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Background: Evidence supporting various diagnostic criteria for diagnose gestational diabetes mellitus (GDM) are consensus-
based, needs for additional evidence related to outcomes. Therefore, the aim of this systematic-review and meta-analysis was to
assess the impact of different GDM diagnostic-criteria on the risk of adverse-neonatal-outcomes.

Methods: Electronic databases including Scopus, PubMed, and Web of Sciences were searched to retrieve English original, popu-
lation-based studies with the universal GDM screening approach, up to January-2020. GDM diagnostic criteria were classified in
seven groups and International Association of the Diabetes and Pregnancy Study Groups (IADPSG) was considered as reference
one. We used the Mantel-Haenszel method to calculate the pooled odds of events. The possibility of publication bias was exam-
ined by Beggs test.

Results: A total of 55 population-based studies consisting of 1,604,391 pregnant women with GDM and 7,770,855 non-GDM
counterparts were included. Results showed that in all diagnostic-criteria subgroups, the risk of adverse neonatal outcomes in-
cluding macrosomia, hyperbilirubinemia, respiratory distress syndrome, neonatal hypoglycemia, neonatal intensive care unit ad-
mission, preterm birth, and birth-trauma were significantly higher than the non-GDM counterparts were significantly higher
than non-GDM counterparts. Meta-regression analysis revealed that the magnitude of neonatal risks in all diagnostic-criteria
subgroups are similar.

Conclusion: Our results showed that the risk of adverse-neonatal-outcome increased among women with GDM, but the magni-
tude of risk was not different among those women who were diagnosed through more or less intensive strategies. These findings
may help health-care-providers and policy-makers to select the most cost-effective approach for the screening of GDM among
pregnant women.
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INTRODUCTION

Gestational diabetes mellitus (GDM) is a globally rising health
problem [1]. According to American Diabetes Association
(ADA), GDM is defined as “diabetes diagnosed in the second

or third trimester of pregnancy that was not clearly overt dia-
betes prior to gestation” [2]. The prevalence of GDM among
various population is varied between 4% and 15% [3].

GDM results from impaired secretory response of pancreatic

f-cell to increased maternal insulin demands during pregnan-
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cy [4]. Variety of factors including family history of diabetes,
previous history of macrocosmic babies, higher first trimester
body mass index and older maternal age lead to increased risk
of developing GDM [5,6]. It is well acknowledge that GDM is
associated with an increased short and long-term risk of com-
plications for mothers and their babies [7-10].

Despite health consensus recommend various diagnostic
criteria for GDM, there is no consensus about the optimal
screening and diagnosis criteria [11]. In 2010 (a decade ago),
the International Association of the Diabetes and Pregnancy
Study Group (IADPSG) [12] provided stringent threshold for
GDM diagnosis by one-step 75 g oral glucose tolerance tests
based on the results of the observational Hyperglycemia and
Adverse Pregnancy Outcomes (HAPO) study [13], later on,
some other expert professional organizations including Inter-
national Federation of Gynecology and Obstetrics (FIGO)
[14], ADA, and World Health Organization (WHO) [15] sup-
ported the recommendation of IADPSG. However, the Ameri-
can College of Obstetricians and Gynecologists (ACOG) has
always endorsed the two-step approach to GDM [16]. Further-
more some countries follow the national guideline with differ-
ent diagnostic approach and glucose thresholds [17-24]. The
main point is that the evidence supporting these endorsements
are consensus-based, and both main organizations of IADPSG
and ACOG note the need for additional evidence related to
outcomes [2,25].

In addition, although there is a clear linear relationship be-
tween maternal hyperglycemia and maternal and perinatal
outcomes, the effects of identifying and treating milder cases
of gestational diabetes on these outcomes are not known yet
[25-27]. By conducting this meta-analysis, we tried to fill the
gap of knowledge, based on available evidence to find the im-
pact of different gestational-diabetes (GDM) diagnostic-crite-
ria on the risk of adverse-neonatal-outcomes.

METHODS

This study approved by ethics committee of the Research Insti-
tute for Endocrine Sciences, Shahid Beheshti University of
Medical Sciences, Tehran, Iran (IR.SBMU.ENDOCRINE.
REC.1399.076). Informed consent was waived by the board.
The present review study was reported based on the Preferred
Reporting Items for Systematic Reviews and Meta-Analyses
(PRISMA) statement [28] to examine the following objectives:
(1) To examine the pooled odds of adverse neonatal out-
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comes among participants with GDM compared to non-
GDM groups

(2) To examine the pooled odds of adverse neonatal out-
comes among participants with GDM compared to non-
GDM counterparts, based on the various screening and
diagnostic criteria for GDM

Inclusion criteria

Studies were entered into the analysis if they were: (1) univer-
sally screened the GDM,; (2) provided accurate screening and
diagnosis criteria; (3) being population-based design; (4) pro-
vided the one of the short-term neonatal outcomes of in both
pregnant women with GDM and non-GDM. Studies were ex-
cluded if they were: reviews, letter to editor, meeting abstracts,
case reports. There are no restrictions regarding country, age,
race and other demographic characteristics of counterparts.

Search strategy

A comprehensive systematic search up to January 2020 was
performed in the electronic databases including PubMed, Web
of Sciences, and Scopus to retrieve relevant English publica-
tions based on the combination the keywords as follows: ad-
verse pregnancy outcome, pregnancy outcome, pregnancy
complication, small for gestational age (SGA), macrosomia,
large for gestational age (LGA), neonatal distress, respiratory
distress syndrome (RDS), neonatal RDS, neonatal intensive
care unit (NICU) admission, NICU, preterm, hyperbilirubine-
mia, stillbirth, neonatal hypoglycemia, birth trauma, shoulder
dystocia, bone fracture, GDM, gestational diabetes, pregnan-
cy-induced diabetes, glucose intolerances, and impaired glu-
cose tolerances.

Study selection and data extraction

The title and abstract of records screened by two investigators
(M.S.G. and S.B.G.) independently for determining final eligi-
bility criteria. Any disagreements were discussed by two re-
searchers and an another investigator (ER.T.) until consensus
was achieved. Two authors (M.S.G. and R.B.Y.) applied data
extraction. Data were extracted from full text of studies includ-
ing name of first author, country, years of publication, sample
size, percent/number of events related to the each outcomes,
diagnostic criteria for GDM, and population characteristics.

Study subgroups
All included studies were classified in seven subgroups based
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Table 1. Screening and diagnosis of gestational diabetes mellitus classifications

No. of impaired

Classification Glucose load S R — Threshold
Group 1 OGTT with 75 g 2-hr 1 >92, 180, and 153 mg/dL for fasting, 1 and 2 hr
Group 2 OGTT with 75 g 2-hr 1 >100 and 144 mg/dL for fasting and 2 hr
Group 3 OGTT with 75 g 2-hr 1 >110 and 140 mg/dL for fasting and 2 hr
Group 4 OGTT with 75 g 2-hr 1 >180 mg/dL for 2 hr
Group 5 GCT with 50 g 1-hr, >140 mg/dL
followed by OGTT with 100 g 3-hr 2 >95, 180, 155, and 140 mg/dL for fasting, 1,2, and 3 hr
Group 6 GCT with 50 g 1-hr, >140 mg/dL
followed by OGTT with 100 g 3-hr 2 >105, 155, 165, and 145 mg/dL for fasting, 1, 2, and 3 hr
Group 7 OGTT with 100 g 3-hr 1 >120, 175, 155, and 140 mg/dL for fasting, 1, 2, and 3 hr

OGTT, oral glucose tolerance test; GCT, glucose challenge test.

on the screening and diagnosis approaches and closest value of
blood glucose thresholds (Table 1).

Outcome measures

The main outcomes in this meta-analysis were nine separate
neonatal short outcomes of SGA, preterm birth, LGA, still-
birth, macrosomia, hyperbilirubinemia, RDS, neonatal hypo-
glycemia, NICU admission, and one composite outcome of
neonatal birth trauma (including bone fracture, shoulder dys-
tocia, birth injury, and Erb’s palsy).

Quality assessment and risk of bias

The methodological quality assessment of included studies was
performed by two investigators (M.S.G. and S.B.G.) indepen-
dently using the Newcastle-Ottawa Scale [10]. This scale is cat-
egorized into three dimensions including selection, compara-
bility and outcomes. The scoring system (range, 0 to 9) is used
to provide final judgment regarding the quality of included
studies. Scores above 6, 3-5, and below 3 were interpreted as
high, moderate, and low quality, respectively. The Cochrane
Collaboration’s tool was used for assessing the risk of bias of
included studies [29]. Risk of bias of cross-sectional studies
was performed in five domains including: bias in selection of
cases and controls, control of prognostic variable and develop-
ment of outcome also in cohort studies the risk of bias evalua-
tion was performed in seven domains including selection, as-
sessment of exposure and outcome, presence of outcome of in-
terest at start of study, control of prognostic variables, presence
or absence of prognostic factors and adequacy regarding fol-
low-up of cohorts. The authors classified their judgment on the
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quality of each study into high risk, unclear risk, or low risk of
bias.

Data analysis

All data analyses were performed in the STATA version 13
(STATA Inc., College Station, TX, USA). We used the Mantel-
Haenszel method to calculate the pooled odds ratios (ORs) of
events. The heterogeneity between studies was assessed using
I* and Cochrane’s Q test. Heterogeneous and non-heteroge-
neous results were analyzed using the random-effects and fixed
effect model respectively [30]. The possibility of publication
bias in the present study was examined by Begg’s test. The trim
and fill method was used to deal with publication bias [31].
Meta-regression was performed to investigate any potential
source of heterogeneity among GDM diagnosis criteria
(IADPSG as a reference group). All results reported in signifi-
cance level of 0.05 with 95% confidence intervals (CIs).

RESULTS

Search results, study characteristics, and quality
assessment

Fig. 1 shows the flow diagram of studies retrieval and study se-
lection. In this review, 55 studies provide information of ad-
verse neonatal outcomes of 1604,391 participants with GDM
and 7,770,855 non-GDM participants. Details of the charac-
teristics of included studies are presented in Supplementary
Table 1. All studies were classified as high quality (Supplemen-
tary Tables 2 and 3) [32-86]. A total of 53 studies were prospec-
tive or retrospective cohorts [32-64,66-82,84-86] and two were
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Fig. 1. Flow diagram of the search strategy and study selection.

cross-sectional studies [66,84]. A total of 19 studies classified
as group 1 [32,36,48,49,53,57,59,60,65-67,69-71,77-79,81,85]
which used IADPSG criteria; six as group 2 [38,51,67,77,83,
86]; three as group 3 [41,58,74]; two as group 4 [37,67]; 22 as
group 5 [33-35,39,42,44,45,47,50,52-54,56,59,61,69,72,73,75,
76,82,85]; eight as group 6 [43,46,54,55,61-63,68], and six as
group 7 [40,44,64,65,80,84]. It should be noted that 10 studies
used more than one GDM classification [44,53,54,59,61,65,67,
69,77,85]. Seventeen studies were conducted in America in-
cluding USA [32,34,42,49,54,55,61,68,75,76,85] and Canada
[35,45,46,69,72,73]; six in Australia [38,51,83,86], New Zea-
land [67], and Cook Islands [66]; 13 in Asia including Iran
[59,60], China [36,53,71,84], Saudi Arabia [78], India [41,58],
Korea [52], Qatar [48], and Japan [44,57]; 18 in Europe, in-
cluding Italy [81], Sweden [37,80], Ireland [64,70,79], UK
[74,77], Israel [43,56,62,82], Croatia [65], Spain [63], Norway
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[40], and Finland [33,39,47]; and one in Mediterranean coun-
tries including Malta, Greece, Serbia, Italy, France, Portugal,
Morocco, Tunisia, Algeria, Syria, and Lebanon [50].

Meta-analysis and meta-regression results

Figs. 2-4 and Supplementary Figs. 1-6 present the forest plot of
outcome measures obtained from Mantel-Haenszel method.
Table 2 shows the overall pooled OR (95% CI) of adverse neo-
natal outcomes, its heterogeneity and publication bias estima-
tion among various subgroups of GDM diagnosis criteria,
compared to non-GDM groups.

Results of meta-analyses showed that, regardless of GDM
screening criteria, the risk of adverse neonatal outcomes in-
cluding LGA (pooled overall OR, 2.02; 95% CI, 1.67 to 2.43),
NICU admission (pooled overall OR, 1.68; 95% CI, 1.53 to
1.85), preterm birth (pooled overall OR, 1.41; 95% CI, 1.25 to

2022 Forthcoming. Posted online 2022  https://e-dmj.org
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Events, Events, %
Authors Year OR (95% CI) Treatment Control Weight
First-classification ;
Avalos, et al. 2013 - 1.66 (1.35,2.04)  141/622 634/4225 2.94
Black, et al. 2010 - 2.27 (1.94,2.67) 264/1691 528/7020 2.99
Capula, et al. 2013 —— 4.84(2.19,10.72) 58/674 71367 197
Donovan, etal. 2017 L J 1.80 (1.65,1.96)  628/4308 14315/165439  3.03
Feng, et al. 2017 --=' 1.65(1.42,1.91)  273/2927 694/11814 3.00
Hosseini, et al. 2018 I—.— 3.12(2.13, 4.58) 55171 100/758 2.71
Kgosidialwa, et al. 2015 —— | 0.77 (0.59, 1.01)  71/567 392/2499 2.87
Meek, et al. 2015 —— 2.08(1.63,2.65) 115/387 406/2406 2.90
Pan, et al. 2015 — 247 (1.93,3.14) 86/429 1493/16173 2.90
Sacks, et al. 2015 - 2.04 (1.78,2.34) 346/1892 785/7943 3.00
Su, etal. 2019 - 1.51 (1.02, 2.25) 32/12843 100/60655 2.68
Waters, et al. 2016 —— 211(1.71,2.61)  134/878 394/5020 2.94
Subtotal (I-squared = 85.2%, p = 0.000) Q 1.90(1.64,2.21)  2203/27389 19848/284319  33.94
Second-classification I
Katterfeld, etal. 2011 L J 1.98 (1.86, 2.10) 1366/7724 19371/197892 3.04
Meek, et al. 2015 —— ! 0.64 (0.43, 0.95) 30/261 406/2406 2.69
Shand, et al. 2008 & | 1.62(1.55,1.69)  2644/16727 36377/349933  3.05
Subtotal (I-squared = 96.2%, p = 0.000) <>: 147 (1.16,1.86)  4040/24712 56154/550231  8.78
Third-classification |
Brand, et al. 2018 —— | 1.21(0.98,1.50)  103/832 1032/9873 293
Jain, et al. 2016 | —— 10.57 (8.21, 13.61) 684/8000 67/7641 2.89
Subtotal (I-squared = 99.4%, p = 0.000) D ——— ] 3 57 (0.39, 32.51) 787/8832 1099/17514 5.83
Fifth-classification !
Boghossian, etal. 2014 - 2.03(1.75,2.36) 219/1279 5369/58224 3.00
Chen, et al. 2019 L ) X 0.95(0.94,0.96)  154457/1047077 67453/439440  3.05
Donovan, et al. 2017 L g | 1.71 (1.60, 1.82) 1223/8780 14315/165439 3.04
Hedderson, etal. 2003 Lﬁ- 2.38(2.00,2.83) 163/840 3543/38515 297
Kaul, et al. 2014 L J 1.91 (1.80, 2.03) 1287/8731 17711/213765 3.04
Koivunen, etal. 2017 -~ 2.29(2.00, 2.63) 276/6679 966/52386 3.01
Kong, et al. 2019 (Y 3 297 (2.87,3.07) 5316/98568 10213/542735  3.05
Lamminpaa, et al. 2014 | & 259(248,2.71)  2588/27154 9996/256170 3.05
Sugaya, et al. 2000 —— 2.08(0.83,5.20)  7/51 20/281 1.76
Waters, et al. 2016 —_— 278(2.01,3.85) 50/261 394/5020 2.80
Zamstein, et al. 2018 L 2 3.29 (3.08, 3.51) 1171/10184 7828/206013 3.04
Subtotal (I-squared = 99.9%, p = 0.000) 2.17 (1.43, 3.29) 166757/1209604 137808/1977988 31.81
Sixth-classification :
Gortazar, et al. 2018 & . 1.54 (1.50, 1.58) 6549/35729 89517/704148 3.05
Hedderson, etal. 2003 - 1.80(1.56,2.08)  235/1523 3543/38515 3.00
Jacobson, etal. 1989 —— 2.16 (1.39, 3.35) 31/97 377/2107 2.61
Kieffer, et al. 1999 &= 1.78 (0.57, 5.60) 4/19 46/353 1.42
Xiong, et al. 2001 | - 3.59(3.16,4.08)  284/2755 3369/108664 3.01
Subtotal (I-squared = 97.6%, p = 0.000) T 211(1.38,324)  7103/40123 96852/853787  13.09
. |
Seventh-classification |
Anderberg, etal. 2010 + 2.26(1.14,4.48) 26/306 13/329 217
Pan, et al. 2015 ——0—| 1.25(0.85,1.85)  29/257 1493/16173 2.70
Sugaya, et al. 2000 ——-01— 1.60(0.61,4.18) 6/55 20/281 1.69
Subtotal (I-squared = 9.1%, p = 0.333) <>r 1.49(1.05,211) 61/618 1526/16783 6.55
Overall (l-squared =99.6%, p = 0.000) ¢ 2.02 (1.67,2.43) 180951/1311278 313287/3700622 100.00
NOTE: Weights are from random effects analysis |
|
.0308 1 325

Fig. 2. Forest plot of large for gestational age obtained from Mantel-Haenszel method. Effect size (odds ratio [OR]) and 95% con-
fidence intervals (CIs) for; pooled estimates of effect size are indicated by vertical points of diamonds and 95% CI are represented

by horizontal points.

1.60), neonatal hypoglycemia (pooled overall OR, 4.84; 95%
CI, 3.24 to 7.25), birth trauma (pooled overall OR, 1.51; 95%
CI, 1.24 to 1.82), macrosomia (pooled overall OR, 1.61; 95%
CI, 1.43 to 1.82), hyperbilirubinemia (pooled overall OR, 1.50;
95% CI, 1.22 to 1.86), and RDS (pooled overall OR, 1.51; 95%
CI, 1.23 to 1.85) significantly increased in women with GDM
as compared with the non-GDM group. However, the adverse
events of stillbirth was not significantly different between the

https://e-dmj.org  Diabetes Metab J 2022 Forthcoming. Posted online 2022

groups (pooled overall OR, 1.06; 95% CI, 0.78 to 1.44) and the
risk of SGA in women with GDM was 0.2 fold lower than in
non-GDM (pooled overall OR, 0.80; 95% CI, 0.69 to 0.92).
However, the same results were found for subgroup of GDM
diagnostic classification analyses. In this respect, the subgroups
analyses demonstrated that the risk of adverse neonatal events
including LGA, macrosomia, hyperbilirubinemia, NICU ad-
mission, neonatal hypoglycemia, preterm birth, and birth
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Events, Events, %

Authors Year OR (95% CI) Treatment Control Weight
First-classification !

Aung, et al. 2015 1.76 (0.76,4.08)  8/92 22/428 1.01
Avalos, et al. 2013 | - 3.62(2.95,4.46) 164/622 380/4225 4.98
Capula, et al. 2013 ———— 4.00 (1.68,9.50) 42/674 6/367 0.97
Ekeroma, et al. 2014 —_— 1.04 (0.59, 1.81)  15/238 102/1672 1.92
Hosseini, et al. 2018 I—‘-._ 2.11(1.12,3.98) 15171 33/758 1.60
Kgosidialwa, et al. 2015 —— 2.25(1.71,2.95) 88/567 189/2499 422
Meek, et al. 2015 — ! 0.95(0.60, 1.51)  22/387 143/2406 248
Soliman, et al. 2018 . 1.40 (1.24,1.57)  483/3027 1076/8995 6.02
Wahabi, et al. 2017 —— 1.16 (0.93,1.46)  110/2354 281/6951 4.76
Waters, et al. 2016 —— 1.32(1.01,1.73)  71/878 313/5020 4.25
Subtotal (I-squared = 90.3%, p = 0.000) <> 170(1.25,230) 1018/9010  2545/33321 3220
: |

Second-classification |

Ekeroma, et al. 2014 ——t 1.26 (0.88, 1.81)  46/608 102/1672 3.29
Katterfeld, et al. 2011 - | 1.14 (1.01,1.29)  274/7724 6168/197892  5.95
Meek, et al. 2015 g - 1.24 (0.76, 2.04) 19/261 143/2406 2.26
Shand, et al. 2008 L 1.41(1.27,1.56) 404/16727 6030/349933 6.16
Subtotal (I-squared = 55.5%, p = 0.081) o | 1.27 (1.10,1.47)  743/25320  12443/551903 17.65
Third-classification :

Goswami Mahanta, et al. 2014 | . - 11.04 (2.76, 44.12) 3/28 8/744 0.41
Subtotal (I-squared =.%, p = .) | 11.04 (2.76, 44.12) 3/28 8/744 0.41

. |

Fourth-classification |

Ekeroma, et al. 2014 - 1.36 (0.90,2.07)  31/381 102/1672 2.80
Subtotal (I-squared = .%, p = .) <CI> 1.36 (0.90,2.07)  31/381 102/1672 2.80
Fifth-classification !

Boghossian, et al. 2014 - 1.73 (1.46,2.05) 159/1279 4422/58224 5.44
Kaul, et al. 2014 L 2 1.40 (1.32, 1.49) 1172/8731 21286/213765 6.46
Kawakita, et al. 2017 * 1.60 (1.52, 1.68)  1948/11327 23961/208355 6.53
Koivunen, et al. 2017 L 1.73(1.60,1.88) 861/6679 4119/52386 6.35
Lamminpaa, et al. 2014 * 1.71(1.65,1.77)  4709/27154 28028/256170 6.60
Oster, et al. 2014 - 2.04 (1.74,2.39) 197/1224 2304/26793 5.56
Savona-Ventura, etal. 2013 —_— 1.84(0.85,4.01) 8/112 46/1149 1.16
Waters, et al. 2016 | ——— 1.59 (1.04, 2.44)  25/261 313/5020 273
Subtotal (I-squared = 82.4%, p = 0.000) q 166 (1.54,1.79) 9079/56767 84479/821862 40.82
Seventh-classification :

Anderberg, et al. 2010 | —— 5.15(2.80,9.46) 57/306 14/329 1.70
Gillespie, et al. 2013 | — 3.51(2.72,4.53) 98/354 395/4018 4.41
Subtotal (I-squared = 26.2%, p = 0.244) | o 3.85(2.77,5.35)  155/660 409/4347 6.11

. |

Overall (l-squared =89.2%, p = 0.000) 0 1.69 (1.54,1.85) 11029/92166 99986/1413849 100.00
NOTE: Weights are from random effects analysis :

|

.0227 1

441

Fig. 3. Forest plot of neonatal intensive care unit obtained from Mantel-Haenszel method. Effect size (odds ratio [OR]) and 95%
confidence intervals (CIs) for; pooled estimates of effect size are indicated by vertical points of diamonds and 95% CI are repre-

sented by horizontal points.

trauma in women with GDM in all of the GDM diagnostic
classification were significantly higher than non-GDM coun-
terparts (Table 2). For example subgroup analyses in IADPSG
classification showed that the risk of LGA (pooled OR, 1.90;
95% CI, 1.64 to 2.21), macrosomia (pooled OR, 1.59; 95% CI,
1.35 to 1.89), hyperbilirubinemia (pooled OR, 1.17; 95% CI,
1.07 to 1.28), RDS (pooled OR, 1.60; 95% CI, 1.18 to 2.15),
NICU admission (pooled OR, 1.70; 95% CI, 1.25 to 2.30), neo-
natal hypoglycemia (pooled OR, 4.16; 95% CI, 2.42 to 7.17),
preterm birth (pooled OR, 1.32; 95% CI, 1.18 to 1.48), and
birth trauma (pooled OR, 1.48; 95% CI, 1.24 to 1.69) in wom-
en with GDM were significantly higher than non-GDM popu-
lation. As well, no significant results were found in the risk of
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stillbirth (pooled OR, 0.71; 95% CI, 0.46 to 1.09) and also the
risk of SGA (pooled OR, 0.77; 95% CI, 0.66 to 0.91) was signif-
icantly lower than in non-GDM counterparts.

However, the results of meta-regression revealed that the
magnitude of the risk of those adverse neonatal outcomes in
the JADPSG criteria, as the strictest one, was similar to other
classification (Supplementary Fig. 7).

Publication bias and risk of bias

The results of Begg’s test showed that there were no substantial
publication bias among various outcomes, except for outcome
of LGA, which was corrected by trim and fill method of cor-
rection (Table 2). Majority of included studies were judged to

2022 Forthcoming. Posted online 2022  https://e-dmj.org
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Events, Events, %

Authors Year OR (95% CI) Treatment Control Weight
First-classification :
Aung, et al. 2015 1.56 (0.31,7.87) 2/92 6/428 0.48
Black, et al. 2010 —— 1.61(1.34, 1.93) 173/1691 465/7020 2.46
Capula, et al. 2013 1.59 (0.85, 2.96) 40/674 14/367 1.57
Donovan, et al. 2017 1.52(1.37, 1.68) 409/4308 10697/165439 2.56
Ekeroma, et al. 2014 ——.— 1.45 (0.83, 2.53) 16/238 79/1672 1.71
Feng, etal. 2017 —— . 0.78 (0.65,0.94)  146/2927 743/11814 2.46
Hosseini, et al. 2018 ——.— 1.53 (0.87, 2.69) 18/171 54/758 1.70
Kgosidialwa, et al. 2015 _.— 1.64 (1.08, 2.50) 31/567 85/2499 2.00
Meek, et al. 2015 .—.— 1.57 (0.97, 2.54) 21/261 127/2406 1.87
Morikawa, et al. 2017 L 2 1.41(1.34, 1.48) 2316/13037 29668/223108 2.59
Pan, et al. 2015 —t— — 1.14 (0.73, 1.78) 21/429 699/16173 1.95
Sacks, et al. 2015 —— 154 (1.28,1.84)  174/1892 491/7943 247
Soliman, et al. 2018 —— 1.45 (1.24, 1.68) 271/3027 573/8995 251
Su, etal. 2019 L o 1.56 (1.38, 1.77) 328/12843 1000/60655 2.53
Wahabi, et al. 2017 —— 1.08 (0.91, 1.28) 196/2354 541/6951 2.48
Waters, et al. 2016 ——— | 0.67 (0.47, 0.95) 36/878 301/5020 2.15
Subtotal (I-squared = 80.2%, p = 0.000) q 1.32(1.18, 1.48) 4198/45389 45543/521248 33.51
Second-classification |
Ekeroma, et al. 2014 —-.—|— 1.16 (0.76, 1.76) 33/608 79/1672 2.01
Katterfeld, et al. 2011 -.' 0.92 (0.85, 1.01) 551/7724 15184/197892 2.57
Meek, et al. 2015 —— 1.45 (0.96, 2.21) 29/387 127/2406 2.01
Shand, et al. 2008 < 1.45 (1.36, 1.55) 1114/16727 16378/349933 2.59
Subtotal (I-squared = 95.6%, p = 0.000) ‘o 1.21(0.88, 1.68) 1727/25446 31768/551903 9.18
Third-classification I
Goswami Mahanta, etal. 2014 = 1.53 (0.52, 4.54) 4/28 73/744 0.87
Subtotal (I-squared =.%, p =.) ————— 153 (0.52,4.54)  4/28 73/744 0.87
Fourth-classification |
Ekeroma, et al. 2014 — 1.24 (0.76, 2.01) 22/381 79/1672 1.86
Subtotal (I-squared = %, p =) 1.24(0.76,2.01)  22/381 7911672 1.86
Fifth-classification I
Boghossian, et al. 2014 J—.— 1.63(1.37,1.94)  146/1279 4260/58224 2.47
Car, etal. 2011 —— | 1.10(0.94,1.29)  244/1314 835/4863 2.50
Chen, etal. 2019 L] | 0.89 (0.88, 0.90) 69140/1047077 32299/439440 2.60
Donovan, et al. 2017 1 | <& 4.75 (4.51,5.01) 2172/8780 10697/165439 259
Edith,Kieffer et al. 2006 _._ 3.77 (1.94,7.32) 13/68 55/933 1.49
Hedderson, et al. 2003 —— | 0.99 (0.76, 1.31) 56/840 2581/38515 231
Karmon, et al. 2009 -.- * 0.92 (0.85, 0.99) 787/10227 14444/174029 2.58
Kawakita, et al. 2017 | ’ 1.59 (1.51, 1.68) 1846/11327 22711/208355 2.59
Koivunen, et al. 2017 + 1.27 (1.13, 1.43) 348/6679 2174/52386 2.54
Kong, et al. 2019 L ) 0.96 (0.93, 0.99) 5023/98568 28661/542735 2.60
Lamminpaa, et al. 2014 -.- ! 1.01(0.93, 1.11) 528/27154 4915/256170 257
Leybovitz Haleluya, etal. 2018 " 1.36 (1.27, 1.47) 845/10184 12819/206013 2.58
Metcalfe, et al. 2017 0 < 1.63 (1.60, 1.66) 15741/149780 180917/2688231  2.60
Oster, et al. 2014 -.— 1.88 (1.61, 2.20) 196/1224 2465/26793 2.50
Savona-Ventura, et al. 2013 B s e 1.90(1.09,3.31)  17/112 99/1149 1.71
Son, etal. 2014 . 1.46 (1.40, 1.53) 2330/78716 23943/1171575 2.59
Sugaya, et al. 2000 i -~ 3.90 (1.44,10.61)  7/51 11/281 0.97
Waters, et al. 2016 —— 5.52(4.09,7.46)  68/261 301/5020 2.26
Subtotal (I-squared = 99.7%, p = 0.000) b 1.61(1.29, 2.00) 99507/1453641 344187/6040151  42.06
. |
Sixth-classification
Gortazar, et al. 2018 L 3 1.36 (1.32, 1.40) 5597/35729 84760/704148 2.60
Hedderson, et al. 2003 —.— 0.58 (0.45, 0.75) 61/1523 2581/38515 2.34
Jacobson, et al. 1989 : A 1.17 (0.53, 2.58) 7197 131/2107 1.27
Xiong, et al. 2001 - 1.43(127,1.62)  287/2755 8150/108664 2.54
Subtotal (I-squared = 92.8%, p = 0.000) <>r 1.09(0.82,1.46)  5952/40104 95622/853434 8.74
Seventh-classification |
Anderberg, et al. 2010 ! : 3.44 (1.59,7.44) 27/306 9/329 1.30
Pan, etal. 2015 — — 1.47 (0.88, 2.45) 16/257 699/16173 1.81
Sugaya, et al. 2000 _ S 142(0.38,5.25)  3/55 11/281 0.67
Subtotal (I-squared = 42.7%, p = 0.175) — 1.95(1.07,3.56)  46/618 719/16783 3.77
Overall (I-squared = 99.3%, p = 0.000) $ 1.42 (1.25, 1.60) 111456/1565607  517991/7985935  100.00
NOTE: Weights are from random effects analysis 1 I

.0942 1 10.6

Fig. 4. Forest plot of preterm obtained from Mantel-Haenszel method. Effect size (odds ratio [OR]) and 95% confidence intervals
(CIs) for; pooled estimates of effect size are indicated by vertical points of diamonds and 95% CI are represented by horizontal

points.

be at low risk of bias for evaluated domains (Supplementary
Figs. 8 and 9). Majority of cross-sectional studies had a low or
probably low risk of bias in the development of outcome of in-
terest in case and controls, selection of cases and controls and
also in assessment of exposure domains. However, half of them
had probably high risk of bias in control of prognostic vari-

https://e-dmj.org  Diabetes Metab J 2022 Forthcoming. Posted online 2022

ables. Moreover, cohort studies were judged to have at low risk
of bias for selection of exposed and non-exposed cohorts, pres-
ence of outcome of interest at start of study, outcome assess-
ment, assessment of prognostic factors and adequacy of fol-
low-up of cohorts; however, one-fifth of them of them had
probable high risk of bias in assessment of exposure and 15%
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Table 2. Results of heterogeneity and publication bias estimation and subgroup meta-analysis for risk adverse neonatal outcome
among women with gestational diabetes based on various GDM screening strategy group

S — C%DM. Publ%calfion Heterogeneity Sample size OR Pvalue fror.n
classification bias % Pvalue GDM Control (95% CI) meta-regression
SGA 1 0.881 39.2 0.130 21,877 243,938 0.77 (0.66-0.91) Ref
2 0.317 81.4 0.021 16,988 352,339 1.03 (0.65-1.62) 0.256
5 0.458 99.4 0.001 1,204,066 1,912,549 0.74 (0.55-0.98) 0.236
6 0.174 0 0.988 40,026 851,680 0.90 (0.87-0.94) 0.874
Overall 0.059 98.4 0.001 1,284,095 3,370,708 0.80 (0.70-0.93)° -
LGA 1 0.583 85.2 0.001 27,389 284,319 1.90 (1.64-2.21) Ref
2 0.602 96.2 0.001 24,712 550,231 1.47 (1.16-1.86) 0.212
3 0.317 99.4 0.001 8,832 17,514 3.57(0.39-32.51) 0.365
5 0.024° 99.9 0.001 1,209,604 1,977,988 2.17 (1.43-3.29) 0.845
6 0.624 96.7 0.001 40,123 853,787 2.11(1.38-3.24) 0.365
7 0.602 9.1 0.335 618 16,783 1.49 (1.05,2.11) 0.965
Opverall 0.000° 99.6 0.001 1,311,278 3,700,622 2.02° (1.67-2.43)° -
Macrosomia 1 0.464 86 0.001 29,846 315,420 1.59 (1.35-1.89) Ref
2 1.000 76.3 0.006 1,058 4,480 0.72 (0.39-1.33) 0.251
4 0.317 87.5 0.005 497 13,938 1.36 (0.42-4.37) 0.452
5 1.000 98.4 0.001 54,351 1,090,454 1.94 (1.51 -2.49) 0.369
6 0.317 90.7 0.001 40,641 856,341 1.57 (1.28 -1.93) 0.569
7 0.497 73.9 0.009 2,779 58,909 1.36 (0.97-1.90) 0.854
Overall 0.445 96.2 0.009 129,200 2,340,286 1.62 (1.43-1.82)° -
Hyperbilirubinemia 1 0.188 14.4 0.322 8,333 30,103 1.17 (1.07-1.28) Ref
5 1.000 64.4 0.024 8,382 117,060 1.37(1.12-1.68) 0.526
6 0.317 93.4 0.001 539 2,931 2.82(0.63-12.60) 0.687
Overall 0.458 90.7 0.001 25,309 158,016 1.51 (1.22-1.86)° -
Stillbirth 1 0.458 54.7 0.031 24,625 425,869 0.71 (0.46-1.09) Ref
2 0.602 0 0.381 17,596 354,011 1.13 (0.87-1.48) 0.251
3 0.317 0 0.999 8,028 8,385 2.35(1.87,2.97) 0.236
4 0.317 93.2 0.001 497 13,938 2.19 (0.00-1,045.39) 0.028°
5 0.805 71.7 0.001 33,075 638,980 1.14 (0.77-1.69) 0.017¢
6 0.602 0 0.634 3,044 114,961 0.94 (0.49-1.79) 0.258
Overall 0.662 79.3 0.001 87,122 1,572,317 1.07 (0.79-1.45) -
RDS 1 0.117 0 0.396 2,737 9,068 1.60 (1.18-2.15) Ref
5 0.327 55.2 0.063 19,448 320,395 1.41 (1.10-1.80) 0.256
6 0.317 68.8 0.073 539 2,931 1.60 (0.24-10.49) 0.854
Opverall 0.586 44 0.057 22,779 332,675 1.51 (1.23-1.85)¢ -
NICU admission 1 0.245 90.3 0.001 9,010 33,321 1.70 (1.25-2.30) Ref
2 0.497 55.5 0.081 25,320 551,903 1.27 (1.10 -1.47) 0.258
5 0.621 82.4 0.001 56,767 821,862 1.66 (1.54-1.79) 0.369
Overall 0.280 89.2 0.001 92,166 1,413,849 1.69 (1.54-1.85)¢ -
Neonatal hypoglycemia 1 1.000 75.2 0.003 7,038 24,824 4.16 (2.42-7.17) Ref
5 1.000 97.9 0.001 8,270 115,911 2.78 (0.57-13.50) 0.523
Overall 0.186 97.4 0.001 32,132 492,775 4.84 (3.24-7.25)° -
(Continued to the next page)
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Table 2. Continued
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Outcomes® CTDM. Publ%ca:ion Heterogeneity Sample size OR Pvalue fror.n
classification bias % Pvalue GDM Control (95% CI) meta-regression
Preterm 1 0.105 80.2 0.001 45,839 521,248 1.32(1.18-1.48) Ref
2 1.000 95.6 0.001 25,446 551,903 1.21 (0.88-1.68) 0.254
5 0.910 99.7 0.001 1,453,641 6,040,151 1.61 (1.29-2.00) 0.165
6 0.174 92.8 0.001 40,104 853,434 1.09 (0.82-1.46) 0.895
7 0.602 42.7 0.175 618 16,783 1.95 (1.07-3.56) 0.207
Overall 0.166 99.3 0.001 1,565,607 7,985,935 1.42 (1.25-1.60)°
Birth trauma 1 1.000 0 0.443 7,178 24,780 1.45 (1.24-1.69) Ref
2 0.317 89.6 0.002 24,451 547,825 1.28 (1.00-1.66) 0.257
5 0.652 78.2 0.001 124,428 1,718,553 1.57 (1.24-2.00) 0.584
6 0.317 72 0.059 539 2,931 1.34(0.10-17.81) 0.985
Overall 0.368 88.1 0.001 156,596 2,294,089 1.51 (1.25-1.83)°

GDM, gestational diabetes mellitus; OR, odds ratio; CI, confidence interval; SGA, small for gestational age; LGA, large for gestational age; RDS,

respiratory distress syndrome; NICU, neonatal intensive care unit.

*All subgroups analyses did not performed due to lack of available data, "Obtained from trim and fill method, “Statistically significant level

P<0.05.

of them had high risk of bias controlling prognostic variables.

DISCUSSION

In this meta-analysis of observational studies, we evaluated the
impact of several diagnostic criteria for GDM on the risk of
adverse-neonatal-outcomes. Briefly, the results showed that
neonates of women with GDM have higher risk of adverse out-
comes of LGA macrosomia, hyperbilirubinemia, RDS, neona-
tal hypoglycemia, NICU admission, preterm birth and birth
trauma than the neonates of women without GDM group;
however, the magnitude of these adverse neonatal outcomes
were not significantly varies by different diagnostic criteria for
GDM.

During pregnancy failure to adapt with physiological chang-
es of pregnancy as a result of the dysfunction in pancreatic
B-cell, and developing the GDM considered as a threatening
factor for maternal and child health [87]. It is well established
that the risk of adverse neonatal outcomes are increased
among women with GDM [88].

There are many guidelines which provide various recom-
mendations for screening and diagnosis criteria of GDM
[89,90], but debate about the screening and diagnosis for GDM
still continue in the literature. Different approaches identify
different feto-maternal and neonatal risks leading to variation
in prevalence and pregnancy related outcomes [3,32-86,91].

https://e-dmj.org  Diabetes Metab J 2022 Forthcoming. Posted online 2022

However stringent criteria of IADPSG, that is accepted by
many organizations, led to increase of GDM cases [3]. Howev-
er, there are limited evidence to support the IADPSG criteria
to prove clinically significant improvements in maternal and
neonatal outcomes. The main purpose of these struggles is to
find a practical strategy with minimum costs, adverse mater-
nal-fetal outcomes and maximum availability especially in low
health resources countries. The results of this systemic review
and meta-analysis confirmed the previous findings about in-
creased risk of adverse neonatal outcomes among women with
GDM. In addition, it revealed that the magnitude of those in-
creased risk are similar in various GDM diagnostic criteria.

There are extensive discussions regarding the cost-effective-
ness of different GDM diagnosis criteria in the literature [92-
95]. Considering that those increased cased without any im-
provement in pregnancy outcomes potentially may lead to
over medicalization of pregnant women [96,97] and therefore
increased health costs, and decreased physical, psychological,
social, and other aspects of quality of life in pregnant women
[98].

In line with the findings of current meta-analysis, in another
our recent published meta-analysis with the same classification
for GDM screening, we found that magnitude of the risks of
adverse maternal outcomes including primary cesarean sec-
tion, induction of labor, maternal hemorrhage, pregnancy re-
lated hypertension, and gestational weight gain are similar all
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GDM screening strategies classifications [99]. In agreement,
Wendland et al. [88] (2012), in a systematic review study dem-
onstrated that risk of LGA among participants with GDM was
higher than non-GDM counterparts in both WHO and the
IADPSG criteria, and also the magnitude of this risk was simi-
lar in both criteria. Hartling et al. [100] (2014), in their meta-
analysis found higher glucose thresholds did not consistently
demonstrate greater risk of adverse pregnancy outcomes. Fur-
ther, Hosseini and Janghorbani [101] (2018) in a meta-analysis
reported that women with GDM diagnosed with either the
one-step or the two-step approach were at increased risk for
selected adverse pregnancy outcomes. The associations with
the two-step method were slightly stronger. However, all of
these mentioned studies have not compared the various exist-
ing criteria and did not provided the majority of neonatal out-
comes.

However, in the present study, the risk of stillbirth was not
significantly different between the women with GDM and
non-GDM groups. Additionally, compared to non-GDM
women, the risk of SGA was significantly lower in women with
GDM. It may be due to that all of women diagnosed with
GDM have been received glucose lowering therapy in order to
decrease the feto-maternal adverse outcomes, particularly
some sever outcomes such as stillbirth. It is well known that
optimal control of maternal blood glucose could strongly de-
crease risk of still birth [102]. Also it should be noted that still-
birth rates vary based on the management option (insulin/
diet) and gestational week, but due to the limitations of the
data we cannot adjust the mentioned factors. In addition it is
well documented that intensive therapy for GDM may affect
the fetal growth and increase the SGA rate [103,104]. More-
over, vasculopathy plays a role in increased risk of SGA in
GDM suffering women [105-107].

This review has certain strengths and limitations. Popula-
tion-based design of included studies with high quality, large
sample size of GDM, and non-GDM participants from differ-
ent countries, estimation of the pooled risk of several neonatal
outcomes in different subgroups of GDM classifications let us
to present reliable evidence. In addition, Subgroup analysis
and assessed multiple available GDM screening and diagnostic
criteria were considered as the strength of our study. However,
our meta-analysis has limitations, such as the presence of sig-
nificant heterogeneity in some subgroup analyses, only studies
published in English included, and did not investigate grey lit-
erature. In addition, due to lack of data, we could not perform
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some subgroup analysis. Additionally, different definitions of
outcome measures across included studies may impose poten-
tial limitations in this meta-analysis. There is a need for future
meta-analysis and observational studies about the long term
effect of GDM from childhood into adulthood GDM based on
the different classifications of GDM diagnosis criteria.

In conclusion, our results showed that the risk of adverse
neonatal outcome increased among women with GDM, but
the magnitude of risk was not different among those women
who were diagnosed through more or less intensive strategies.
These findings may help health-care-providers and policy
makers to select the most cost-effective approach for the
screening of GDM among pregnant women.
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Adverse neonatal outcomes and GDM criteria I I l
Events, Events, %
Authors Year OR (95% CI) Treatment Control Weight
First-classification | !
Aung, et al. 2015 1.66 (0.93, 2.95) 19/92 58/428 1.87
Capula, et al. 2013 —— 1.65 (0.65, 4.20) 18/674 6/367 1.10
Donovan, et al. 2017 L 3 1.46 (1.34, 1.60) 594/4308 16309/165439 3.24
Ekeroma, et al. 2014 —— 2.49 (1.59, 3.91) 28/238 85/1672 225
Erjavec, et al. 2016 L J 1.61(1.42, 1.83) 314/1829 4245/37263 3.18
Feng, et al. 2017 < 1.36 (1.18, 1.57) 283/2927 861/11814 3.15
Hosseini, et al. 2018 ——— 5.13 (2.22, 11.82) 12171 11/758 1.27
Kgosidialwa, et al. 2015 - I 0.61(0.47, 0.78) 771567 515/2499 2.86
Meek, et al. 2015 - 2.02(1.59, 2.58) 112/387 403/2406 2.90
Pan, etal. 2015 - 2.25(1.74,2.91) 73/429 1351/16173 2.86
Soliman, et al. 2018 -« 1.39 (1.17, 1.65) 205/3027 447/8995 3.09
Su, etal. 2019 —— 1.28 (0.83, 1.95) 27/12843 100/60655 233
Wahabi, et al. 2017 - 1.99 (1.55, 2.57) 103/2354 156/6951 2.87
Subtotal (I-squared = 86.0%, p = 0.000) | Q 1.59 (1.35, 1.89) 1865/29846  24547/315420  32.97
Second-classification '
Ekeroma, et al. 2014 —— 1.24 (0.84, 1.85) 38/608 85/1672 243
Hoorn, et al. 2002 —— 1.13 (0.37, 3.50) 4/51 18/258 0.84
Meek, et al. 2015 —— | 0.50 (0.33, 0.78) 24/261 403/2406 2.31
Moses, et al. 1995 — 0.41(0.19, 0.87) 11/138 25/144 1.44
Subtotal (I-squared = 76.3%, p = 0.006) - : 0.72 (0.39, 1.33) 7711058 531/4480 7.02
Third-classification |
Goswami Mahanta, et al. 2014 | ——r— 7001 (21.42, 228.82) 9/28 5/744 0.78
Subtotal (I-squared = .%, p = .) I — e 70.01(21.42,228.82) 9/28 5/744 0.78
Fourth-classification |
Ekeroma, et al. 2014 —— | 0.77 (0.44, 1.34) 15/381 85/1672 1.92
Aberg, et al. 2000 2.45(1.34,4.48) 12/116 552/12266 1.80
Subtotal (I-squared = 87.5%, p = 0.005) —] 1.36 (0.42, 4.37) 271497 637/13938 3.71
Fifth-classification
Boghossian, et al. 2014 - 1.69 (1.42,2.01) 151/1279 4267/58224 3.08
Donovan, et al. 2017 L J 1.13 (1.05, 1.21) 963/8780 16309/165439 3.26
Edith Kieffer et al. 2006 —— 1.58 (0.76, 3.31) 9/68 82/933 1.47
Hedderson, et al. 2003 <~ 1.90 (1.61,2.23) 197/840 5354/38515 3.1
Hosseini, et al. 2018 -~ 7.82(0.79,77.18) 1/35 3/801 0.25
Karmon, et al. 2009 L J 2.20 (2.05, 2.36) 961/10227 7831/174029 3.26
Kawakita, et al. 2017 L 3 1.72 (1.62,1.82) 1314/11327 14793/208355 3.27
Leybovitz?Haleluya, et al. 2018 L J 2.46 (2.30, 2.63) 1042/10184 9132/206013 3.26
Oster, et al. 2014 L J 2.14 (1.88,2.42) 367/1224 4474/26793 3.18
Savona-Ventura, et al. 2013 B e 1.54 (0.79, 2.99) 11112 76/1149 1.64
Schwartz, et al. 1999 —— 1.61(0.99, 2.62) 22/91 692/4190 2.14
Zamstein, et al. 2018 . L ) 3.52(3.32,3.74) 1420/10184 9065/206013 3.27
Subtotal (I-squared = 98.4%, p = 0.000) o 1.94 (1.51, 2.49) 6458/54351 72078/1090454 31.18
- 1
Sixth-classification
Fraser, et al. 1994 - 2.00 (1.52, 2.65) 123/442 133/824 2.80
Gortazar, et al. 2018 L J 1.90 (1.83, 1.96) 3801/35729 41607/704148 3.28
Hedderson, et al. 2003 L J 1.25 (1.09, 1.44) 256/1523 5354/38515 3.16
Schwartz, et al. 1999 —— 1.13(0.77, 1.64) 35/192 692/4190 2.49
Xiong, et al. 2001 L d 1.63 (1.43, 1.86) 256/2755 6411/108664 3.17
Subtotal (I-squared = 90.7%, p = 0.000) °| 1.57 (1.28, 1.93) 4471/40641 54197/856341 14.90
Seventh-classification |
Anderberg, et al. 2010 ¢ 0.71(0.31, 1.60) 10/306 15/329 1.31
Erjavec, et al. 2016 -« 1.57 (1.32, 1.85) 169/953 5048/41703 3.09
Gu, etal. 2019 - 1.98 (1.51, 2.60) 250/1263 78/704 2.81
Pan, etal. 2015 —— 0.93 (0.58, 1.47) 20/257 1351/16173 222
Subtotal (I-squared = 73.9%, p = 0.009) > 1.36 (0.97, 1.91) 449/2779 6492/58909 9.44
Overall (I-squared = 96.2%, p = 0.000) ¢ 1.62(1.43,1.82) 13356/129200 158487/2340286 100.00
NOTE: Weights are from random effects analysis 1
[ |
00437 1 229

Supplementary Fig. 1. Forest plot of macrosomia obtained from Mantel-Haenszel method. Effect size (odds ratio [OR]) and
95% confidence intervals (CIs) for; pooled estimates of effect size are indicated by vertical points of diamonds and 95% CI are
represented by horizontal points.
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Authors Year

First-classification

Black, et al 2010
Capula, et al. 2013
Hosseini, et al. 2018
Sacks, etal. 2015
Soliman, et al. 2018
Waters, et al. 2016

Subtotal (I-squared = 14.4%, p = 0.322)

Third-classification

Jain, et al 2016

Subtotal (I-squared =.%, p =.)

Fifth-classification

Boghossian, et al 2014
Koivunen, et al. 2017
Savona-Ventura, et al. 2013
Sugaya, et al. 2000
Waters, et al. 2016

Subtotal (I-squared = 64.4%, p = 0.024)

Sixth-classification
Fraser, et al 1994
Jacobson, et al. 1989

Subtotal (I-squared = 93.4%, p = 0.000)

Seventh-classification

Sugaya, et al. 2000

Events,
OR (95% Cl) Treatment
v
|
—— : 1.14 (0.98, 1.32) 264/1691
L -<- 2.95 (0.85, 10.19) 16/674
_0—:» 0.92 (0.56, 1.52) 21171
- : 1.10 (0.97, 1.25) 404/1892
— 1.27 (1.09, 1.47) 270/3027
—QJI— 1.33(0.99, 1.79) 57/878
o ] 1.17 (1.07, 1.28) 1032/8333
— 451 (3.55,5.73) 382/8000

L 3

<> 4.51(3.55,5.73) 382/8000

Subtotal (I-squared =.%,p =.)

Overall (I-squared = 90.7%, p = 0.000)

NOTE: Weights are from random effects analysis

1.21(1.06, 1.39) 283/1279
1.45 (1.29, 1.64) 324/6679
0.66 (0.31, 1.39) 8112
2.48 (1.15,5.38) 11/51
—— 1.76 (1.12,2.78) 221261
Q 1.37 (1.12, 1.68) 648/8382

|

|

1

—— 1.38 (1.07, 1.78) 139/442

: —— 626 (3.02, 12.97) 10/97

I 2.82 (0.63, 12.60) 149/539

|

|

|

: 0.34 (0.08, 1.48) 2/55

J 0.34 (0.08, 1.48) 2/55

|

|
151 (1.22, 1.86) 2213/25309

Events,

Control

980/7020
3/367
100/758
1571/7943
646/8995
249/5020
3549/30103

84/7641

84/7641

11059/58224
1776/52386
120/1149
28/281
249/5020

13232/117060

206/824
38/2107
244/2931

28/281

28/281

17137/158016

%

Weight

445

1277

100.00

0771

Supplementary Fig. 2. Forest plot of hyperbilirubinemia obtained from Mantel-Haenszel method. Effect size (odds ratio [OR])
and 95% confidence intervals (CIs) for; pooled estimates of effect size are indicated by vertical points of diamonds and 95% CI are

represented by horizontal points.
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Adverse neonatal outcomes and GDM criteria I I l

Events, Events, %
Authors Year OR (95% Cl) Treatment Control Weight
First-classification 1
Donovan, et al. 2017 —— 1.22 (0.70, 2.13) 13/4308  408/165439  6.08
Ekeroma, et al. 2014 T 0.70 (0.09, 5.50) 1/238 10/1672 1.70
Hosseini, et al. 2018 ¢J 0.88 (0.04, 18.46)  0/171 2/758 0.88
Meek, et al. 2015 -0~ 1.24 (0.14,10.68)  1/387 5/2406 1.59
Morikawa, et al. 2017 - 0.50 (0.37, 0.67) 46/13037  1562/223108 7.10
Pan, et al. 2015 —_—— 0.35 (0.05, 2.54) 1/429 106/16173 1.81
Soliman, et al. 2018 —— 0.39(0.19,0.77) 9/3027 69/8995 5.44
Wahabi, et al. 2017 1.08 (0.66, 1.77) 22/2354  60/6951 6.35
Capula, et al. 2013 (Excluded) 0/674 0/367 0.00
Subtotal (I-squared = 54.7%, p = 0.031) ol 0.71 (0.46, 1.09) 93/24625 2222/425869 30.95
Second-classification
Ekeroma, et al. 2014 -0~ 0.27 (0.03, 2.14) 1/608 10/1672 1.70
Meek, et al. 2015 g 0.83 (0.05, 15.14)  0/261 5/2406 0.96
Shand, et al. 2008 - 1.17 (0.89, 1.53) 55/16727 988/349933  7.17
Subtotal (I-squared = 0.0%, p = 0.381) <> 1.13(0.87, 1.48) 56/17596 1003/354011 9.83

Third-classification

Goswami Mahanta, et al. 2014 —— 2.36(0.13,43.70) 0/28 5/744 0.95
Jain, et al. 2016 - 2.35(1.87,2.97)  247/8000 102/7641 7.28
Subtotal (I-squared = 0.0%, p = 0.999) 2o 2.35(1.87,2.97)  247/8028 107/8385 8.23

Fourth-classification

Ekeroma, et al. 2014 4 0.21(0.01, 3.55) 0/381 10/1672 1.00
Aberg, et al. 2000 —— 19.55 (4.28, 89.18) 2/116 11/12266 263
Subtotal (I-squared = 93.2%, p = 0.000) — e — 2.19 (0.00, 1045.40) 2/497 21/13938 3.63
Fifth-classification

Boghossian, et al. 2014 ———— 1.07 (0.47, 2.40) 6/1279 256/58224 4.94
Donovan, et al. 2017 - 1.25(0.84, 1.84) 27/8780  408/165439  6.76
Hosseini, et al. 2018 I ——— 9.65(1.80, 51.58) 2/35 5/801 2.30
Karmon, et al. 2009 - 0.57 (0.42,0.78) 41/10227  1218/174029 7.04
Kawakita, et al. 2017 - 0.99 (0.74, 1.34) 45/11327  833/208355  7.08
Oster, et al. 2014 — 1.44 (0.92, 2.24) 21/1224  322/26793 6.54
Savona-Ventura, etal. 2013 :I 0.78 (0.04, 13.97)  0/112 6/1149 0.97
Schwartz, et al. 1999 -0~ 2.90(0.38,22.09) 1/91 16/4190 1.73
Subtotal (I-squared =71.7%, p = 0.001) ¢ 1.14 (0.77, 1.69) 143/33075 3064/638980 37.37
Sixth-classification

Jacobson, et al. 1989 -4~ 0.28 (0.02, 4.52) 0/97 38/2107 1.02
Schwartz, et al. 1999 4 1.37 (0.18,10.35)  1/192 16/4190 1.74
Xiong, et al. 2001 —— 0.97 (0.48, 1.95) 8/2755 326/108664  5.41
Subtotal (I-squared =0.0%, p = 0.634) <? 0.94 (0.49, 1.79) 9/3044 380/114961 8.18
Seventh-classification

Pan, et al. 2015 —_— 0.59 (0.08, 4.26) 1/257 106/16173 1.81
Subtotal (I-squared =.%, p =.) <> 0.59 (0.08, 4.26) 1/257 106/16173 1.81
Overall (I-squared = 79.3%, p = 0.000) <P 1.07 (0.79, 1.45) 551/87122 6903/1572317 100.00

NOTE: Weights are from random effects analysis

.00096 1 1045

Supplementary Fig. 3. Forest plot of stillbirth obtained from Mantel-Haenszel method. Effect size (odds ratio [OR]) and 95%
confidence intervals (CIs) for; pooled estimates of effect size are indicated by vertical points of diamonds and 95% CI are repre-
sented by horizontal points.
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Events, Events, %
Authors Year OR (95% Cl) Treatment Control Weight
|
First-classification |
|
Capula, etal. 2013 T -~ 3.31(0.74, 14.86) 12/674 21367 173
Hosseini, et al. 2018 —!4_ 2.01(1.09,3.71) 16/171 371758 8.10
Sacks, etal 2015 —— 1.42 (1.00, 2.02) 42/1892 125/7943 15.84
Subtotal (I-squared = 0.0%, p = 0.390) 0 1.60 (1.18, 2.15) 7012737 164/9068 2567
|
|
Fifth-classification |
Boghossian, et al. 2014 —_—— 157 (1.21,2.03) 63/1279 1864/58224 2042
Kawakita, et al. 2017 == 1.35(1.22, 1.48) 45311327 6251/208355 28.38
Koivunen, et al. 2017 ———| 0.85 (0.50, 1.44) 15/6679 139/52386 9.83
Savona-Ventura, et al 2013 —_— 153 (0.71, 3.30) 8112 55/1149 5.69
|
Sugaya, etal. 2000 T -0 455 (1.51,13.73) 651 8/281 3.05
Subtotal (I-squared = 55.2%, p = 0.063) O 141 (1.10, 1.80) 545/19448 8317/320395 67.36
|
|
Sixth-classification :
Fraser, et al. 1994 : —— 3.40 (1.49, 7.76) 161442 /824 5.06
Jacobson, et al. 1989 & -¢- . 0.49 (0.07, 3.58) 197 4412107 101
B —
Subtotal (I-squared = 68.8%, p = 0.073) | 1.60 (0.24, 10.49) 171539 53/2031 6.07
—_—
|
|
Seventh-classification |
|
Sugaya, etal. 2000 g T 0.63 (0.08, 5.16) 1/55 8/281 091
l
Subtotal (I-squared = %, p=.) . 0.63 (0.08, 5.16) 1/55 8/281 091
|
|
Overall (I-squared = 44.0%, p = 0.057) 0 151 (1.23, 1.85) 633/22779 8542/332675 100.00
|
NOTE: Weights are from random effects analysis :
0666 1 15

Supplementary Fig. 4. Forest plot of respiratory distress syndrome obtained from Mantel-Haenszel method. Effect size (odds ra-
tio [OR]) and 95% confidence intervals (CIs) for; pooled estimates of effect size are indicated by vertical points of diamonds and
95% CI are represented by horizontal points.
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Authors Year

First-classification

Capula, et al. 2013 g

Kgosidialwa, et al. 2015 |_._
Sacks, et al. 2015 —*—}

Soliman, et al. 2018 —_—

Waters, et al. 2016 ——— |

Subtotal (l-squared = 75.2%, p = 0.003) Q

Second-classification
Shand, et al. 2008

Subtotal (I-squared =.%, p =.)

Fifth-classification

Boghossian, et al. 2014 ———

Koivunen, et al. 2017 L 4
Sugaya, et al. 2000 ——.—l_
Waters, et al. 2016 —_—

Subtotal (I-squared = 97.9%, p = 0.000) <®
|

Sixth-classification

Subtotal (l-squared =.%, p =)

Overall (I-squared = 97.4%, p = 0.000) 0

NOTE: Weights are from random effects analysis

|
|
|
|
Jacobson, et al. 1989 | —_——
|
|
|
|

OR (95% Cl)

6.04 (0.33, 109.50)
10.21 (4.42, 23.60)
3.00 (1.86, 4.84)
5.48 (3.87,7.77)
2.17 (1.36, 3.45)

4.16 (2.42,7.17)

15.05 (14.36, 15.78)

15.05 (14.36, 15.78)

0.84 (0.54, 1.31)
10.30 (9.52, 11.14)
2.90 (0.84, 10.03)
2.34 (1.11, 4.92)

2.78(0.57, 13.50)

17.84 (7.96, 39.99)

17.84 (7.96, 39.99)

4.85 (3.24, 7.25)

Events,

Treatment

5/674

18/567

29/1892

90/3027

25/878

167/7038

3190/16727

3190/16727

20/1279

1478/6679

4/51

8/261

1510/8270

11/97

11/97

4878/32132

Events,

Control

0/367

8/2499

41/7943

50/8995

67/5020

166/24824

5393/349933

5393/349933

1086/58224

1407/52386

8/281

67/5020

2568/115911

15/2107

15/2107

8142/492775

%

Weight

1.67
8.04
10.50
11.29
10.59

42.09

12.31

12.31

10.71

12.27

8.68

37.35

8.24

100.00

.00913 1

110

Supplementary Fig. 5. Forest plot of neonatal hypoglycemia obtained from Mantel-Haenszel method. Effect size (odds ratio
[OR]) and 95% confidence intervals (Cls) for; pooled estimates of effect size are indicated by vertical points of diamonds and 95%

Cl are represented by horizontal points.
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Events, Events, %
Authors Year OR (95% Cl) Treatment Control Weight
First-classification J
Black, et al. 2010 —— 1.52 (1.19, 1.93) 96/1691 268/7020 8.92
Capula, et al. 2013 T T . . 4.95 (0.63, 39.25) 9/674 1/367 0.78
Kgosidialwa, et al. 2015 _.—I— 1.02 (0.49, 2.11) 9/567 39/2499 4.1
Sacks, et al. 2015 | —— 1.47 (1.17,1.84) 107/1892 312/7943 9.06
Wahabi, et al. 2017 _+ﬂ— 0.91 (0.41, 2.01) 8/2354 26/6951 3.70
Subtotal (I-squared = 0.0%, p = 0.443) Q 1.45 (1.24, 1.69) 229/7178 646/24780 26.58
|
Second-classification !
Katterfeld, et al. 2011 - 1.48 (1.27,1.71) 194/7724 3396/197892 9.78
Shand, et al. 2008 L J 1.14 (1.05, 1.23) 746116727 13805/349933 10.22
Subtotal (I-squared = 89.6%, p = 0.002) Q 1.28 (1.00, 1.66) 940/24451 17201/547825 20.00
|
Fifth-classification !
Boghossian, et al. 2014 —— 1.15(0.83, 1.58) 39/1279 1555/58224 8.00
Karmon, et al. 2009 £ J 2.04 (1.84,2.27) 409/10227 3481/174029 10.07
Koivunen, et al 2017 —— 1.31(1.03, 1.68) 75/6679 450/52386 8.85
Lamminpéa, et al. 2014 . o 2.24 (1.86, 2.69) 140/27154 592/256170 9.46
Savona-Ventura, et al. 2013 | :I 1.46 (0.07, 28.36) 0/112 3/1149 0.40
Son, et al. 2014 —— 1.21 (0.76, 1.94) 19/78716 283/1171575 6.39
Waters, et al. 2016 —_—— 1.26 (0.55, 2.91) 6/261 92/5020 3.46
Subtotal (l-squared = 78.2%, p = 0.000) 0 1.57 (1.24, 2.00) 688/124428 6406/1718553 46.63
I
Sixth-classification ]
Fraser, et al. 1994 : —_— 3.58 (2.23,5.73) 51/442 29/824 6.34
Jacobson, et al. 1989 -4~ . 0.25 (0.02, 4.08) 0/97 42/2107 0.44
S
Subtotal (l-squared =72.0%, p = 0.059) — 1 e — 1.34 (0.10, 17.81) 51/539 71/2931 6.79
|
Overall (I-squared = 88.1%, p = 0.000) ¢ 1.51(1.25, 1.83) 1908/156596  24324/2294089 100.00
NOTE: Weights are from random effects analysis :
| |
0152 1 65.7

Supplementary Fig. 6. Forest plot of birth trauma obtained from Mantel-Haenszel method. Effect size (odds ratio [OR]) and
95% confidence intervals (CIs) for; pooled estimates of effect size are indicated by vertical points of diamonds and 95% CI are
represented by horizontal points.
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Supplementary Fig. 7. Bubble plots fitted meta-regression line for associations neonatal adverse outcomes of gestational diabetes

mellitus (GDM) based on GDM diagnosis classification. OR, odds ratio; SGA, small for gestational age; LGA, large for gestational
age; RDS, respiratory distress syndrome; NICU, neonatal intensive care unit.
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Supplementary Fig. 8. Risk of bias in each cross-sectional study (A) and overall (B).

2022 Forthcoming. Posted online 2022

https://e-dmj.org



| |
Adverse neonatal outcomes and GDM criteria d I I lJ

Biasinselection  Biasin  Biasinpresent Biasin ?ontr(.)l of Bias in the Bias in the R fin sy
Study of exposed and  assessment ‘of outcome of prognostlc va‘rlables assessment of the  assessment Tl
non-exposed of interest at start  (with l.nat?hmg or  presenceor absence of of cohorts
cohorts exposure of study adjusting) of prognostic factors  outcome
Capula et al. (2013) [81] ©) (€] @ @ (O] @ (]
Karmon et al. (2009) [82] () (] () (@) () () (]
Moses et al. (1995) [86] () Qo (C) @) (€] @) @
Waters et al. (2016) [85] () @) (C) (C) (0] (C) @
Gueetal. (2019) [84] @ @ (] @ @ @ @
Anderberg et al. (2010) [80] (©) (@) (C) (0] (©) (C) (4]
Avalos etal. (2013) [79] e e (] (] () (J ]
Wahabi et al. (2017) (78] ) @ @ () () () (]
Meek etal. (2015) [77] @ (] (] @ @ @ @
Boghossian et al. (2014) [76] (©) (C) (*) (C) (©) (C) (4]
Kawakita et al. (2017) [75] (] o J (J ® ® ®
Brand etal. (2018) [74] ) @ () () () @ (]
Cheneetal. (2019) [72] @) ©) ©) €] @ @ @
Feng etal. (2017) [71] () ) (©) @) @ @ @
Gillespie et al. (2013) [64] @ ) ) @) @ @ @
Morikawa et al. (2017) [57] () (] e (J ] ] @
Schwartz et al. (1999) [54] () () () (] (€] (C) @
Savona-Ventura et al. (2013) [50] (©) (C) (C) () (©) (C) (4]
Koivunen et al. (2017) [47] @ Q @ () (@) (@) Q@
Kaul et al. (2015) [73] (] e () () () (] ]
Kgosidialwa et al. (2015) [70] ) () @ o @ @ @
Donovan et al. (2017) [69] () (C) (*) @) (C) @ @
Kieffer et al. (1999) [68] () (] () (@) [ ] ]
Ekeroma et al. (2015) [67] (C) Qo (] @) (@) (©) Q@
Aung etal. (2015) [66] @ @) ) ) @ @ @
Gortazar et al. (2019) [63] (C) (C) () @ (©) @ @
Zamstein et al. (2018) [62] (@) @ @ @ (©) (©) Q@
Hedderson et al. (2003) [61] (C) Q @ O (@) (©) Q@
Hosseini et al. (2018) [59] @ @ @ @) (@) @ Q@
Hosseini et al. (2018) [60] ) @ @ @ @ @ ]
Jain et al. (2016) [58] @) @) @) @) @ (©) (©)
Leybovitz-Haleluya et al. (2018) [56] () Qo (C) @) (0] (C) @
Jacobson et al. (1989) [55] () Qo (C) @) @ (C) @
Pan et al. (2015) [53] (] (] (] (@) () ] (]

(Continued to the next page)

https://e-dmj.org  Diabetes Metab J 2022 Forthcoming. Posted online 2022



Tehrani FR, et al.

dmj

Study

Bias in selection
of exposed and
non-exposed
cohorts

Biasin
assessment
of
exposure

Bias in present

interest at start
of study

Bias in control of
of outcome of ~ prognostic variables
(with matching or

adjusting)

Bias in the
assessment of the
presence or absence
of prognostic factors

Bias in the

assessment

outcome

of

Bias in adequacy
about follow-up
of cohorts

Son etal. (2015) [52]

von Katterfeld et al. (2012) [51]
Sacks et al. (2015) [49]
Soliman et al. (2018) [48]
Xiong et al. (2001) [46]
Oster etal. (2014) [45]
Sugaya et al. (2000) [44]
Fraser et al. (1994) [43]
Kieffer et al. (2006) [42]
Mahanta et al. (2014) [41]
Kong et al. (2019) [39]
Sletner et al. (2017) [40]
Abergetal. (2001) [37]

van Hoorn et al. (2002) [38]
Suetal. (2019) [36]

Metcalfe et al. (2017) [35]
Carretal. (2011) [34]
Lamminpaa et al. (2016) [33]

Black et al. (2010) [32]

@ © © 0 @0 @0 @0 @O O 0 o

@O0 0C 0@ @0 ® 0O OO OOO0OCQO0CUe e

@ Definitely no (low risk of bias)
@ Definitely yes (high risk of bias) (@ Probably yes

© Probably no

Bias in adequacy about follow up of cohorts

Bias in in the assessment of outcome

Bias in in the assessment of the presence or absence of prognostic...

Bias in control of prognostic variables

Bias in present of outcome of interest at start of study

Bias in assessment of exposure

Bias in selection of exposed and non-exposed cohorts

M Low risk of bias

Probably low risk of bias

B High risk of bias

25

50

75

Probably high risk of bias ~ ® Column1

Supplementary Fig. 9. Risk of bias in each included cohort study (A) and overall (B).
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