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Abstract
Background: Gestational	diabetes	(GDM)	in	the	short	 term	is	associated	with	
various	complications	during	pregnancy;	however,	in	the	long	run,	women	have	
an	increased	risk	of	type	2	diabetes	mellitus	(T2DM).	Therefore,	short-		and	long-	
term	follow-	up	postpartum	is	recommended.
Methods: We	assessed	the	proportion	of	postpartum	diabetes	screening	among	
12,991	women	with	their	first	GDM-	diagnosed	pregnancy	in	the	study	period	in	
the	nationwide	German	GestDiab	register	between	2015	and	2017.	In	addition	to	
assessing	prevalence,	we	assessed	if	the	probability	of	postpartum	screening	was	
associated	with	maternal	characteristics	or	pregnancy	outcomes.
Results: In	total,	38.2%	(95%	CI	32.8%–	43.7%)	of	our	sample	underwent	postpar-
tum	diabetes	screening,	irrespective	of	its	timing.	Around	50%	of	women	(19.3%	
of	 the	 total	 sample)	 undertook	 the	 screening	 in	 the	 recommended	 time	 frame	
of	6–	12 weeks	postpartum.	We	found	that	age,	native	 language,	pre-	pregnancy	
BMI,	 smoking	 status,	 number	 of	 previous	 pregnancies,	 fasting	 plasma	 glucose	
and	HbA1c	levels	as	well	as	previous	pregnancies	with	GDM	and	treatment	with	
insulin	were	associated	with	participation	in	the	postpartum	diabetes	screening	
in	our	sample.
Conclusion: In	 our	 study,	 more	 than	 60%	 of	 the	 women	 with	 GDM	 did	 not	
participate	in	postpartum	diabetes	screening.	This	is	a	missed	opportunity	in	a	
high-	risk	 population	 to	 detect	 glucose	 intolerance.	 Consequently,	 appropriate	
interventions	 to	prevent	 the	progression	 to	T2DM	cannot	be	 initiated.	Further	
research	should	investigate	barriers	and	enabling	factors	and	allow	developing	a	
multilevel	approach	for	GDM	postpartum	care.
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1 	 | 	 INTRODUCTION

It	is	assumed	that	about	4%	to	over	20%	of	pregnant	women	
develop	gestational	diabetes	(GDM).	The	variance	of	esti-
mates	is	based	on	a	substantial	heterogeneity	in	screening	
methods	and	diagnostic	criteria	for	GDM	as	well	as	on	the	
difference	 in	 databases	 used.1,2	 Since	 2012,	 the	 German	
maternity	guidelines	recommend	screening	every	woman	
without	 a	 previous	 diagnosis	 of	 diabetes	 between	 24+0	
and	27+6 weeks	of	gestation	for	GDM.3	In	2014	and	2015,	
around	80%	of	pregnant	women	insured	with	a	statutory	
health	 insurance	 in	 Germany	 were	 screened	 for	 GDM	 1	
and	 the	 overall	 prevalence	 of	 GDM	 was	 13.2%.	 GDM	 is	
associated	 with	 serious	 perinatal	 complications	 for	 both	
mother	 and	 child.	 GDM	 in	 the	 short	 term	 is	 associated	
with	caesarean	section,	induction	of	labour,	macrosomia	
and	 shoulder	 dystocia.4	 However,	 in	 the	 long	 run,	 even	
though	 blood	 sugar	 metabolism	 normalises	 after	 preg-
nancy	in	many	cases,	affected	women	have	a	significantly	
increased	 risk	 of	 developing	 type	 2	 diabetes	 mellitus	
(T2DM)	during	their	life.5	Therefore,	thorough	screening	
for	GDM	is	assumed	to	be	not	enough.	Short-		and	long-	
term	follow-	up	of	women	postpartum	is	recommended	to	
support	prevention	and	early	identification	of	T2DM.6

Evaluations	 of	 postpartum	 diabetes	 screening	 show	 a	
wide	range	of	screening	activity.	Depending	on	the	method	
of	 screening,	 data	 collection	 and	 population	 studied,	 the	
number	varies	 from	3.4%	up	 to	83.1%.7–	16	For	example,	 a	
2011	study	using	Medicaid	claims	data	from	South	Carolina	
found	 3.4%	 of	 women	 with	 GDM	 attended	 postpartum	
screening	within	5–	13 weeks	after	childbirth.8	Whereas	the	
Belgian	Diabetes	 in	Pregnancy	study,	a	multi-	centric	pro-
spective	cohort	study	of	1841	pregnant	women	showed	that	
more	than	80%	of	the	women	with	GDM	attended	postpar-
tum	screening	within	14.4 ± 4.1 weeks	postpartum.14

Current	data	 for	Germany	are	 lacking.	Consequently,	
we	 assessed	 the	 proportion	 of	 women	 with	 their	 first	
GDM-	diagnosed	 pregnancy	 that	 engaged	 in	 postpar-
tum	 diabetes	 screening	 within	 the	 nationwide	 German	
GestDiab	 register	 between	 2015	 and	 2017.	 We	 assessed	
screening	prevalence	and	whether	the	likelihood	of	post-
partum	screening	was	associated	with	maternal	character-
istics	or	pregnancy	outcomes.

2 	 | 	 METHODS

2.1	 |	 GestDiab register and health- care 
setting

The	‘GestDiab’	register	is	a	project	coordinated	by	the	sci-
entific	 institute	 of	 resident	 diabetologists	 (Wissenschaft-
lichesInstitut	der	niedergelassenen	Diabetologen,	winDiab	

gGmbH)	and	the	Association	of	resident	diabetologists	in	
North-	Rhine	 (Berufsverband	 der	 diabetologischenSchw-
erpunktpraxen	 in	 Nordrhein,	 BdSN)	 that	 monitors	 the	
treatment	of	pregnant	women	in	diabetes	specialist	prac-
tices	(DSPs).	The	GestDiab	register	was	launched	in	North	
Rhine	 in	 2004	 and	 originally	 served	 as	 a	 quality	 control	
tool.	DSPs	all	over	Germany	became	interested	and	par-
ticipation	was	widen	to	be	nationwide,	but	North	Rhine	
remains	the	region	with	the	most	practices	on	the	register	
(78.2%),	while	11.6%	are	based	in	Westphalia	and	the	re-
maining	10.2%	are	distributed	across	the	rest	of	Germany.	
The	project	data	are	collected	during	the	course	of	routine	
care	by	employees	of	the	DSPs.	Since	January	2015,	data	
are	 entered	 into	 an	 online	 tool	 (www.gestd	iab.de).	 The	
transfer	 of	 patient-	related	 data	 (anonymised	 during	 the	
processing	 from	 the	 different	 DSPs)	 is	 performed	 annu-
ally	 into	a	separate	data	set.	Data	are	routinely	analysed	
centrally	 and	 participating	 DSPs	 receive	 benchmark-
ing	reports	based	on	the	analyses.	The	GestDiab-	register	
was	 approved	 by	 the	 ethics	 committee	 of	 the	 Medical	
Association	 of	 North	 Rhine	 (Ethics	 Committee	 No.:	
2019272).	The	use	of	register	data	is	in	line	with	the	com-
mon	data	protection	regulations.

All	pregnant	women	received	written	 information	on	
the	 project	 and	 gave	 written	 consent	 to	 enter	 their	 data	
and	the	data	of	their	newborn	in	pseudonymised	form	into	
the	GestDiab	database.	The	DSPs	took	part	on	a	voluntary	
basis	and	did	not	receive	any	form	of	compensation.

The	German	health-	care	system	provides	a	universal,	
multi-	payer	system	paid	for	by	a	combination	of	statutory	
health	insurance	(covering	around	90%	of	the	population)	

What's new?
•	 Data	on	postpartum	diabetes	screening	rates	in	

women	with	GDM	and	associated	factors	from	
population-	based	 studies	 are	 scarce.	 They	 are	
important	 to	 quantify	 the	 number	 of	 missed	
opportunities	 in	 a	 high-	risk	 population	 to	 de-
tect	 impaired	 glucose	 regulation	 and	 identify	
groups	with	low	screening	adherence.

•	 We	evaluated	screening	rates	and	factors	asso-
ciated	with	attending	postpartum	screening.	In	
our	sample,	more	than	60%	of	the	women	with	
GDM	did	not	participate	in	screening.

•	 Factors	 associated	 with	 participation	 included	
smoking	and	obesity,	 indicating	a	 low	general	
health	awareness.

•	 Further	studies	should	evaluate	reasons	for	the	
women's	screening	behaviour	in	more	detail.

http://www.gestdiab.de


   | 3 of 11LINNENKAMP et al.

and	private	health	insurance.	In	Germany,	outpatient	care	
is	mostly	provided	in	private	general	practices	run	by	sole	
general	practitioners	or	increasingly	shared	practices	with	
multidisciplinary	cooperation.	DSPs	offer	specialist	endo-
crinology	 multidisciplinary	 care.	 Any	 pregnant	 woman	
with	diabetes	in	pregnancy	is	referred	to	a	DSP	or	poten-
tially	an	outpatient	diabetes	centre	in	hospitals,	although	
these	are	rare	within	the	health	system.

2.2	 |	 Study population

During	 the	 period	 2015–	2017,	 13,908	 pregnancies	 with	
GDM	 in	 73	 DSPs	 were	 registered	 within	 GestDiab.	 For	
198	women,	two	pregnancies	with	GDM	were	registered	
and	for	a	single	woman,	three	pregnancies	with	GDM.	For	
women	with	more	than	one	pregnancy	with	GDM	during	
the	study	period,	the	first	pregnancy	was	included	in	the	
analysis	and	the	second	and	third	pregnancy	data	were	ex-
cluded.	For	the	remaining	13,709	women	with	their	first	
GDM-	diagnosed	pregnancy,	718	had	fasting	blood	glucose	
levels	≥126 mg/dl	or	an	HbA1c ≥ 48 mmol/mol	(6.5%)	at	the	
time	of	 screening.	These	were	excluded	because	current	
guidelines	 classify	 these	 women	 as	 having	 pre-	existing	
diabetes	and	they	would	receive	different	postpartum	care	

compared	to	those	with	previous	GDM.	We	thus	included	
12,991	women	with	their	first	GDM-	diagnosed	pregnancy	
registered	in	GestDiab	between	2015	and	2017	in	our	anal-
ysis	(Figure 1).

2.3	 |	 Data assessment

The	 GestDiab	 database	 contains	 information	 on	 esti-
mated	due	date,	pre-	pregnancy	height,	weight	and	BMI,	
number	 of	 previous	 pregnancies,	 number	 of	 children	
and	 any	 multiple	 pregnancies,	 weight	 of	 heaviest	 child	
at	 birth,	 child	 health	 records,	 previous	 GDM	 diagno-
sis,	 smoking	 status,	 native	 language	 and	 command	 of	
German	 language,	 family	 history	 of	 diabetes,	 expect-
ing	multiple	folic	acid	supplement	or	metformin	intake	
prior	to	pregnancy,	insulin	treatment	during	pregnancy	
including	start	date	and	mode	of	delivery,	maternal	com-
plications	(e.g.	placental	insufficiency,	pre-		and	eclamp-
sia)	 and	 HbA1c	 and	 oral	 glucose	 tolerance	 test	 results	
from	GDM	diagnosis.	Birth	outcome	data	such	as	date	of	
birth,	infant	Apgar	score,	mode	of	birth,	induction	of	la-
bour,	birth	complications,	transfer	to	neonatal	intensive	
care,	infant	gender,	height,	weight,	maternal	weight	and	
breastfeeding	status	were	also	included	in	the	GestDiab	

F I G U R E  1  Description	of	the	study	
population
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register.	Data	from	the	woman’s	postnatal	appointment	
can	be	completed	by	information	provided	by	the	clinic	
where	the	woman	gave	birth	using	a	fax	template	which	
was	 provided	 to	 the	 participating	 DSP.	 The	 evidence-	
based	S3	guideline	on	GDM	recommends	a	postpartum	
75  g	 oral	 glucose	 tolerance	 test	 (ppOGTT)	 6–	12  weeks	
postpartum	 irrespective	 of	 the	 woman’s	 breastfeeding	
status.17	The	normal	OGTT	values	according	to	the	WHO	
guidelines	were	applied.	If	women	attended	their	DSP	to	
complete	 their	 ppOGTT,	 the	 results	 were	 entered	 into	
the	GestDiab	register	as	well.

2.4	 |	 Statistical analysis

Patient	 characteristics	 were	 described	 using	 means  ±	
standard	deviation	 (SD)	and	 frequency	 tables.	The	pro-
portion	of	women	attending	postpartum	diabetes	screen-
ing	was	estimated	including	cluster	(DSP)	adjusted	95%	
confidence	 intervals,	 overall	 and	 in	 specific	 time	 inter-
vals	after	GDM	diagnosis.	To	assess	the	potential	associ-
ated	factors	with	the	ppOGTT	screening	rate,	univariate	
and	multiple	logistic	regressions	were	performed	consid-
ering	cluster	adjustment	by	random	effects	for	DSPs.	The	
dependent	variable	was	participation	at	the	ppOGTT	as	
a	 dichotomous	 variable.	 As	 potential	 associated	 factors	
we	considered:	maternal	age	at	delivery,	pre-	pregnancy	
BMI	 (<25.0,	 25.0–	29.9,	 30.0–	34.9,	 >40.0),	 gravidity	 and	
parity,	native	language,	smoking	during	pregnancy	(yes/
no),	week	of	pregnancy	when	diagnosed	with	GDM,	fast-
ing	plasma	glucose	and	HbA1c	at	diagnosis,	insulin	dur-
ing	pregnancy	(yes/no),	previous	pregnancies	with	GDM	
(yes/no).	 In	 addition,	 we	 used	 the	 number	 of	 patients	
per	 DSP	 and	 the	 year	 of	 entry	 into	 the	 registry	 as	 pos-
sible	associated	factors	on	the	side	of	the	DSP.	The	cat-
egorisation	of	age,	fasting	plasma	glucose,	HbA1c,	week	
of	pregnancy	when	diagnosed	with	GDM	and	number	of	
patients	 at	 the	 responsible	 practice	 were	 performed	 by	
quintiles	of	the	corresponding	variables.	The	categorisa-
tion	of	the	other	variables	was	based	on	external	criteria.	
For	multiple	 logistic	regressions,	we	performed	statisti-
cal	 variable	 selection	 stepwise	 and	 backward.	 As	 a	 sig-
nificance	level	for	inclusion	of	a	further	variable	into	the	
model,	 a	 level	of	0.10	was	used.	On	 the	other	hand	 for	
variables	 included	 in	 the	 model,	 an	 exclusion	 criterion	
of	a	 significance	 level	of	0.15	 for	each	variable	was	ap-
plied	(in	 the	statistical	software	SAS,	 these	significance	
levels	 are	 called	 slentry	 and	 slstay).	 Furthermore,	 the	
variable	selection	was	used	to	define	a	final	model	that	
is	presented.	For	each	variable,	missing	values	were	con-
sidered	as	a	specific	category	and	included	in	the	model.	
In	 secondary	 analyses	 (data	 not	 shown),	 complete	 case	
analyses	were	performed.

3 	 | 	 RESULTS

3.1	 |	 Patient characteristics

Table 1	describes	the	12,991	women	with	their	first	GDM-	
diagnosed	pregnancies	during	the	study	period	2015–	2017.	
Women’s	mean	age	was	32 ± 5 years	and	pre-	pregnancy	
BMI	was	27.9 ± 6.6 kg/m².	The	pre-	pregnancy	BMI	dis-
tribution	was	about	40%	normal	BMI	(BMI < 25 kg/m²)	
and	about	32%	 in	 the	obese	category	 (BMI ≥ 30 kg/m²).	
For	 around	 one-	third	 of	 the	 women,	 it	 was	 their	 first	
pregnancy	and	more	than	40%	were	nulliparous.	Roughly	
one-	third	of	women	reported	a	history	of	diabetes	in	their	
family	and	almost	every	sixth	woman	reported	a	previous	
pregnancy	with	accompanying	GDM.	For	some	variables,	
there	 were	 a	 considerable	 proportion	 of	 missing	 values,	
in	particular	in	the	subgroup	of	women	who	did	not	par-
ticipate	in	the	ppOGTT	but	these	variables	are	often	only	
collected	at	the	end	or	after	the	pregnancy.

For	 the	 observed	 pregnancies,	 around	 2%	 were	 preg-
nancies	with	multiples.	GDM	was	on	average	diagnosed	
in	gestational	week	25 ± 6	and	almost	one-	third	of	women	
received	 treatment	 with	 insulin	 (1749	 missing	 values).	
Around	 11%	 smoked	 during	 pregnancy	 (1474	 missing	
values)	 and	 3.5%	 experienced	 complications	 during	 the	
pregnancy	(2388	missing	values).	Half	of	the	women	gave	
birth	in	a	perinatal	centre	(5010	missing	values).	The	aver-
age	birth	weight	of	singletons	was	3422.1 ± 529.7g	(4829	
missing	values).

3.2	 |	 Participation rate

In	total,	38.2%	(cluster	adjusted	95%	CI	32.8%–	43.7%)	un-
derwent	 the	ppOGTT,	 irrespective	of	 its	 timing.	Around	
50%	 of	 these	 women	 (19.3%	 of	 the	 total	 sample)	 under-
went	the	ppOGTT	during	the	recommended	6–		12 weeks	
postpartum	time	frame.	More	than	90%	(35.8%	of	the	total	
population)	underwent	the	ppOGTT	by	26 weeks	postpar-
tum	and	only	around	10%	completed	it	after	that	time.

3.3	 |	 Predictors of participation

Table 2	shows	the	results	of	the	cluster-	adjusted	multivari-
ate	logistic	regression	models	in	the	final	model	after	vari-
able	selection.	Missing	values	in	the	independent	variables	
were	 included	as	specific	categories.	Although	the	year	of	
pregnancy	was	not	selected	by	stepwise	and	backward	pro-
cedures,	 it	was	 included	 to	adjust	 for	differences	between	
the	 calendar	 years.	 ‘GDM	 in	 previous	 pregnancies’	 was	
selected	 only	 in	 the	 backward	 procedure.	 Women	 with	
Turkish	or	Arabic	as	their	native	language	were	less	likely	
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T A B L E  1 	 Description	study	population	12,991	women	with	their	first	GDM-	diagnosed	pregnancy	registered	in	GestDiab	between	2015	
and	2017

Variable Total sample Missing
ppOGTT 
completed Missing

ppOGTT not 
completed Missing

n 12991 4966 8025

Age	(at	delivery	date),	mean	(SD)	year. 32	(5) 4 33	(5) 1 32	(5) 3

Height,	mean	(SD)	cm 165.6	(6.9) 369 165.8	(6.9) 107 165.4	(6.8) 262

Weight	(pre-		pregnancy),	mean	(SD)	kg 76.8	(19.5) 364 76.4	(18.7) 125 77.1	(20.0) 239

Body	mass	index	(pre-		pregnancy),	
mean	(SD)	kg/m²

27.9	(6.6) 399 27.7	(6.3) 131 28.0	(6.8) 268

Body	mass	index	(pre-		pregnancy)	
categorised,	n	(%)	kg/m²

399 131 268

<25.0 4995	(39.7%) 1938	(40.1%) 3057	(39·4%)

25.0–	29.9 3550	(28.2%) 1424	(29.5%) 2126	(27.4%)

30.0–	34.9 2214	(17.6%) 843	(17.4%) 1371	(17.7%)

35.0–	39.9 1098	(8.7%) 386	(8.0%) 712	(9.2%)

≥40 735	(5.8%) 244	(5.1%) 491	(6.3%)

Polycystic	ovarian	syndrome,	n	(%) 282	(2.2%) 290 112	(2.3%) 70 170	(2.2%) 220

Gravidity,	n	(%) 172 58 114

1 4575	(35.7%) 1886	(38.4%) 2689	(34.0%)

2 3844	(30.0%) 1504	(30.6%) 2340	(29.6%)

>2 4400	(34.3%) 1518	(30.9%) 2882	(36.4%)

Parity,	n	(%) 254 83 171

0 5496	(43.2%) 2260	(46.3%) 3236	(41.2%)

1 4380	(34.4%) 1696	(34.7%) 2684	(34.2%)

>1 2861	(22.5%) 927	(18.9%) 1934	(24.6%)

Family	history	of	diabetes,	n	(%) 4198	(33.7%) 548 1662	(34.5%) 152 2536	(33.2%) 396

Previous	pregnancies	with	GDM,	na	
(%)

1936	(15.6%) 563 703	(14.6%) 158 1233	(16.2%) 405

Pregnancy	with	multiples,	n	(%) 289	(2.3%) 239 101	(2.1%) 64 188	(2.4%) 175

Insulin	during	pregnancy,	n	(%) 3230	(28.7%) 1749 1614	(34.0%) 219 1616	(24.9%) 1530

Smoking	during	pregnancy,	n	(%) 1218	(10.6%) 1474 274	(6.0%) 412 944	(13.6%) 1062

Week	of	pregnancy	when	diagnosed	
with	GDM,	mean	(SD)

25.6	(5.7) 111 25.5	(5.7) 23 25.7	(5.8) 88

Fasting	glucose	when	diagnosed	with	
GDM,	mean	(SD)	mg/dl

95.0	(9.9) 192 94.8	(10.0) 64 95.2	(9.8) 128

HbA1c	when	diagnosed	with	GDM,	
mean	(SD)	mmol/mol	(%)

33	(5.2%)	(3	
(0.3%))

731 33	(5.2%)	(3	
(0.3%))

182 34	(5.3%)	(4	
(0.4%))

549

Native	language

German 6840	(61.6%) 2866	(63.9%) 3974	(60.1%)

Turkish 1171	(10.6%) 1895 403	(9.0%) 481 768	(11.6%) 1414

Arabic 555	(5,0%) 204	(4.6%) 351	(5.3%)

Others,	n	(%) 2530	(22.8%) 1012	(22.6%) 1518	(23.0%)

Complications	of	the	mother	during	
pregnancy,	n	(%)

371	(3.5%) 2388 177	(3.8%) 288 194	(3.3%) 2100

Delivery	in	a	perinatal	centre,	n	(%) 4057	(50.8%) 5010 2490	(53.4%) 303 1567	(47.2%) 4707

Birthweight	of	singletons,	mean	(SD)	g 3422.1	(529.7) 4829 3437.6	(515.4) 232 3399.1	(549.6) 4597

(Continues)
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to	attend	ppOGTT.	Likewise,	women	with	a	higher	fasting	
glucose	and	women	with	higher	HbA1c	at	point	of	diagnosis	
were	also	less	likely	to	attend	ppOGTT.	Moreover,	women	
who	smoked	were	less	likely	to	take	part	in	a	ppOGTT.

Women	older	than	27 years	were	more	likely	to	partic-
ipate	 in	 ppOGTT	 with	 small	 differences	 between	 the	 age	
groups.	Women	with	BMIs	of	35	or	above	were	less	 likely	
to	attend	a	ppOGTT.	Treatment	with	insulin	was	associated	
with	 a	 higher	 probability	 of	 participating	 in	 the	 ppOGTT	
(OR	1.79	 [1.63–	1.98])	whereas	a	previous	pregnancy	com-
plicated	by	GDM	was	associated	with	a	lower	probability	of	
attending	the	ppOGTT	(OR	0.85	[0.75–	0.96]).	Patients	who	
were	treated	in	a	DSP	that	joined	the	register	in	2016	were	
less	likely	to	attend	ppOGTT	(OR	0.45	[0.24–	0.86]).	Within	
the	multivariate	analysis,	the	year	of	the	pregnancy	had	no	
significant	influence	on	the	uptake	of	the	ppOGTT.

4 	 | 	 DISCUSSION

4.1	 |	 Results in context

In	our	study,	more	than	60%	of	the	women	with	GDM	have	
not	attended	postpartum	screening	with	an	OGTT.	This	is	
a	missed	opportunity	 in	a	high-	risk	population	to	detect	
glucose	intolerance.	Consequently,	appropriate	interven-
tions	to	prevent	the	progression	to	T2DM	cannot	be	initi-
ated.	We	found	that	age,	native	language,	pre-	pregnancy	
BMI,	 smoking	 status,	 number	 of	 previous	 pregnancies,	
fasting	plasma	glucose	and	HbA1c	levels	as	well	as	previ-
ous	 pregnancies	 with	 GDM	 and	 treatment	 with	 insulin	
were	associated	with	participation	in	the	ppOGTT	in	our	
sample.

Adamczewski	et	al.	is	the	only	other	study	evaluating	
postpartum	OGTT	in	Germany.	They	found	a	participation	

rate	of	43%	in	2013–	2014	using	data	from	the	same	regis-
ter.11	That	analysis	included	4640	pregnancies	among	28	
DSPs.	The	participation	rate	of	postpartum	screening	var-
ied	in	the	different	DSPs	from	6%	to	100%.	However,	fac-
tors	that	are	associated	with	not	taking	part	in	postpartum	
screening	have	not	been	analysed.

Other	 studies	 have	 found	 varying	 participation	 rates	
from	 3.4%	 up	 to	 83.1%	 among	 women	 with	 previous	
GDM.7–	16	These	results	are	 influenced	by	 the	method	of	
data	collection	and	population	studied.	Egglestone	et	al.	
analysed	data	of	447,556	women	covered	by	commercial	
insurance	 with	 at	 least	 one	 delivery	 between	 2000	 and	
2012	in	the	United	States.7	They	found	that	within	1 year	
postpartum,	 rates	 of	 the	 recommended	 75-	g	 ppOGTT	
increased	 from	4%	(2000)	 to	10%	(2011)	which	 is	clearly	
below	 the	 rate	 we	 found	 in	 our	 study.	 According	 to	 an	
analysis	by	Shannon	and	colleagues	(2016)	carried	out	in	
the	United	States,	only	around	12%	of	women	with	GDM	
have	seen	an	endocrinologist	during	pregnancy.	This	is	in	
contrast	to	Germany	where	it	is	assumed	that	the	majority	
of	women	with	GDM	are	treated	in	DSPs18	which	will	have	
practitioners	 that	are	more	aware	of	 the	associated	risks	
of	GDM	with	T2DM	and	the	need	for	postpartum	screen-
ing.	 This	 assumption	 is	 reinforced	 by	 the	 finding	 that	
women	who	visited	an	endocrinologist	during	pregnancy	
were	more	likely	to	be	screened	according	to	Egglestone	
et	al.7	Additionally,	they	found,	similar	to	our	results,	that	
women	 who	 received	 an	 antihyperglycaemic	 treatment	
during	 their	 pregnancy	 were	 more	 likely	 to	 be	 screened	
postpartum.7	 An	 analysis	 of	 6239	 in	 South	 Carolina	 of	
Medicaid-	insured	women	with	a	singleton	live	birth	and	a	
diagnosis	of	GDM	between	2004	and	2007	found	that	only	
3.4%	 of	 woman	 with	 GDM	 received	 postpartum	 testing	
within	 5–	13  weeks	 postpartum.8	Within	 our	 sample,	 we	
found	almost	six	times	higher	participation	rates	between	

Variable Total sample Missing
ppOGTT 
completed Missing

ppOGTT not 
completed Missing

Number	of	contacts	with	DSP,	mean	
(SD)

6.5	(3.9) 1480 7.5	(4.0) 113 5.9	(3.7) 1367

ppOGTT	up	to	12 weeks,	prev	(95%	
CIb)

19.9	(15.1–	4.7) 181 53.3	(44.3–	62.4) 181 0%

ppOGTT	between	6	to	12 weeks,	prev	
(95%	CIb)

19.3	(14.6–	3.9) 181 51.6	(43.0–	60.2) 181 0%

ppOGTT	up	to	26 weeks,	prev	(95%	
CIb)

35.8	(30.3–	41.3) 181 95.9	(94.3–	97.5) 181 0%

ppOGTT	irrespective	of	timing,	prev	
(95%	CIb)

38.2	(32.8–	43.7) 100% 0%

Abbreviations:	CI,	confidence	interval;	DSP,	diabetes	specialist	practice;	GDM,	gestational	diabetes;	ppOGTT,	postpartum	oral	glucose	tolerance	test;	SD,	
standard	deviation.
aNot	treated	in	specialised	practice	(DSP)	during	the	observation	period.
bCluster	adjusted	confidence	interval.

T A B L E  1 	 (Continued)
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T A B L E  2 	 Multiple	logistic	regression	model	of	factors	potentially	associated	with	participating	in	the	postpartum	OGTT,	irrespective	of	
the	OGTT	timing	after	delivery

Variable (classes) Odds ratio for participation in ppOGTT 95% Confidence interval p value

Year	of	pregnancy

2015	(ref) 1.00 —	

2016 0.93 0.84–	1.04 0.204

2017 0.91 0.81–	1.01 0.085

Maternal	age

≤27	(ref) 1.00 —	

28–	30 1.54 1.35–	1.76 <0.001

31–	33 1.72 1.52–	1.96 <0.001

34–	36 1.64 1.44–	1.87 <0.001

≥37 1.80 1.57–	2.05 <0.001

Missing	(n = 4) 2.56 0.15–	42.77 0.512

Native	language

German	(ref) 1.00 —	

Turkish 0.79 0.69–	0.91 0.001

Arabic 0.80 0.65–	0.97 0.022

Others 0.98 0.88–	1.08 0.637

Missing	(n = 1895) 0.88 0.75–	1.04 0.132

Body	mass	index	(pre-	pregnancy)

<25.0 1.00 —	

25.0–	29.9 1.05 0.95–	1.16 0.298

30.0–	34.9 1.00 0.89–	1.13 0.981

35.0–	39.9 0.82 0.71–	0.96 0.014

≥40 0.75 0.62–	0.90 0.002

Missing	(n = 399) 1.05 0.82–	1.36 0.689

Smoking	during	pregnancy

No	(ref) 1.00 —	

Yes 0.39 0.34–	0.45 <0.001

Missing	(n = 1474) 0.82 0.70–	0.96 0.013

Gravidity	1	(ref) 1.00 —	

2 0.85 0.77–	0.95 0.002

>2 0.65 0.58–	0.72 <0.001

Missing	(n = 172) 0.82 0.56–	1.20 0.306

Fasting	plasma	glucose	mg/dl

≤87.0	(ref) 1.00 —	

88.0–	92.0 0.84 0.74–	0.96 0.013

93.0–	96.0 0.84 0.75–	0.95 0.005

97.0–	101.0 0.83 0.73–	0.95 0.005

≥102.0 0.84 0.74–	0.95 0.008

Missing	(n = 192) 1.02 0.70–	1.47 0.930

HbA1c	at	diagnosis	mmol/mol	(%)

≤30	(4.9)	(ref) 1.00 —	

31–	32	(5.0–		5.1) 0.97 0.85–	1.10 0.608

33–	33	(5.2–	5.2) 0.98 0.85–	1.13 0.781

(Continues)
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6	 and	 12  weeks	 postpartum	 (19.3%)	 than	 participation	
rates	in	the	analysis	of	Hale	et	al.	(2012).	This	difference	
might	partially	be	explained	by	the	fact	that	women	in	our	
sample	 were	 treated	 by	 a	 diabetologist	 and	 partially	 by	
differences	in	the	health-	care	systems	of	the	two	different	
countries.

Three	 systematic	 reviews	 have	 gathered	 current	 ev-
idence	 mainly	 from	 the	 United	 States	 and	 few	 studies	
from	 Australia,	 Canada,	 Poland	 and	 Turkey,	 on	 post-
partum	 screening	 rates	 among	 women	 with	 GDM	 and	
associated	factors,	which	all	found	that	screening	rates	
were	 low.9,19,20	 The	 majority	 of	 included	 studies	 were	
based	on	clinical	samples	rather	than	population-	based	
samples.

Tovar	 and	 colleagues	 (2011)	 found—	similar	 to	 our	
results—	attendance	 of	 postpartum	 screening	 to	 be	 as-
sociated	with	older	age,	no	previous	pregnancy,	higher	
income	 or	 education	 and	 treatment	 with	 insulin.9	

Similarly,	Jones	et	al.	(2019)	found	in	their	review	focus-
ing	on	studies	carried	out	among	US	women	only	 that	
high	 levels	of	health	 literacy	and	education	were	asso-
ciated	 with	 postpartum	 screening.19	 Additionally,	 sim-
ilar	to	our	results,	they	found	younger	age	and	tobacco	
consumption	 were	 associated	 with	 not	 attending	 post-
partum	 screening.	 Women	 treated	 by	 an	 obstetrician	
or	endocrinologist	were	more	likely	to	receive	postpar-
tum	screening.	Herrick	et	al.	 (2020)	 focused	on	poten-
tial	racial	and	ethnic	disparities	in	postpartum	diabetes	
screening	 rates	 among	 US	 women	 with	 GDM.20	 They	
found	 screening	 rates	 to	 be	 low	 among	 ethnic	 groups.	
Within	 our	 analysis,	 we	 have	 only	 taken	 into	 account	
native	language	as	a	proxy	for	ethnicity	and	found	that	
women	with	Turkish	or	Arabic	as	their	native	language	
were	less	likely	to	attend	postpartum	screening.

Other	 factors	 that	 affected	 the	 attendance	 of	 post-
partum	screening	 in	 international	 studies	were	a	higher	

Variable (classes) Odds ratio for participation in ppOGTT 95% Confidence interval p value

34–	36	(5.3–	5.4) 0.88 0.77–	0.999 0.048

≥37	(5.5) 0.80 0.70–	0.91 0.001

Missing	(n = 731) 0.71 0.55–	0.91 0.006

Week	of	pregnancy	when	diagnosed	with	GDM

≤23.9	(ref) 1.00

24.0–	25.6 1.12 0.98–	1.27 0.098

25.7–	27.0 1.16 1.02–	1.32 0.024

27.1–	29.2 1.01 0.89–	1.16 0.824

≥29.3 0.99 0.87–	1.13 0.893

Missing	(n = 111) 0.71 0.40–	1.24 0.228

Insulin	during	pregnancy

No	(ref) 1.00 —	

Yes 1.79 1.63–	1.98 <0.001

Missing	(n = 1749) 0.23 0.20–	0.27 <0.001

GDM	in	previous	pregnancies

No	(ref) 1.00 —	

Yes 0.85 0.75–	0.96 0.010

Missing	(n = 563) 0.78 0.62–	0.97 0.027

Number	of	patients	at	the	responsible	DSP

≤68	(ref) 1.00 —	

69–	97 1.00 0.83–	1.20 0.961

98–	137 0.97 0.78–	1.20 0.777

138–	250 1.09 0.84–	1.43 0.515

≥251 1.64 0.998–	2.68 0.051

DSP	joined	GestDiab	in	year

2015	(ref) 1.00 —	

2016 0.45 0.24–	0.86 0.016

2017 1.33 0.61–	2.87 0.467

T A B L E  2 	 (Continued)
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socioeconomic	status	of	women	with	GDM	(better	educa-
tion,	higher	income)	as	well	as	geographical	location	and	
age.7,9,21	Within	 our	 sample,	 the	 linking	 and	 connecting	
aspect	of	most	variables	that	influence	participation	rates	
in	 the	 ppOGTT	 is	 probably	 general	 health	 awareness.	
Women	who	were	very	young,	smoked	during	pregnancy,	
had	BMIs	>35	in	pregnancy,	multiparous	and	were	irreg-
ular	DSP	attendees	with	few	contacts	might	have	a	lower	
general	awareness	about	their	own	health.	Furthermore,	
some	 women	 were	 missing	 indicators	 for	 variables	 with	
frequent	missing	values	that	were	also	significantly	asso-
ciated	 with	 lower	 participation	 rates	 in	 the	 ppOGTT	 for	
possibly	 similar	 reasons	 leading	 to	 low	 interest	 in	docu-
menting	health	data	in	medical	studies.	For	Germany,	it	is	
unknown	if	women	who	do	not	participate	in	postpartum	
screening	 do	 so	 because	 they	 are	 not	 aware	 of	 the	 need	
for	the	screening	or	because	they	decide	not	to	participate.	
More	information	on	the	knowledge	of	women	with	GDM	
about	postpartum	screening	and	their	opinions	about	its	
importance	are	necessary	to	increase	uptake.

4.2	 |	 Strengths and limitations

Several	 limitations	 have	 to	 be	 mentioned	 when	 discuss-
ing	the	results	of	our	study.	Firstly,	the	register	includes	
routine	 care	 data	 from	 different	 practices	 and	 mistakes	
or	 some	 heterogeneity	 in	 documentation	 cannot	 be	 ex-
cluded.	However,	plausibility	checks	were	performed	and	
we	excluded	data	that	appeared	irregular	and	checked	the	
data	 for	 validity	 to	 minimise	 associated	 bias.	 Moreover,	
missing	 values	 were	 probably	 not	 at	 random	 with	 most	
missing	values	found	among	variables	that	were	collected	
at	 the	 end	 of	 the	 pregnancy.	 The	 high	 number	 of	 miss-
ing	values,	for	example,	for	the	variable	location	of	birth	
or	birth	weight,	are	mainly	due	to	the	fact	that	these	par-
ticipants	did	not	return	after	delivery,	did	not	complete	a	
ppOGGT	and	the	clinic	did	not	send	a	report	to	the	DSP.	
Therefore,	 the	 practice	 team	 could	 not	 enter	 this	 infor-
mation.	We	considered	missing	values	by	using	indicator	
variables	in	the	regression	models.	Most	ORs	of	the	miss-
ing	value	indicators	were	<1,	some	of	them	were	signifi-
cant	 (Table  2)	 corresponding	 to	 an	 association	 between	
missing	values	and	a	lower	participation	probability	at	the	
ppOGTT.	The	study	mainly	represents	the	situation	in	one	
German	region.	However,	this	region	includes	about	one-	
eighth	of	 the	German	population.	Additionally,	we	have	
only	 included	 ppOGTT	 documented	 by	 a	 DSP	 and	 it	 is	
possible	that	women	may	have	completed	their	ppOGTT	
at	 a	 different	 health	 service	 provider,	 for	 example,	 their	
general	 practitioner,	 gynaecologist	 or	 another	 medical	
practice.	 The	 percentage	 of	 women	 in	 Germany	 receiv-
ing	 the	ppOGTT	at	a	different	health	service	provider	 is	

not	 known,	 but	 after	 discussion	 with	 experts,	 this	 is	 as-
sumed	to	be	low.	Lastly,	variable	selection	in	the	regres-
sion	 model	 may	 have	 resulted	 in	 an	 overestimation	 of	
the	 observed	 associations.	 However,	 our	 estimates	 are	
built	on	a	large	population-	based	sample	and	not	on	a	se-
lected	clinic-	based	sample	allowing	for	robust	estimates.	
Moreover,	an	important	strength	of	the	GestDiab	project	
is	 that	 it	 reflects	 the	 reality	 of	 the	 care	 of	 women	 with	
GDM	in	DSPs	and	the	associated	network	of	care	provid-
ers.	For	this	register,	data	on	pregnant	women	with	GDM	
or	diabetes	were	collected	without	reimbursement	as	part	
of	routine	care.	Since	all	women	treated	during	pregnancy	
are	 recorded	by	 the	DSPs,	even	 those	 that	would	not	be	
included	in	scientific	studies,	for	example,	due	to	partial	
lack	 of	 data	 or	 communication	 restrictions,	 this	 register	
offers	 the	 only	 and	 best	 information	 on	 routine	 care	 es-
pecially	in	a	decentralised	health	system	like	the	German	
one.

5 	 | 	 CONCLUSION

With	a	total	of	38.2%	engaging	in	a	ppOGTT	in	our	sam-
ple,	screening	rates	appear	suboptimal.	In	more	than	60%	
of	cases,	opportunities	to	diagnose	T2DM	and	provide	ap-
propriate	medical	care	or	to	identify	those	at	an	increased	
risk	of	developing	T2DM	in	the	coming	years	have	been	
missed.	 Additionally,	 appropriate	 information	 and	 pos-
sible	 interventions	 to	 prevent	 the	 progression	 to	 T2DM	
could	not	be	offered	to	 these	women.	Factors	associated	
with	participating	in	the	ppOGTT	were	mostly	related	to	
general	 health	 awareness	 among	 women.	 Our	 analyses	
show	that	women	with	high	HbA1c	values	at	the	time	of	
diagnosis	and	high	fasting	glucose	values	are	less	likely	to	
participate	in	the	ppOGTT,	even	though	they	are	at	higher	
risk	of	hyperglycaemia.	However,	there	is	a	lack	of	knowl-
edge	about	why	women	in	Germany	miss	the	opportunity	
to	 engage	 in	 postpartum	 screening	 but	 we	 assume	 the	
reasons	align	with	those	described	by	Dennison	and	col-
leagues	 in	 their	systematic	 review.	 22	Better	exchange	of	
information	 needs	 to	 be	 achieved	 between	 women	 with	
GDM	 and	 their	 health-	care	 providers	 during	 pregnancy	
and	in	the	longer	term.	Studies	in	Australia	show	that	in-
formation	 on	 postpartum	 diabetes	 prevention	 is	 limited	
and	 associated	 with	 intermediate	 risk	 and	 lower	 socio-
economic	status	by	 the	women,	and	 targeted	campaigns	
can	 significantly	 increase	 participation	 rates.23	 Further	
research	should	investigate	barriers	and	enabling	factors	
from	a	patient	point	of	view	as	well	as	 from	the	health-	
care	providers’	point	of	view	to	develop	a	multilevel	ap-
proach	for	GDM	postpartum	care.	Using	registry	data	or	a	
mixed-	methods	approach	will	potentially	help	to	achieve	
this	objective.24,25
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