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ABSTRACT

Objective: To estimate whether maternal vitamin D deficiency during pregnancy is
associated with small for gestational age (SGA).

Methods: A comprehensive literature search of PubMed, Cochrane Library,
EMBASE and Elsevier ScienceDirect library was conducted to identify relevant
articles of prospective cohort studies in English, with the last report up to February
2017. Pooled odds ratio (OR) and corresponding 95% confidence interval (95% CI)
were used to evaluate the correlation in either random or fixed effects model
according to between-study heterogeneity.

Results: Thirteen cohort studies are included in this meta-analysis. Maternal with
circulating 25-hydroxyvitamin D [25(OH)D] deficiency experienced had an increased
risk of SGA (pooled OR=1.574; 95% CI 1.124 to 2.204; P<0.01). Subgroup analysis

revealed that pregnant women with a vitamin D level below 10 ng/ml (OR=2.219, 95%

CI 1.480 to 3.325) and below 15 ng/ml (OR=1.532, 95% CI 1.046 to 2.246) had a
significantly increased risk of SGA, however, this association didn’t exist in subgroup
of below 20 ng/ml (OR=1.424, 95% CI 0.828 to 2.449). When stratified according to
blood sampling weeks, we found only blood sampling from the second trimester
showed a positive association (OR=1.544, 95% CI 1.088 to 2.192)

Conclusion: Our meta-analysis suggests that vitamin D deficiency is associated with
an increased risk of SGA and the optimal cutoff and critical timing need further
investigation.

Keywords: vitamin D; small for gestational age; cohort study; meta-analysis.
Strengths and limitations of this study: This study only included prospective cohort
studies, which have more advantages than case-control studies. Subgroups analysis of
this study presented more thorough understanding of current evidence. Quality of each
cohort study, heterogeneity test, sensitivity analysis and publication bias were
conducted. Different definition of vitamin D deficiency, insufficiency or sufficiency
might have influenced the result. Substantial heterogeneity existed among several

outcomes.
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% g
; INTRODUCTION %
g Vitamin D is fat-soluble and a steroid hormone recognized for its major role in 'é
; calcium metabolism and bone health." Vitamin D deficiency or insufficiency has §
9 become a global public health issue,” especially for pregnant women, among whom ;-
12 the highest deficiency rate is up to 84% according to a multiethnic population survey é-? g
ig in Norway.” Several large studies have depicted the associations of maternal vitamin % §
ig D deficiency with various adverse maternal and fetal outcomes™** including SGA. ‘g ;gol
i? SGA are defined as smaller in size for their own gestational age, most commonly % ?'8
ig recognized as a weight below the 10th percentile for corresponding gestational age.”® G_;:'T g
3(1) The incidence of SGA was 9.7% worldwide’ with a growth tendency. Infants born to % %
5:23 SGA have much higher neonatal morbidity and mortality.'” Even worse, it might also <§ i
;g do a lot harm to other well-beings throughout childhood to adulthood, such as % B”g
26 neurocognitive impairment, poor school performance and short stature, as well as gé%
% increased the risk of diabetes,'' cardiovascular disease' and kidney disease." %g E
ég Although many studies have focused on the association between maternal vitamin é;%
g; D status and SGA, the results of these studies remain inconsistent. A prospective g%,%
gi cohort study in Netherlands examining vitamin D concentrations in 3,730 pregnant %é%
gg women at 12-14 weeks of gestation shows that infants born to mothers with vitamin D gj f‘j;
g; deficiency had an increased risk of SGA compared with adequate vitamin D levels." E; §
zg Subsequently, Gernand et al."” reported that the vitamin D levels below 15 ng/ml §_ ;5;
41 group had significantly higher risk of SGA. However, some other studies % %
jé demonstrated no association between vitamin D status and SGA.'® 7 § %I
jg Given the blurred picture of this issue, we attempted to summarize current best E—J' %
j? quality of evidences and conduct a meta-analysis of prospective cohort studies to g %
jg answer whether vitamin D deficiency in pregnant women is associated with SGA. g ‘g
50 2 &
51 2 g
o MATERIALS AND METHODS s

5
gg Data sources, search strategy, and selection criteria i
gs A systematic literature search was performed using the PubMed, Elsevier g
60 o

o

°
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ScienceDirect and Cochrane Library databases to find out all relevant publications
until February 2017. No restrictions were placed on maternal age, study design or
language. The following main search terms were used:
(‘vitamin D’ or ‘cholecalciferol’ or ‘25-hydroxyvitamin D’ or ‘25(OH)D’ and ‘SGA’
or ‘small for gestational age’ or ‘small-for-gestation-age’ or ‘small size for gestational

age’)

Selection Criteria

We first screened the titles and abstracts of all the articles to identify the possible
eligible studies, and then read the full articles to include eligible studies. The studies
fit into the meta-analysis were selected according to the following criteria: 1) cohort
studies evaluated the association between vitamin D status and risk of SGA; 2) studies
with data in the form of effect estimate [odds ratio (OR) or risk ratio (RR)] and
corresponding 95% confidence interval (CI) or reported data to calculate them; 3)
maternal blood samples were taken for assessing 25(OH)D before or at delivery; 4)

studies with pregnant women suffering from other metabolic disease were excluded.

Data extraction and quality evaluation

Two investigators respectively reviewed all abstracts for related studies, and read full
texts of eligible literatures, extracted data using a standardized form and assessed
study quality. Disagreements were resolved by discussion and by consulting a third
investigator. The following data were collected from each study: the first author name,
nation, publish year, the average age and pre-pregnancy body mass index (BMI) of
study populations, current gestational week of blood sampling, assay methods of
serum/plasma vitamin D levels measured and sample size. If original important data
were unavailable, we contacted the corresponding author by e-mail to obtain further
details. Finally, @ we  assessed the  eligible studies based on
Newcastle-Ottawa Scale (NOS) system. This scale ranging from 0 to 9 contains nine

items (1 point for each) in three parts: selection (four items), comparability (two items)
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o8]

<

1 [

z g

=]

2 and exposure or outcomes (three items). Scores ranging from 0-3 were deemed to ;:

wn

g poor quality, scores ranging from 4 to 6 were deemed to moderate quality and scores =

(o}

7 surpassing 7 were deemed to high quality. )

X :

QD

(%]

10 =

11 Statistical Analysis é-? g

12 o w

13 The data extracted from eligible studies were in the form of effect estimate [odds ratio é 2

14 3

15 (OR) or risk ratio (RR)] and corresponding 95% confidence interval (CI). Due to the ‘g S

16 . : S 3

low level of the morbidity of SGA, the value of OR was approximately equal to RR."® 2 %

17 pp yeq = B

Q P

ig Meta-analysis was performed using STATA package version 12.0 (Stata Corporation, % él

> (o)

32 College Station, TX, USA). The ORs and 95% ClIs for normal vitamin D levels versus % §

= o

5:23 deficient vitamin D levels from each study were combined to calculate the estimated é ~

o ~

24 pooled OR, 95% CI and P value. Q-statistic test and the I-square (P) test were used to S m z

25 ® =52

26 estimate the heterogeneity among different studies."” The fixed-effects model was 3 g(ﬁ

27 250

28 used for meta-analysis when * was under 50% and P value surpassed 0.05, otherwise, 8% N

29 559

30 the random-effects model was used.”’ To explore the sources of heterogeneity and the T

31 xXc3

© O

32 various results of subgroups, Subgroup analysis was carried out based on status of %%,%
[¢)

33 .. . . " . s

34 ethnicity, cut-off values, study quality, adjustment of critical confounders, sample size, gw)-; 3

: : N2 : 3 @3

gg and current gestation of blood sampling. A sensitivity analysis was conducted to gj @E

T . Q-

g; determine the stability and reliability of the results by leave one out at a time and > o

= 3

zg checking the consistency of the overall effect estimate. Funnel plots were used to g. -(8;

= S

41 qualitatively assess the publication bias, and Egger’s and Begg’s tests were also used @ g

43 to quantitatively assess publication bias.*' * o %

44 3 =

=. (@]

: : 2

-

47 RESULTS § 3

43 st . 2 R

49 escription of included studies g

2 Q

22 A total of 1734 literatures were identified for initial review using search strategies as & o

. . . . . . >

gg described. 1537 literatures were removed according to the inclusion and exclusion @

>

2‘51 criteria (figure 1). Because of the unavailability of data, 4 studies were excluded. i

56 S

57 8

58 B

5

59 =

60 <

Q.

°
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Finally, 13 cohort studies? 1417 23-30

were included in the meta-analysis, including
28285 pregnant women.

Characteristics and methodological quality of 13 studies are presented in table 1:
The population sources of studies were Caucasian (9 studies) and Asian (4 studies).
The average age of the pregnant women of those studies was < 30 years old (4 studies)
and >30 years old (5 studies). Of the 13 studies, the average pre-pregnancy BMI of 7
studies were below 25 kg/m” and 3 studies were above 25 kg/m?. 10 studies have
adjusted for confounders and 3 studies have not. 6 studies adopted blood during first
trimester, 5 studies were second trimester. Furthermore, 7 studies assessed the
serum/plasma levels of vitamin D by the way of LS-MS, 6 studies used other methods.

Finally, the degrees of NOS score were high levels (9 studies) and low levels (4

studies).

Meta-analysis results

The Coherence Q test showed the existence of heterogeneity in the meta-analysis
(’=84.1%; P<0.001), so the random-effects model was applied. The overall results
showed that maternal vitamin D deficiency during pregnancy is significantly
associated with an increased risk of SGA (pooled OR=1.574; 95% CI 1.124 to 2.204;
P<0.01) and the forest plot showed the details (figure 2).

Subgroup analysis

Due to the existence of heterogeneity, subgroup analysis was carried out to explore
the possible sources of heterogeneity in the meta-analysis (table 2). The subgroups
were based on status of ethnicity, cut-off values of vitamin D levels, sample size, NOS
score levels, whether adjusted for critical confounders and gestational week of blood
sampling. The pregnant women in Caucasian, vitamin D deficiency markedly
increased the risk of SGA. Moreover, maternal vitamin D deficiency during
pregnancy was significantly associated with SGA in studies with high study quality,

the similar results were also observed in studies with blood sampling during second
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o8]
<
[
1 0
2 L
2 trimester and the heterogeneity observably reduced (pooled OR=1.544; 95% CI 1.088 ;:
wn
g to 2.192; P=48.2%; P=0.102). Furthermore, subgroup analysis according to whether °
(o}
; adjusted for critical confounders, the NOS score levels and sample size of study all )
(1]
o
9 showed significant results, and the studies with the cut-off values of vitamin D status 8
10 =
11 <15 ng/ml or <10 ng/ml showed markedly relevance between SGA and vitamin D, 5-? 2
12 g o
13 noteworthy, the heterogeneity significant decline (pooled OR=1.532; 95% CI 1.04 to é %
14 =)
15 2.246; P=73.2%; P=0.054 vs. pooled OR=2.219; 95% CI 1.046 to 2.246; I’=0; ‘% 8
16 s 3
17 P=0.446). = §
18 “E:: N
19 s B
32 Sensitivity analysis and publication bias % §
= o
5:23 To evaluate the stability of our results, sensitivity analysis was carried out and the é ~
o ~
24 results revealed that the OR and 95% CI were stable when any one study was c mg
25 ®>c
26 excluded using random-effect methods (table 3). There was also no publication bias 3%%
27 250
28 after carrying out Begg’s test (P=0.760) and Egger’s regression test (P=0.852), the 8% =
29 339
30 funnel plot showed the details (figure 3). ) f,;%
C =
31 ~5 0
32 S8
Qoo
33 222
gg The prevalence of vitamin D deficiency during pregnancy and its association with risk gj @ =4
©
37 of SGA caught more and more attentions. Current meta-analysis of prospective cohort 2 =
38 z 3
Zg studies suggests that vitamin D deficiency is significantly associated with an g_ -(8;
= S
41 increased risk of SGA. No publication bias was detected and sensitive analysis @ g
43 showed no single study dramatically influences the results, which indicated that the o %
44 © 3
45 results of our meta-analysis are stable and reliable. % S
46 -~ £
47 Our study is in line with several previous studies. A previous meta-analysis showed 8 2
48 S e
49 that low maternal vitamin D levels during pregnancy may be associated with an § ‘B
2 Q
22 increased risk of SGA, gestational diabetes mellitus, preterm birth.” Similarly, another & o
gg vital meta-analysis also suggested that vitamin D insufficiency is associated with an %
>
2‘51 increased risk of SGA, preeclampsia, and bacterial vaginosis.® However, those studies i
gs included both case-control and prospective cohort studies and did not include latest %
«Q
58 g
7
59 =
60 <
Q.
°

For peer review only - http://bmjopen.bmj.com/site/about/guidelines.xhtml


http://bmjopen.bmj.com/

©CoO~NOUITA,WNPE

BMJ Open

published cohort studies, and did not evaluate the association in specific subgroup
analysis. Moreover, the cut-off values for the vitamin D status differed between
different studies. Thus, we conducted this meta-analysis to provide stronger evidence
for the association between vitamin D and SGA.

Heterogeneity test (the Coherence Q test) showed significant heterogeneity existed
among studies. We explored the potential influential factors for the results by
performing a subgroup analysis. And we obtained positive results from the following
subgroups: Caucasian population, blood sampling from the second trimester, sample
size exceeded 1000, the studies of high quality and adjusted potential confounder
factors. A case-control study conducted in UK measured the 25(OH)D levels of
maternal at 11-13 weeks of gestation and showed that serum 25(OH)D levels were
decreased in Caucasian women that deliver SGA, but was not observed in African

31
women,

which was consistent with our results. Furthermore, we found pregnant
women with a vitamin D level below 10 ng/ml (OR=2.219, 95% CI 1.480 to 3.325)
and below 15 ng/ml (OR=1.532, 95% CI 1.046 to 2.246) had a significantly increased
risk of SGA, however, such association was not obvious in the subgroup of 25(OH)D
<20 ng/ml. Therefore, the cut-offs of vitamin D deficiency needs further exploration
The underlying mechanism of vitamin D deficiency increases risk of SGA is not
entirely clear but might be explained by the inflammatory response. Vitamin D
deficiency can increase the levels of proinflammatory cytokines, leading to oxidative
stress. Lower 25(OH)D status is associated with increased vascular endothelial cell
expression of nuclear factor kB (NFkB) and interleukin 6 (IL-6), and with decreased
of vitamin D receptor (VDR) and 1-a hydroxylase.”” A study reported that the levels
of pro-inflammatory cytokines in cord blood of SGA are significantly higher than that

in normal-born infants.>> Mullins et al.>*

show that the offspring pregnant women of
SGA contained higher tumor necrosis factor (TNF-a) than normal offspring of
pregnant women, and as an important inflammatory factor, TNF-a inhibited placental

hormone synthesis and stimulated calcitriol catabolism by regulating enzymes.35

Vitamin D may also play an important role in innate and adaptive immunity by
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o8]

<

1 [

z g

3 >

4 inhibiting the pathway of decidual NFxB to reduce the inflammatory response, since =

wn

g NF«B is a main transcription factor of inflammatory mediators.* o

(o}

7 Maternal vitamin D deficiency is prevalent, the extent of which can be influenced )

8 )

o

9 by many variables including ethnicity, region, skin pigmentation, sun exposure, 8

10 =

11 season, age, vitamin D supplementation and others.”” The American Association of 5-? 2

13 Endocrinology recommended that pregnant women require at least 600 IU/d of é 2

14 3

15 vitamin D and confirmed that at least 1500-2000 IU/d of vitamin D may be needed to ‘g 3

16 . : S 3

17 keep a blood level of vitamin D above 30 ng/ml.** However, the recommendations of 2 S

Q P

ig pregnant women vitamin D supplementation is scanty. At present, vitamin D % él

o 2

3(1) supplementation during pregnancy has been suggested as an intervention to prevent c g

= o

5:2% adverse pregnancy outcomes.” A randomized controlled trial reported that maternal é 2

o ~

;g vitamin D supplementation of 2000 and 4000 IU/d appeared safe during pregnancy, § B”g

nwn <

26 and the most effective in optimizing serum vitamin D concentrations in mothers and 3 g(ﬁ

27 250

28 their infants was 4000 IU/d,* this result was consistent with another randomized z3 N

29 539

30 controlled trial in Pakistan.*' Low vitamin D levels during pregnancy could increase §m§

C =

31 ~5 0

32 the risk of SGA, however, vitamin D supplementation did not significantly reduce the %%,%
[¢)

33 . . s

21 risk of SGA (OR=0.78, 95% CI 0.50 to 1.21).* Therefore, we need larger randomized 23

: . T . 3 @3

gg controlled trials to assess the value of these interventions in the future, which has a e

S5~5

. . Q . <

g; significant impact on the guidance of the perinatal period care. > g

zg Our study has several strengthens. First, to provide more reliable evidence, we only s -(8;

= S

41 included prospective cohort studies, which have more advantages than case-control @ g

43 studies as we all familiar with. Second, no publication bias existing, indicating that o %

44 3 =

45 the included results may be unbiased and credible. Third, subgroups analysis of our 5 S

46 g €

47 study presented more thorough understanding of current evidence. Several limitations § 2

48 . L N 3 N

49 should also be acknowledged. First, the association between maternal vitamin D S :

«Q o

50 , ' s 8

51 status and SGA risk could be affected by confounding factors such as pre-pregnancy & o

. . . >

gg BMI, age, education, race and exposure sunlight, however, not all studies are control @

>

gg these confounding factors in our meta-analysis. Second, different definition of vitamin i

gs D deficiency, insufficiency or sufficiency might have influenced the result. Third, %

«Q

58 B

59 o EL

60 <

Q.

°
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pooled data without detail individual information were used to performed

meta-analysis, which restricted us to get more comprehensive results.

CONCLUSIONS

The present study indicates that low vitamin D levels is associated with an increased
risk of SGA. Further confirmation of these findings in larger sample size studies is
required. The role of vitamin D in the pathogenesis of SGA should be emphasized. As
well, early screening for vitamin D deficiency of pregnant women may be necessary

under the background of this study.
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Table 1. Characteristics of the included studies in the present meta-analysis

Page 14 of 22

Author Region Year Age' at Pre-pregnanzcy Gestational week of blood sampling Measurement of vitamin D NOS Sm,nple

baseline BMI (kg/m") Score size
Leffelaar' Netherlands 2010 NA NA 12-14 weeks enzyme immunoassay 8 3730
Burris™ USA 2012 32.5 24.8 26-28 weeks CLIA and RIA 7 1133
Zhou™ China 2014 29.5 20.3 16-20 weeks ECLIA 8 1923
Choi® Korea 2015 32.0 20.2 first or second or third trimester LC-MS/MS 6 220
Ong"’ Singapore 2016 30.5 26.1 26-28 weeks LC-MS/MS 8 910
Kiely™ Ireland 2016 30.5 24.9 14-16 weeks LC-MS/MS 6 1768
Scholl”’ USA 2014 22.8 26 13.8+5.6 weeks RIA 8 1045
Chen* China 2015 27.5 NA first or second or third trimester RIA 6 3658
Boyle™® New Zealand 2016 30.3 24.8 15 weeks LC-MS/MS 7 2065
Berg29 Netherlands 2013 NA NA 12.9 weeks enzyme immunoassay 7 2274
Gerand" USA 2013 NA 223 20.6 weeks LC-MS/MS 6 2146
Miliku® Netherlands 2016 29.7 23.7 20.3 weeks LC-MS/MS 7 7176
Nobles'® USA 2015 NA >25 15.2+4.7 weeks LC-MS/MS 8 237

CLIA: chemiluminescence immunoassay; RIA: radioimmunoassay; ECLIA: electrochemiluminescence immunoassay; LC-MS/MS: liquid

chromatography-tandem mass spectrometry; NA: not available.
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Table 2. Subgroup analysis of the association between maternal Vitamin D deficiency and SGA

Heterogeneity test
Stratification group N P Value for OR OR (95% CI) I-square (%) P Value

Ethnicity

Caucasian 9 0.001 1.433 (1.150, 1.785) 57.2 0.016

Asian 4 0.475 1.655 (0.416, 6.587) 923 <0.001
Study quality (NOS)

High 9 <0.001 1.542 (1.230, 1.934) 36.0 0.130

Low 4 0.440 1.441 (0.570, 3.641) 95.2 <0.001
Gestation of blood sampling

first trimester 6 0.058 1.320 (0.991,1.760) 59.5 0.030

second trimester 5 0.015 1.544 (1.088, 2.192) 48.2 0.102
Cut-off values

<10 ng/ml 2 0.001 2.219 (1.480, 3.325) 0 0.446

<15 ng/ml 2 0.029 1.532(1.046, 2.246) 73.2 0.054

<20 ng/ml 9 0.201 1.424 (0.828, 2.449) 88.2 <0.001
Sample size

> 1000 10 0.003 1.745(1.201, 2.536) 86.7 <0.001

<1000 3 0.946 0.975(0.476, 1.999) 455 0.160
Adjust for critical confounders

yes 10 0.018 1.681 (1.094, 2.584) 86.3 <0.001

no 3 0.051 1.224 (0.999, 1.500) 0 0.395

15

‘sa1bojouyo9) fefl uPELEe SFIRNRN Y ‘6 Gl BEH PRE IS0 Po1e(5 1 653R AL} Bl s e B Kdds Aq perdeloid
* (s3gv) Inauadns juswaublasug
| ap enbiydeibol|qig ausby Je Gz0z ‘2T aung uo /woo fwq uadolway/:diy wolj papeojumod ‘210z 1SNBNY 22 Uo #0y9T0-LT0zZ-Uadolwa/9eTT 0T Se paysiignd isiy :uado cINg


http://bmjopen.bmj.com/

©CoO~NOUTA,WDNPE

Table 3. Sensitivity analyses of the association between vitamin D deficiency and SGA

BMJ Open

Study omitted OR (95% CI) P value I-square (%) P value
Leffelaar™ 1.543 (1.058, 2.250) 0.024 85.1 <0.001
effelaar )
Burris? 1.511 (1.068, 2.138) 0.020 85.1 <0.001
urris .
24 1.557 (1.105, 2.195) 0.011 854
Zhou <0.001
25 1.679 (1.196, 2.357) 0.003 84.4
Choi <0.001
17 1.638 (1.147, 2.339) 0.007 85.0
Ong <0.001
Kielv? 1.672 (1.175, 2.377) 0.004 83.3 20,001
iely .
Scholl?” 1.654 (1.159, 2.361) 0.006 84.5 <odfl
cho .
Chen’ 1.354 (1.094, 1.676) 0.005 54.5 0.012
Bovle? 1.601 (1.102, 2.324) 0.013 853 <0.001
oyle .
Bere? 1.574 (1.086, 2.281) 0.017 854 <0.001
erg .
Gerand'® 1.608 (1.084, 2.387) 0.018 84.7 <0.001
eran .
Miliku® 1.532 (1.063, 2.207) 0.022 85.1 <0.001
iliku .
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16 1.550 (1.094, 2.196) 0.014 854
Nobles <0.001
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1734 studies were searched, including
Pubmed(37), Cochrane library(19),
ScienceDirect (1441),Embase(237).

1980f duplicate records
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\ 4
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reviewedtitles andabstracts
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Figure 1. Flowchart of the literature search and trial selection process
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Figure 2. Forest plots of summary crude odds ratios of the association between vitamin D deficiency and
SGA
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Begg's funnel plot with pseudo 95% confidence limits

/
2 . //
///
P
/
////O
////// °
//5// o e}
5 % F
8 0~ \\c\fo\
\\\\
\\
O\\\
\\\
Tt
2 —
[ [ I
0 5 1
s.e. of: logor

Figure 3. Funnel plot for small for gestational age. Log OR of the individual studies plotted against the
standard error of log OR.
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ABSTRACT

Objective: To estimate whether maternal vitamin D deficiency during pregnancy is
associated with small for gestational age (SGA).

Methods: A comprehensive literature search of PubMed, Cochrane Library,
EMBASE and Elsevier ScienceDirect library was conducted to identify relevant
articles of prospective cohort studies in English, with the last report up to February
2017. Pooled odds ratio (OR) and corresponding 95% confidence interval (95% CI)
were used to evaluate the correlation in random-effects model.

Results: Totally 13 cohort studies were included in this meta-analysis containing
28285 individuals from 7 countries. Pooled overall ORs for babies with SGA were
1.588 (95% CI 1.138 to 2.216; P<0.01) for women with vitamin D deficiency. In
addition, the prevalence of vitamin D deficiency during pregnancy varied from 13.2%
to 77.3%. Subgroup analyses showed that there were no significant differences in the
association between vitamin D deficiency and SGA based on study quality, gestation
of blood sampling, cut-off values, sample size, adjust for critical confounders and
measurement of vitamin D.

Conclusion: The current meta-analysis suggests that vitamin D deficiency is
associated with increased risk of SGA.

Keywords: vitamin D; small for gestational age; cohort study; meta-analysis.
Strengths and limitations of this study: 1) To our knowledge, this was the first
systemic review only included prospective cohort studies evaluating the association
between vitamin D and SGA. 2) Subgroups analysis of this study presented more
thorough understanding of current evidence. 3) Quality of each cohort study,
heterogeneity test, sensitivity analysis and publication bias were conducted. 4)
Different definition of vitamin D deficiency, insufficiency or sufficiency might have

influenced the result. 5) Substantial heterogeneity existed among several outcomes.
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<
1 [
O
©
; :
4 INTRODUCTION =
wn
g Vitamin D is fat-soluble and a steroid hormone recognized for its major role in °
(o}
7 calcium metabolism and bone health.' Vitamin D deficiency or insufficiency has )
8 )
o
9 become a global public health issue,” especially for pregnant women, among whom 8
10 =
11 the highest deficiency rate is up to 84% according to a multiethnic population survey é-? g
12 o w
13 in Norway.” Several large population size studies have depicted the associations of é 2
14 3
15 maternal vitamin D deficiency with various adverse maternal and fetal outcomes*® ‘g 3
16 o S 3
17 including SGA. 2 5%
18 a 9
19 SGA are defined as smaller in size for their own gestational age, most commonly =8
> (o)
32 recognized as a weight below the 10th percentile for corresponding gestational age.”® % §
= o
5:2% The incidence of SGA was 9.7% worldwide’ with a growth tendency. Infants born to é 2
o ~
24 SGA have much higher neonatal morbidity and mortality.'’ Katz J et al.'' have c mg
25 ™S e
nwn
26 showed that pooled RRs for infants who were SGA were 1.83 for neonatal mortality 3 g(ﬁ
27 250
28 and 1.90 for post-neonatal morbidity. In addition, it might be strongly related to 8% =
29 559
30 adverse health outcomes in adult life, such as neurocognitive impairment, poor school ) S_Pé
31 i . ) a2}
32 performance and short stature, as well as increased the risk of dlabetes,12 %%,%
[¢)
33 . . 13 . . 14 8—5 ?;
34 cardiovascular disease ~ and kidney disease. 853
. . o 3 @3
gg Although many studies have focused on the association between maternal vitamin e
S5~5
g; D status and SGA, the results of these studies remain inconsistent. A prospective > T
= 3
Zg cohort study in Netherlands examined vitamin D concentrations in 3,730 pregnant g_ -(8;
= S
41 women at 12-14 weeks of gestation shows that infants born to mothers with vitamin D @ g
43 deficiency had an increased risk of SGA compared with adequate vitamin D levels." o %
44 3 =
45 Subsequently, Gernand et al.'® reported that the vitamin D levels below 15 ng/ml = S
46 g €
47 group had significantly higher risk of SGA. However, some other studies § 2
48 L N 3 N
49 demonstrated no association between vitamin D status and SGA.""'* 3 z
«Q o
50 . . . . o N
51 Given the blurred picture of this issue, we attempted to summarize current best & o
. . . . . >
gg quality of evidences and conduct a meta-analysis of prospective cohort studies to @
>
gg answer whether vitamin D deficiency in pregnant women is associated with SGA. i
56 S
57 8
58 B
59 3 EL
60 <
Q.
°
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MATERIALS AND METHODS

Data sources, search strategy, and selection criteria

A systematic literature search was performed using the PubMed, Elsevier
ScienceDirect, Cochrane Library and Embase databases to find out all relevant
publications until February 2017. No restrictions were placed on maternal age, study
design or language. The following keywords were used:
‘vitamin D’ or ‘cholecalciferol’ or ‘25-hydroxyvitamin D’ or ‘25(OH)D’ in combined
with ‘SGA’ or ‘small for gestational age’ or ‘small-for-gestation-age’ or ‘small size for
gestational age’(PubMed, for example, specific search strategy see supplementary box

S1)

Selection Criteria

We first screened the titles and abstracts of all the articles to identify the possible
eligible studies, and then read the full articles to include eligible studies. The studies
fit into the meta-analysis were selected according to the following inclusion criteria: 1)
the population of study was maternal without pre-chronic disease; 2) the study
included maternal with singleton gestation; 3) the outcome was SGA and the control
group included maternal without SGA, the exposure was ‘vitamin D deficiency’
[25(OH)D<20ng/ml]; 4) studies with data in the form of effect estimate [odds ratio
(OR) or risk ratio (RR)] and corresponding 95% confidence interval (CI) or reported
data to calculate them; 5) maternal blood samples were taken for assessing 25(OH)D
during pregnancy; 6) the study design was cohort studies (to provide more reliable
evidence, we only included prospective cohort studies, which have more advantages

than case-control studies); 7) published in English.

Data extraction and quality evaluation
Two investigators respectively reviewed all abstracts for related studies, and read full
texts of eligible literatures. We extracted data using a standardized form and assessed

study quality. Disagreements were resolved by discussion and consulting a third
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g

1 0

: g

2 investigator. The following data were collected from each study: 1) publication ;:

wn

5 information: the first author name, publish year; 2) population’s characteristics: o

; 5

; country of origin, the average age and pre-pregnancy body mass index (BMI), %

o

20 ethnicity, education status, current gestational week of blood sampling, gestation age 8

'_\

11 of infant at birth and season of blood sample; 3) methods: assay methods of a-? 2

12 g o

13 serum/plasma vitamin D levels measured and sample size; 4) latitude and the time of é 2

14 3

15 year data collected; 5) OR as well as their 95% CI for each study. If available, the ORs ‘g 3

16 . . . o S 3

17 with 95% CI were collected from the original article. If original important data were 2 S

Q P

ig unavailable, the ORs with 95% CI were calculated by using data from observed % é‘

> (o)

3(1) articles to construct 2x2 tables of low vitamin D status versus the presence or absence % §

= o

5:2% of SGA, Otherwise, we contacted the corresponding author by e-mail to obtain further é ~

o ~

24 details. Finally, @ we  assessed the eligible studies based on c Z

25 g 32
(]

26 Newcastle-Ottawa Scale (NOS) system. This scale ranging from 0 to 9 contains 9 3%%

27 250

28 items (1 point for each) in 3 parts: selection (4 items), comparability (2 items) and 8% =

29 339

30 exposure or outcomes (3 items). Scores ranging from 0-3 were deemed to poor quality, ) f,;%

C =

31 ~5 0

32 scores ranging from 4-6 were deemed to moderate quality and scores surpassing 7 %%,%

[¢)

33 . . aco

34 were deemed to high quality. B3

36 R

> O

g; Statistical Analysis > g

zg The data extracted from eligible studies were in the form of effect estimate (OR or RR) §_ ?5;

= S

41 and corresponding 95% CI. Due to the low level of the morbidity of SGA, the value @ g

43 of OR was approximately equal to RR." Meta-analysis was performed using STATA a S

44 2 2

45 package version 12.0 (Stata Corporation, College Station, TX, USA). The ORs and 95% 5 S

46 -~ £

47 Cls for normal vitamin D levels versus deficient vitamin D levels from each study § 2

48 . . i 3 N

49 were combined to calculate the estimated pooled OR, 95% CI and P value. O-statistic S :

«Q o

2 Q

22 test and the I-square (I°) test were used to estimate the heterogeneity among different & o

gg studies.”’ The random-effects model was usually a more plausible when studies were %

>

2‘51 gathered from the published literature.”' Therefore, the random effects model was i

gs used for this meta-analysis. To explore the sources of heterogeneity and the various %

«Q

58 g

5 =3

59 E

60 S

0]

Q.

°
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results of pre-specified subgroups, subgroup analysis was carried out based on status
of cut-off values, study quality (NOS scores), adjustment of critical confounders,
sample size, measurement of vitamin D and current gestation of blood sampling. A
sensitivity analysis was conducted to determine the stability and reliability of the
results by leave one out at a time and checking the consistency of the overall effect
estimate. Funnel plots were used to qualitatively assess the publication bias, and

Egger’s and Begg’s tests were also used to quantitatively assess publication bias.”* *

RESULTS

Description of included studies

A total of 1734 literatures were identified for initial review using search strategies as
described. After removing duplicates, 1 536 studies remained. We screened the titles
and abstracts of these studies, excluded 1 518 records according to the inclusion and
exclusion. Then the remaining 18 full-text articles were assessed for eligibility. Finally,

13 cohort studies® 1>18 243!

were included in the meta-analysis (Figure 1), including
28285 pregnant women.

Characteristics and methodological quality of 13 studies are presented in Table 1
and supplementary Table S1: These studies were published from 2010 to 2016, four of
the studies were conducted in USA, three in Netherlands, two in China and one each
in Korea, Singapore, Ireland and New Zealand. Of the 13 studies, the average age of
the pregnant women was < 30 years old (4 studies) and >30 years old (5 studies), the
average pre-pregnancy BMI of 7 studies were below 25 kg/m” and 3 studies were
above 25 kg/m”. Nevertheless, 10 studies have adjusted for confounders and 3 studies
have not. 5 studies adopted blood during first trimester, 5 studies were second
trimester, 3 studies were mixed with first, second or third trimester. Furthermore, 5
different assay methods were used to measure vitamin D levels of pregnant women
and 2 different criteria were used for diagnosis of SGA (with the birthweight in the

lowest 10™ percentile or 15™ percentile of the reference population). In addition, the

prevalence of maternal vitamin D deficiency varied from 13.2% to 77.3% (showed in
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o8]
<
1 [
5 3
3
2 supplementary Table S1). Finally, the degrees of NOS score were presented as high ;:
wn
> levels (9 studies) and low levels (4 studies). o
6 5
7 5
8 2
9 Meta-analysis results 8
10 =
11 The overall results showed that maternal vitamin D deficiency during pregnancy was 5-? 2
12 g o
13 significantly associated with an increased risk of SGA (pooled OR=1.588; 95% CI é 2
14 3
15 1.138 to 2.216; P<0.01) in the random-effects model and the forest plot showed the ‘g 3
16 . S 3
17 details (Figure 2). % §
18 GE‘:: N
19 s B
20 . 3
21 Subgroup analysis g ;g
5:2% Due to the existence of heterogeneity (’=84.2%; P<0.001), subgroup analysis was é 2
o ~
24 carried out to explore the possible sources of heterogeneity in the meta-analysis c mg
25 ®>c
26 (Table 2). The subgroups were based on status of cut-off values of vitamin D levels, 3%%
27 250
28 measurement of vitamin D, sample size, study quality (NOS score levels), whether 8% =
29 339
30 adjusted for critical confounders and gestational week of blood sampling. In subgroup ) f,;%
C =
31 ~5 0
32 analyses, the confidence intervals were overlapped for each subgroup, which showed %%%
oc o
gi no statistically significant difference in the effect estimates. Thus, there were no %%g
. : - o ) . 3 @3
gg differences in the association between vitamin D deficiency with SGA based on study e
S~5
g; quality, gestation of blood sampling, cut-off values, sample size, adjust for critical E; §
zg confounders and measurement of vitamin D (Table 2). However, we did not conduct g_ -(8;
= S
41 subgroup analyses of ethnicity, pre-pregnancy BMI, gestational age of infant at birth @ g
43 and season of blood sample due to insufficient/ unspecific data in some studies. o %
44 =
45 = 3
47 Sensitivity analysis and publication bias S 3
48 o e . . 3 N
49 To evaluate the stability of our results, sensitivity analysis was carried out. Chen’s § E
2 Q
22 study was responsible for most of the heterogeneity in this meta-analysis. Low & o
gg heterogeneity was observed among the remaining studies (’=55.4%, P=0.010) and %
>
gg pooled OR was 1.336 (95% CI 1.103 to 1.692) after excluding Chen’s study”. i
gs Furthermore, there were no obvious changes in the pooled ORs as a result of the %
«Q
58 g
7
59 =
60 <
Q.
°
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exclusion of any other single study. The pooled ORs ranged from 1.366 (95% CI
1.103 to 1.692) to 1.693 (95% CI 1.211 to 2.366), and each was statistically
significant (Table 3). There was also no publication bias after carrying out Begg’s test
(P=0.669) and Egger’s regression test (P=0.815), the funnel plot showed the details
(Figure 3).

DISCUSSION

The prevalence of vitamin D deficiency during pregnancy and its association with risk
of SGA caught increasing attentions. Current meta-analysis of prospective cohort
studies suggested that vitamin D deficiency is significantly associated with an
increased risk of SGA. No publication bias was detected and sensitive analysis
showed no single study dramatically influences the results, which indicated that the
results of our meta-analysis were stable and reliable.

Our study was in line with several previous studies. A previous meta-analysis
showed that low maternal vitamin D levels during pregnancy may be associated with
an increased risk of SGA, gestational diabetes mellitus, preterm birth.” Similarly,
another vital meta-analysis also suggested that vitamin D insufficiency was associated
with an increased risk of SGA, preeclampsia, and bacterial vaginosis.® However, those
studies included both case-control and prospective cohort studies and did not include
latest published cohort studies, and did not evaluate the association in specific
subgroup analysis. Moreover, the cut-off values for the vitamin D status differed
between different studies. Thus, we conducted this meta-analysis to provide stronger
evidence for the association between vitamin D and SGA.

Heterogeneity test (the Coherence Q test) showed significant heterogeneity existed
among studies. We explored the potential influential factors for the results by
performing a subgroup analysis. Although the results of subgroup analyses showed
that there were no significant differences in the association between vitamin D
deficiency with SGA based on study quality, gestation of blood sampling, cut-off

values, sample size, adjust for critical confounders and measurement of vitamin D,
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2 there may be other potential factors contributing to the heterogeneity in our ;:

wn

g meta-analysis. The different for ethnicity of the maternal, season of blood sample, °

(o}

7 sunlight exposure and diet during pregnancy are confounding factors for the )

8 )

o

9 association between vitamin D deficiency and SGA. Sensitivity analysis showed that 8

10 =

11 exclusion of any single study did not materially alter the overall combined effect, 5-? 2

12 g o

13 however, our sensitivity suggested that Chen’s study probably contributed to the é %

14 =)

15 heterogeneity. Therefore, we should look at the results of this meta-analysis ‘g 3

16 o s 3

17 objectively. < R

o g 5

19 The underlying mechanism of vitamin D deficiency increases risk of SGA is not =8

> (o)

32 entirely clear but might be explained by the inflammatory response. Vitamin D % §

= o

5:23 deficiency can increase the levels of proinflammatory cytokines, leading to oxidative é ~

o ~

24 stress. Lower 25(OH)D status is associated with increased vascular endothelial cell c mg

25 ™S e
nwn

26 expression of nuclear factor kB (NFxB) and interleukin 6 (IL-6), and with decreased 3 g(ﬁ

27 250

28 of vitamin D receptor (VDR) and 1-a hydroxylase.”” A study reported that the levels 8% =

29 33 1~

30 of pro-inflammatory cytokines in cord blood of SGA were significantly higher than §m§

C =

31 ~5 0

32 that in normal-born infants.”® Mullins et al.** showed that the offspring of pregnant %%,%
[¢)

33 . . . . s

34 women of SGA contained higher tumor necrosis factor (TNF-a) than normal offspring 83

. : e 3 @3

gg of pregnant women, and as an important inflammatory factor, TNF-a inhibited e

S~5

g; placental hormone synthesis and stimulated calcitriol catabolism by regulating > o

= 3

Zg enzymes.”> Vitamin D may also play an important role in innate and adaptive g_ -§

= S

41 immunity by inhibiting the pathway of decidual NFxB to reduce the inflammatory @ g

43 response, since NFkB is a main transcription factor of inflammatory mediators.*® o %

44 3 =

45 Maternal vitamin D deficiency is prevalent, the extent to which can be influenced = S

46 ~ £

47 by many variables including ethnicity, region, skin pigmentation, sun exposure, § 2

48 N : . . 3 N

49 season, age, vitamin D supplementation and others.”” The American Association of S z

«Q o

50 . . o N

51 Endocrinology recommended that pregnant women require at least 600 [U/d of & o

— o >

gg vitamin D and confirmed that at least 1500-2000 [U/d of vitamin D may be needed to @

>

2‘51 keep a blood level of vitamin D above 30 ng/ml.** However, the recommendations of i

gs pregnant women vitamin D supplementation is scanty. At present, vitamin D g

58 g

59 o EL

60 <

Q.

°
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supplementation during pregnancy has been suggested as an intervention to prevent
adverse pregnancy outcomes.” A randomized controlled trial reported that maternal
vitamin D supplementation of 2000 and 4000 [/U/d appeared safe during pregnancy,
and the most effective in optimizing serum vitamin D concentrations in mothers and
their infants was 4000 JU/d,*® this result was consistent with another randomized
controlled trial in Pakistan.*' Low vitamin D levels during pregnancy could increase
the risk of SGA, however, vitamin D supplementation did not significantly reduce the
risk of SGA [(OR=0.78, 95% CI 0.50 to 1.21)* or (OR=0.67,95% CI 0.40 to 1.11)*].
In addition, it was hard to make final conclusions on need for supplementation of
vitamin D during pregnancy.** Therefore, we need larger randomized controlled trials
to assess the value of these interventions in the future, which has a significant impact
on the guidance of the perinatal period care.

Our study has several strengthens. Firstly, to provide more reliable evidence, we
only included prospective cohort studies, which have more advantages than
case-control studies as we all familiar with. Secondly, no publication bias existing,
indicating that the included results may be unbiased and credible. At last, subgroups
analysis of our study presented more thorough understanding of current evidence.
However, several limitations should also be acknowledged. The association between
maternal vitamin D status and SGA risk could be affected by confounding factors
such as pre-pregnancy BMI, age, education, race and exposure sunlight, however, not
all studies are control these confounding factors in our meta-analysis. Then, different
definition of vitamin D deficiency, insufficiency or sufficiency might have influenced
the result. Lastly, pooled data without detail individual information were used to

performed meta-analysis, which restricted us to get more comprehensive results.

CONCLUSIONS
The present study indicates that low vitamin D levels is associated with an increased
risk of SGA. Further confirmation of these findings in larger sample size studies are

required. The role of vitamin D in the pathogenesis of SGA should be emphasized. As

10
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well, early screening for vitamin D deficiency among pregnant women may be

necessary.
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1
2
3
4
5
6 . . . . . .
7 Table 1. Characteristics of the included studies in the present meta-analysis
8 Age at Pre-pregnancy Gestational SGA Cut-off Ethnicity group OR (95% CI) Adjusted Sample
9 Measurement of NOS
Author Region Year baseline BMI (mean, week of blood criteria values size
10 vitamin D Score
1 1 (mean, year) kg/m’) sampling
12 Dutch (60.3%), Surinamese (6.7%), Turkish (4.0%), Moroccan
Leffelaar' Netherlands 2010 NA NA 12-14 weeks enzyme immunoassay <10™ <15 ng/ml 1.90(1.40,2.70) yes 8 3730
3 (6.3%), Other non-western (14.2%), Other western (8.6%)
15 Burris™ USA 2012 32.5 24.8 26-28 weeks CLIA and RIA <10 <10 ng/ml White (83.6%), Black (16.4%) 3.17(1.16,8.63) yes 7 1133
16 zhov* China 2014 295 203 16-20 weeks ECLIA <10" <20 ng/ml Asian 2.46(0.71,8.46) no 8 1923
17
first or second or
18 choi* Korea 2015 32.0 202 LC-MS/MS <10" <20 ng/ml Asian 0.448(0.149,1.351) yes 6 220
19 third trimester
20 Ong'® Singapore 2016 30.5 26.1 26-28 weeks LC-MS/MS <10" <20 ng/ml Asian 1.00(0.56,1.79) yes 8 910
22 Kiely” Ireland 2016 30.5 24.9 14-16 weeks LC-MSMS <10" <20 ng/ml White (98%), Others (2%) 0.88(0.60,1.28) yes 6 1768
23 Hispanic (51.4%), Non-Hispanic black (34.4%), Non-Hispanic
24 Scholl® UsA 2014 228 26 13.8+5.6 weeks HPLC <10 <20ng/ml 0.930(0.568,1.523) no 8 1045
white (14.2%)
25
26 first or second or
Chen* China 2015 27.5 NA RIA <10® <20 ng/ml Asian 6.47(4.30,9.75) yes 6 3658
third trimester
gg B0y1829 New Zealand 2016 30.3 24.8 15 weeks LC-MS/MS <10™ <20 ng/ml NZ European (83.8%), other ethnicities (16.2%) 1.33(0.91,1.96) yes 7 2065
30 Berg30 Netherlands 2013 NA NA 12.9 weeks enzyme immunoassay <10" <20 ng/ml NA 1.57(1.03,2.39) yes 7 2274
31
3 Gerand' USA 2013 NA 23 20.6 weeks LC-MS/MS <10" <15 ng/ml White (52.1%), Black (41.6%), Puerto Rican (6.3%) 1.284(1.026,1.608) no 6 2146
33 European (57.3%), Cape Verdean (4.4%), Dutch Antillean
34 Miliku®' Netherlands 2016 29.7 23.7 20.3 weeks LC-MS/MS <15 <10 ng/ml (3.5%), Moroccan (6.6%), Surinamese (9.1%), Turkish (9.2%), 2.07(1.33,3.22) yes 7 7176
35
Other (9.9%)
36
3 first or second or
Nobles' USA 2015 NA >25 ECLIA <10™ <20 ng/ml [White (75.6%), Black (13.5%)] 2.14(0.67,6.88) yes 8 237
38 third trimester
39
40
41 15
42
43
44
45
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CLIA: chemiluminescence immunoassay; RIA: radioimmunoassay; ECLIA: electrochemiluminescence immunoassay; LC-MS/MS: liquid chromatography-tandem
mass spectrometry; NA: not available.
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Table 2. Subgroup analysis of the association between maternal Vitamin D deficiency and SGA

Heterogeneity test
Stratification group N P Value for OR OR (95% CI) I-square (%) P Value

Study quality (NOS)

High QI3 17182425 2831 <0.001 1.555 (1.239, 1.951) 37.6 0.118

Low 4162627 0.440 1.441 (0.570, 3.641) 95.2 <0.001
Gestation of blood sampling

first trimester 51927282930 0.104 1.286 (0.950,1.741) 65.9 0.020

second trimester 51018242531 0.011 1.577 (1.110, 2.240) 51.1 0.085

Mixed (first or second or third) 341726 0.432 90.6 <0.001
Cut-off values

<10 ng/ml 223! 0.001 2.219 (1.480, 3.325) 0 0.446

<15 ng/ml 21316 0.029 1.532(1.046, 2.246) 732 0.054

<20 ng/ml gt 17182530 0.172 1.448 (0.851, 2.465) 88.2 <0.001
Sample size

> 1000 1ot 131624232731 0.003 1.760(1.217, 2.544) 86.8 <0.001

<1000 371820 0.946 0.975(0.476, 1.999) 45.5 0.160
Adjust for critical confounders

yes 101317 1824262931 0.018 1.681 (1.094, 2.584) 86.3 <0.001

no 3162528 0.180 1.219 (0.912, 1.629) 223 0.276
Measurement of vitamin D

LC-MS/MS 601820272931 0.204 1.195 (0.908, 1.573) 59.5 0.031

Others 7415 1724252829 0.006 2.224(1.263,3.918) 85.8 <0.001
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Table 3. Sensitivity analyses of the association between vitamin D deficiency and SGA
Study omitted OR (95% CI) P value I-square (%) P value

s 1.559 (1.074, 2.263) 0.020 85.2
10 Leffelaar <0.001

©CoO~NOUTA,WDNPE

o 1.527 (1.08,2.152) 0.016 85.1
Burris <0.001

25 1.557(1.105, 2.195) 0.011 854
15 Zhou <0.001

26 1.693 (1.211, 2.366) 0.002 84.5
Choi <0.001

18 1.652 (1.162,2.350) 0.005 85.0

20 Ong <0.001

127 1.686 (1.191, 2.387) 0.003 83.4
Kiely <0.001

1.669 (1.174,2.371 0.004 84.6
25 Scholl*® ( ) <0.001
27 Chen* 1.366 (1.103, 1.692) 0.004 55.4 0.010
28 2 1.616 (1.118, 2.335) 0.011 85.4

29 Boyle <0.001

30 1.590(1.102, 2.293) 0.013 854
Berg <0.001

33 » 1.624 (1.100, 2.397) 0.015 84.7
34 Gerand <0.001

1.548 (1.079, 2.220 0.018 85.1
36 Miliku®! ( ) <0.001
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17 1.565 (1.109, 2.209) 0.011 85.4
Nobles <0.001
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1734 studies were searched, including
PubMed (37), Cochrane library(19),
ScienceDirect (1441), Embase (237).

©CoOoO~NOUITA,WNPE

Identification

13 198 of duplicate records
removed

\ 4

A
1536 titles and abstracts screened

Screening

19 1518 records excluded

according to the

N
o
\ 4

! inclusion/exclusion
A

18 full-text articles
25 assessed for eligibility

Eligibility

5 records excluded

26 Duplicate report=1

Data not available=3

v Suffer from diseases=1

13 cohort studies included in

N
©
Included

31 meta-analysis

Figurel. Flowchart of the literature search and trial selection process
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Figure 2. Forest plots of summary crude odds ratios of the association between vitamin D deficiency
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Begg's funnel plot with pseudo 95% confidence limits
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Figure 3. Funnel plot for small for gestational age. Log OR of the individual studies plotted against the
standard error of log OR.
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Supplementary Box S1. The search strategy of PubMed

#1 (vitamin D) OR (25-hydroxyvitamin D) OR cholecalciferol OR (25(OH)D)
#2 (small for gestational age) OR (small-for-gestation age) OR (small size for gestational age) OR SGA

#3 #1 AND #2
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Supplementary Table S1. Characteristics of the included studies in the present meta-analysis
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The time of year | Gestational age of The prevalence The prevalence of
Author Latitude Maternal educgtion status Season of blood sample
data collected infant at birth of SGA vitamin D deficiency g g‘
T
<S5 years (17.2%), 6—10ye£}1§g %), =11
Leffelaar' NA 2003.2~2004.3 40.1=1.2 weeks 9.2% 23.1% —Q B Summer (43.6%)
years (44.3%) Sae0
o3
Burris** NA NA 39.6 weeks 4.8% 32.4% College graduate (41.2%) g (':D g NA
Zhou® 23.1°N 2010.9~2011.8 NA 0.6% 18.9% NA § (é) g NA
T o
g o Spring (44.5%), Summer (10.0%),
Choi®® 36.0°N 2012.4~2013.9 NA 10.9% 77.3% <12 years(5.5%), > 12 yeafs($t &%)
oc o Fall (39.5%), Winter (5.9%)
TR
—~
NA NA 9.1% 13.2% Primary and secondary (309"/% gost secondary
Ong'® 1°22'N 3 m NA
(35.4%), University (34498 (5 =
—_— —
>0
Kiely?”’ 52°N 2008.3~2011.2 NA 10.7% 44% Secondary (61%), Tertiary®9% J Winter (58.5%), Summer (41.5%)
—
Scholl* NA 2001~2007 385 7.2% 33.7% NA = 3 NA
O
[
5 3 Spring (36.7%), Summer (22.5%),
Chen* 31°52'N 2008.11~2010.10 NA 8.9% 38.41% NA 5 =
@ S‘ Fall (20.6%), Winter (20.2%)
o =.
S o Spring (20.5%), Summer (26.4%),
Boyle” NA 2005~2008 NA 9.9% 21.5% NA o o
2 3 Fall (23.2%), Winter (29.8%)
= O
Berg® 52°22'N 2003.2~2004.3 20-42 weeks 9.1% NA NA > > Winter (55.5%)
= Id
>41°N(63.0%), § S Spring (25.9%), Summer (25.7%),
Gerand'® 1959~1965 39.7+1.3 weeks 18.4% 34.8% NA 5 @
38~40°N(28.8%), <35°N(8.2%) 2 5 Fall (24.6%), Winter (23.9%)
No higher education (59. @, Hl@er education Spring (29.5%), Summer (22.9%),
Miliku®' NA 2002.4~2006.1 35.9-42.3 weeks 5.0% 53.2% o) N
(40.8%) 2 QU: Fall (24.0%), Winter (23.6%)
Nobles'” NA 2007~2012 NA 9.6% 20.7% <High school (55.2%), > High3®hool (44.8%) Summer (41.4%), Winter (58.7%)
NA : not available.
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Supplementary Box S2. Quality assessment of cohort studies

NEWCASTLE - OTTAWA QUALITY ASSESSMENT SCALE
COHORT STUDIES

Note: A study can be awarded a maximum of one star for each numbered item within the
Selection and Outcome categories. A maximum of two stars can be given for Comparability
Selection
1) Representativeness of the exposed cohort
a) truly representative of the average (describe) in the community 3#
b) somewnhat representative of the average in the community 3
c) selected group of users eg nurses, volunteers
d) no description of the derivation of the cohort
2) Selection of the non-exposed cohort
a) drawn from the same community as the exposed cohort #
b) drawn from a different source
c) no description of the derivation of the non-exposed cohort
3) Ascertainment of exposure
a) secure record (eg surgical records) 3#
b) structured interview 3
¢) written self-report
d) no description
4) Demonstration that outcome of interest was not present at start of study
a) yes ¥*
b) no
Comparability
1) Comparability of cohorts on the basis of the design or analysis
a) study controls for (select the most important factor) %
b) study controls for any additional factor s (This criteria could be modified to indicate
specific control for a second important factor.)
Outcome
1) Assessment of outcome
a) independent blind assessment 3
b) record linkage 3%
c) self-report
d) no description
2) Was follow-up long enough for outcomes to occur
a) yes (select an adequate follow up period for outcome of interest) #
b) no
3) Adequacy of follow up of cohorts
a) complete follow up - all subjects accounted for #
b) subjects lost to follow up unlikely to introduce bias - small number lost-> % (select
an adequate %) follow up, or description provided of those lost) 3
c) follow up rate < % (select an adequate %) and no description of those lost
d) no statement
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Supplementary Table S2. Quality scores of included studies on vitamin D status and SGA.

Selection Comparability QOutcome

Representative Selection of Ascertain Demonstration that Comparability of Assessment Was follow-up Adequacy of  Total
Study ness of the the non- ment of outcome of interest cohorts on the of outcome long enough for follow up of  scores

exposed cohort  exposed cohort exposure was not present at basis of design or outcomes to cohorts

start of study analysis occur

Leffelaar' 1 1 1 1 1 1 1 1 8
Burris? 1 1 1 1 1 1 1 7
Zhou?* 1 1 1 1 1 1 1 1 8
Choi® 1 1 1 1 1 1 6
Ong!’ 1 1 1 1 2 1 1 8
Kiely? 1 1 1 1 1 1 6
Scholl?’ 1 1 1 1 2 1 1 8
Chen* 1 1 1 1 1 1 6
Boyle? 1 1 1 1 1 1 1 7
Berg? 1 1 1 1 1 1 1 7
Gerand'® 1 1 1 1 1 1 6
Miliku*® 1 1 1 1 1 1 1 7
Nobles!'® 1 1 1 1 1 1 1 1 8
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ABSTRACT

Objective: To determine whether maternal vitamin D deficiency during pregnancy is
associated with small for gestational age (SGA).

Methods: A comprehensive literature search of PubMed, the Cochrane Library,
Embase, and the Elsevier ScienceDirect library was conducted to identify relevant
articles reporting prospective cohort studies in English, with the last report included
published in February 2017. Pooled odds ratios (ORs) and corresponding 95%
confidence intervals (CIs) were used to evaluate the correlation in a random effects
model.

Results: A total of 13 cohort studies were included in this meta-analysis with a
sample of 28285 individuals from seven countries. The pooled overall OR for babies
with born SGA was 1.588 (95% CI 1.138 to 2.216; P < 0.01) for women with vitamin
D deficiency. The prevalence of vitamin D deficiency during pregnancy varied from
13.2% to 77.3%. Subgroup analyses identified no significant differences in the
association between vitamin D deficiency and SGA based on study quality, gestational
week during which blood sampling was performed, cut-off vitamin D levels, sample
size, adjustment for critical confounders and method for measuring vitamin D.
Conclusion: This meta-analysis suggests that vitamin D deficiency is associated with
an increased risk of SGA.

Keywords: vitamin D; small for gestational age; cohort study; meta-analysis.
Strengths and limitations of this study: 1) To our knowledge, this was the first
systematic review that included only prospective cohort studies in its evaluation of the
association between vitamin D and SGA. 2) The subgroup analysis performed in this
study enabled more thorough understanding of current evidence. 3) Cohort study
quality tests, a heterogeneity test, and sensitivity analysis were performed; publication
bias was evaluated. 4) Different definitions of vitamin D deficiency, insufficiency, or
sufficiency may have affected the results. 5) Substantial heterogeneity existed among

several outcomes.
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; 44  INTRODUCTION S
wn

g 45  Vitamin D is fat-soluble and a steroid hormone recognized for its major role in °
(o}

7 46  calcium metabolism and bone health.! Vitamin D deficiency or insufficiency has )
8 )
o

9 47 become a global public health issue,” especially for pregnant women, among whom 8
10 =
11 48  the highest deficiency rate is 84% according to a multiethnic population survey 5-? 2
12 g o
13 49  conducted in Norway.’ Several large-population studies have evaluated the é 2
14 3
15 50 associations of maternal vitamin D deficiency with various adverse maternal and fetal ‘g 3
16 PR : 5 3
17 51  outcomes"® including small for gestational age (SGA). E §
ig 52 SGA infants are defined as smaller in size than normal for the gestational age, most % él
> (o)

3(1) 53  commonly stipulated by a weight less than the 10th percentile for the corresponding % §
= o

5:23 54  gestational age.” ® The incidence of SGA infants worldwide is 9.7%’, and this é ~
o ~

24 55  percentage is increasing. Infants born SGA have much higher neonatal morbidity and S m z
25 ® =52
26 56  mortality.'” Katz et al.'"' demonstrated that the pooled risk ratios (RRs) of neonatal 3 g(ﬁ
27 250
28 57  mortality and post-neonatal morbidity in infants who were SGA were 1.83 and 1.90, g3
29 5209
30 58  respectively. SGA infants may also be strongly correlated with adverse health 52’%
31 : NG N =
59  outcomes in adult life, such as neurocognitive impairment, poor school performance, 528

32 )
33 . . . . . . s
34 60  short stature, and increased risks of diabetes,'? cardiovascular disease,"* and kidney §$§
. w3

35 61  disease." e
36 EUE:
g; 62 Although numerous studies have focused on the association between maternal > T
= 3

zg 63 vitamin D status and SGA, the results of these studies remain inconsistent. A g. -(8;
= S

41 64  prospective cohort study conducted in the Netherlands evaluated vitamin D @ g
43 65 concentrations in 3,730 pregnant women after 12-14 weeks of gestation and o %
44 3 =
45 66  discovered that infants born to mothers with vitamin D deficiency had an increased 5 S
46 -~ £
47 67 risk of being SGA compared with those born to mothers with adequate vitamin D § 2
48 ] ) . 5 e
49 68 levels."” Subsequently, Gernand et al.'® reported that if the maternal vitamin D level S :
«Q o

2 Q

22 69 was less than 15 ng/mL, infants had a significantly higher risk of being SGA. & o
. S _y N >

gg 70  However, other studies have identified no association between vitamin D status and @
>

54 71 SGA.T'™ ®
55 g
gs 72 Given the inconclusive evidence regarding this issue, we summarize the highest 5
«Q

58 g
59 3 EL
60 <
Q.

°
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quality evidence currently available on the basis of a meta-analysis of prospective
cohort studies to determine whether vitamin D deficiency in pregnant women is

associated with SGA.

MATERIALS AND METHODS

Data sources, search strategy, and selection criteria

A systematic literature search was performed using the PubMed, Elsevier
ScienceDirect, Cochrane Library, and Embase databases to identify all relevant
articles published prior to March 2017. No restrictions were placed regarding
maternal age, and study design. The following keywords were used:
‘vitamin D’ or ‘cholecalciferol’ or ‘25-hydroxyvitamin D’ or ‘25(OH)D’ combined
with ‘SGA’ or ‘small for gestational age’ or ‘small-for-gestation-age’ or ‘small size for

gestational age’ (see online supplementary box S1 details the search strategy)

Selection criteria

We first screened the titles and abstracts of all the articles to identify possible eligible
studies, and then read the articles in full to determine whether they were in fact
eligible. The articles included in the meta-analysis were selected according to the
following inclusion criteria: (1) published in English; (2) the population of the study
was pregnant women without pre-chronic disease; (3) only women with singleton
gestation were included; (4) the outcome was SGA infant, the control group included
women who gave birth to babies not SGA, and the exposure was ‘vitamin D
deficiency’ [25(OH)D < 20ng/mL]; (5) study data were in the form of effect estimates
[odds ratio (OR) or RR] and corresponding 95% confidence intervals (CI), or the
article reported data that enable calculation of these; (6) maternal blood samples were
taken for assessing 25(OH)D during pregnancy; (7) the study design was that of a
cohort study. The final criterion was applied because cohort studies are the most
effective means of ascertaining both the incidence and natural history of a disorder.
The temporal connection between putative cause and outcome is usually clear in such

studies; in addition, the cohort study design reduces the risk of survivor bias. By
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o8]
<
1 [
z g
=]
2 101  contrast, this bias often frustrates cross-sectional and case-control studies. For ;:
wn
g 102  example, case-control studies are more prone to recall and selection biases and are °
(o}
7 103  uncertain regarding chronological order, making them of limited use for causal )
8 )
o
9 104  inference. 8
11 2 2
105  Data extraction and quality evaluation = kB
12 @ @
ﬁ 106  Two investigators reviewed all abstracts of related articles, and read their full text, g g
o =
< @]
ig 107  respectively. We extracted data using a standardized form and assessed study quality. 9 E
© 1

<
17 108  Disagreements were resolved by discussion and consulting a third investigator. The = §
18 & 5
19 109  following data were collected from each study: (1) publication information: first 5 E
20 o 3
21 110  author name, and publication year; (2) population’s characteristics: country of origin, 5 p
22 a >
23 111 average age and pre-pregnancy body mass index (BMI), ethnicity, education status, g X
24 c Z
25 112  current gestational week of blood sampling, gestational age of infant at birth, and ‘é';”é
9
26 . . =@~
27 113 season of blood sample; (3) methods: assay of serum or plasma vitamin D levels and el
o 25
gg 114  sample size; (4) latitude and time of year that data were collected; (5) OR and gg o
20
. ) . Twn
32 115  corresponding 95% CI for each study. If available, ORs with 95% CIs were collected %g =
2o
gé 116  from the original article. If crucial original data were unavailable, ORs with 95% CIs §§§
L=
2‘51 117  were calculated using other data published in the article to construct 2 x 2 tables of g Z3
=M=
36 118  low vitamin D status versus the presence or absence of SGA, Otherwise, we contacted 585;
37 @ =
38 119  the corresponding author by e-mail to obtain further details. Finally, we assessed the > g
39 5 ©
40 120 eligible studies based on the Newcastle Ottawa Scale (NOS). This scale ranges from 0 =3 E
41 @ ©
42 121 to 9 and contains nine items (1 point for each) in three parts: selection (four items), '% 3
43 - : . a 8
a4 122 comparability (two items) and exposure or outcomes (three items). Scores of 0-3 ‘é 3
=. (@]
jg 123  indicated studies to being of poor quality; scores of 4-6 indicated studies to being of g ;
® S
j; 124  moderate quality; and scores of 7 or higher indicated studies to be of high quality % %
49 125  (supplementary box S2). e 3
22 2 ;'\’?
52 126  Statistical analysis é
53 e
54 127  The data extracted from eligible studies were in the form of effect estimates (OR or §
55 . e, . @
56 128  RR) and corresponding 95% CIs. Due to the low level of morbidity in babies born of =
57 &
58 B
59 5 EL
60 <
Q.
°
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SGA, the OR was approximately equal to the RR."” Meta-analysis was performed

using the STATA package version 12.0 (Stata Corporation, College Station, TX, USA).

The ORs and 95% ClIs for normal vitamin D levels versus deficient vitamin D levels
from each study were combined to calculate an estimated pooled OR, 95% CI, and P
value. The Q-statistic test and I-squared (/*) test were used to estimate the
heterogeneity among studies.”’ The random effects model is usually more suitable
when study data are gathered from the published literature.' Therefore, the random
effects model was used in our meta-analysis. To evaluate the sources of heterogeneity
and the various results obtained for pre-specified subgroups, subgroup analysis was
performed based on cut-off values, study quality (NOS scores), adjustment for critical
confounders, sample size, measurement of vitamin D, and the gestational week in
which blood sampling was performed. A sensitivity analysis was conducted to
determine the stability and reliability of the results by omitting one study at a time and
confirming the consistency of the overall effect estimate. Funnel plots were used to
qualitatively assess the publication bias, whereas Egger’s and Begg’s tests were used

to quantitatively assess publication bias.”* >

RESULTS

Description of included studies

A total of 1734 studies were identified for initial review using the described search
strategies. After removing duplicates, 1536 studies remained. We screened the titles
and abstracts of these studies and excluded 1518 records according to the inclusion
and exclusion criteria. The 18 remaining full-text articles were then assessed for

eligibility. Finally, 13 cohort studies* *'# 247!

were included in the meta-analysis
(figure 1), with a total sample of 28 285 pregnant women.

The characteristics and methodological quality of the 13 studies are presented in
table 1 and supplementary table S1. These studies were published between 2010 and

2016; four were conducted in the United states, three in the Netherlands, two in China

and one each in Korea, Singapore, Ireland, and New Zealand. The average age of the
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o8]
<
1 [
5 3
3
2 157  pregnant women in these studies was <30 years for four studies and >30 years for five ;:
wn
g 158  studies; the average pre-pregnancy BMI of the participants was <25 kg/m” in seven 'g
; 159  studies and >25 kg/m? in three studies. Ten studies adjusted for confounders and three §
(1]
o
9 160  studies have not. Five studies collected blood during the first trimester, five during the 8
10 =
11 161  second trimester, and three during a mixture of the first, second, and third trimesters. 5-? 2
12 g o
13 162  Five assay methods were used to measure the vitamin D levels of pregnant women, é 2
14 3
15 163  and two criteria were used for the diagnosis of SGA infants (birthweight in the lowest ‘g 3
16 . : S 3
17 164  10th or 15th percentile of the reference population). The prevalence of maternal E §
o 165  vitamin D deficiency varied from 13.2% to 77.3% (supplementary table S1). NOS Z 3
> (o)
32 166  scores were presented as either representing high levels (nine studies) or low levels % §
= o
5:2% 167  (four studies) (supplementary table S2). é ~
o ~
24 c Z
25 168  Meta-analysis results =
@
26 N . : 32"
27 169  The overall results revealed that maternal vitamin D deficiency during pregnancy was %‘cgb §
D5
gg 170  significantly associated with an increased risk of SGA infants (pooled OR = 1.588; 95% gg o
20
Twn
32 171 CI 1.138 to 2.216; P < 0.01) in the random effects model. A forest plot showing the %gg
2o
32 172 details is presented in figure 2. 256
33 222
34 SN
35 173 Subgroup analysis 373
36 =85
37 174 Due to the existence of heterogeneity (I = 84.2%; P < 0.001), subgroup analysis was a- ;
38 L : L : z
39 175  performed to investigate the possible sources of heterogeneity in the meta-analysis 3 g
> 0]
22 176  (table 2). The subgroups were created based on cut-off vitamin D levels, measurement 3z
p 3
jé 177  of vitamin D, sample size, study quality (NOS score), whether the study adjusted for gé E'
© 3
3‘51 178  critical confounders, and the gestational week in which blood sampling was 3 o
9_.) ]
46 179  performed. In subgroup analyses, the confidence intervals for each subgroup was = §
47 S o
48 180  overlapped, indicating no significant differences in the effect estimates. Thus, there S
49 S N
50 181  were no differences in the association between vitamin D deficiency and SGA infants E' §
51 )
52 182  based on study quality, time of blood sampling, cut-off vitamin D levels, sample size, P
53 e
54 183  adjustment for critical confounders, and measurement of vitamin D (table 2). §
55 . . .. @
56 184  However, we did not conduct subgroup analyses regarding ethnicity, pre-pregnancy =
57 &
58 B
7
59 =
60 <
Q.
°
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BMI, gestational age of infant at birth, and season during which blood sampling was

performed due to insufficient or unspecific data in some studies.

Sensitivity analysis and publication bias

To evaluate the stability of our results, sensitivity analysis was performed. Chen’s
study’ was discovered to be responsible for most of the heterogeneity in this
meta-analysis. Excluding that study resulted in low heterogeneity among the
remaining studies (I = 55.4%, P = 0.010) with a pooled OR of 1.336 (95% CI 1.103
to 1.692). Furthermore, there were no obvious changes in the pooled ORs as a result
of the exclusion of any other single study; the pooled ORs obtained ranged from 1.366
(95% CI'1.103 to 1.692) to 1.693 (95% CI 1.211 to 2.366), and each was statistically
significant (table 3). Additionally, no publication bias was identified using Begg’s test
(P = 0.669) and Egger’s regression test (P = 0.815). A funnel plot displaying the

details is presented in figure 3.

DISCUSSION

The prevalence of vitamin D deficiency during pregnancy and its association with the
risk of SGA infants are attracting increasing attentions. The present meta-analysis of
prospective cohort studies suggested that vitamin D deficiency is significantly
associated with a higher risk of SGA. No publication bias was detected, and
sensitivity analysis demonstrated that no single study markedly affected the results,
which indicated that the results of our meta-analysis are stable and reliable.

The findings of our study are in agreement with several previous studies. One
previous meta-analysis showed that a low maternal vitamin D levels during pregnancy
may be associated with an increased risk of SGA, gestational diabetes mellitus, and
preterm birth.” Similarly, another vital meta-analysis suggested that vitamin D
insufficiency was associated with an increased risk of SGA, preeclampsia, and
bacterial vaginosis.” However, those meta-analyses included both case-control and
prospective cohort studies and did not include the most recently published cohort

studies; additionally, they did not evaluate the association using specific subgroup
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% g
3 . . . . . . >
4 213  analysis. Moreover, the cut-off vitamin D levels differed between different studies. 3
g 214  Thus, we conducted this meta-analysis to provide stronger evidence for the 'é
; 215  association between vitamin D and SGA. §
9 216 The heterogeneity test (Cochran Q test) revealed significant heterogeneity among ;-
12 217  the studies in this meta-analysis. We investigated the potential factors affecting the é-? g
ig 218  results by performing subgroup analysis. The results of the subgroup analyses % §
ig 219  demonstrated no significant differences in the association between vitamin D ‘g ;gol
i? 220  deficiency and SGA based on study quality, gestational week during which blood % é
ig 221  sampling was performed, cut-off values, sample size, adjustment for -critical G_;:'T g
3(1) 222  confounders and measurement of vitamin D; however, other factors may have % %
5:23 223  contributed to the heterogeneity in our meta-analysis. Maternal ethnicity, season <§ i
;g 224  during which blood sampling was performed, and sunlight exposure and diet during % B”é
26 225  pregnancy are confounding factors for the association between vitamin D deficiency gé.ﬁ
% 226  and SGA. Sensitivity analysis revealed that exclusion of any single study did not %gé
ég 227  materially alter the overall combined effect, but also that Chen’s study® probably é;%
g; 228  contributed greatly to the heterogeneity observed. Therefore, we should interpret the g%,%
gi 229  results of this meta-analysis objectively. %é%
gg 230 The underlying mechanism through which vitamin D deficiency increases the risk gj f‘j;
g; 231  of SGA infants is not entirely clear but may be related to the inflammatory response. E; §
Zg 232 Vitamin D deficiency can increase levels of proinflammatory cytokines, leading to g: ;5;.
41 233  oxidative stress. Lower 25(OH)D status is associated with increased vascular § %
jé 234  endothelial cell expression of nuclear factor kB (NFxB) and interleukin 6 and with g %I
jg 235  decreased expression of vitamin D receptor and 1-a hydroxylase.*> One study reported E—J' %
j? 236  that levels of pro-inflammatory cytokines in the cord blood of SGA infants were g %
jg 237 significantly higher than those in the cord blood of non-SGA infants.** Mullins et al.** g ‘g
22 238  reported that more tumor necrosis factor (TNF-a) was expressed in pregnant women _‘3 g
gg 239  who born SGA infants than normal infants of pregnant women, and as a critical cg
gg 240  inflammatory factor, TNF-a was previously revealed to inhibit placental hormone i
gs 241  synthesis and stimulate calcitriol catabolism through the regulation of enzymes.” g
60 o

o

°
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Vitamin D may also play a crucial role in innate and adaptive immunity by inhibiting
the decidual NFkB pathway to reduce inflammatory response, because NF«B is a
main transcription factor of inflammatory mediators.*®

Maternal vitamin D deficiency is common and is influenced by numerous variables
including ethnicity, region of residence, skin pigmentation, sun exposure, season, age,
and vitamin D supplementation.’” The American Association of Endocrinology states
that pregnant women require at least 600 IU/d of vitamin D and that at least
1500-2000 IU/d of vitamin D may be necessary to maintain a blood level of >30
ng/mL.*® However, recommendations of vitamin D supplementation for pregnant
women are scant. Vitamin D supplementation during pregnancy was suggested as an
intervention to prevent adverse pregnancy outcomes.”” A randomized controlled trial
reported that maternal vitamin D supplementation of 2000 or 4000 1U/d appeared to
be safe during pregnancy, and the most effective supplementation for optimizing
serum vitamin D concentrations in mothers and their infants was 4000 TU/d.** This
result is consistent with another randomized controlled trial in Pakistan.*' In two
studies, low vitamin D levels during pregnancy increased the risk of SGA, however,
vitamin D supplementation did not significantly reduce the risk of SGA (OR = 0.78,
95% CI0.50 to 1.21* and OR = 0.67,95% CI 0.40 to 1.11*). Another study found it
difficult to draw a final conclusion regarding the need for vitamin D supplementation
during pregnancy.* Therefore, larger randomized controlled trials are required to
assess the value of such interventions, and will have a significant impact on the
guidance regarding perinatal care.

Our study had several strengths. First, to ensure that evidence was reliable, we
included only prospective cohort studies, which have more advantages than case
control studies. Second, no publication bias was present in our meta-analysis,
indicating that its results may be unbiased and credible. Finally, our study’s subgroup
analysis enabled thorough understanding of the current evidence. However, several
limitations should also be acknowledged. The association between maternal vitamin

D status and SGA risk may have been affected by confounding factors such as

10
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271  pre-pregnancy BMI, age, education, ethnicity, and sunlight exposure; not all the
272  included studies controlled for these confounding factors. Additionally, the included

273  studies had different definitions of vitamin D deficiency, insufficiency, or sufficiency,

©CoO~NOUITA,WNPE

274  which may have affected the results. Lastly, pooled data without detailed individual
11 275 information were used to perform the meta-analysis, which restricted us from

13 276  obtaining comprehensive results.

16 277  CONCLUSIONS

18 278  The present study indicates that a low vitamin D levels is associated with an increased
20 279  risk of SGA infants. Further confirmation of these findings in larger-sample size
29 280  studies is required. The role of vitamin D in the pathogenesis of SGA should be
281  emphasized. Additionally, early screening for vitamin D deficiency among pregnant

25 282  women may be necessary.
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Figure legends:

©CoO~NOUITA,WNPE

Figure 1. Flowchart of the literature search and trial selection process.
11 Figure 2. Forest plots of summary crude odds ratios of the association between vitamin D deficiency.

13 Figure 3. Funnel plot for small for gestational age. Log OR of the individual studies plotted against the standard error of log OR.
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1
2
3
4
5
6 . . . . . .
7 Table 1. Characteristics of the included studies in the present meta-analysis
8 Age at Pre-pregnancy Gestational SGA Cut-off Ethnicity group OR (95% CI) Adjusted Sample
9 Measurement of NOS
Author Region Year baseline BMI (mean, week of blood criteria values size
10 vitamin D Score
1 1 (mean, year) kg/m’) sampling
12 Dutch (60.3%), Surinamese (6.7%), Turkish (4.0%), Moroccan
Leffelaar' Netherlands 2010 NA NA 12-14 weeks enzyme immunoassay <10™ <15 ng/ml 1.90 (1.40,2.70) yes 8 3730
3 (6.3%), Other non-western (14.2%), Other western (8.6%)
15 Burris™ USA 2012 32.5 24.8 26-28 weeks CLIA and RIA <10 <10 ng/ml White (83.6%), Black (16.4%) 3.17(1.16,8.63) yes 7 1133
16 zhov* China 2014 295 203 16-20 weeks ECLIA <10" <20 ng/ml Asian 246 (0.71,8.46) no 8 1923
17
first or second or
18 choi* Korea 2015 32.0 202 LC-MS/MS <10" <20 ng/ml Asian 0.448 (0.149,1.351) yes 6 220
19 third trimester
20 Ong'® Singapore 2016 30.5 26.1 26-28 weeks LC-MS/MS <10" <20 ng/ml Asian 1.00 (0.56,1.79) yes 8 910
22 Kiely” Ireland 2016 30.5 24.9 14-16 weeks LC-MSMS <10" <20 ng/ml White (98%), Others (2%) 0.88 (0.60,1.28) yes 6 1768
23 Hispanic (51.4%), Non-Hispanic black (34.4%), Non-Hispanic
24 Scholl® USA 2014 228 26 13.8+5.6 weeks HPLC <10 <20ng/ml 0.930 (0.568,1.523) no 8 1045
white (14.2%)
25
26 first or second or
Chen* China 2015 27.5 NA RIA <10" <20 ng/ml Asian 6.47 (430,9.75) yes 6 3658
third trimester
gg B0y1829 New Zealand 2016 30.3 24.8 15 weeks LC-MS/MS <10™ <20 ng/ml NZ European (83.8%), other ethnicities (16.2%) 1.33(0.91,1.96) yes 7 2065
30 Berg30 Netherlands 2013 NA NA 12.9 weeks enzyme immunoassay <10" <20 ng/ml NA 1.57(1.03,2.39) yes 7 2274
31
3 Gerand" USA 2013 NA 23 20.6 weeks LC-MS/MS <1o" <15 ng/ml White (52.1%), Black (41.6%), Puerto Rican (6.3%) 1284 (1.026,1.608) no 6 2146
33 European (57.3%), Cape Verdean (4.4%), Dutch Antillean
24 Miliku®' Netherlands 2016 29.7 23.7 20.3 weeks LC-MS/MS <15 <10 ng/ml (3.5%), Moroccan (6.6%), Surinamese (9.1%), Turkish (9.2%), 2.07 (1.33,3.22) yes 7 7176
5
Other (9.9%)
36
3 first or second or
Nobles' USA 2015 NA >25 ECLIA <10™ <20 ng/ml [White (75.6%), Black (13.5%)] 2.14 (0.67.6.88) yes 8 237
38 third trimester
39
40
41 16
42
43
44
45
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1

2

3

4

5

6

7 CLIA: chemiluminescence immunoassay; RIA: radioimmunoassay; ECLIA: electrochemiluminescence immunoassay; LC-MS/MS: liquid chromatography-tandem
8 mass spectrometry; NA: not available.

9

1 . .. . . .

12 Table 2. Subgroup analysis of the association between maternal Vitamin D deficiency and SGA

12 Heterogeneity test

13 Stratification group N P Value for OR OR (95% CI) I-square (%) P Value
14 Study quality (NOS)

15 . 1517 18 24 25 28-31

16 High 9 <0.001 1.555(1.239, 1.951) 37.6 0.118
17 Low 44162627 0.440 1.441 (0.570, 3.641) 95.2 <0.001
18 Gestation of blood sampling

-'zlg first trimester 51527282930 0.104 1286 (0.950,1.741) 65.9 0.020
21 second trimester slot8 2423l 0.011 1.577 (1.110, 2.240) 51.1 0.085
22 Mixed (first or second or third) 341726 0.432 90.6 <0.001
23 Cut-off values

gg <10 ng/ml 22431 0.001 2219 (1.480, 3.325) 0 0.446
26 <15 ng/ml 210 0.029 1.532 (1.046, 2.246) 73.2 0.054
27 <20 ng/ml g* 17182530 0.172 1.448 (0.851, 2.465) 88.2 <0.001
28 Sample size

29

30 > 1000 1o 191624252731 0.003 1.760 (1.217, 2.544) 86.8 <0.001
31

32 1718 26

33 <1000 3 0.946 0.975 (0.476, 1.999) 45.5 0.160
34 Adjust for critical confounders

35

g? yes 10?1517 1824262931 0.018 1.681 (1.094, 2.584) 86.3 <0.001
gg no 3162528 0.180 1.219(0.912, 1.629) 223 0.276
40

41 17
42

43

44
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Measurement of vitamin D
LC-MS/MS 601820272931 0.204 1.195 (0.908, 1.573) 59.5 0.031
Others 7415 1724252829 0.006 2.224(1.263,3.918) 85.8 <0.001

Table 3. Sensitivity analyses of the association between vitamin D deficiency and SGA

Study omitted OR (95% CI) P value I-square (%) P value
Leffelaar'® 1.559 (1.074, 2.263) 0.020 85.2 <0.001
effelaar .
Burris?® 1.527 (1.084, 2.152) 0.016 85.1 <0.001
urris .
25 1.557 (1.105, 2.195) 0.011 85.4
Zhou <0.001
Choi®® 1.693 (1.211, 2.366) 0.002 84.5 <0.001
oi .
One'® 1.652 (1.162, 2.350) 0.005 85.0 <0.001
ng .
Kielv?’ 1.686 (1.191, 2.387) 0.003 83.4 20001
iely f
Schol® 1.669 (1.174,2.371) 0.004 84.6 <0.001
cho .
Chen* 1.366 (1.103, 1.692) 0.004 554 0.010
Bovle® 1.616 (1.118,2.335) 0.011 85.4 <0.001
oyle .
Bere® 1.590 (1.102, 2.293) 0.013 85.4 <0.001
erg .
Gerand'® 1.624 (1.100, 2.397) 0.015 84.7 <0.001
eran .
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e 31 1.548 (1.079, 2.220) 0.018 85.1
Miliku <0.001
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17 1.565 (1.109, 2.209) 0.011 85.4
10 Nobles <0.001
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g 1734 studies identified through Pubmed,
s Cochrane library, ScienceDirect, and
[F=i
£ Embase.
()
E
o 198 of duplicate
& records removed
& v
=]
3 1536 titles and abstracts screened
g
1518 records excluded
—> according to the
.E‘ il inclusion/exclusion
)
%" 18 full-text articles
assessed for eligibility sosinidserclidad
_| Duplicate report=1
- Data not available=3
-§ v Suffer from diseases=1
g 13 cohort studies included in
. meta-analysis

Figure 1. Flowchart of the literature search and trial selection process
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Study %

OR (95% CI) Weight

P OO~NOULAWNPE

[
— O
o

-
N

Leffelasar (2010) 1.900 (1.288, 2.639) 9.47

I
w

Burris (2012) 3.170 (1.162, 8.646) 538

[En
I

Zhou (2014) 2.4€0 (0.713, 8.492) 427

[
(&)

Choi (2015) 0.448 (0.149, 1.249) 487

AR

=
()]

Ong (201€) —_— 1.000 (0.559, 1.788) 7.92

[En
\l

Kiely (2018) —— 0.880 (0.602, 1.285) 9.19

[
(o]

Scholl (2014) —— 0.930 (0.5€8. 1.523) 8.49

———) 6.470 (4.297. 9.743) 9.01

1.330 (0.908, 1.952) 9.16

=
©

Chen (2015)

N
o

N
=

Boyle (2016) ~

N
N

Berg (2013) 1.570 (1.031, 2.392) 8.94

N
w

Gerand (2013) 1.284 (1.026, 1.607) 9.95

N
N

Miliku (2016) 2.070 (1.330, 3.221) 881

N
(¢

Nobles (2015) 2.140 (0.668, 6.858) 458

N
o

Overall (l-squared = 84.2%, p = 0.000) 1.588 (1.138, 2.216) 100.00

N
~

N
[os]

NOTE: Weights are from random effects analysis
T T
1023 1 9.74

N
©

w w
N =

Figure 2. Forest plots of summary crude odds ratios of the association between vitamin D deficiency
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Begg's funnel plot with pseudo 95% confidence limits

logor

s.e. of: logor
Figure 3. Funnel plot for small for gestational age. Log OR of the individual studies plotted against the
standard error of log OR.
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Supplementary Box S1. The search strategy of PubMed

Source: PubMed

Search on: February 28th, 2017
11 #1 ((("vitamin D"[Mesh] OR "cholecalciferol"[Mesh]) OR "25-hydroxyvitamin
12 D"[Title/Abstract]) OR "25(0OH)D"[Title/Abstract])
14 #2 ((("small for gestational age"[Title/Abstract] OR "small-for-gestation-
16 age"[Title/Abstract]) OR "small size for gestational age"[Title/Abstract]) OR SGA
17 [Title/Abstract])
19 #3 #1 AND #2
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21 The search strategy in other databases did some adjustments on the basis of the above database.
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Supplementary Table S1. Characteristics of the included studies in the present meta-analysis

Page 24 of 28
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The time of year  Gestational age of The prevalence The prevalence of
Author Latitude Maternal educgtion status Season of blood sample
data collected infant at birth of SGA vitamin D deficiency g gILQ
L2} U)g(z
<5 years (17.2%), 6-10ye¥ B&5%),
Leffelaar" NA 2003.2~2004.3 40.1+1.2 weeks 9.2% 23.1% Eg B Summer (43.6%)
years (44.3%) ooR
a3
Burris** NA NA 39.6 weeks 4.8% 32.4% College graduate (41.2%) 3 ('DD W) NA
=0
Zhou® 23.1°N 2010.9~2011.8 NA 0.6% 18.9% NA § (é) g NA
xXc =2
o
L 8 Spring (44.5%), Summer (10.0%),
Choi? 36.0°N 2012.4~2013.9 NA 10.9% 77.3% <12 years(5.5%), > 12 yeaé(%ﬁ )
oco Fall (39.5%), Winter (5.9%)
D = >
NA NA 9.1% 13.2% Primary and secondary (30273) Bost- -secondary
Ong'® 1°22'N Jm3 NA
(35.4%), University (34.4%F" m =)
20=
Kiely”’ 52°N 2008.3~2011.2 NA 10.7% 44.0% Secondary (61%), Tertlarycg9%-)i Winter (58.5%), Summer (41.5%)
~
o
Scholl*® NA 2001~2007 38.5 7.2% 33.7% NA )—> 3 NA
—- =
- [®]
2 o Spring (36.7%), Summer (22.5%),
Chen* 31°52'N 2008.11~2010.10 NA 8.9% 38.41% NA g g
; Fall (20.6%), Winter (20.2%)
« (=2 ’
p 3
8 = Spring (20.5%), Summer (26.4%),
Boyle” NA 2005~2008 NA 9.9% 21.5% NA o 8
w3 Fall (23.2%), Winter (29.8%)
=
Berg?’ 52°22'N 2003.2~2004.3 20-42 weeks 9.1% NA NA i g Winter (55.5%)
Q
241°N(63.0%), -~ & Spring (25.9%), Summer (25.7%),
Gerand'® 1959~1965 39.7+1.3 weeks 18.4% 34.8% NA 2 g
38~40°N(28.8%), <35°N(8.2%) g s Fall (24.6%), Winter (23.9%)
o N
No higher education (59.2%y, ngber education Spring (29.5%), Summer (22.9%),
Miliku®! NA 2002.4~2006.1 35.9-42.3 weeks 5.0% 53.2% Q o
(40.8%) 8 5 Fall (24.0%), Winter (23.6%)
. .2 .
Nobles'” NA 2007~2012 NA 9.6% 20.7% <High school (55.2%), > High %hool (44.8%) Summer (41.4%), Winter (58.7%)
NA : not available.
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Supplementary Box S2. Quality assessment of cohort studies

NEWCASTLE - OTTAWA QUALITY ASSESSMENT SCALE
COHORT STUDIES

Note: A study can be awarded a maximum of one star for each numbered item within the
Selection and Outcome categories. A maximum of two stars can be given for Comparability
Selection
1) Representativeness of the exposed cohort
a) truly representative of the average (describe) in the community 3#
b) somewnhat representative of the average in the community 3
c) selected group of users eg nurses, volunteers
d) no description of the derivation of the cohort
2) Selection of the non-exposed cohort
a) drawn from the same community as the exposed cohort #
b) drawn from a different source
c) no description of the derivation of the non-exposed cohort
3) Ascertainment of exposure
a) secure record (eg surgical records) 3#
b) structured interview 3
¢) written self-report
d) no description
4) Demonstration that outcome of interest was not present at start of study
a) yes ¥*
b) no
Comparability
1) Comparability of cohorts on the basis of the design or analysis
a) study controls for (select the most important factor) %
b) study controls for any additional factor s (This criteria could be modified to indicate
specific control for a second important factor.)
Outcome
1) Assessment of outcome
a) independent blind assessment 3
b) record linkage 3%
c) self-report
d) no description
2) Was follow-up long enough for outcomes to occur
a) yes (select an adequate follow up period for outcome of interest) #
b) no
3) Adequacy of follow up of cohorts
a) complete follow up - all subjects accounted for #
b) subjects lost to follow up unlikely to introduce bias - small number lost-> % (select
an adequate %) follow up, or description provided of those lost) 3
c) follow up rate < % (select an adequate %) and no description of those lost
d) no statement
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Supplementary Table S2. Quality scores of included studies on vitamin D status and SGA.
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Selection Comparability QOutcome

Representative Selection of Ascertain Demonstration that Comparability of Assessment Was follow-up Adequacy of  Total
Study ness of the the non- ment of outcome of interest cohorts on the of outcome long enough for follow up of ~ scores

exposed cohort  exposed cohort exposure was not present at basis of design or outcomes to cohorts

start of study analysis occur

Leffelaar' 1 1 1 1 1 1 1 1 8
Burris? 1 1 1 1 1 1 1 0 7
Zhou?* 1 1 1 1 1 1 1 1 8
Choi* 1 1 1 1 1 1 0 0 6
Ong!” 1 1 1 1 2 1 1 0 8
Kiely?® 1 0 1 1 1 1 1 0 6
Scholl?’ 1 1 1 1 2 0 1 1 8
Chen* 1 1 1 1 0 1 1 0 6
Boyle?® 1 1 1 1 1 1 1 0 7
Berg® 1 1 1 1 1 1 1 0 7
Gerand'® 1 1 1 1 0 1 1 0 6
Miliku®® 1 1 1 1 1 1 1 0 7
Nobles!'® 1 1 1 1 1 1 1 1 8
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PRISMA 2009 Checklist

1
2
3
4
5] Section/topic # Checklist item Reported on page #
6
g TITLE
g| Title 1 | Identify the report as a systematic review, meta-analysis, or both. P1: Line 1
i ) ABSTRACT
1;3 Structured summary 2 | Provide a structured summary including, as applicable: background; objectives; data sources; study P2: Line 15-42
13 eligibility criteria, participants, and interventions; study appraisal and synthesis methods; results;
14 limitations; conclusions and implications of key findings; systematic review registration number.
11 INTRODUCTION
17 Rationale 3 | Describe the rationale for the review in the context of what is already known. P3-4: Line 45-75
1 Objectives Provide an explicit statement of questions being addressed with reference to participants, interventions, | P3-4: Line 45-75
; Z comparisons, outcomes, and study design (PICOS).
21 METHODS
gf; Protocol and registration 5 | Indicate if a review protocol exists, if and where it can be accessed (e.g., Web address), and, if No registration
1 available, provide registration information including registration number.
24
2% Eligibility criteria 6 | Specify study characteristics (e.g., PICOS, length of follow-up) and report characteristics (e.g., years P4-P5: Line 89-104
26 considered, language, publication status) used as criteria for eligibility, giving rationale.
28 Information sources 7 | Describe all information sources (e.g., databases with dates of coverage, contact with study authors to | P4: Line 78-84
identify additional studies) in the search and date last searched.
D Search 8 | Present full electronic search strategy for at least one database, including any limits used, such that it P4: Line 82-84
1 could be repeated. (supplementary Box S1)
f; Study selection 9 | State the process for selecting studies (i.e., screening, eligibility, included in systematic review, and, if figure 1
321 applicable, included in the meta-analysis).
3% Data collection process 10 | Describe method of data extraction from reports (e.g., piloted forms, independently, in duplicate) and P5: Line 105-125
36 any processes for obtaining and confirming data from investigators.
37 -
3¢ Data items 11 | List and define all variables for which data were sought (e.g., PICOS, funding sources) and any P5: Line 109-125
39 assumptions and simplifications made.
40 Risk of bias in individual 12 | Describe methods used for assessing risk of bias of individual studies (including specification of P5: Line 119-125
4-& studies whether this was done at the study or outcome level), and how this information is to be used in any (supplementary Box S2)
42 data synthesis.
ii Summary measures 13 | State the principal summary measures (e.g., risk ratio, difference in means). P5-6: Line 114-133
4% Synthesis of results 14 | Describe the methc%ds of handling data and combining results of studies, if done, including measures of | P5-6: Line 127-144
46 50160 SAPSIS RIENHSGY SHIRVSATY BEIAAIYSSae a0, a7e(511658R b} /B SHEAMER BNRAS Aq pe1oe10id
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[J Section/topic # Checklist item Reported on page #
e
8| Risk of bias across studies 15 | Specify any assessment of risk of bias that may affect the cumulative evidence (e.g., publication bias, P6: Line 140-144
9 selective reporting within studies).
i f Additional analyses 16 | Describe methods of additional analyses (e.g., sensitivity or subgroup analyses, meta-regression), if P6: Line 133-144
1', done, indicating which were pre-specified.
13 RESULTS
15; Study selection 17 | Give numbers of studies screened, assessed for eligibility, and included in the review, with reasons for P6: Line 147-152
16 exclusions at each stage, ideally with a flow diagram. (figure 1)
17 Study characteristics 18 | For each study, present characteristics for which data were extracted (e.g., study size, PICOS, follow-up | P6-7: Line 153-167
if‘f period) and provide the citations. (table 1)
20 Risk of bias within studies 19 | Present data on risk of bias of each study and, if available, any outcome level assessment (see item 12). | Supplementary table
21 S2 and table 3
gf; Results of individual studies 20 | For all outcomes considered (benefits or harms), present, for each study: (a) simple summary data for table 1 and figure 2
2:1 each intervention group (b) effect estimates and confidence intervals, ideally with a forest plot.
2% Synthesis of results 21 | Present results of each meta-analysis done, including confidence intervals and measures of consistency. | P7: Line 169-172
26 (figure 2)
g Risk of bias across studies 22 | Present results of any assessment of risk of bias across studies (see Iltem 15). P8: Line 195-197
Zi (figure 3)
30 Additional analysis 23 | Give results of additional analyses, if done (e.g., sensitivity or subgroup analyses, meta-regression [see P7-8: Line 173-197
31 ltem 16]). (table 2 and table 3)
>1 DISCUSSION
34 Summary of evidence 24 | Summarize the main findings including the strength of evidence for each main outcome; consider their P8-10: Line 199-263
35 relevance to key groups (e.g., healthcare providers, users, and policy makers).
gt; Limitations 25 | Discuss limitations at study and outcome level (e.g., risk of bias), and at review-level (e.g., incomplete P10-11: Line 268-276
3 retrieval of identified research, reporting bias).
39 Conclusions 26 | Provide a general interpretation of the results in the context of other evidence, and implications for future | P11: Line 277-282
40 research.
»1 FUNDING
43 Funding 27 | Describe sources of funding for the systematic review and other support (e.g., supply of data); role of P11: Line 287-288
44 funders for the systematic review.
4P
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