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Abstract
Background:	There	is	an	ongoing	discussion	about	the	optimal	diagnostic	strategy	for	
gestational	diabetes	mellitus	(GDM).
Objective:	To	assess	the	magnitude	of	the	association	between	GDM	diagnosed	with	
the	one-	step	(International	Association	of	Diabetes	and	Pregnancy	Study	Groups	cri-
teria)	 or	 two-	step	 (Carpenter	 and	 Coustan	 criteria)	 approach	 and	 selected	 adverse	
pregnancy	outcomes.
Search strategy:	Five	electronic	databases	were	searched	up	to	October	2017	using	
Medical	Subject	Headings	for	each	adverse	outcome	combined	with	the	term	“gesta-
tional	diabetes.”
Selection criteria:	Observational	studies	assessing	the	one-	step	versus	the	two-	step	
diagnostic	approach	in	GDM.
Data collection and analysis:	Relative	risks	were	extracted	and	random-	effects	models	
were	used	to	estimate	pooled	relative	risks	(RRs).
Main results:	A	total	of	41	663	participants	from	nine	studies	were	included.	Gestational	
diabetes	mellitus	was	significantly	associated	with	pre-	eclampsia	(RR	1.68	vs	RR	1.77),	
cesarean	delivery	(RR	1.28	vs	RR	1.33),	and	large	for	gestational	age	(RR	1.44	vs	RR	1.68)	
when	diagnosed	with	the	one-	step	versus	the	two-	step	approach.	A	one-	step	diagnosis	
also	increased	the	risks	of	neonatal	intensive	care	unit	admission	and	gestational	hyper-
tension,	whereas	a	two-	step	diagnosis	increased	the	incidence	of	macrosomia.
Conclusions:	Women	with	GDM	diagnosed	with	either	the	one-	step	or	the	two-	step	
approach	were	at	increased	risk	for	selected	adverse	pregnancy	outcomes.	The	asso-
ciations	with	the	two-	step	method	were	slightly	stronger.
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1  | INTRODUCTION

Gestational	diabetes	mellitus	(GDM)	is	a	condition	of	glucose	intoler-
ance	developed	during	pregnancy.1,2	Many	women	with	GDM	expe-
rience	 pregnancy-	related	 complications,	 which	 primarily	 affect	 the	

fetus	and	include	macrosomia,	congenital	malformations,	prematurity,	
neonatal	intensive	care	unit	(NICU)	admission,	and	respiratory	distress	
syndrome.3,4	 In	addition,	GDM	 is	associated	with	an	 increased	 inci-
dence	of	maternal	 complications	 such	 as	 pre-	eclampsia,	 gestational	
hypertension,	and	polyhydramnios.5

www.wileyonlinelibrary.com/journal/ijgo
mailto:janghorbani@hlth.mui.ac.ir


138  |     Hosseini and JangHorbani

The	delivery	of	health	care	and	the	design	and	 interpretation	of	
research	 into	 GDM	 have	 been	 complicated	 by	 a	 lack	 of	 consensus	
over	 the	 diagnostic	 criteria	 for	 GDM.6,7	 Various	 diagnostic	 glucose	
thresholds	have	been	proposed	and	are	in	use	in	different	countries.	
A	common	approach	to	the	diagnosis	of	GDM	is	the	two-	step	process	
first	 recommended	 by	 the	American	Diabetes	Association	 (ADA)	 in	
2000.8	With	this	approach,	 initial	screening	with	a	50-	g,	1-	hour	glu-
cose	challenge	test	is	performed	for	pregnant	women,	followed	by	a	
100-	g,	3-	hour	oral	glucose	tolerance	test	(OGTT)	for	those	who	have	
positive	screening	results;	the	criteria	of	Carpenter	and	Coustan	(CC)	
are	used	to	diagnosing	GDM.9	In	2008,	data	from	the	Hyperglycemia	
and	Adverse	 Pregnancy	Outcome	 study	 (HAPO)	were	 published,	 in	
which	approximately	25	000	pregnant	women	from	several	countries	
and	with	various	ethnicities	were	examined	with	the	aim	to	establish	a	
uniform	process	for	the	diagnosis	of	GDM.10	The	data	indicated	a	lin-
ear	relationship	between	adverse	pregnancy	outcomes	and	maternal	
blood	glucose	levels	in	a	continuous	form	without	an	inflexion	point	
or	 obvious	 cutoff	 values.	 In	 2010,	 the	 International	 Association	 of	
Diabetes	and	Pregnancy	Study	Groups	 (IADPSG)	proposed	the	one-	
step	approach	to	the	diagnosis	of	GDM	based	on	the	results	of	 the	
HAPO	study.11	With	the	one-	step	approach,	pregnant	women	should	
be	 screened	 with	 a	 75-	g,	 2-	hour	 OGTT,	 and	 the	 threshold	 values	
recommended	 for	 the	 diagnosis	 of	GDM	 are	 lower	 than	 those	 rec-
ommended	 for	 the	 two-	step	approach.	Following	 the	 release	of	 the	
IADPSG	 criteria,	 the	ADA	 endorsed	 the	 new	 criteria	 in	 its	 practice	
guidelines.12	Subsequently,	 in	2013,	the	WHO	revised	 its	diagnostic	
criteria	 in	 line	with	 the	 IADPSG	proposal.13	However,	 the	American	
College	 of	 Obstetricians	 and	 Gynecologists14	 and	 the	 National	
Institutes	of	Health15	recommend	the	two-	step	approach	to	screening.

With	data	available	in	support	of	either	strategy,	the	debate	about	
the	optimal	diagnostic	strategy	for	GDM	continues.	More	recently,	
the	ADA	 recommended	 that	 GDM	 diagnosis	 can	 be	 accomplished	
with	either	of	two	strategies	and	acknowledged	that	further	research	
is	needed	to	establishing	a	uniform	approach	to	diagnosing	GDM.9

The	 present	 study	was	 a	 comprehensive	 systematic	 review	 and	
meta-	analysis	of	available	studies	to	assess	the	magnitude	of	the	asso-
ciation	between	GDM	diagnosed	with	 the	one-	step	approach	using	
IADPSG	criteria	or	the	two-	step	approach	using	CC	criteria,	and	clini-
cally	relevant	adverse	pregnancy	outcomes.

2  | MATERIALS AND METHODS

The	present	study	was	a	systematic	review	of	the	published	literature,	
and	ethics	committee	approval	and	additional	written	consent	were	
not	required.	The	Cochrane	methodology16	and	the	recommendations	
for	reporting	proposed	by	the	Meta-	analysis	Of	Observational	Studies	
in	Epidemiology	(MOOSE)	group17	were	followed.

2.1 | Search strategy

PubMed,	Scopus,	Web	of	Science,	the	Cochrane	Library,	and	ProQuest	
were	 searched	 from	database	 inception	 up	 to	October	 31,	 2017.	No	

date,	language,	or	country	restrictions	were	applied,	with	the	exception	
of	limiting	the	ProQuest	search	to	articles	published	in	English.	The	fol-
lowing	general	search	terms	were	used	and	adapted	to	each	database:	
“gestational	 diabetes”	 or	 “gestational	 diabetes	 mellitus”	 or	 “diabetes,	
gestational”	combined	with	the	appropriate	terms	for	each	maternal	or	
neonatal	 outcome	using	Medical	 Subject	Headings.	Moreover,	 review	
articles	were	checked	for	additional	studies.	The	reference	lists	of	arti-
cles	selected	were	also	reviewed	for	potentially	eligible	articles.

2.2 | Eligibility criteria

Observational	studies	(prospective	or	retrospective	cohort,	case–con-
trol,	 or	 cross-	sectional	 studies)	were	 considered	 for	 inclusion	 if	 the	
papers	 provided	 sufficient	 information	 to	 estimate	 the	 association	
of	GDM	diagnosed	based	on	 the	 IADPSG	one-	step	screening	crite-
ria	versus	the	CC	two-	step	screening	criteria	(Table	1)	with	selected	
adverse	maternal	 and	neonatal	 outcomes.	 Studies	were	 excluded	 if	
no	relative	risk	(RR)	data	were	provided	and	if	the	available	data	were	
inadequate	for	the	calculation	of	these	risk	estimates.

To	avoid	selection	bias,	the	present	review	included	studies	in	which	
participants	were	universally	screened	for	GDM.	Studies	were	excluded	
if	screening	or	diagnostic	procedures	had	been	performed	in	participants	
with	certain	clinical	risk	factors.	Studies	were	also	excluded	if	participants	
with	unknown	diabetes	status	or	pre-	existing	diabetes	were	not	distin-
guished	and	excluded	at	the	beginning	of	the	study.

2.3 | Quality assessment

The	quality	 of	 eligible	 studies	was	 evaluated	 independently	 by	 two	
investigators	 (EH	 and	 MJ)	 using	 the	 Newcastle–Ottawa	 Scale	 for	
assessing	 the	 quality	 of	 cohort	 and	 cross-	sectional	 studies.18	 The	
scale	has	been	shown	to	be	reliable	and	valid.19	With	this	tool,	each	
study	was	assessed	based	on	eight	items,	grouped	into	three	catego-
ries:	selection	of	the	study	groups;	comparability	of	the	groups;	and	
ascertainment	of	the	outcome	measures.	The	scale	uses	a	star	scoring	
method	where	zero	to	four	stars	can	be	awarded	in	the	selection	cate-
gory,	one	to	two	stars	in	the	comparability	category,	and	zero	to	three	
stars	in	the	outcomes	category.	The	maximum	score	is	nine	stars.18

TABLE  1 Oral	glucose	tolerance	test	thresholds	for	the	diagnosis	
of	gestational	diabetes.

Timepoint
CC criteria, 
mmol/La

IADPSG criteria, 
mmol/Lb

Fasting	plasma	glucose ≤5.3 ≤5.1

1-	h	glucose	level ≤10.0 ≤10.0

2-	h	glucose	level ≤8.6 ≤8.5

3-	h	glucose	level ≤7.8

Abbreviations:	 CC,	 Carpenter	 and	 Coustan;	 IADPSG,	 International	
Association	of	Diabetes	and	Pregnancy	Study	Groups.
aGestational	diabetes	mellitus	diagnosed	by	at	 least	two	abnormal	 levels	
being recorded.
bGestational	 diabetes	 mellitus	 diagnosed	 by	 any	 one	 abnormal	 level	
being recorded.
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2.4 | Data extraction

All	 identified	 citations	 were	 imported	 into	 EndNote	 X	 (Bld	 2114)	
(Thomson	ResearchSoft,	Philadelphia,	PA,	USA)	and	duplicates	were	
deleted.	 Two	 investigators	 (MJ	 and	 EH)	 independently	 screened	
the	 titles	 and	 abstracts	 to	 select	 potentially	 eligible	 articles.	When	
the	information	was	not	sufficient,	the	full-	text	article	was	obtained	
for	 further	 investigation.	 All	 articles	 selected	 based	 on	 agreement	
between	the	investigators	were	thoroughly	reviewed	and	abstracted	
using	a	predefined	standard	 form.	 Information	was	obtained	on	 the	
publication	(the	first	author’s	last	name,	year	and	country	of	publica-
tion),	 study	 design,	 sample	 size,	 number	 of	 participants	with	GDM,	
participants’	 age,	 participants’	 prepregnancy	 body	 mass	 index,	 risk	
estimates	of	selected	adverse	pregnancy	outcomes	with	their	confi-
dence	intervals	(CIs),	pregnancy	duration	at	delivery,	GDM	diagnostic	
method	and	criteria,	and	variables	adjusted	for	 in	multivariate	mod-
els.	When	the	risk	estimates	were	not	reported,	approximate	values	
were	calculated	from	percentages.	The	adverse	pregnancy	outcomes	
included	were	 as	 follows:	 pre-	eclampsia,	 defined	 as	 blood	 pressure	
≥140/90	mm	Hg	 and	 proteinuria;	 cesarean	 delivery,	 including	 both	
planned	 and	 emergency	 cesarean	 delivery	 combined;	 gestational	
hypertension,	defined	as	blood	pressure	≥140/90	mm	Hg;	fetal	mac-
rosomia,	defined	as	birthweight	≥4000	g;	and	large	for	gestational	age	
(LGA),	defined	as	birthweight	≥90th	percentile	for	gestational	age.

2.5 | Statistical analysis

In	the	meta-	analyses,	the	RR	estimates	for	the	associations	between	
adverse	pregnancy	outcomes	and	GDM	diagnosed	according	 to	 the	
IADPSG	versus	 the	CC	criteria	were	combined	across	 studies	using	
random-	effect	models.	Heterogeneity	between	the	studies	was	evalu-
ated	with	 the	Cochran	Q	 test	 and	quantified	with	 the	 I2	 statistic.20 
An	 I2	 value	equal	 to	 zero	 indicated	no	heterogeneity,	 a	value	equal	
or	above	50%	was	considered	an	indication	of	moderate	heterogene-
ity,	and	a	value	equal	or	above	75%	was	considered	an	indication	of	
substantial	heterogeneity	between	studies.	A	leave-	one-	out	sensitiv-
ity	analysis	was	carried	out	to	explore	the	extent	to	which	a	particular	
study	might	 have	 influenced	 the	 result	 (one	 study	was	 removed	 at	
a	time	 and	 the	meta-	analysis	was	 repeated).21	 Publication	bias	was	
assessed	by	visual	inspection	of	funnel	plots.22	Funnel	plot	asymmetry	
was	evaluated	using	the	Egger	regression	test.23	In	addition,	the	Begg-	
adjusted	rank	correlation	test	was	used.22,24	The	statistical	analyses	
were	carried	out	with	Stata	version	11	(StataCorp,	College	Station,	TX,	
USA).	P<0.05	was	considered	statistically	significant.

3  | RESULTS

3.1 | Study characteristics

The	initial	search	identified	6695	references,	of	which	5886	remained	
after	the	removal	of	duplicates	(Fig.	1).	After	the	review	of	titles	and	
abstracts,	5696	studies	were	excluded	and	190	potentially	 relevant	
articles	 were	 fully	 reviewed.	 Sixteen	 studies	 met	 the	 predefined	

inclusion	criteria.	A	total	of	nine	studies25–33	met	the	eligibility	criteria	
and	were	selected	for	the	systematic	review	(Table	S1).	The	studies	
included	a	total	of	41	663	participants.	The	incidence	of	GDM	varied	
from	5.7%	to	54.1%	in	studies	using	the	one-	step	diagnostic	approach	
and	from	4.0%	to	51.3%	in	studies	using	the	two-	step	approach.

Of	 the	 selected	 studies,	 six	 were	 retrospective	 cohort	 stud-
ies,25,27–29,32,33	 two	were	prospective	cohort	studies,30,31	and	one	was	
a	 cross-	sectional	 study26	 (Table	S1).	 Three	 studies	 were	 conducted	
in	 Europe,25,27,31	 three	 in	 the	USA,28,32,33	 two	 in	Asia,29,30 and one in 
Mexico.26	Seven	studies	examined	the	association	of	GDM	with	a	variety	
of	adverse	maternal	and	neonatal	outcomes,25,27,29–33	whereas	two	stud-
ies	investigated	the	single	outcomes	of	LGA26	and	cesarean	delivery.28

3.2 | Maternal outcomes

Three	studies	provided	data	on	pre-	eclampsia,	defined	as	a	blood	pres-
sure	of	140/90	mm	Hg	or	more	and	proteinuria	(Fig.	2).	In	one32	of	the	
three	studies,	the	association	between	GDM	and	pre-	eclampsia	was	
significant	regardless	of	whether	the	IADPSG	or	the	CC	criteria	were	
used	 for	 the	 GDM	 diagnosis	 (Fig.	2).	 The	 pooled	 analysis	 indicated	
a	 significant	 positive	 association	 between	 GDM	 and	 pre-	eclampsia	
when	 the	 IADPSG	 criteria	were	used	 (RR=1.68,	 95%	CI	 1.29–2.19;	
P<0.001),	with	the	results	consistent	across	studies	(I2=0.0%).	When	
the	CC	criteria	were	used,	the	RR	for	the	same	association	was	slightly	
higher	 (RR=1.77,	95%	CI	1.14–2.75;	P=0.011)	 and	 the	 results	were	
also	consistent	(I2=0.0%).

Seven	studies	provided	data	on	the	association	of	GDM	with	cesar-
ean	delivery	 (Fig.	2).	Five25,27,28,32,33	of	 these	studies	 found	a	signifi-
cant	positive	association	between	GDM	and	cesarean	delivery	when	
the	 IADPSG	 criteria	were	 used,	 and	 five25,27,30,32,33	 studies	 found	 a	
significant	positive	association	when	the	CC	criteria	were	used.	The	
pooled	RR	was	1.28	 (95%	CI	 1.19–1.37;	P<0.001)	when	GDM	was	

F IGURE  1 Flow	chart	of	the	process	of	identifying	and	including	
studies	for	the	systematic	review.

Studies identified through 
database searching (PubMed, 

Web of Science, Cochrane 
Library, Scopus, and ProQuest)  

(n=6695)

Studies available for
title/abstract screening 

(n=5886)

Studies available for full-text 
review to assess eligibility 

(n=190)

Studies selected for 
systematic review 

(n=9)

Studies excluded (n=5696)

Excluded (n=181)
Not English language (n=15)
Reviews and meta-analysis (n=11)
Brief communications/letters/proceedings 
(n=4)
Unrelated to the present objective or other
diagnostic criteria (n=140)
No outcome of interest or data for meta-
analysis (n=11)

Duplicates deleted (n=809)
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diagnosed	according	to	the	IADPSG	criteria,	and	1.33	(95%	CI	1.19–
1.49;	P<0.001)	when	the	CC	criteria	were	used.	The	associations	with	
GDM	 diagnosed	 according	 to	 the	 IADPSG	 criteria	 were	 consistent	
across	the	seven	studies	analyzed	(I2=0.0%),	but	there	was	moderate	
heterogeneity	between	the	studies	for	GDM	diagnosed	according	to	
the	CC	criteria	(I2=57.0%;	P=0.03).

Sensitivity	analysis	consistently	revealed	a	significant	positive	asso-
ciation	 between	GDM	diagnosed	 using	 the	 CC	 criteria	 and	 cesarean	

delivery	(range	of	RRs	[95%	CI],	1.29	(1.15–1.45)	to	1.38	(1.22–1.55]).	
The	studies	by	Ethridge	et	al.33	and	Hosseini	and	Janghorbani30	contrib-
uted	most	to	the	heterogeneity.	In	an	analysis	excluding	these	studies,	
the	overall	pooled	estimate	of	the	association	between	GDM	diagnosed	
using	the	CC	criteria	and	cesarean	delivery	was	1.28	(95%	CI	1.16–1.41;	
P<0.001)	and	the	heterogeneity	was	not	significant	(I2=36.6%;	P=0.177).

Six	 studies	 provided	 sufficient	 information	 to	 evaluate	 the	
diagnostic	 criteria	 as	 predictors	 for	 gestational	 hypertension	

F IGURE  2 Association	between	maternal	outcomes	and	gestational	diabetes	as	defined	by	the	IADPSG	and	CC	criteria.	Abbreviations:	CC,	
Carpenter	and	Coustan;	CI,	confidence	interval;	IADPSG,	International	Association	of	Diabetes	and	Pregnancy	Study	Groups;	RR,	relative	risk.
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(Fig.	2).	One31	of	these	six	studies	found	a	significant	association	
between	 GDM	 and	 gestational	 hypertension	 when	 the	 IADPSG	
criteria	were	used;	none	of	the	six	studies	found	a	significant	asso-
ciation	when	the	CC	criteria	were	used.	The	pooled	data	indicated	
a	significant	positive	association	of	GDM	with	gestational	hyper-
tension	when	 the	 IADPSG	 criteria	 were	 used	 (RR=1.56,	 95%	 CI	
1.10–2.22; P=0.013),	 with	 reasonable	 consistency	 between	 the	
findings	(I2=38.5%;	P=0.149).	The	results	for	the	CC	criteria	were	
consistent	 (I2=0.0%)	 and	 indicated	 a	 pooled	 RR	 of	 1.18	 (95%	 CI	
0.97–1.45;	P=0.101).

3.3 | Neonatal outcomes

Six	studies	investigated	the	association	of	GDM	with	fetal	macroso-
mia,	 defined	 as	 a	 birth	weight	 of	 4000	g	 or	more	 (Fig.	3).	Of	 these	
studies,	 one33	 reported	 a	 significant	 positive	 association	 if	 GDM	
was	diagnosed	with	 the	 IADPSG	criteria	 and	five25,27,29–31	 reported	
no	such	association.	For	the	CC	criteria,	 two	studies29,30	 reported	a	
significant	association	and	four25,27,31,33	reported	no	association.	The	
pooled	RR	was	1.24	(95%	CI	0.83–1.83;	P=0.295)	when	the	IADPSG	
criteria	were	used.	There	was	moderate	heterogeneity	between	the	
studies	(I2=55.8%;	P=0.046).	In	the	sensitivity	analysis,	no	significant	
association	between	GDM	and	macrosomia	was	observed	 (range	of	
RRs	 [95%	 CI],	 0.99	 [0.74–1.32]	 to	 1.45	 [1.05–2.00]),	 except	 when	
excluding	the	study	by	Liao	et	al.29	The	study	by	Ethridge	et	al.33 con-
tributed	most	to	the	heterogeneity.	In	an	analysis	excluding	this	study,	
the	RR	for	the	association	between	GDM	and	macrosomia	was	0.99	
(95%	CI	0.74–1.32;	P=0.951)	and	the	heterogeneity	was	not	signifi-
cant	(I2=0.0%;	P=0.442).

For	 GDM	 diagnosed	 with	 the	 CC	 criteria,	 the	 pooled	 analy-
sis	 indicated	 a	 significant	 positive	 association	 with	 fetal	 macroso-
mia	 (RR=1.57,	 95%	 CI	 1.03–2.41;	 P=0.037).	 However,	 there	 was	
moderate	 heterogeneity	 between	 the	 studies	 (I2=72.1%;	 P=0.003).	
Sensitivity	analysis	consistently	showed	a	significant	positive	associ-
ation	between	GDM	diagnosed	using	the	CC	criteria	and	macrosomia	
(range	of	RRs	[95%	CI],	1.28	[0.96–1.69]	to	1.94	[1.01–3.72]),	except	
when	excluding	 the	studies	by	Hosseini	and	Janghorbani30	and	Liao	
et	al.29	These	two	studies	contributed	most	to	the	heterogeneity.	In	an	
analysis	excluding	these	studies,	the	association	between	GDM	diag-
nosed	using	the	CC	criteria	and	macrosomia	was	no	longer	significant	
(RR=1.14,	95%	CI	0.96–1.35;	P=0.142);	the	test	for	heterogeneity	was	
not	significant	(I2=0.0%;	P=0.995).

Eight	studies	assessed	the	association	between	GDM	and	LGA,	
defined	as	a	birthweight	at	or	above	the	90th	percentile	for	gesta-
tional	age	(Fig.	3).	Two32,33	of	these	eight	studies	found	a	significant	
positive	association	between	GDM	and	LGA	when	the	IADPSG	crite-
ria	were	used,	and	six25,27,29,30,32,33	found	such	an	association	when	
the	CC	criteria	were	used.	The	pooled	RR	was	1.44	(95%	CI	1.11–
1.87; P=0.006)	for	the	IADPSG	criteria	but	there	was	heterogeneity	
between	the	studies	 (I2=74.1%;	P<0.001).	Sensitivity	analysis	con-
sistently	 revealed	a	 significant	positive	association	between	GDM	
diagnosed	with	the	IADPSG	criteria	and	LGA	(range	of	RRs	[95%	CI],	
1.32	 [1.03–1.69]	 to	1.60	 [1.28–1.98]),	except	when	excluding	 the	

study	by	Waters	et	al.32	The	studies	by	Ethridge	et	al.33	and	Waters	
et	al.32	contributed	most	to	the	heterogeneity.	In	an	analysis	exclud-
ing	 these	 studies,	 the	 association	between	GDM	diagnosed	using	
the	 IADPSG	 criteria	 and	 LGA	was	 no	 longer	 significant	 (RR=1.14,	
95%	CI	0.95–1.36;	P=0.155)	and	the	test	for	heterogeneity	was	not	
significant	(I2=0.0%;	P=0.596).

In	 the	 pooled	 analysis	 for	 the	CC	 criteria,	 a	 similar	 association	
between	GDM	and	LGA	was	noticed	 (RR=1.68,	95%	CI	1.32–2.13;	
P=0.001)	but	the	heterogeneity	between	the	studies	was	moderate	
(I2=69.4%;	P=0.002).	The	sensitivity	analysis	consistently	showed	a	
significant	positive	association	between	GDM	diagnosed	with	the	CC	
criteria	 and	 LGA	 (range	 of	RRs	 [95%	CI],	 1.54	 (1.24–1.92)	 to	 1.79	
(1.39–2.31]).	 The	 studies	 by	 Hosseini	 and	 Janghorbani,30	 Lapolla	
et	al.,27	 and	Waters	et	al.32	 contributed	most	 to	 the	heterogeneity.	
In	an	analysis	excluding	these	studies,	the	association	between	GDM	
diagnosed	 using	 the	CC	 criteria	 and	 LGA	was	 1.62	 (95%	CI	 1.36–
1.93;	 P<0.001)	 and	 the	 test	 for	 heterogeneity	was	 not	 significant	
(I2=0.0%;	P=0.421).

With	regard	to	NICU	admission,	one31	of	six	studies	found	a	sig-
nificant	positive	association	with	GDM	diagnosed	using	the	IADPSG	
and one29	of	five	studies	found	such	an	association	for	the	CC	crite-
ria	(Fig.	3).	The	pooled	RR	for	the	IADPSG	criteria	was	1.22	(95%	CI	
1.02–1.46,	P=0.027)	and	the	results	were	consistent	(I2=0.0%).	For	the	
CC	criteria,	the	magnitude	of	the	association	was	clinically	relevant	but	
not	statistically	significant	(RR=1.35,	95%	CI	0.98–1.87;	P=0.071)	and	
there	 was	 moderate	 heterogeneity	 between	 the	 studies	 (I2=61.6%,	
P=0.034).	The	 sensitivity	 analysis	 consistently	demonstrated	no	 sig-
nificant	association	between	GDM	and	NICU	admission	when	the	CC	
criteria	were	used	 (range	of	RRs	 [95%	CI],	1.18	 (0.91–1.54)	 to	1.54	
(1.20–1.97]),	except	when	excluding	the	study	by	Ethridge	et	al.33	The	
studies	by	Ethridge	et	al.33	and	Liao	et	al.29	contributed	most	 to	the	
heterogeneity.	In	an	analysis	excluding	these	studies,	a	significant	pos-
itive	association	between	GDM	diagnosed	using	the	CC	criteria	and	
NICU	 admission	was	 found	 (RR=1.34,	 95%	CI	 1.04–1.72;	P=0.022)	
and	there	was	no	significant	heterogeneity	(I2=0.0%;	P=0.951).

3.4 | Publication bias

A	funnel	plot	analysis	revealed	no	evidence	of	publication	bias.	The	
Begg-	adjusted	 rank	 correlation	 test	 and	 the	 Egger	 regression	 test	
also	 indicated	 a	 low	 probability	 of	 publication	 bias	 (P=0.805	 and	
P=0.333,	respectively).

4  | DISCUSSION

The	 findings	 from	 the	 present	meta-	analysis	 indicated	 that	 a	GDM	
diagnosis	based	on	either	the	one-	step	or	the	two-	step	approach	was	
associated	with	LGA,	pre-	eclampsia,	 and	cesarean	delivery.	 In	 addi-
tion,	GDM	diagnosed	with	the	one-	step	method	 increased	the	risks	
of	NICU	admission	and	gestational	hypertension,	whereas	GDM	diag-
nosed	with	the	two-	step	method	increased	the	risk	for	macrosomia.	
For	LGA	(RR=1.68	vs	RR=1.44),	pre-	eclampsia	(RR=1.77	vs	RR=1.68),	
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and	cesarean	delivery	 (RR=1.33	vs	RR=1.28),	 the	magnitudes	of	the	
effects	were	slightly	stronger	with	the	two-	step	method	than	with	the	
one-	step	method.

Gestational	 diabetes	 mellitus	 has	 been	 associated	 with	 adverse	
pregnancy	 outcomes	 regardless	 of	whether	 it	 is	 diagnosed	with	 the	
one-	step	 or	 the	 two-	step	 approach.32,34	 The	 observed	 discrepancies	

between	some	of	the	studies	included	in	the	present	meta-	analysis	may	
be	attributable	to	small	sample	sizes,	which	may	have	resulted	in	insuffi-
cient	statistical	power	to	detect	some	relationships	in	individual	studies.

In	all	but	four28,30–32	of	the	studies	included	in	the	present	analy-
sis,	patients	who	underwent	two-	step	screening	with	the	CC	criteria	
were	later	reclassified	using	the	IADPSG	criteria,	 including	women	

F IGURE  3 Association	between	neonatal	outcomes	and	gestational	diabetes	as	defined	by	the	IADPSG	and	CC	criteria.	Abbreviations:	CC,	
Carpenter	and	Coustan;	CI,	confidence	interval;	IADPSG,	International	Association	of	Diabetes	and	Pregnancy	Study	Groups;	LGA,	large	for	
gestational	age;	NICU,	neonatal	intensive	care	unit;	RR,	relative	risk.
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not	diagnosed	with	GDM	based	on	the	CC	criteria—some	of	whom	
were	identified	as	having	GDM	when	reclassified	using	the	IADPSG	
criteria.	The	patients	who	were	reclassified	with	GDM	received	no	
treatment	in	any	of	the	studies,	whereas	all	women	diagnosed	with	
the	CC	criteria	were	intensively	treated.	This	observation	indicates	
that	 the	 IADPSG	 criteria	 identify	 a	 milder	 degree	 of	 hyperglyce-
mia,	compared	with	other	diagnostic	approaches,35	and	this	milder	
degree	 of	 hyperglycemia	may	 slightly	 increase	 the	 risk	 of	 adverse	
pregnancy	outcomes;	nevertheless,	these	women	received	no	treat-
ment.	 The	 identification	 of	milder	 hyperglycemia	may	 explain	 the	
similarities	 in	 adverse	 pregnancy	 outcomes	 associated	with	 GDM	
in	 both	 approaches.	 Moreover,	 use	 of	 the	 diagnostic	 criteria	 and	
thresholds	for	the	75-	g,	2-	hour	OGTT	in	women	who	have	under-
gone	a	100-	g,	3-	hour	OGTT	leads	to	an	overestimation	of	the	prev-
alence	 of	 GDM	 because	 the	 plasma	 glucose	 responses	 during	 a	
100-	g,	3	hour	OGTT	are	greater	 than	 those	during	a	75-	g,	2-	hour	
OGTT.	Therefore,	some	women	who	were	classified	as	having	GDM	
with	the	IADPSG	criteria	may	not	actually	have	been	at	an	increased	
risk	for	developing	adverse	pregnancy	outcomes.36

Whereas	 untreated	 GDM	 diagnosed	 with	 the	 IADPSG	 crite-
ria	 is	 associated	with	 poor	 pregnancy	 outcomes	 compared	with	 no	
GDM,25,27,29,32,33	more	patients	being	treated	in	the	one-	step	method	
was	not	associated	with	a	decrease	in	adverse	pregnancy	outcomes.28 
These	findings	provide	a	rationale	for	further	research	to	investigate	
whether	the	risk	of	adverse	pregnancy	outcomes	among	women	with	
GDM	diagnosed	with	the	IADPSG	criteria	but	not	with	the	CC	criteria	
might	be	reduced	by	treatment.	The	present	study	also	found	a	small	
increased	 risk	 for	 adverse	pregnancy	outcomes	among	women	with	
GDM	diagnosed	using	the	CC	criteria	after	treatment;	these	patients	
would	benefit	 from	 treatment.	This	finding	 is	 consistent	with	previ-
ous	reports	in	which	improved	pregnancy	outcomes	were	noticed	for	
women	with	 hyperglycemia	 below	 the	 threshold	 for	 overt	 diabetes	
after	treatment.37

The	present	findings	must	be	interpreted	in	the	context	of	the	lim-
itations	in	the	original	data.	Six	(67%)25–28,31,33	of	the	studies	did	not	
calculate	the	RRs	of	selected	adverse	pregnancy	outcomes	and	control	
for	confounding	variables.	Thus,	the	stronger	association	with	adverse	
pregnancy	 outcomes	 observed	with	 the	 two-	step	method	might	 be	
attributable	to	confounding	by	such	uncontrolled	risk	factors.	Besides,	
differences	 in	 the	way	women	with	GDM	were	managed	might	also	
have	 influenced	 the	 adverse	 pregnancy	 outcomes	 in	 the	 studies	
included.	 Therefore,	 the	 magnitudes	 of	 the	 associations	 between	
GDM	 and	 adverse	 pregnancy	 outcomes	 should	 be	 interpreted	with	
caution.	 It	 is	 also	 important	 to	 consider	 the	heterogeneity	between	
studies,	which	was	mostly	seen	with	findings	for	the	two-	step	method.	
Potential	reasons	for	this	heterogeneity	include	differences	in	the	pop-
ulation	 characteristics,	 the	 study	 design,	 and	 the	 diagnostic	 criteria	
(this	was	mostly	the	case	for	the	CC	criteria).	The	removal	of	individual	
studies	in	the	sensitivity	analyses	did	not	substantially	alter	the	find-
ings	indicating	the	robustness	of	the	pooled	estimates.	Moreover,	only	
a	few	studies	were	available	that	compared	the	pregnancy	outcomes	
with	the	one-	step	versus	the	two-	step	method	and	the	sample	sizes	
were	small.	Finally,	as	with	any	meta-	analysis,	the	findings	might	have	

been	affected	by	publication	bias.	The	funnel	plot	analysis	and	the	for-
mal	statistical	tests	did	not	provide	any	evidence	for	the	presence	of	
such	bias,	but	publication	bias	cannot	be	ruled	out	completely	because	
of	the	small	number	of	studies	included.

The	present	results	have	important	implications	for	GDM	testing.	
The	 prevalence	 of	GDM	 is	 high38	 and	will	 continue	 to	 increase	 as	
a	 result	of	 the	 increasing	 incidences	of	both	obesity	and	advanced	
maternal	age.39,40	The	one-	step	method	identifies	more	women	with	
GDM.	However,	the	increased	number	of	patients	with	GDM	when	
diagnosed	with	 the	 one-	step	 IADPSG	 criteria	 does	 not	 present	 an	
excess	 risk	of	maternal	 and	neonatal	 adverse	pregnancy	outcomes	
compared	with	 women	 diagnosed	 using	 the	 two-	step	 CC	 criteria.	
Therefore,	the	present	data	seem	to	confirm	concerns	expressed	in	
the	 literature26	 that	 the	one-	step	 approach	may	 classify	 lower-	risk	
women	 as	 having	 GDM,	which	will	 increase	women’s	 anxiety	 and	
healthcare	 costs	with	 more	 visits,	 more	 ultrasonography	 examina-
tions,	additional	 laboratory	tests,	and	no	clear	 indication	of	benefit	
in	the	short	term.

In	conclusion,	it	seems	reasonable	to	adopt	the	higher	cutoff	values	
of	the	two-	step	method	to	determine	GDM.	However,	further	studies	
are	 required	 to	 adequately	estimate	 the	magnitudes	of	 the	 associa-
tions	of	GDM	diagnosed	with	the	one-	step	and	two-	step	approaches	
with	selected	adverse	pregnancy	outcomes.
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