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Abstract

Aim The relationship between maternal diabetes mellitus (DM) and neonatal respiratory distress syndrome (RDS) has long
been recognized, but the conclusions of this relationship were non-consistent. We conducted this meta-analysis to explore
the association between maternal DM and the risk of neonatal RDS.

Methods We searched PubMed and Web of Science databases for cohort or case—control studies related to the association
of maternal DM and neonatal RDS risk up to 25 August 2018. The pooled odds ratios (ORs) with 95% confidence intervals
(CIs) were estimated by the use of random effect model. Meta-regression was used to explore potential sources of between-
study heterogeneity.

Results A total of 24 studies from 23 available articles were included in this meta-analysis. For the association between
maternal DM and the risk of neonatal RDS, the pooled OR was 1.47 (95% CI 1.24—1.74), especially for cohort studies (1.39,
95% CI 1.17-1.65). The pooled OR of the risk of neonatal RDS was 1.57 (95% CI 1.28-1.93) for gestational diabetes mel-
litus (GDM) and 2.66 (95% CI 2.06-3.44) for pre-gestational diabetes mellitus (PGDM).

Conclusions This meta-analysis suggests that maternal DM, including GDM and PGDM, is linked to an increased risk of
neonatal RDS.

Keywords Epidemiology studies - Maternal diabetes - Meta-analysis - Neonatal respiratory distress syndrome

Introduction

Neonatal respiratory distress syndrome (RDS) was defined
by the clinical signs of early neonatal respiratory distress
with consistent radiologic features and a requirement for
supplemental oxygen to maintain a saturation over 85%
within the first 24 h following birth [1, 2]. It is more likely
to cause morbidity and mortality during infancy and child-
hood than any other diseases and remains a significant health
problem [3]. Even survivors of RDS seem more likely to
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suffer from severe sequelae [4]. Actual potential risk fac-
tors for RDS include low gestational age, male, maternal
age, maternal chorioamnionitis, and multifetal pregnancy
among others [5, 6].

Maternal diabetes mellitus (DM), including gestational
(GDM) and pre-gestational diabetes mellitus (PGDM), is
the most common cause of complications during pregnancy
[7]. It is estimated that the prevalence of GDM is up to 9.2%,
and the prevalence of PGDM is as high as 1% in the United
States [8—12]. Maternal DM increases the risk of cardiovas-
cular disease in offspring and in pregnant mothers [13, 14].
In addition, maternal DM is associated with several adverse
obstetric risks including malformations, macrosomia, and
neonatal metabolic disorders [14—17]. Furthermore, neonatal
respiratory complication is also one of the most common and
life-threatening diseases [18, 19]. The relationship between
maternal DM and neonatal RDS has been recognized since
the early 1970s [20, 21]. However, the conclusions of this
relationship are non-consistent. Some studies showed that
maternal DM significantly increased the risk of neonatal
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RDS [22-33], whereas other studies [7, 34—43] did not find
this relationship.

Therefore, we conducted this meta-analysis to further
investigate the associations between maternal DM, GDM,
and PGDM and the risk of neonatal RDS, respectively.

Materials and methods

We followed the Preferred Reporting Items for Systematic
Reviews and Meta-analyses (PRISMA) guidelines to carried
out this meta-analysis [44].

Search strategy

We searched PubMed and Web of Science up to 25 August
2018 to identify all available studies related to the associa-
tion of maternal DM and neonatal RDS. Searches were lim-
ited to English-language studies in humans and search terms
were as follows: “maternal diabetes” (or “gestational diabe-
tes” or “pre-gestational diabetes” or “pre-pregnancy diabe-
tes” or “infants of diabetic mothers” or “DM” or “GDM” or
“diabetes”) and “respiratory distress syndrome” (or “hyaline
membrane disease” or “RDS” or “respiratory distress”). To
identify additional eligible studies not captured by our data-
bases, we reviewed the reference lists of retrieved articles.

Study selection criteria

The inclusion criteria were as follows: (a) cohort or
case—control studies; (b) the exposure group was infants
born to women with DM (gestational and/or pre-gesta-
tional); (c) the control group was infants born to women
without DM; (d) the outcome of interest was neonatal RDS;
(e) relative risk (RR), odds ratio (OR), or hazard ratio with
95% confidence interval (CI) was provided.

Two investigators (YL and WW) searched articles and
reviewed all retrieved studies independently, and the discrep-
ancy was resolved by the third investigator (DZ).

Data extraction and quality assessment

The following data were extracted by two investigators (YL
and WW) independently: (a) name of the first author; (b)
year of publication; (c) country where the study was per-
formed; (d) study design; (e) exposure (maternal DM, GDM
or PGDM); (f) diagnosis method of DM; (g) sample size
and number of cases; (h) number of fetuses; (i) range of
gestational age; (j) OR with 95% CI for the risk of RDS; (k)
variables adjusted for; and (1) score of quality assessment. If
the same control group was used in the included studies, the
relationship between maternal DM and neonatal RDS was
analyzed using the exposure group with a larger sample size.

@ Springer

The study quality was assessed by the Newcastle—Ottawa
quality assessment scale (http://www.ohri.ca/programs/clini
cal_epidemiology/oxford.asp), and score no less than 7 rep-
resents better methodological quality.

Statistical analysis

The pooled measure was calculated as the inverse variance-
weighted mean of the logarithm of the OR with 95% CI to
evaluate the relationship of maternal DM, GDM, and PGDM
with the risk of neonatal RDS, respectively. Heterogeneity
among studies was assessed using the /> [45]. We used a
random effect model (REM) as the pooling method in this
analysis [46]. Meta-regression was conducted to investi-
gate the potential sources of heterogeneity [47], including
the covariates of publication year, sample size, continent,
study design (cohort or case—control study), study quality
assessment score, number of fetuses, whether adjusted for
covariates, whether adjusted for mode of delivery, whether
adjusted for gestational age and whether adjusted for mater-
nal age. We also performed subgroup analyses by conti-
nent, study design (cohort or case—control study), number
of fetuses, whether adjusted for covariates, whether adjusted
for mode of delivery, whether adjusted for gestational age,
and whether adjusted for maternal age. Influence analysis
was used to assess the existence of a single study that had a
significant impact on the pooled results. Cumulative meta-
analysis was conducted to indicate the dynamic trend of
results by adding one study at a time according to the pub-
lication year. Egger’s test [48] was used as a formal test of
funnel plot asymmetry and publication bias.

All statistical analyses were performed with Stata V.15.0
(Stata Corp, College Station, TX, USA). All reported prob-
abilities (P values) were two-sided, with P <0.05 considered
statistically significant.

Results
Literature search and study characteristics

Initially, 1565 articles from PubMed and 748 articles from
Web of Science were identified. 1894 articles were excluded
after reviewing titles and abstracts. We further excluded 45
articles after reviewing 68 possibly relevant articles in full
text. One additional article was found from reference lists.
Thus, 24 studies from 23 articles [7, 22-43] were eligible
for this meta-analysis (Fig. 1).

A total of 24 studies from 23 articles [7, 22-43] evaluated
the association between maternal DM and the risk of neo-
natal RDS; 13 studies from 12 articles [22, 24, 26, 28-31,
33, 34, 36, 39, 40] evaluated the association between GDM
and the risk of neonatal RDS; 4 studies from 3 articles [23,
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Fig. 1 Flow diagram of litera-
ture search. CI confidence inter- Records identified through searching Additional records identified through
val. DM diabetes mellitus. GDM PubMed (n=1565), Web of Science reference list (n=1)
gestational diabetes mellitus, 5 (n=738)
PGDM pre-gestational diabetes i
mellitus, OR odds ratio, RDS “CE)
respiratory distress syndrome =
D
=
Records after duplicates removed
(n=1962)
on
E Records excluded after
8 | review of title or abstract
g (n=1894)
v Full-text articles excluded
68 full-text articles (n=45) because:
1. Do not evaluate
association of interest
(n=30)
Z 2. Lacking OR and/or
:E 95%CI (n=8)
o 3. Experimental study (n=1)
= 4. Review (n=2)
5. Not English (n=3)
6.Coss-sectional study (n=1)
23 articles (24 studies) included in
meta-analysis
=
<
=)
2
=
v ‘L
Studies assessing Studies assessing Studies assessing the

the association
between maternal
DM and RDS risk
(n=24)

29, 31] assessed the association between PGDM and the risk
of neonatal RDS; 3 studies from 2 articles [29, 31] not only
evaluated the association between PGDM and RDS, but also
the association between GDM and RDS.

The Newcastle—Ottawa score of each study showed that
the methodological quality was generally good. The score of
quality assessment and baseline characteristics of included
studies are shown in the Table 1.

Quantitative synthesis
Maternal DM and the risk of RDS
Among the 24 studies from 23 articles evaluated the rela-

tionship between maternal DM and the risk of neonatal
RDS, 10 studies [24-27, 35, 36, 39, 40, 42, 43] were

association between
PDM and RDS risk
(n=4)

the association
between GDM and
RDS risk (n=13)

conducted in Europe, 7 studies [7, 23, 29, 31, 32, 34] in
North America, 5 studies [28, 30, 33, 38, 41] in Asia, 1
study [37] in South America, and 1 study [22] in Oce-
ania. In subgroup analysis stratified by study design, there
were 20 cohort studies [7, 22, 23, 25-27, 29-32, 34, 35,
37-43], and 4 case—control studies [24, 28, 33, 36]. The
pooled OR of the relationship between maternal DM and
the risk of neonatal RDS was 1.47 (95% CI 1.24-1.74;
I’=81.0%, Pheterogeneity < 0-001; Fig. 2). In subgroup
analysis stratified by study design, the pooled OR was
1.39(95% CI 1.17-1.65; I’ =81.3%, Pheterogencity < 0-001)
for cohort studies, and 2.02 (95% CI 1.20-3.40;
I’=59.6%, Peterogeneity = 0-060) for case—control stud-
ies. In subgroup analysis stratified by continents, except
Europe, the results were still significant in other conti-
nents. Regarding the subgroup of whether adjusted for

@ Springer



Acta Diabetologica (2019) 56:729-740

732

(9100
(L9 Na BIoIRD
L ON 16T VN VN (LD 966 VN  [eulRlRN 3Hoyop uredg  -epaiof]
(ze'n
‘89°0) yuq @1y na (S100)
L SONSLI9JORILYD JUBJUL PUB [RUIAJBW PUB O S6°0 e J[3urs LOVLT LIOO [euldle]N 11040D) ouel{  Jonboog
Ken3
-nif) pue
‘nrd
‘fen3
9109s 7 1YS1om YuIIq -ered
PUR ‘YD) ‘Iopua3 ‘UOIIBIIOSNSAT WOOT AIQAT[OP I0J PIau Elite)
‘KISAI[SP JO 9POW ‘JUSWIBAI) PIOIA)S [eIeuald ‘SIOpIOSIP 961 (98%8) na ‘nizerg (S102)
6  oArsuaradAy reursrew ‘Aoueusdard opdnnuw ‘ofe euIoRlN  ‘6'0) 81°1 9¢—7C nog 16611 LIOO [euldeN J04yo)  ‘eunuddry pueIn
LLDO+1s91
SPIOIA)S [BJRUSIUE PUE ‘UOTIBISOT-I0J-[[ewS ‘(UOTIOS UBd (L89 9soon[3 poorq Na #102)
6  -1esad) AISAIIP JO 9pow ‘9Fe [BUIDJBUW PIOUBADPE ‘IOPUSD)  ‘1°() €8°0 9¢—p¢ VN (ZI) 116  SnoudAa wopuey  [BUIDBIA 11040D) BUIYD Sung
soueIquiow Jo aInidnr paguojoid pue ‘SpIuoIuweOLL 6T
-0y “ersdurerdoyersdurede-o1d ‘uone)sas jo Londnnu ‘I8°T) (S68) WA (Z100)
6 ‘KIOAT[OP JO APOW ‘YD) 10J AZIS ‘YD) ANIUYId/20LI *Xo8 1€¢C e Hod  YSYL8T S9p0d 6 DI [eUIIB]A Hoyop vsn - Jeypeuy
UOTBIIOSNSAI WOOT AISAI[IP JOJ
Pa3u pue 2109s Z JYSIoM YIIIq ‘YD) ‘1Opud3 AIAI[p JO (Te'1
9pOW ‘JUAUIEAT) PIOIA)S [eIeuald ‘SIOpIOSIP 9ATSU)IAdAY ‘26°0) (6rL01) Wa (1102)
6 [euroyewr ‘Aoueugaid ofdnnur ‘o3e eurejewr ‘Kyoruy)g 481 €€+ nog yL8°CT LIOO [euldeN 31040D) [orIS] [ejuog
(6C Wa (9002)
L SUON  ‘T°0) 80 LEVE 009 (€9) 681 VN [eUllRN Hoyop douRI Key o1
(g jo
Ieak o)
pue ‘xas
‘vD)
(Tr1 na 1104oo (z002)
8 VN ‘S€0) L0 VN VN (60%) 8 LLDO  [BURBIN  -PaydIe]N epeuE]) ueyey
KoueuFaxd ur PI093I [edIpoW
Sunjows [euIaleW ‘saueiquiaw Jo armdnr ‘uorsuarradAy (& (1€1) s Joyjouwr oy} na (¢661)
8 ‘W) Ul ‘pue YSIoM ‘XIS ‘191ud0 Apnys ‘porrad repudre) ‘o1 L€-9C nog 291 WOIJ PAASLIDY  [BUIJRI 11040D) Arely nIeng
(poam)
JUQWISSISSL 93¢ [euon (sased)
Kyrenb 1D%56) -]$03 NNkl 718 A Jo (1e9K)
JO 100§ S9JBLIBAOD 10 Juausnipy MO  jo oSuey Jo "oN oidwreg  poyjows stsouderq  amsodxyg  odAy Apmg Anuno) oyiny

S [BIBUOSU JO YSLI PUB N(DJ PUB NAD ‘N [BUINBW USIM)IQ SUOBIOOSSE ) UO SAIPNIS JO SONSLIsjoRIRy) | 3|qel

pringer

Qs



733

pringer

a's

(€100
nnoz
-Tewr|y
(T pIq on elqery LY
L SUON  ¥'D TV VN oifurs  (07) 6¥1 S9p0OJ 6-ADI NAD -uod-ssen Ipneg  -yelepqy
(paq jo
IedA pue
‘KyroTuorx
oo
‘vD)
[onuod
(Le —osed (1100
8 SUON ‘€D TT < umg, (€L) OV8 LLOO INAD  -PeydIeN  [eSmiod ssowirs
(6S°1
Kydrute pue ‘syqey Surjouwrs ‘L9°0) qaq (2€s0) (0102)
6  ‘I19pI0sIp oalsud)redAy druoryo ‘Kired ‘[N ‘oSe [BUINBN €01 VN QBuIS  £62°09C°1 LILDO NaD Hoyop uspams ped
(8¢ (6000)
6 WSeM Iq pue v - ‘T0) T'T VN umg, (£8) 9011 LLOO NAD 3H0yop VSN uleH-yney
(ss01
‘SY'0) (8000)
L QUON oI's VN VN  (€9) 0¥ VN NAD Hoyop uel]  [ZBj[oqV
Aumewaid pue ‘Yo ‘Uonipuod
yMIq 9y} pue pIyd ay) Jo xas ‘ersduwre[o9-a1d 10 uorsuo)
-1odAy ‘erwosoroewr ‘Aourugald JuaLIND Ul UONBUWLIOJ[BW
[eruaduod pue ‘yreop [ereurtad snoraard ‘opoojsod
UO paseq snye)s dIouod90100s ‘Ajrred ‘uorne)sasd ‘ofe (Card g (626) aseq (2002)
6 ‘snyels [ejLrews ‘AyeuISLIoqe ‘yiaiq Jo Anunod [BUIJRIA D91 VN 9[3uIg 00¥°09 -BJep Ul pI0doy NdO 1oyo)  erensny QUOIS
wop
-3uryf
payun
Yy pue
‘uopams
‘ueder
10g-1n0 S9pod 0] dDI ‘Arear
pue ‘AISAI[OP JO 9POW ‘SPIOIISOINIIOD [BIRUIUE “IOMIOU (1 0 Surpioooe ‘TorIST
pue ‘01098 Z JyFrom IIq ‘Xas ‘yo) ‘Koueudard ur aseasip ‘16°0) g (ZOV'Ly)  PAuydp Jo saxoq Wa ‘pueruig (8102)
6  QAISURIRdAY [RUIDIBW ‘IOP[O IO SIBAA GE JO 958 [BUIIBIA 10'1 1€+C J[3urs 09€°9/  YOU UI pApIoddy  [eUIdBN 11040D ‘epeur) uossIog
([oom)
JUQUISSISS® 93¢ [euon (sased)
Kyrenb 1D%56) -]$503 NNkl 718 N Jo (189K)
JO 21008 SQJBLIBAOD 10J Juousn(py dO  Jo oSuey Jo "oN oidwesg poyjow stsouderq  amsodxg odA) Apmg Anuno) Joyiny

Acta Diabetologica (2019) 56:729-740

(ponunuoo) | sjqey



Acta Diabetologica (2019) 56:729-740

734

uLId) 18 AISAIAP Jo Ajiqeqoid moT,

wd) Je A1aArpap Jo Ayiqeqord ySiH,

syyiq o[dnnuw pue 9[3urs yloq Jurpnpou,

XopuI ssewl Apoq [ ‘Seseasi(] JO UOTBOYISSe[)) [BUOTBUIIU] (7)] ‘9Fe [eUoneISas YO ‘9[qR[TRAR JOU YA 1S9} 90UBII[0)
9s00N[3 [BIO ‘TRAJOIUI QOUIPYUOD ‘onelr sppo “QUIOIPUAS SSAISIP ATojeIidsar ‘ST $AJAQRIP [BUOTIR)SIS-AX ‘SMI[[OW S$AJAQRIP [BUOIIRISI ‘SMI[oW $A)dqel
I8 1210 2100 ‘I [ 92ULPYUOD [ “ONEI SPPO YO puk 1p Kxoyerrdsax gqzy ‘st qerp [euone)sas-oxd yaod ‘smi qQuIp [EUOTIEISAT JY(7D ‘S| qeip Wd

K1oA1[0p (6'C1 (L1 (S100)
8 Jo opour pue ‘TINF Ioqe[ Jo uononpur ‘1oad) ‘AredinN - ‘¢7) L'S LE VN 12994 VN NaAod Hoyop vSn uredg
(Le (€¥90)
8DTT £v9°ST JNADd
(Le (120v)
90 1€ 800981 JNADd
on1s [e31dsoy pue “(UOTJRULIOJUI PAPIOIT OU PUE “DATIID <1 (6¥92)
‘pajesrpur ‘soueiquiow Jo armydni axmjewaid ‘Toqe[ snosu DTl 1LT°9C SOpod JNAD
-ejuods) A1oAT[ap 10§ J0sInda1d ‘Suryowrs ‘snje)s [ejIenr w1 uIq Triy) 6-DI + Sp10dax (L102)
6 ‘Kyired ‘oouemsur ‘ooer ‘KIGAT[AP 18 JNF ‘95e [PUIle]N  ‘€'1) §'T e o[fuIs  TIH'¢6l [edIPIN JNaD 010D VSN winemey
(€1 qIq (82¢€) (L10D)
8 SUON  ¥'0) L0 LEPE o[surg €9LL LLOO Nao Hoyoy  UBIULAO[S [orrg
LLOO+uon
98 yHIq -091op 9s09N|3 (L10D)
6 BIWOSOIOBW ‘KIQAT[OP JO o9powt ‘ANIsaqO)  ‘G°'T) 9°¢ pe< iSuts (29 v poojq Sunseq WNaon 11040 Qouery IONIOIN
JySTom YIIIq MO] ‘OB ‘SoueIq (€S0'¥
-wow Jo armdnr arnjewaid ‘Uorodfur [e1oj—TeuIoew ‘1TLT) on
8 VO [[ews ‘erxAydse yiiiq ‘Uonoss UBaIesad 9AII[AS SIv'e LE< VN (500 S19 VN NAD -uod-ese) euyy  (F102) NI
(98T
OL'D (reen)
vee 920°6S NAod
(891 $9p0d (¥102)
sme)s Sunjows pue TNg Aoueudard-axd ‘Tea ‘50T yuq (Lz61) 6-dDI + spiodal uers
6 -Iour Aoueudaxdiojur ‘Kjrred ‘aoer ‘oFe Teurajewr ‘9)1s Apnig €T 0= 9[3urg 90S‘6S [eOIpaW OTUOTIIT INao 11040D vSn -soysog
(A1
-Al[3p JO
Ieok pue
o3e [eu
KIOAI[Op UBATRSID -IoyeU)
PUE ‘YD) ‘SUONRULIOJ[BW [B)9) QI0AS ‘AIIOIUOLIOYD ‘UoT) (6L1 [onuod
-doouoo jo opow “iqey Sunjows ‘TN Aoueudard-axd ‘2€°0) —osed #102)
8 ersdwreo9-a1d ‘uorsuarodAy reusojew ‘ofe [eUINB 9G.°0 y< uml, (S TLT LIDO NAD  -payoreN uredg ug[[Ino
([oom)
JUQUISSISS® 93¢ [euon (sased)
Kyrenb 1D%56) -]$503 NNkl 718 N Jo (189K)
JO 21008 SQJBLIBAOD 10J Juousn(py dO  Jo oSuey Jo "oN oidwesg poyjow stsouderq  amsodxg odA) Apmg Anuno) Joyiny

(ponunuoo) | sjqey

pringer

Qs



Acta Diabetologica (2019) 56:729-740

735

Author year OR (95% CI) Weight%s
Luerti 1993 . . 1.00 (0.30, 3.40) 1.52
Stone 2002 —_— 160 (1.20, 2.20) 597
Rehan 2002 - ! 0.70 (0.35, 1.42) 3.23
Le Ray 2006¢€ - . 0.80 (0.20, 2.90) 1.30
Abolfazl 2008 : —> 516 (2.45, 10.85)3.01
Rauh-Hain 2009 T 1.20 (0.20, 2.80) 1.33
Fadl 2010 —_—e 1.03 (0.67, 1.59) 497
Simoes 2011 —_—— 220(1.30,3.70) 4.31
Bental 2011 _—— 112 (092, 1.32) 683
Anadkat 2012 | —— 2.31(1.81,2.94) 6.42
Abdalrahman 2013 : > 420 (1.40, 12.20)1.81
Guillen 2014 - : 0.76 (0.32, 1.79) 2.51
Boghossian 2014 —_— 1.33 (1.05, 1.68) 6.47
Liu 2014 e 2.41(1.72,4.05) 500
Fung 2014€ + ; > 0.83 (0.10,6.87) 0.58
Grandi 2015 : 1.18 (0.90, 1.56) 6.18
Becquet 2015 — ! 0.95 (0.68, 1.32) 5.75
Spain 2015 : —> 570 (2.50, 12.90)2.67
Lloreda 2016 ; - > 290 (1.40,6.70) 2.83
Mortier 2017 | +—3> 360 (1.50, 8.60) 246
Bricelj 2017 - | 0.70 (0.40, 1.30) 3.87
Kawakita 2017 e 1.50 (1.30, 1.70) 7.08
Kawakita® 2017 —— 1.20 (1.00, 1.50) 6.69
Persson 2018 - 1.01 (091, 1.11) 7.23
Overall (l-squared = 81.0%, p = 0.000) <o 1.47 (1.24,1.74) 100.00
NOTE: Weights areI from random seffects anglysis ! |

D 5 1

Fig.2 Forest plot of maternal diabetes and the risk of neonatal res-
piratory distress syndrome. The size of gray box is positively propor-
tional to the weight assigned to each study, which is inversely propor-

covariates, the pooled OR was 1.40 (95% CI 1.18-1.66;
’=81.6%, Preterogencity < 0-001) for subgroup that adjusted
for covariates, 1.77 (95% CI 0.93-3.36; I>=80.0%,
Pheterogeneity < 0.001) for not adjusted for covariates. The
results of all subgroup analyses are shown in Table 2.

Cumulative meta-analysis for the association between
maternal DM and the risk of neonatal RDS was also con-
ducted to indicate the dynamic trend of results and assess
the influence of individual study on the overall results.
The result indicated that the association between maternal
DM and the risk of neonatal RDS became statistically
significant (OR =1.40, 95% CI 1.01-1.93) until adding
the ninth study conducted by Bental et al. in 2011 and
gradually stabilized. Details are provided in electronic
supplementary materials (ESM) Fig S1.

tional to the standard error of the OR, and horizontal lines represent
the 95% Cis. OR odds ratio, CI confidence interval; *low probability
of delivery at term

GDM and the risk of RDS

Among the 13 studies from 12 articles evaluated the rela-
tionship between GDM and the risk of neonatal RDS, 5
studies [24, 26, 36, 39, 40] were conducted in Europe, 4
studies [29, 31, 34] in North America, 3 studies [28, 30, 33]
in Asia, and 1 study [22] in Oceania. In subgroup analy-
sis stratified by study design, there were 9 cohort studies
[22, 26, 29-31, 34, 39, 40], and 4 case—control studies [24,
28, 33, 36]. The pooled OR of the relationship between
GDM and the risk of neonatal RDS was 1.57 (95% CI
1.28-1.93; *=71.4%, Pheterogencity <0-001; Fig. 3). In sub-
group analysis stratified by study design, the pooled OR was
1.44 (95% CI 1.16-1.78; ’=71.2%, Pheterogencity = 0-001)
for cohort studies. Regarding the subgroup of continents,
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Table2 Summary of pooled
ORs for the associations
between maternal DM, GDM,
and neonatal RDS risk

@ Springer

Exposure

Subgroup

No. of studies Pooled OR (95%CI) P> (%

) P heterogeneity

Maternal DM

GDM

All studies

Study design

Cohort

Case—control

Continent

Europe

North America

Asia

Others

No. of fetuses

Single birth

Others?

Adjusted for covariates
Yes

No

Adjusted for gestational age
Yes

No

Adjusted for mode of delivery
Yes

No

Adjusted for maternal age
Yes

No

All studies

Study design

Cohort

Case—control

Continent

Europe

North America

Asia

Oceania

No. of fetuses

Single birth

Others?

Adjusted for covariates
Yes

No

Adjusted for gestational age
Yes

No

Adjusted for mode of delivery
Yes

No

Adjusted for maternal age
Yes

No

24 1.47 (1.24, 1.74) 81.0  <0.001
20 1.39 (1.17, 1.65) 81.3  <0.001
4 2.02 (1.20, 3.40) 59.6  0.060
10 1.21 (0.92, 1.59) 644  0.003
7 1.56 (1.19, 2.04) 816  <0.001
5 2.32 (1.15, 4.66) 857  <0.001
2 1.36 (1.01, 1.84) 530 0.145
14 1.71 (1.25,2.33) 79.7  <0.001
10 1.26 (1.05, 1.52) 79.1  <0.001
17 1.40 (1.18, 1.66) 81.6  <0.001
7 1.77 (0.93, 3.36) 80.0  <0.001
7 1.27 (0.93, 1.73) 867  <0.001
17 1.60 (1.29, 1.97) 755  <0.001
9 1.64 (1.19, 2.25) 88.8  <0.001
15 1.38 (1.14, 1.68) 67.6  <0.001
8 1.28 (1.14, 1.44) 44.1  0.085
16 1.77 (1.27, 2.46) 86.0  <0.001
13 1.57 (1.28, 1.93) 714 <0.001
9 1.44 (1.16, 1.78) 712 0.001
2.02 (1.20, 3.40) 59.6  0.060
5 1.31 (0.75, 2.28) 749  0.003
4 1.37 (1.23, 1.54) 128 0.329
3 3.36 (1.99, 5.69) 411 0.183
1 1.60 (1.18, 2.17) - -
8 1.37 (1.13, 1.67) 647  0.006
2.07 (1.22, 3.53) 66.5 0.018
9 1.44 (121, 1.71) 572 0.017
2.30 (0.93, 5.66) 852  <0.001
3 1.32 (0.85, 2.07) 254 0262
10 1.66 (1.30, 2.11) 77.1  <0.001
3 1.92 (0.88, 4.20) 725 0.026
10 1.48 (1.20, 1.83) 70.0  <0.001
1.30 (1.04, 1.62) 322 0219
9 1.86 (1.37, 2.52) 777 <0.001

DM diabetes mellitus, GDM gestational diabetes mellitus, CI confidence interval, OR odds ratio, RDS res-
piratory distress syndrome

“Not describing the number of fetuses in studies, twins or including both single and multiple births
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Author year OR (95% CI) Weight%
i

Stone 2002 —_— 1.60 (1.20, 2.20) 11.05

Abolfazl 2008 i —— 516 (2.45, 10.85) 5.07

Rauh-Hain 2009 & E 1.20 (0.20, 2.80) 212

Fadl 2010 —0—5- 1.03 (0.67, 1.59) 8.89

Simoes 2011 —5—0— 220(1.30,3.70) 7.55

Abdalrahman 2013 E > 4.20 (1.40, 12.20) 294

Guillen 2014 : 0.76 (0.32,1.79) 416

Boghossian 2014 —-0-—5— 1.33(1.05, 1.68) 12.19

Liu 2014 i —_— 2.41(1.72,4.05) 8.95

Martier 2017 : > 3.60 (1.50, 8.60) 4.07

Bricel] 2017 i 0.70 (0.40, 1.30) 6.69

Kawakita 2017 —-ol- 1.50 (1.30, 1.70) 13.62

Kawakita* 2017 ——— i 1.20 (1.00, 1.50) 12.70

Overall (l-squared =71.4%, p=0.000) Q 1.57(1.28,1.93) 100.00
|

MNOTE: Weights are from random effects analysis i

T T I T
2 5 1 2 5

Fig. 3 Forest plot of gestational diabetes mellitus and the risk of neo-
natal respiratory distress syndrome. The size of gray box is positively
proportional to the weight assigned to each study, which is inversely

except Europe, the significance of the results in other con-
tinents still existed. Regarding the subgroup of whether
adjusted for confounders, the pooled OR was 1.44 (95% CI
1.21-1.71; I*=57.2%, Pyeierogencity =0-017) for subgroup that
adjusted for covariates, 2.30 (95% CI 0.93-5.66; P=85.2%,
Pheterogencity < 0-001) for not adjusted for covariates. The
results of subgroup analyses are listed in Table 2.

PGDM and the risk of RDS

All studies that evaluated the association between PGDM
and the risk of neonatal RDS were cohort studies and con-
ducted in North America. The pooled OR of the association
between PGDM and the risk of neonatal RDS was 2.66 (95%
CI 2.06-3.44; I*=73.7%, Pheterogencity = 0-010). Details are
provided in ESM Fig S2.

Meta-regression analysis
Taking into that high heterogeneity was found in the analysis

of the association between maternal DM and the risk of neo-
natal RDS, meta-regression analyses were performed. The

proportional to the standard error of the OR, and horizontal lines rep-
resent the 95% Cls. OR odds ratio, CI confidence interval; *low prob-
ability of delivery at term

results showed that the covariates, including publication year
(P=0.687), sample size (P=0.119), continent (P =0.758),
study design (P =0.305), study quality assessment score
(P=0.727), number of fetuses (P =0.275), whether adjusted
for covariates (P =0.486), whether adjusted for mode
of delivery (P=0.898), whether adjusted for gestational
age (P=0.715), and whether adjusted for maternal age
(P=0.053), did not have significant impacts on the between-
study heterogeneity. Similarly, meta-regression analyses of
the association between GDM and the risk of neonatal RDS
did not find any covariates having significant impacts on the
between-study heterogeneity. The results of meta-regression
analyses are summarized in ESM Table S1.

Influence analysis and small-study effect evaluation

Influence analysis revealed that one study [25] had exces-
sive influence on the pooled OR for the relationship
between maternal DM and the risk of neonatal RDS, and
that the pooled OR (1.74) fell to 1.52 (95% CI 1.27-1.80)
after excluding this study. Regarding the relationship
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between GDM and the risk of neonatal RDS, no study
had excessive influence on the pooled OR.

Egger’s tests and the funnel plots showed no evidence
of significant small-study effect for the analyses of neona-
tal RDS risk with maternal DM (P =0.092; ESM Fig S3)
and GDM (P =0.364; ESM Fig S4), respectively.

Discussion
Main findings

This meta-analysis assessed the association of maternal
DM, GDM, and PGDM with the risk of neonatal RDS,
and the results showed that maternal DM, GDM, and
PGDM might be linked to an increased risk of neonatal
RDS. In subgroup analysis, significant associations of
maternal DM and GDM with the risk of neonatal RDS
were observed in cohort studies. It was also found that
maternal DM and GDM were significantly related to an
increased risk of neonatal RDS among studies conducted
in North America, South America, and Oceania but not
in Europe, which may be due to the differences in race or
medical conditions among continents. Furthermore, the
results were still significant whether or not there was an
adjustment for covariates.

The potential mechanism underlying the association
between maternal DM and the increased risk of neona-
tal RDS is associated with the integrity and composition
of fetal pulmonary surfactant. DM is related to delayed
secretion of phosphatidylglycerol, which is an essential
lipid component of surfactant [49, 50]. In addition, insu-
lin inhibits gene expression of surfactant proteins A and
B in lung epithelial cells, which in newborns exposed to
hyperglycemia during pregnancy is usually high [51, 52].

In our meta-analysis, high heterogeneity was found.
To find out the sources of between-study heterogeneity,
meta-regression analyses were carried out. However, no
covariate was found to contribute to between-study het-
erogeneity in the analyses of associations of maternal DM
and GDM with the risk of neonatal RDS. We speculate
that several other factors might lead to the heterogene-
ity. First, the variables adjusted for included studies were
diverse, including maternal age, gestational age, body
mass index, multiple pregnancies, maternal hypertensive
disorders, mode of delivery and ethnicity, etc. Second,
the severity of maternal DM was different, which might
contribute to the between-study heterogeneity. Third,
diagnostic criteria of neonatal RDS and maternal DM of
included studies were not completely consistent.

@ Springer

Strengths and limitations of the study

The present meta-analysis has several strengths. First, 20
out of the 24 included studies were cohort studies, mak-
ing our results more convincing. Second, most studies had
adjusted for the potential confounders, such as gestational
age and maternal age, which would increase the precision of
the findings. Third, we further investigated the associations
of GDM and PGDM with the risk of neonatal RDS, and the
results showed that GDM and PGDM were both related to
an increased risk of neonatal RDS, indicating the stableness
of the associations.

However, our study also has several limitations. First,
although the included study had adjusted for the major con-
founders, such as mode of delivery and maternal age, other
unknown confounders might exaggerate or underestimate the
observed associations. Second, definitions of neonatal RDS
of included studies were not necessarily subject to a single
standard. In some studies, neonatal RDS was as recorded
in the data sets without a clear definition. Meanwhile, par-
ticipants of included studies were not all necessarily subject
to the same screening methods and diagnostic criteria of
maternal DM. These might influence the results of our meta-
analysis. Third, we did not differentiate the influence of the
severity of maternal DM, mode of treatment on maternal
DM, neonatal hypoglycemia, and the degree of glycemic
control on these observed associations due to the absence of
relevant information. Meanwhile, the absence of information
on steroid therapy in the included studies led to inability to
determine the effects of steroid therapy on observed out-
comes. Fourth, infant weight has an effect on neonatal RDS
[5, 53], but many of the included studies did not clearly
provide the range of infant weight. Therefore, our study did
not conduct a subgroup analysis based on infant weight.

Conclusions

Our meta-analysis showed that maternal DM, including
GDM and PGDM,, is linked to an increased risk of neonatal
RDS. The findings can help to clarify the important clini-
cal question about the impact of maternal DM on neonatal
RDS, which is a hitherto controversial problem. To ensure
the best maternal and fetal outcome, glucose impairment
in pregnancy should be diagnosed in time, and obstetri-
cians should evaluate and monitor the clinical situation of
pregnant women with maternal DM closely. The effects of
different modes of treatment, diagnostic method, degree of
diabetic control, infant weight, and neonatal hypoglycemia
on the association between maternal DM and the risk of
neonatal RDS warrant further study.



Acta Diabetologica (2019) 56:729-740

739

Author contributions Li and Zhang conceived the study, participated
in its design and coordination, and were involved in drafting the manu-
script. Li and Wang carried out the literature search, data extraction,
and interpretation of the data. Li, Wang, and Zhang reviewed and
revised the manuscript critically for important intellectual content. All
authors approved the final manuscript as submitted and agreed to be
accountable for all aspects of the work.

Funding This research did not receive any specific grant from funding
agencies in the public, commercial, or not-for-profit sectors.

Compliance with Ethical Standards

Conflict of interest The authors declare that they have no competing
interests.

Ethical approval This article does not contain any studies with human
participants or animals performed by any of the authors.

Informed consent Not applicable.

References

1. De Luca D, van Kaam AH, Tingay DG, Courtney SE, Danhaive
O, Carnielli VP et al (2017) The Montreux definition of neonatal
ARDS: biological and clinical background behind the description
of a new entity. Lancet Respir Med 5:657-666

2. Tochie JN, Choukem SP, Langmia RN, Barla E, Koki-Ndombo P
(2016) Neonatal respiratory distress in a reference neonatal unit
in Cameroon: an analysis of prevalence, predictors, etiologies and
outcomes. Pan Afr Med J 24:152

3. Garvey J (1975) Infant respiratory distress syndrome. Am J Nurs
75:614

4. Kamper J (1978) Long term prognosis of infants with severe idi-
opathic respiratory distress syndrome. II. Cardio-pulmonary out-
come. Acta Paediatr Scand 67:71-76

5. Dani C, Reali MF, Bertini G, Wiechmann L, Spagnolo A, Tangu-
cci M et al (1999) Risk factors for the development of respiratory
distress syndrome and transient tachypnoea in newborn infants.
Eur Respir J 14:155-159

6. Reed DM, Bakketeig LS, Nugent RP (1978) The epidemiology
of respiratory distress syndrome in Norway. Am J Epidemiol
107:299-310

7. Rehan VK, Moddemann D, Casiro OG (2002) Outcome of very-
low-birth-weight (< 1,500 grams) infants born to mothers with
diabetes. Clin Pediatr 41:481-491

8. O’Sullivan JB (1961) Gestational diabetes. Unsuspected, asymp-
tomatic diabetes in pregnancy. N Engl J Med 264:1082-1085

9. Hedderson MM, Darbinian JA, Ferrara A (2010) Disparities in the
risk of gestational diabetes by race-ethnicity and country of birth.
Paediatr Perinat Epidemiol 24:441-448

10. Metzger BE, Gabbe SG, Persson B, Buchanan TA, Catalano
PA, Damm P et al (2010) International association of diabetes
and pregnancy study groups recommendations on the diagnosis
and classification of hyperglycemia in pregnancy. Diabetes Care
33:676-682

11. Leary J, Pettitt DJ, Jovanovic L (2010) Gestational diabetes guide-
lines in a HAPO world. Best Pract Res Clin Endocrinol Metab
24:673-685

12. DeSisto CL, Kim SY, Sharma AJ (2014) Prevalence estimates
of gestational diabetes mellitus in the United States, Pregnancy

13.

14.

15.

16.

17.

18.

19.

20.

21.

22.

23.

24.

25.

26.

217.

28.

29.

30.

Risk Assessment Monitoring System (PRAMS), 2007-2010.
Prev Chronic Dis 11:E104

McKenzie-Sampson S, Paradis G, Healy-Profitos J, St-Pierre F,
Auger N (2018) Gestational diabetes and risk of cardiovascular
disease up to 25 years after pregnancy: a retrospective cohort
study. Acta Diabetol 55:315-322

Leybovitz-Haleluya N, Wainstock T, Landau D, Sheiner E
(2018) Maternal gestational diabetes mellitus and the risk of
subsequent pediatric cardiovascular diseases of the offspring:
a population-based cohort study with up to 18 years of follow
up. Acta Diabetol 55:1037-1042

Murphy HR, Steel SA, Roland JM, Morris D, Ball V, Campbell
PJ et al (2011) Obstetric and perinatal outcomes in pregnan-
cies complicated by Type 1 and Type 2 diabetes: influences of
glycaemic control, obesity and social disadvantage. Diabet Med
28:1060-1067

Bellamy L, Casas JP, Hingorani AD, Williams D (2009) Type 2
diabetes mellitus after gestational diabetes: a systematic review
and meta-analysis. Lancet 373:1773-1779

Balsells M, Garcia-Patterson A, Gich I, Corcoy R (2009) Mater-
nal and fetal outcome in women with type 2 versus type 1 dia-
betes mellitus: a systematic review and metaanalysis. J Clin
Endocrinol Metab 94:4284-4291

Michael Weindling A (2009) Offspring of diabetic pregnancy:
short-term outcomes. Semin Fetal Neonatal Med 14:111-118
The HAPO Study Cooperative Research Group (2008) Hyper-
glycemia and adverse pregnancy outcomes: the HAPO Study
Cooperative Research Group. Obstet Gynecol Surv 63:1991
Usher RH, Allen AC, McLean FH (1971) Risk of respiratory
distress syndrome related to gestational age, route of delivery,
and maternal diabetes. Am J Obstet Gynecol 111:826-832
Robert MF, Neff RK, Hubbell JP, Tacusch HW, Avery ME
(1976) Association between maternal diabetes and the res-
piratory-distress syndrome in the newborn. N Engl J Med
294:357-360

Stone CA, McLachlan KA, Halliday JL, Wein P, Tippett C (2002)
Gestational diabetes in Victoria in 1996: incidence, risk factors
and outcomes. Med J Aust 177:486-491

Spain JE, Tuuli MG, Macones GA, Roehl KA, Odibo AO, Cahill
AG (2015) Risk factors for serious morbidity in term nonanoma-
lous neonates. Am J Obstet Gynecol 212:799.e1-799.e7

Simoes T, Queiros A, Correia L, Rocha T, Dias E, Blickstein I
(2011) Gestational diabetes mellitus complicating twin pregnan-
cies. J Perinat Med 39:437—440

Persson M, Shah PS, Rusconi F, Reichman B, Modi N, Kusuda
S et al (2018) Association of maternal diabetes with neonatal
outcomes of very preterm and very low-birth-weight infants: an
international cohort study. JAMA Pediatr 172:867-875

Mortier I, Blanc J, Tosello B, Gire C, Bretelle F, Carcopino X
(2017) Is gestational diabetes an independent risk factor of neo-
natal severe respiratory distress syndrome after 34 weeks of gesta-
tion? A prospective study. Arch Gynecol Obstet 296:1071-1077
Lloreda-Garcia JM, Sevilla-Denia S, Rodriguez-Sanchez A,
Munoz-Martinez P, Diaz-Ruiz M (2016) Perinatal outcome of
macrosomic infants born to diabetic versus non-diabetic mothers.
Endocrinol Nutr 63:409—413

LiuJ, Yang N, Liu Y (2014) High-risk factors of respiratory dis-
tress syndrome in term neonates: a retrospective case—control
study. Balkan Med J 31:64-68

Kawakita T, Bowers K, Hazrati S, Zhang C, Grewal J, Chen Z et al
(2017) Increased neonatal respiratory morbidity associated with
gestational and pregestational diabetes: a retrospective study. Am
J Perinatol 34:1160-1168

Abolfazl M, Hamidreza TS, Narges M, Maryam Y (2008) Ges-
tational diabetes and its association with unpleasant outcomes of
pregnancy. Pak J Med Sci 24:566-570

@ Springer



740

Acta Diabetologica (2019) 56:729-740

31.

32.

33.

34.

35.

36.

37.

38.

39.

40.

41.

42.

Boghossian NS, Yeung E, Albert PS, Mendola P, Laughon SK,
Hinkle SN et al (2014) Changes in diabetes status between preg-
nancies and impact on subsequent newborn outcomes. Am J
Obstet Gynecol 210:431.e1-431.e14

Anadkat JS, Kuzniewicz MW, Chaudhari BP, Cole FS, Hamvas A
(2012) Increased risk for respiratory distress among white, male,
late preterm and term infants. J Perinatol 32:780-785
Abdalrahman Almarzouki A (2013) Maternal and neonatal out-
come of controlled gestational diabetes mellitus versus high risk
group without gestational diabetes mellitus: a comparative study.
Med Glas 10:70-74

Rauh-Hain JA, Rana S, Tamez H, Wang A, Cohen B, Cohen A
et al (2009) Risk for developing gestational diabetes in women
with twin pregnancies. J Matern Fetal Neonatal Med 22:293-299
Le Ray C, Boithias C, Castaigne-Meary V, I’Helias LF, Vial M,
Frydman R (2006) Caesarean before labour between 34 and 37
weeks: what are the risk factors of severe neonatal respiratory
distress? Eur J Obstet Gynecol Reprod Biol 127:56—-60

Guillen MA, Herranz L, Barquiel B, Hillman N, Burgos MA,
Pallardo LF (2014) Influence of gestational diabetes mellitus
on neonatal weight outcome in twin pregnancies. Diabet Med
31:1651-1656

Grandi C, Tapia JL, Cardoso VC (2015) Impact of maternal dia-
betes mellitus on mortality and morbidity of very low birth weight
infants: a multicenter Latin America study. J Pediatr 91:234-241
Fung GP, Chan LM, Ho YC, To WK, Chan HB, Lao TT (2014)
Does gestational diabetes mellitus affect respiratory outcome in
late-preterm infants? Early Hum Dev 90:527-530

Fadl HE, Ostlund IK, Magnuson AF, Hanson US (2010) Maternal
and neonatal outcomes and time trends of gestational diabetes
mellitus in Sweden from 1991 to 2003. Diabet Med 27:436—441
Bricelj K, Tul N, Lucovnik M, Kronhauser-Cerar L, Steblovnik
L, Verdenik I et al (2017) Neonatal respiratory morbidity in late-
preterm births in pregnancies with and without gestational diabe-
tes mellitus. ] Matern Fetal Neonatal Med 30:377-379

Bental Y, Reichman B, Shiff Y, Weisbrod M, Boyko V, Lerner-
Geva L et al (2011) Impact of maternal diabetes mellitus on mor-
tality and morbidity of preterm infants (24-33 weeks’ gestation).
Pediatrics 128 E848-E55

Becquet O, El Khabbaz F, Alberti C, Mohamed D, Blachier
A, Biran V et al (2015) Insulin treatment of maternal diabetes

@ Springer

43.

44,

45.

46.

47.

48.

49.

50.

51.

52.

53.

mellitus and respiratory outcome in late-preterm and term single-
tons. BMJ Open 5:¢008192

Luerti M, Parazzini F, Agarossi A, Bianchi C, Rocchetti M, Bev-
ilacqua G (1993) Risk factors for respiratory distress syndrome in
the newborn. A multicenter Italian survey. Study Group for Lung
Maturity of the Italian Society of Perinatal Medicine. Acta Obstet
Gynecol Scand 72:359-364

Moher D, Liberati A, Tetzlaft J, Altman DG (2009) Preferred
reporting items for systematic reviews and meta-analyses: the
PRISMA statement. Ann Intern Med 151:264-269, w64
Higgins JPT, Thompson SG (2002) Quantifying heterogeneity in
a meta-analysis. Stat Med 21:1539-1558

Higgins JPT, Thompson SG, Deeks JJ, Altman DG (2003) Meas-
uring inconsistency in meta-analyses. Br Med J 327:557-560
Higgins JPT, Thompson SG (2004) Controlling the risk of spuri-
ous findings from meta-regression. Stat Med 23:1663—-1682
Egger M, Davey Smith G, Schneider M, Minder C (1997) Bias
in meta-analysis detected by a simple, graphical test. BMJ
315:629-634

Piper JM (2002) Lung maturation in diabetes in pregnancy: if and
when to test. Semin Perinatol 26:206-209

Leung-Pineda V, Gronowski AM (2010) Biomarker tests for fetal
lung maturity. Biomark Med 4:849-857

Miakotina OL, Dekowski SA, Snyder JM (1998) Insulin inhibits
surfactant protein A and B gene expression in the H441 cell line.
Biochim Biophys Acta 1442:60-70

Westgate JA, Lindsay RS, Beattie J, Pattison NS, Gamble G,
Mildenhall LF et al (2006) Hyperinsulinemia in cord blood in
mothers with type 2 diabetes and gestational diabetes mellitus in
New Zealand. Diabetes Care 29:1345-1350

Bonafe L, Rubaltelli FF (1996) The incidence of acute neonatal
respiratory disorders in Padova county: an epidemiological survey.
Acta Paediatr 85:1236-1240

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



	Maternal diabetes mellitus and risk of neonatal respiratory distress syndrome: a meta-analysis
	Abstract
	Aim 
	Methods 
	Results 
	Conclusions 

	Introduction
	Materials and methods
	Search strategy
	Study selection criteria
	Data extraction and quality assessment
	Statistical analysis

	Results
	Literature search and study characteristics
	Quantitative synthesis
	Maternal DM and the risk of RDS
	GDM and the risk of RDS
	PGDM and the risk of RDS
	Meta-regression analysis
	Influence analysis and small-study effect evaluation


	Discussion
	Main findings
	Strengths and limitations of the study

	Conclusions
	References


