 w
he

ez
e,

 m
at

er
na

l 
vi

ta
m

in
 D

, c
hi

ld
 a

nt
hr

op
om

et
ry

17
M

oj
ib

ia
n 

20
15

Ira
n

20
10

– 
20

12
Ra

nd
om

iz
ed

N
ot

 bl
in

de
d

12
50

,0
00

 IU
/f

or
tn

ig
ht

40
0 

IU
/d

ai
ly

D
el

iv
er

y
Bi

rt
h

14
.4

6 
ng

/m
l

15
.3

1 
ng

/ 
m

l
M

at
er

na
l c

om
pl

ic
at

io
ns

 a
nd

 n
eo

na
ta

l 
ou

tc
om

es
18

Pe
ru

m
al

 2
01

5
Ba

ng
la

de
sh

20
10

– 
20

11
Ra

nd
om

iz
ed

D
ou

bl
e

26
–2

9
35

,0
00

 IU
/w

ee
k

Pl
ac

eb
o

D
el

iv
er

y
Bi

rt
h

N
E

N
E

In
fa

nt
 v

ita
m

in
 D

 a
t 

6 
m

on
th

s,
 

an
th

ro
po

m
et

ric
s 

at
 b

irt
h

19
Ro

th
 2

01
3

Ba
ng

la
de

sh
20

10
– 

20
12

Ra
nd

om
iz

ed
D

ou
bl

e
26

–2
9

35
,0

00
 IU

/w
ee

kl
y

Pl
ac

eb
o

D
el

iv
er

y
B,

 4
, 8

, 1
6,

 
24

, 3
6,

 5
2 

w
ks

38
.5

 n
m

/L
45

.3
 n

m
/L

Ch
ild

 a
nt

hr
op

om
et

ric
s 

un
til

 5
 y

ea
rs

20
Ro

th
 2

01
8

Ba
ng

la
de

sh
20

14
– 

20
15

Ra
nd

om
iz

ed
D

ou
bl

e
17

–2
4

42
00

–2
8,

00
0 

IU
/w

ee
k

Pl
ac

eb
o

D
el

iv
er

y
B,

 3
, 6

, 9
, 

12
 m

28
 n

m
/L

27
.6

 n
m

/L
Ch

ild
 a

nt
hr

op
om

et
ric

s 
un

til
 1

 y
ea

r

(C
on

tin
ue
d

)

GLOBAL HEALTH ACTION 5



Ta
bl

e 
1.

 (
Co

nt
in

ue
d)

. 

Au
th

or
Co

un
tr

y
Ye

ar
Ra

nd
om

iz
at

io
n

Bl
in

di
ng

In
te

rv
en

tio
n 

in
iti

at
io

n 
(W

ee
k)

D
os

e
Co

nt
ro

l
En

d
M

ea
su

re
m

en
t

Ba
se

lin
e 

vi
ta

m
in

 D

O
ut

co
m

e
In

te
rv

en
tio

n
Co

nt
ro

l

21
Sa

be
t 

20
12

Ira
n

20
09

– 
20

10
Ra

nd
om

iz
ed

D
ou

bl
e

27
–2

8
10

0,
00

0 
IU

/m
on

th
Pl

ac
eb

o
Te

rm
Bi

rt
h

33
.5

 n
g/

m
l

38
.5

 n
g/

m
l

Vi
ta

m
in

 D
 a

nd
 iP

TH
, i

nf
an

t 
an

th
ro

po
m

et
ry

22
Sa

bl
ok

 2
01

5
In

di
a

N
E

Ra
nd

om
iz

ed
N

E
14

–2
0

60
,0

00
 IU

 (
1)

, 1
20

,0
00

 
IU

 (
2)

, o
r 

12
0,

00
0 

IU
 

(4
)

Pl
ac

eb
o

Te
rm

Bi
rt

h
N

E
N

E
Co

rd
 b

lo
od

 v
ita

m
in

 D
, n

eo
na

ta
l 

an
th

ro
po

m
et

ry
, S

G
A,

 p
re

te
rm

 b
irt

h

23
Sa

ho
o 

20
16

In
di

a
20

12
– 

20
13

Ra
nd

om
iz

ed
D

ou
bl

e
<

20
60

,0
00

 u
/4

–8
 w

ee
ks

Pl
ac

eb
o

D
el

iv
er

y
B,

 1
2–

16
 m

28
.1

3 
nm

/L
28

.5
 n

m
/L

Bo
ne

 m
in

er
al

 a
nd

 b
od

y 
co

m
po

si
tio

n 
of

 
of

fs
pr

in
g

24
Va

zi
ri 

20
16

Ira
n

20
14

– 
20

15
Ra

nd
om

iz
ed

D
ou

bl
e

26
–2

8
20

00
 IU

/d
ay

Pl
ac

eb
o

D
el

iv
er

y
Bi

rt
h,

 4
 w

, 
8 

w
11

.6
2 

ng
/m

l
12

.7
2 

ng
/ 

m
l

An
th

ro
po

m
et

ric
s 

an
d 

bo
ne

 m
as

s 
of

 
m

ot
he

r-
in

fa
nt

 p
ai

rs
25

O
’C

al
la

gh
an

 
20

22
Ba

ng
la

de
sh

20
14

– 
20

16
Ra

nd
om

iz
ed

D
ou

bl
e 

bl
in

d
17

–2
4

42
00

–2
8,

00
0 

IU
/w

ee
k

Pl
ac

eb
o

D
el

iv
er

y
Bi

rt
h,

 4
 y

ea
rs

28
 n

m
/L

27
.6

 n
m

/L
Ch

ild
 a

nt
hr

op
om

et
ric

s 
an

d 
bo

ne
 m

in
er

al
 

de
ns

ity
 u

nt
il 

4 
ye

ar
s

IU
: i

nt
er

na
tio

na
l u

ni
ts

, w
: w

ee
ks

, m
: m

on
th

s,
 N

E:
 n

ot
 e

xt
ra

ct
ab

le
, y

: y
ea

r 

6 A. A. TAREKE ET AL.



Ta
bl

e 
2.

 C
ha

ra
ct

er
is

tic
s 

of
 in

cl
ud

ed
 o

bs
er

va
tio

na
l s

tu
di

es
.

St
ud

y
Co

un
tr

y
D

es
ig

n
Pe

rio
d

Re
cr

ui
tm

en
t 

tim
e

Lo
w

er
H

ig
he

r
M

ea
su

re
m

en
t 

tim
e

O
ut

co
m

es

1
Bo

go
ss

ia
n 

20
19

U
SA

Co
ho

rt
19

92
–1

99
5

13
–2

1 
w

ee
ks

<
20

 n
g/

m
l

≥
20

 n
g/

m
l

Bi
rt

h
N

eo
na

ta
l b

od
y 

co
m

po
si

tio
n 

in
cl

ud
in

g 
an

th
ro

po
m

et
ry

 a
t 

bi
rt

h
2

Ch
i 2

01
8

Ch
in

a
Co

ho
rt

20
14

–2
01

5
28

 w
ee

ks
<

50
 n

m
/L

≥
50

 n
m

/L
Bi

rt
h

N
eu

ro
de

ve
lo

pm
en

t 
an

d 
an

th
ro

po
m

et
ry

3
D

al
ga

rd
 2

01
6

D
en

m
ar

k
Co

ho
rt

19
97

–2
00

0,
 

20
07

– 
20

09

34
– 

35
 w

ee
ks

<
25

 n
m

/L
≥

25
 n

m
/L

14
 d

ay
s

An
th

ro
po

m
et

ry

4
G

al
e 

20
08

U
K

Co
ho

rt
19

91
–9

2
28

–4
2 

w
ee

ks
<

50
 n

m
/L

≥
50

 n
m

/L
Bi

rt
h,

 9
 m

, 9
 y

An
th

ro
po

m
et

ry
, e

cz
em

a,
 b

lo
od

 p
re

ss
ur

e,
 a

nd
 c

ar
di

ac
 s

tr
uc

tu
re

5
Jo

zw
ai

k 
20

14
Po

la
nd

Co
ho

rt
N

E
Th

ird
 t

rim
es

te
r

<
30

 n
g/

m
l

≥
30

 n
g/

m
l

Bi
rt

h
Pr

eg
na

nc
y 

ou
tc

om
e,

 h
ea

lth
 o

f 
ne

w
bo

rn
s 

an
d 

m
ot

he
rs

6
Ki

lik
as

la
n 

20
17

Tu
rk

ey
C/

S
20

14
Te

rm
<

10
 n

g/
m

l
≥

10
 n

g/
m

l
Bi

rt
h

Bi
rt

h 
pa

ra
m

et
er

s
7

Le
ffe

la
ar

 2
01

0
N

et
he

rla
nd

s
Co

ho
rt

20
03

–2
00

4
Fi

rs
t 

AN
C

<
50

 n
m

/L
≥

50
 n

m
/L

Bi
rt

h,
 1

, 3
, 6

, 9
, 1

2 
m

Ch
ild

 a
nt

hr
op

om
et

ry
8

M
or

al
es

 2
01

5
Sp

ai
n

Co
ho

rt
20

03
–2

00
8

13
–1

5 
w

ee
ks

<
30

 n
g/

m
l

≥
30

 n
g/

m
l

B,
 1

 y
, 4

 y
An

th
ro

po
m

et
ry

9
M

or
le

y 
20

06
Au

st
ra

lia
Co

ho
rt

20
02

–2
00

3
28

–3
2 

w
ee

ks
<

28
 n

m
/L

≥
28

 n
m

/L
Bi

rt
h

N
ew

bo
rn

 b
od

y 
co

m
po

si
tio

n
10

N
i 2

02
1

Ch
in

a
C/

S
20

15
–2

01
6

9–
13

 w
ee

ks
<

50
 n

m
/L

≥
50

 n
m

/L
Bi

rt
h

N
eo

na
ta

l o
ut

co
m

es
11

O
ng

 2
01

6
Si

ng
ap

or
e

Co
ho

rt
N

E
26

–2
8 

w
ee

ks
<

50
 n

m
/L

≥
50

 n
m

/L
Bi

rt
h 

to
 2

 y
, e

ve
ry

 3
 m

Bi
rt

h 
ou

tc
om

es
, p

os
t-

na
ta

l g
ro

w
th

12
Re

ic
he

tz
ed

er
 2

01
4

G
er

m
an

y
Co

ho
rt

20
07

–2
00

8
Th

ird
 t

rim
es

te
r

<
25

 n
m

/L
≥

25
 n

m
/L

Bi
rt

h
Bi

rt
h 

ou
tc

om
es

13
Sa

bo
ur

 2
00

6
Ira

n
C/

S
20

04
Te

rm
In

ad
eq

ua
te

Ad
eq

ua
te

Bi
rt

h
Pr

eg
na

nc
y 

ou
tc

om
e

14
Sa

rm
a 

20
18

In
di

a
Co

ho
rt

20
12

–2
01

5
34

 w
ee

ks
<

30
 n

g/
m

l
≥

30
 n

g/
m

l
Bi

rt
h

Fe
ta

l s
ke

le
ta

l s
iz

e 
an

d 
gr

ow
th

15
Sh

ak
er

i 2
01

8
Ira

n
C/

S
20

17
Th

ird
 t

rim
es

te
r

Fi
rs

t 
an

d 
se

co
nd

Th
ird

 t
er

ci
le

Bi
rt

h
W

ei
gh

t 
ga

in
, m

at
er

na
l b

io
ch

em
ic

al
 p

ar
am

et
er

s,
 a

nd
 in

fa
nt

s’ 
gr

ow
th

 in
di

ce
s 

at
 b

irt
h

16
So

ng
 2

01
3

Ch
in

a
C/

S
20

10
Te

rm
<

25
 n

m
/L

≥
25

 n
m

/L
Bi

rt
h

An
th

ro
po

m
et

ry
17

Vi
lja

ka
in

en
 2

01
0

Fi
nl

an
d

C/
S

20
07

Fi
rs

t 
tr

im
es

te
r

<
42

.6
 n

g/
m

l
≥

42
.6

 n
g/

m
l

Bi
rt

h
An

th
ro

po
m

et
ry

 a
nd

 b
on

e 
va

ria
bl

es
18

Zh
ou

 2
01

4
Ch

in
a

Co
ho

rt
20

11
–2

01
2

16
–2

0 
w

ee
ks

<
30

 n
g/

m
l

≥
30

 n
g/

m
l

Bi
rt

h
M

at
er

na
l, 

fe
ta

l, 
an

d 
ne

on
at

al
 o

ut
co

m
e

19
Vi

lja
ka

in
en

 2
01

1
Fi

nl
an

d
Co

ho
rt

20
07

–2
00

9
Fi

rs
t 

tr
im

es
te

r
<

50
 n

m
/L

≥
50

 n
m

/L
1 

ye
ar

An
th

ro
po

m
et

ry
 a

nd
 b

on
e 

tu
rn

ov
er

 m
ar

ke
rs

20
Ec

kh
ar

dt
 2

01
4

U
SA

Co
ho

rt
19

59
–1

96
5

≤
26

 w
ee

ks
<

30
 n

m
ol

/L
≥

30
 n

m
ol

/L
Bi

rt
h,

 4
 m

, 4
 y

ea
r

Ch
ild

 a
nt

hr
op

om
et

ry

AN
C:

 a
nt

en
at

al
 c

ar
e,

 c
/s

: c
ro

ss
-s

ec
tio

na
l, 

m
: m

on
th

, N
E:

 n
ot

 e
xt

ra
ct

ab
le

, y
: y

ea
r 

GLOBAL HEALTH ACTION 7



1.16 cm) (Figure 2). The pooled analysis also indi-
cated significant heterogeneity, with I2 = 99.49%. 
Neither subgroup analysis based on study area (devel-
oping vs developed), design (cohort vs cross- 
sectional), or vitamin D category (the authors’ criteria 
for classifying high and low) produced significant 
results or significantly reduced heterogeneity.

Subgroup analysis based on the frequency of sup-
plementation indicated the significant effect of inter-
mittent supplementation (monthly or less frequent) on 

childbirth length. Mothers who supplemented monthly 
or less frequently had a 0.7 cm longer child with (95% 
CI: 0.25−1.16 cm) of I2 = 0.00%, given in Figure 3. 
Subgroup analysis with the dose of supplementation 
also revealed that supplementation with a dose of 
>2000 IU contributed to child length at birth, 
WMD = 0.35 cm (95% CI: 0.11−0.58 cm), and 
I2 = 49.82%; given in the supplementary file, SFigure 1.

Overall, higher maternal vitamin D or Vitamin 
D supplementation from 20 weeks of gestation had 

Figure 2. The forest plot shows the effect of vitamin D supplementation/high vs low on birth length. The graph indicates the 
overall important effect of the vitamin to promote linear growth. The first subgroup represents clinical trials, and the second 
includes observational studies.
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a significant positive effect on birth length. Subgroup 
analysis from the clinical trials indicated a significant 
effect of vitamin D supplementation either below or 
above 20 weeks of gestation. Clinical trials that sup-
plemented vitamin D less than 20 weeks of gestation 
had a greater effect size (WMD, 0.38 cm vs 0.17 cm) 
(see the supplementary file, SFigure 2).

As previously stated, some studies report child length 
after birth. Table 3 summarizes these findings. As can 
be seen, maternal vitamin D had a significant effect on 
child length at 3 months. Aside from this overall effect, 

observational studies at 6 months and both interven-
tional and observational studies separately at 9 months 
reported a positive influence of higher maternal vitamin 
D levels (see Table 3). In contrast to what we saw in this 
meta-analysis, observational studies revealed a negative 
effect of higher maternal vitamin D on child growth at 
12 months of age (WMD = −0.05 cm (95% CI: 
−0.06 cm to −0.04 cm), I2 = 0.00%) (Table 3). The forest 
plots for these outcomes are included in the supple-
mentary file (SFigure 5−SFigure 10).

Figure 3. Forest plot of subgroup analysis based on the frequency of supplementation.
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Publication bias and small study effects

Figure 4 shows a funnel plot for visual inspection of 
publication bias. In addition, the Eggers regression test 
was used to detect publication bias and small-study 
effects. According to the findings, there was no pub-
lication bias and small-study effects (p-value = 0.2414).

Discussion

Results from the pooled analysis of clinical trials and 
observational studies indicated beneficial effects of vita-
min D supplementation in pregnancy on the linear 
growth of children. Children whose mothers were sup-
plemented with various doses of vitamin D during preg-
nancy or who already had sufficient vitamin D showed 
a significant increase in birth length (p-value < 0.001). 
Previous systematic reviews highlighted the beneficial 
effects of vitamin D supplementation or higher levels of 

vitamin D during pregnancy on preeclampsia, preterm 
birth, small for gestational age [80], birth weight and 
length, gestational diabetes [81], cesarean section [82], 
enhanced cognitive development, and lower risk of 
attention deficit hyperactivity disorder and autism- 
related traits later in life [83]. Other studies [26,84] 
have questioned the role of prenatal vitamin 
D supplementation in the risk of cesarean section, gesta-
tional diabetes, stillbirth, neonatal death, and child 
respiratory health.

Overall, maternal vitamin D supplementation appears 
to increase child length at birth. Although there are no 
previous comprehensive meta-analyses to compare with 
the current findings, a few studies evaluated the growth- 
promoting effect of vitamin D as a secondary outcome. 
Bi et al. reported significantly greater height at 3 months, 
9 months, and 12 months, but not at 6 months [82]. 
A meta-analysis from four clinical trials indicated that 
the LFA z-score was higher in infants at 1 year in the 

Table 3. The role of maternal vitamin D on child linear growth beyond birth disaggregated by study design.
No. Age Design Number of studies Mean difference, IV random, 95% CI I2 (p-value)

1 1 month Interventional 2 0.2(−0.74,0.34) 0.001(0.58)
Observational 1 0.62(0.1, 0.63) -
Total 3 0.19(−0.43, 0.82) 74.3(0.001)

2 3 months Interventional 4 0.51(−0.18, 1.21) 67.3(0.02)
Observational 1 0.41(0.40, 0.42) -
Total 5 0.50(0.03, 0.97) 71.39(0.02)

3 6 months Interventional 2 1.33(−0.30, 2.96) 86.75(0.01)
Observational 2 0.2(0.19, 0.21) 0.00(0.58)
Total 4 0.78(−0.08, 1.65) 87.85(0.001)

4 9 months Interventional 2 1.48(0.13, 2.82) 79.77(0.03)
Observational 2 0.1(0.09, 0.11) 0.00(1.0)
Total 4 0.73(−0.09, 1.65) 92.83(0.001)

5 12 months Interventional 3 0.75(−0.35, 1.92) 88.49(0.001)
Observational 2 −0.05(−0.06, −0.04) 0.00(0.42)
Total 5 0.37(−0.47, 1.17) 93.6(0.001)

6 LFA Interventional 4 0.01(−0.23, 0.25) 60.65(0.10)
Observational 1 0.18(0.07, 0.29) -
Total 5 0.06(−0.13, 0.25) 70.01(0.01)

CI: confidence interval, LFA: length for age, IV: inverse variance, LFA: length for age 

Figure 4. Funnel plot.
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vitamin-D-supplemented group compared with the con-
trol [85]. Vitamin D supplementation at a higher dose 
and on an intermittent basis was found to be more 
beneficial than a lower dose (2000 IU) and daily or 
weekly supplement. Daily vitamin D is often inadequate 
to treat vitamin D deficiency due to compliance [83]. 
Despite the scarcity of studies on pregnant women, var-
ious studies have stressed the importance of large single 
doses of vitamin D in different populations. In their 
review that investigated the effects of single, large doses 
of vitamin D on serum concentrations and other health 
outcomes, Kearns et al. [86] came to the conclusion that 
a single vitamin D3 dose ≥300,000 IU was most effective 
at improving vitamin D status for up to 3 months in 
adults. In line with this finding, Boonen et al. [87] 
reported cholecalciferol 100,000 IU was a safe, effective, 
and simple way to increase serum vitamin D for up to 2 
months in the elderly. Other studies have found that 
daily, weekly, and monthly administrations of the daily 
equivalent of 1000 IU of vitamin D3 provide equal effi-
cacy and safety profiles, with intermittent supplementa-
tion still being preferred [29,88].

The effect of maternal vitamin D on child growth 
was significant when initiated or measured at 
>20 weeks of gestation. Similar findings were 
reported in previous meta-analyses on different out-
comes [82]. Vitamin D supplementation increased 
birth weight only in the group with therapy initiated 
late (≥20 weeks’ gestation). Evidence that higher 
maternal vitamin D levels in later trimesters were 
associated with better outcomes suggests the need to 
monitor maternal vitamin D beyond the first trime-
ster. Higher maternal vitamin D in the first trimester 
is not necessarily an indication of subsequent status 
during pregnancy. This was shown in clinical trials 
where the initiation of supplementation of vitamin 
D at less than 20 weeks of gestation had a greater 
effect size (WMD, 0.38 cm vs 0.17 cm) (supplemen-
tary file, SFigure 3). This underscores the importance 
of continuous vitamin D monitoring considering the 
plasma half-life.

This study adds to our existing knowledge of 
maternal vitamin D and its role in child development. 
Our review includes both interventional and observa-
tional studies. The risk of bias and methodological 
quality of included studies are summarized in supple-
mentary files (STable 1 and STable 2). The focus was 
on linear growth as an outcome to provide us with 
a comprehensive understanding of this issue. This 
study also demonstrated the role of various factors 
such as supplementation dose, time of initiation, fre-
quency of supplementation, and trimester. The find-
ings suggest that the focus should be on higher 
vitamin D doses, earlier initiation, and sustained ade-
quate levels, as well as less frequent supplementation.

In light of all of this, the following limitations 
should be considered when interpreting the results. 

First, there is significant heterogeneity. The included 
studies differed in many ways, including the popula-
tions studied, ethnicity, geographic factors, maternal 
vitamin D dose and cutoff points, clinical settings, the 
timing of intervention and/or measurement, and 
baseline maternal factors such as socioeconomic 
indicators.

Second, even though the objective of the meta- 
analysis was to assess linear growth in under-five 
children, there were a limited number of reports 
after birth. Few studies reported length at 1 month 
(3), 3 months (5), 6 months (4), and 1 year (5), and 
five studies reported length for age. The effect of 
maternal vitamin D on child growth beyond 
12 months of age was not incorporated due to the 
lack of available studies. Despite our initial concept of 
the source of vitamin D in children, during the first 6 
to 8 weeks of postnatal life, the vitamin D status of 
infants is mainly dependent on placental transfer in 
utero [21]. As previously noted, stores are depleted by 
approximately 8 weeks of age [22], after which time 
the infant’s vitamin D is dependent on diet, sunlight, 
and supplementation. This temporal relationship was 
not established in the data due to lack of available 
studies.

Third, another critical issue in this meta-analysis is 
adherence. This paper signified the importance of 
monthly or less frequent supplementation rather 
than daily or weekly. We hypothesized that this 
might be due to adherence. However, this was not 
confirmed here due to limited information regarding 
adherence. A prospective cohort study hypothesized 
that a 5000 IU daily supplement is superior to the 
200,000 IU stat supplement and recommended that 
randomized control trials be conducted in order to 
confirm this hypothesis [89]. A controlled trial 
reported that a single 5 mg dose of vitamin D given 
orally during the seventh month of pregnancy pro-
vided effective prophylaxis for vitamin D deficiency 
over 1000 IU daily supplement [90]. A review also 
suggested that prenatal vitamin D supplementation 
with a higher dose could be reformulated due to 
several factors, the major one being adherence [27]. 
The evidence on adherence is mixed. Daily supple-
mentation has been shown to have poor adherence 
[91]. In a 2001 study of protease inhibitor regimen 
adherence among HIV patients, for example, true 
adherence via electronic monitors was 63%, while 
pill count indicated 83% adherence [92]. These find-
ings support evidence of the poor adherence but also 
call the verification methods into question.

Conclusion

The evidence suggests that prenatal vitamin 
D supplementation in higher doses (>2000 IU), low 
frequency (monthly or less frequently), and later 
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gestation (>20 weeks) is positively associated with 
higher child length/height. There is, however, 
a need for further evidence from clinical trials, not 
only comparing different doses and frequencies but 
also investigating adherence. In summary, the evi-
dence to date suggests that consistent and adequate 
levels of vitamin D during pregnancy are critical for 
children’s growth.
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