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Abstract
Introduction: Occult or untreated gestational diabetes (GDM) is a well-known risk
factor for adverse perinatal outcomes and may contribute to antepartum stillbirth.
We assessed the impact of screening for GDM on the rate of antepartum stillbirths
in non-anomalous pregnancies by conducting a population-based study in 974 889
women in Austria.
Material and Methods: Our database was derived from the Austrian Birth Registry.
Inclusion criteria were singleton live births and antepartum stillbirths ≥24+0 gestational weeks, excluding fetal congenital malformations, terminations of pregnancy
and women with pre-existing type 1 or 2 diabetes. Main outcome measures were (a)
overall stillbirth rates and (b) stillbirth rates in women at high risk of GDM (i.e., women
with a body mass index ≥30 kg/m2, history of previous intrauterine fetal death, GDM,
previous macrosomic offspring) before (2008–2010, “phase I”) and after (2011–2019,
“phase II”) the national implementation of universal GDM screening with a 75 g oral
glucose tolerance test in Austrian pregnant women by 2011.
Results: In total, 940 373 pregnancies were included between 2008 and 2019, of
which 2579 resulted in intrauterine fetal deaths at 33.51 ± 5.10 gestational weeks.
After implementation of the GDM screening, a statistically significant reduction in
antepartum stillbirth rates among non-anomalous singletons was observed only in
women at high risk for GDM (4.10‰ [95% confidence interval (CI) 3.09–5.43] in phase
I vs. 2.96‰ [95% CI 2.57–3.41] in phase II; p = 0.043) but not in the general population (2.76‰ [95% CI 2.55–2.99] in phase I vs. 2.74‰ [95% CI 2.62–2.86] in phase
II; p = 0.845). The number needed to screen with the oral glucose tolerance test to
subsequently prevent one case of (non-anomalous) intrauterine fetal death was 880
in the high-risk and 40 000 in the general population.
Conclusions: The implementation of a universal GDM screening program in Austria
in 2011 has not led to any significant reduction in antenatal stillbirths among

Abbreviations: BMI, body mass index; CI, confidence interval; GDM, gestational diabetes; IUFD, intrauterine fetal death; OGTT, oral glucose tolerance test; RR, relative risk; GDM,
screening program for gestational diabetes.
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non-anomalous singletons in the general population. More international data are
needed to strengthen our findings.
KEYWORDS

epidemiology, gestational diabetes, high-risk pregnancy, intrauterine fetal death, public health,
screening, stillbirth
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I NTRO D U C TI O N
Key message

Gestational diabetes (GDM) affects approximately one in six

The universal gestational diabetes screening program im-

pregnancies worldwide and is considered a reflection of ur-

plemented in Austria in 2011 has not led to any significant

banization and hypernutrition.1,2 It is characterized by maternal

reduction of antenatal stillbirths in non-anomalous preg-

glucose intolerance, occurring as early as gestational week 16,

nancies ≥24/40 weeks among the general population, but

leading to maternal hyperglycemia and eventually fetal hyper-

reductions were seen in women considered high risk for

3

insulinemia. Traditionally, GDM has been perceived as an acute

developing gestational diabetes, with a number needed to

condition with short-t erm consequences for both mother and

screen of 880.

fetus; however, recent studies have suggested long-t erm consequences involving both metabolic and cardiac systems. 4–8
Common ways of detecting GDM are either a one-s tep approach
with a 2-h oral glucose tolerance test (OGTT) or the two-s tep
Carpenter–C oustan screening, which includes an initial non-
fasting 1-h glucose challenge followed by a 3-h fasting OGTT if
results are abnormal.9,10
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2.1 | Diabetes screening in Austria

Occult or untreated GDM is a well-k nown risk factor for
pre-e clampsia, fetal macrosomia, neonatal hypoglycemia, and

Austria has about 8.84 million inhabitants, with a female propor-

antepartum stillbirth, especially in later gestational weeks. 2

tion of 50.8%, of which about 2.5 million are in their reproductive

Antepartum stillbirth is a devastating event that occurs with an

years.11 The Austrian public health system covers nearly the en-

incidence of about three to four per 1000 births in high-income

tire population and provides access to health care services across

countries.11,12 Since the recurrence risk of fetal death is as high

the country. 24 The Mother–Child Booklet program, introduced in

as 22-f old,

13–1 5

any clinically unexplained stillbirth should be

1974 by the Austrian Ministry of Health, is an obligatory license

thoroughly investigated for underlying maternal risk factors.16–18

that every pregnant woman receives upon confirmation of a viable

Maternal investigations include laboratory tests to detect direct

pregnancy by her gynecologist. 25 Its aim is to ensure thorough and

causes of fetal demise, such as sepsis and occult bleeding, or to

concise antenatal surveillance via five gynecological examinations,

identify biomarkers that may refer to an associated pathology,

three ultrasound scans and relevant maternal blood tests. The

such as GDM. One of the most common causes for antepartum

book further documents the infant’s health checks after delivery

stillbirth is placental dysfunction; however, GDM may also cause

until the age of 5 years. All examinations are compulsory if parents

vascular damage, increasing the overall risk for fetal growth re-

are to receive governmental social benefits and financial support

striction and fetal asphyxia.19–2 2 As maternal hyperglycemia is ad-

from the state.

equately reflected in the fetal circulation and causes high levels

In 2011, the insights gained from the Hyperglycemia and

of insulin to be released from the fetal pancreas, the underlying

Adverse Pregnancy Outcome (HAPO) study led an expert commis-

pathophysiology for fetal death is thought to be linked to fetal

sion of the Mother–Child Booklet to expand the maternal labora-

metabolic acidosis, reducing placental oxygen supply and subse-

tory investigations to include a universal obligatory 75 g OGTT at

quently causing fetal death. 23

24–28 gestational weeks. This screening enables the detection of

We aimed to evaluate the clinical impact of the introduction

GDM in pregnant populations at both low and high risk for meta-

of a national screening program for GDM (GDM screening) on the

bolic disorders and associated complications. The test results are

stillbirth rate in Austria among the general female population and

usually checked by the gynecologist, who initiates monitoring and

those at high risk of GDM. Our hypothesis was that universal GDM

treatment upon abnormal results. 26 Prior to the universal GDM

screening may have led to a reduction in stillbirth rates in both the

screening as introduced within the Mother–Child Booklet, women

general population and in high-risk populations because of the early

were screened only randomly or upon signs of GDM (eg maternal

recognition and treatment of GDM and thus prevention of adverse

obesity or rapid weight gain, fetal macrosomia, polyhydramnios,

pregnancy outcomes.

obesity, family history of diabetes).
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2.2 | Study design and population

We included all cases available since the implementation of the
ABR in 2008, resulting in a 12-year study period, which we divided

The Austrian Birth Registry (ABR) is a prospective nationwide

into two phases as per the introduction of the GDM screening pro-

registry of all live- and stillborn deliveries in Austria that was

gram in 2011 (phase I: January 1, 2008, to December 31, 2010;

founded in 2008. It retrieves maternal and fetal characteris-

phase II: January 1, 2011, to December 31, 2019).

tics from the electronic database ViewPoint (General Electric
Company) of all obstetrical departments in Austria, including
registered home deliveries. For this population analysis, data

2.3 | Definitions

were retrospectively derived from the ABR. Data were checked
for integrity and consistency, and all patient data were de-

GDM was defined upon abnormal OGTT test results: basal

identified prior to analyses.

plasma glucose ≥92 mg/dl; 1-h -g lucose ≥180 mg/dl; 2-h -g lucose

For this study, we included all singleton live- and stillborn de-

≥153 mg/dl. 26 Women at high risk of GDM were defined upon

gestational weeks between January 1, 2008, and

meeting one or more of the following criteria 27: maternal body

December 31, 2019, in Austria. We excluded women with pre-

mass index (BMI) ≥30 kg/m 2; history of one or more previous

existing type 1 or 2 diabetes and stillborn fetuses with congenital

intrauterine fetal death (IUFD); history of previous GDM, and

anomalies, following termination of pregnancy or intrapartum or

previous delivery of macrosomic infant (birthweight ≥4500 g).

perinatal death (see the flowchart in Figure 1).

BMI was defined as underweight (≤18.5 kg/m 2), normal weight

liveries ≥24

+0

F I G U R E 1 Flowchart showing the
eligibility and selection of the study
population in Austria between 2008 and
2019

|
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(18.6–24.9 kg/m 2), pre-o besity (25.0–2 9.9 kg/m 2), and obesity
2

(≥30.0 kg/m ).

399

were older, more frequently nulliparous, had higher BMI, and had
babies with greater infant birthweight and height during phase II
(Table 1).

2.4 | Statistical analyses

In the pre-screening phase I (2008–2010), the antepartum stillbirth rate among non-anomalous singletons was 2.76‰ (95% CI
2.55–2.99). Following the introduction of the GDM screening in

Categorical data are given as absolute (n) and relative frequen-

2011, in phase II (2011–2019), the antepartum stillbirth rate was

cies (%). The stillbirth rate is presented as per 1000 births (‰).

2.74‰ (95% CI 2.62–2.86; p = 0.845). No differences in maternal

Continuous data were compared with the unpaired t-t est and

and fetal characteristics in the stillbirth cohort were seen between

the Mann–W hitney U test, respectively. Categorical data were

the pre-screening and screening periods (Table 2).

compared with the Chi-s quared test. Log-b inomial regression

Assessing antepartum stillbirth risk in women at high risk for

analyses were carried out to calculate risk ratios (RRs) with 95%

GDM, the antepartum stillbirth rate was 4.10‰ (95% CI 3.09–

confidence interval (CIs) to estimate the effect of the introduc-

5.43) during phase I and 2.96‰ (95% CI 2.57–3 .41; p = 0.043)

tion of the GDM screening (binary variable: “0” for the pre-G DM

during phase II; the overlapping CIs indicate a minimal difference.

screening period, “1” for the GDM screening period). A two-s ided

Despite a total increase in the prevalence of women considered

p-v alue <0.05 was considered statistically significant. Tests were

high risk for GDM over the years (5.40 vs. 9.10%; p < 0.001), the

done with STATA (version 16.0, StataCorp LLC). Figures were

demographic characteristics of high-r isk women experiencing

designed with GraphPad Prism (version 9.3 for Mac, GraphPad

stillbirth were similar regarding age, BMI, and gestational week at

Software).

stillbirth (Table 3).
Figure 2 illustrates the antepartum stillbirth rates in the total

2.5 | Ethical approval

population and in women considered at high risk of GDM (“high-
risk population”). In Austria, the most relevant risk factors for
stillbirth were obesity (RR 1.40 [95% CI 1.20–1 .63]; p < 0.001),

The study was approved by the Ethics Committee of the Medical

pre-o besity (RR 1.34 [95% CI 1.19–1 .50]; p < 0.001), nicotine

University of Vienna (registration number 1154/2019) on March 12,

consumption (RR 1.31 [95% CI 1.13–1 .52]; p < 0.001), history of

2019, and complied with the Declaration of Helsinki. Participants'

previous stillbirth (RR 1.27 [95% CI 1.04–1 .57]; p = 0.021), and

written consent was not required according to the Austrian Federal

nulliparity (RR 1.13 [95% CI 1.02–1 .25]; p = 0.017). In women

Act on Protection of Personal Data (DSG 2000).

considered at high risk of GDM, GDM screening reduced the risk
of stillbirth (RR 0.68 [95% CI 0.50–0 .94]; p = 0.019), whereas a

3
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3.1 | Sample characteristics
After consideration of the inclusion and exclusion criteria (Figure 1),

history of previous stillbirth increased the risk (RR 1.94 [95% CI
1.36–2 .75]; p < 0.001).

3.3 | Numbers needed to screen by OGTT to
prevent one case of IUFD

the live birth population sample consisted of 937 794 singletons at a
mean gestational age of 39.39 ± 1.78 weeks, with 482 400 (51.44%)

In the general population, the GDM screening yielded an absolute

male and 454 852 (48.50%) female newborns (542 [0.06%] unre-

stillbirth risk reduction of 0.003% and a relative stillbirth risk reduc-

ported sex). Maternal age was 30.28 ± 5.40 years, and mean BMI

tion of 0.91%. In women at high risk of GDM, the screening yielded

was 23.77 ± 4.74 kg/m2.

an absolute stillbirth risk reduction of 0.11% and a relative stillbirth

The sample of antepartum stillbirths between 2008 and 2019

risk reduction of 27.73%. Therefore, in the general population,

included 2579 singletons (1292 [50.10%] males; 1278 [49.55%] fe-

40 000 Austrian women would need to be screened using OGTT to

males; nine [0.35%] unreported sex), with a mean gestational age

prevent one case of (non-anomalous) stillbirth, whereas the number

of 33.51 ± 5.10 weeks. Mean maternal age at time of stillbirth was

needed to screen in the high-risk population is 880.

30.58 ± 6.03 years, and BMI was 24.43 ± 4.94 kg/m2.

3.2 | GDM screening and stillbirth rate

4
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DISCUSSION

In this population-based study, we aimed to assess the impact of
Table 1 shows the total sample characteristics before and after the

screening for GDM on the risk reduction of antepartum stillbirths

introduction of the GDM screening. In comparison with the pre-

>24 weeks of gestation in non-anomalous singleton pregnan-

screening period (phase I), women in the total Austrian population

cies, excluding women with known type 1 or 2 diabetes mellitus. A
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TA B L E 1 Sample characteristics of the included total Austrian pregnant population (N = 940 373) before (“pre-GDM screening,” i.e.,
January 2008 to December 2010) and after (“GDM screening,” i.e., January 2011 to December 2019) implementation of the universal
gestational diabetes screening program

Baseline characteristics

Pre-GDM screening

GDM screening

2008–2010

2011–2019

N = 218 702

N = 721 671

Estimates

95% CI

Estimates

95% CI

p-valuea

29.82 ± 5.59

29.80–29.84

30.42 ± 5.34

30.41–3 0.43

<0.001

22.50 (20.40–25.50)

22.50–22.50

22.70 (20.50–25.90)

22.70–22.70

<0.001
<0.001

Maternal
Maternal age (years)
2

BMI (kg/m )
BMI categoryb
Underweight

7824 (6.25%)

6.11–6.38

36 683 (6.17%)

6.11–6.23

Normal

81 963 (65.43%)

65.17–65.70

372 508 (62.98%)

62.86–63.11

Pre-obesity

24 225 (19.34%)

19.12–19.56

119 993 (20.29%)

20.18–20.39

Obesity

11 248 (8.98%)

8.82–9.14

62 498 (10.57%)

10.49–10.65

106 667 (48.77%)

48.56–48.98

361 765 (50.13%)

50.01–50.24

Parity
Nullip

<0.001

1–3

108 251 (49.50%)

49.29–49.77

340 053 (47.12%)

47.01–47.24

≥4

3784 (1.73%)

1.67–1.79

19 853 (2.75%)

2.71–2.79

Gestational diabetes

6336 (2.90%)

2.83–2.97

31 619 (4.38%)

4.33–4.43

<0.001

Smoker

22 346 (10.22%)

10.09–10.35

59 573 (8.25%)

8.19–8.32

<0.001

Male

112 086 (51.3%)

51.08–51.50

371 606 (51.5%)

51.40–51.63

0.064

Female

106 437 (48.7%)

48.50–48.92

349 693 (48.5%)

48.37–48.60

Fetal
Fetal sexc

Birthweight (g)

3350 (3340–3665)

3350–3355

3362 (3050–3670)

3360–3365

<0.001

Birth height (cm)

50.47 ± 2.74

50.46–50.48

50.64 ± 2.75

50.64–50.65

<0.001

Abbreviations: BMI, body mass index; CI, confidence interval; GDM, gestational diabetes; IQR, interquartile range, SD, standard deviation.Estimates
are presented as mean ± SD, n (%), or median (interquartile range) unless otherwise indicated.
a

p-values were calculated using the Mann–Whitney U test, the unpaired t-test and the Chi-squared test, respectively.

b

Missing values N = 223 631. BMI categories: underweight (≤18.5 kg/m2), normal (18.6–24.9 kg/m2), pre-obesity (25.0–29.9 kg/m2), obesity
(≥30.0 kg/m2).
c

Missing values N = 551.

longitudinal change of demographic patterns was observed in the gen-

One example of such data is the Midlands and North of England

eral Austrian population, consistent with international trends, moving

Stillbirth Study (MiNESS), a case–control study that explored the ef-

towards advanced maternal age, increasing body weight, lower parity,

fect of being at risk of GDM and screening for GDM on late stillbirth

and increased neonatal weight and height. At the same time, in the

rates ≥28 weeks of gestation. 29 The authors found that women at

Austrian cohort of women experiencing antepartum stillbirth, these

risk of GDM overall experienced a modestly increased risk of late

demographic characteristics remained unchanged over time. The prev-

stillbirth (adjusted odds ratio [aOR] 1.17 [95% CI 0.87–1.57]). Among

alence of women identified as at risk of GDM has increased by nearly

these, women at risk of GDM who were not screened for GDM ex-

4% over this time, and the identification by OGTT of women with ges-

perienced a 44% higher risk of late IUFD than did those not at risk

tational diabetes has also increased, which is consistent with previous

(aOR 1.44 [95% CI 1.01–2.06]), whereas those at risk who did un-

literature.28 Although the overall antepartum stillbirth rate remained

dergo GDM screening had a risk of stillbirth similar to that of women

unchanged in the general population, our study indicates that GDM

without any risk factors (aOR 0.98 [95% CI 0.70–1.36]). These results

screening reduced the number of stillbirths in women considered at

are in accordance with a previous analysis that reviewed the risks of

high risk of GDM. However, critical review of our data indicates that

maternal conditions on stillbirth: The risk of stillbirth was highest

the CIs in our Austrian high-risk population reflect the paucity of data,

among women with pre-existing diabetes (aOR 3.21 [95% CI 3.06–

so more data are needed to strengthen our findings.

3.38]) and among women with diabetes and chronic hypertension

|
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TA B L E 2 Sample characteristics of the stillbirth cohort (N = 2579) in non-anomalous pregnancies ≥24 +0 gestational weeks before (“pre-
GDM screening,” i.e., January 2008 to December 2010) and after (“GDM screening,” i.e., January 2011 to December 2019) implementation
of the universal gestational diabetes screening program in Austria
Pre-GDM screening

GDM screening

2008–2010

2011–2019

N = 604

N = 1975

Estimates

95% CI

Estimates

95% CI

p-valuea

Antepartum stillbirth rate

2.76‰

2.55–2.99

2.74‰

2.62–2.86

0.845

Maternal age (years)

30.20 ± 6.33

29.69–3 0.70

30.70 ± 5.93

30.43–3 0.96

0.129

BMI (kg/m2)

22.9 (20.2–27.0)

22.16–23.74

23.5 (20.8–27.0)

23.20–23.90

0.171

20 (8.16%)

5.32–12.33

71 (5.16%)

4.11–6.47

0.072

Baseline characteristics
Maternal

BMI-c ategory

b

Underweight
Normal

142 (57.96%)

51.67–6 4.00

782 (56.87%)

54.24–59.47

Pre-obesity

47 (19.18%)

14.71–24.62

346 (25.16%)

22.94–27.53

Obesity

36 (14.69%)

10.78–19.72

176 (12.80%)

11.13–14.67

Parity
Nullip

329 (54.47%)

50.47–58.41

1034 (52.35%)

50.15–54.55

1–3

250 (41.39%)

37.52–45.37

856 (43.34%)

41.17–45.54

≥4

0.660

25 (4.14%)

02.81–06.06

85 (4.31%)

3.50–5.29

Gestational diabetes

14 (2.31%)

01.38–03.88

63 (3.19%)

2.50–4.06

0.270

Smoker

83 (13.74%)

11.22–16.73

192 (9.72%)

8.49–11.11

0.005

294 (49.08%)

45.09–53.08

998 (50.63%)

48.43–52.84

0.506

305 (50.92%)

46.91–54.91

973 (49.37%)

47.16–51.57

34.0 (29.0–38.0)

33.00–35.00

34.0 (29.0–38.0)

33.00–3 4.00

Fetal
Fetal sexc
Male
Female
Stillbirth age (weeks)

0.382

Stillbirth weight (g)

1895 (1030–2770)

1770–2050

1927.5 (1056–2810)

1820–2000

0.777

Stillbirth height (cm)

43.39 ± 7.57

42.78–4 4.00

43.46 ± 7.73

43.11–43.80

0.757

Abbreviations: BMI, body mass index; CI, confidence interval; GDM, gestational diabetes; IQR, interquartile range; SD, standard deviation.Estimates
are presented as mean ± SD, n (%), or median (interquartile range) unless otherwise indicated.
a

p-values were calculated using the Mann–Whitney U test, the unpaired t-test and the Chi-squared test, respectively.

b
c

Missing values N = 959. BMI categories: underweight (≤18.5 kg/m2), normal (18.6–24.9 kg/m2), pre-obesity (25.0–29.9 kg/m2), obesity (≥30.0 kg/m2).

Missing values N = 9.

(aOR 3.79 [95% CI 3.4–4.2]) but lower in women with GDM (aOR

and accurately entered into the databases across delivery units,

0.73 [95% CI 0.69–0.76]).30 Maternal risk factors for IUFD also rose

with subsequent missing data (eg BMI). In addition, we could not

with increasing BMI and advanced maternal age.31

control for whether women with underlying GDM having experi-

In 2015, Koivunen et al. showed that the implementation of uni-

enced an IUFD had actually received adequate antihyperglycemic

versal GDM screening in Finland led to a significant increase in pri-

treatment or whether all pregnant women in Austria had under-

marily mild forms of GDM.32 Furthermore, the authors found that

gone screening. In addition, we acknowledge the lack of certain

GDM screening led to decreased birthweight and macrosomia rates,

variables, such as cause of fetal death, OGTT test results, and

whereas the prevalence of neonatal hypoglycemia increased.

28

family history for diabetes, which is a well-k nown factor associ-

Despite the intensity of resources required for the implemen-

ated with the recurrent risk of GDM. 27 Another limitation may

tation and conduct of a universal GDM screening in a population,

be failure to control for other maternal co-m orbidities known to

research findings are supportive because of the reductions in ma-

be associated with stillbirth, such as sickle-cell disease or anti-

33

ternal and fetal harm in the long term. Our study has limitations

phospholipid syndrome, in the general population. 34 Although

inherent to its retrospective study design, with the earliest date

we observed a temporal reduction of nicotine consumption in the

possible for data acquisition being 2008. The multicenter setting

general population, which is known to be a very important mea-

meant it was difficult to ascertain whether data were completely

sure in reducing stillbirth, 35 we acknowledge that smoking history

402
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TA B L E 3 Sample characteristics of women considered at high risk of developing gestational diabetes (N = 77 210) and their associated
stillbirth rates in non-anomalous pregnancies ≥24 +0 gestational weeks (“pre-GDM screening,” i.e., January 2008 to December 2010) and
after (“GDM screening” i.e., January 2011 to December 2019) implementation of the universal gestational diabetes screening program in
Austria
Pre-GDM screening

GDM screening

2008–2010

2011–2019

Baseline characteristics

Estimates

Women at high risk for GDM

11 712 (5.4)

Antepartum stillbirths, n (‰)
Maternal age (years)

48 (4.10)

95% CI

Estimates

95% CI

p-valuea

5.26–5.45

65 498 (9.1)

9.01–9.14

<0.001

2.57–3.41

0.043

3.09–5.43

194 (2.96)

32 (26.5–36.0)

28.69–35.00

31 (27.0–36.0)

31.00–32.15

0.883

Maternal BMI (kg/m2)

32.8 (31.2–35.85)

31.43–3 4.29

32.9 (31.1–35.8)

32.00–33.65

0.695

Stillbirth age (weeks)

34.0 (30.0–38.0)

31.69–37.00

35.5 (30.0–39.0)

35.00–36.00

0.579
0.024

Fetal sex
Male

19 (39.6)

26.69–54.11

112 (57.7)

50.62–6 4.54

Female

29 (60.4)

45.89–73.31

82 (42.3)

35.46–49.38

Abbreviations: BMI, body mass index; CI, confidence interval; GDM, gestational diabetes. Estimates are presented as n (%) or median (interquartile
range) unless otherwise indicated.
a

p-values were calculated using the unpaired t-test, the Mann–Whitney U test and the Chi-squared test, respectively.

F I G U R E 2 Antepartum stillbirth rates per 1000 births (‰) in non-anomalous singleton pregnancies ≥24 +0 gestational weeks before (“pre-
GDM screening,” i.e., January 1, 2008, to December 31, 2010) and after (“GDM screening,” i.e., January 1, 2011, to December 31, 2019)
the implementation of the universal gestational diabetes (GDM) screening program in Austria (vertical gray dotted line). Total population
(N = 940 373): Mean values are represented by dots, and black error bars indicate 95% confidence interval (CIs). High-risk population
(N = 77 210), i.e., women at high risk for developing GDM: Mean values are represented by squares, and red-colored error bands indicate
95% CIs. Low-risk population (N = 863 163), i.e., women at low risk for developing GDM: Mean values are represented by triangles, and blue-
colored error bands indicate 95% CIs

was self-reported by the woman and may therefore be subject to

implementation of the OGTT may be a potential methodological

recall bias or unwillingness to honestly disclose harmful lifestyle

limitation. Finally, the pre-s creening period was shorter than the

habits to healthcare professionals. Furthermore, we acknowledge

GDM screening period (i.e., 3 vs. 9 years): This also limits the abil-

the potential for unmeasured temporal confounding: A before-

ity to estimate the trend in the pre-s creening period, which would

and-after design is prone to such bias because decreasing stillbirth

be useful to remove the trend effects from the screening effects.

prevalence could be due to factors external to the screening, eg

This is analogous to having an “exposure” whose outcomes are

improvements in care or in the health of the background popula-

more precisely estimated for the exposed group than for the un-

tion at risk. Furthermore, the lack of a transition period following

exposed group.
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Despite these limitations, our study is the first nationwide anal-

of this paper. DAM, BP, WO, HL and HK conceived the study design.

ysis to examine the impact of universal GDM screening on stillbirth

SN, HH, WO and HL helped with acquisition of data. BP, SN, WO and

risk in a central European population. The clear inclusion and ex-

HL conducted statistical analyses. All authors contributed to criti-

clusion criteria for singleton antepartum stillbirths ≥24 +0 weeks

cally revising the manuscript and approved the final version.

limit the heterogeneity in the underlying pathomechanisms of fetal
death. We also consider the number of undiagnosed GDM neglect-
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ter of pregnancy are diverse and vary in their prevalence according
to environmental, geographical, and socio-economic influences.19,36
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