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Summary

Background: Diabetes mellitus (DM) is a major risk factor for complications of pregnancy. Based on information for all inpatient
births in Germany, we assessed the risks for selected pregnancy complications in women with pregestational diabetes mellitus

(preDM) or gestational diabetes mellitus (GDM).

Method: The underlying data comprised all singleton births contained in the inpatient perinatal medicine quality assurance stat-
istics for the years 2013-2019. The frequencies of premature birth, elevated birth weight (large for gestational age, LGA), cesar-
ean section, transfer of the newborn to the perinatal unit, and stillbirth were stratified by maternal age and diabetes status
(preDM, GDM, no DM). Poisson regression was used to calculate the relative risks (RR) with 95% confidence intervals (95% Cl)
for the whole period and for each individual year in women with preDM or GDM relative to women without DM.

Results: Among the 4 991 275 singleton births included, GDM was documented in 283 210 (5.7%) and preDM in 46 605 (0.93%)
cases. GDM was associated with higher RR for premature birth (1.13 [1.12; 1.15]), LGA (1.57 [1.55; 1.58]), cesarean section
(1.26 [1.25; 1.27]), and transfer of the newborn (1.54 [1.52; 1.55]). These associations were even stronger in women with
preDM: premature birth (2.13 [2.08; 2.18]), LGA (2.72 [2.67; 2.77]), cesarean section (1.62 [1.60; 1.64]), transfer of the newborn
(2.61 [2.56; 2.66]). PreDM increased the risk of stillbirth (RR: 2.34 [2.11; 2.59]); GDM was associated with a lower risk (RR: 0.67
[0.62; 0.72]). For women with preDM, the risk of pregnancy complications increased over the study period.

Conclusion: GDM and preDM are still associated with elevated risks of pregnancy complications. In the case of preDM, the risks
may be attributable to the fact that the hyperglycemia is more severe and is already present before conception. Continuous
monitoring should include risk factors in pregnant women and care-relevant aspects.
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complications of pregnancy and childbirth. Two

types of diabetes are distinguished: gestational dia-
betes mellitus (GDM), which first occurs during pregnan-
cy, and type 1 or type 2 diabetes pregestational DM
(preDM), which already existed before pregnancy (1). In
Germany, the prevalence of GDM has increased in recent
years, with an estimated 5-15% of all pregnant women
now affected (2-5). In contrast, preDM is less common
and its prevalence has consistently been around 1% over
the last few years (3, 6).

D iabetes mellitus (DM) is a major risk factors for
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DM during pregnancy is associated with risks for
mother and child. For instance, newborns of mothers
with preDM are more likely to have an increased birth
weight (large for gestational age, LGA) and more
congenital malformations compared to newborns of
mothers without diabetes. In addition, the risks of pre-
mature birth, cesarean section and birth injuries are
also significantly increased (7-9).

International studies and a regional analysis in Ger-
many have shown that GDM is also associated with
an elevated risk for birth complications, albeit to a
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lesser extent (8—10). The risk of complications can be
significantly reduced by appropriate GDM manage-
ment (11). Furthermore, preDM also increases the
risk of perinatal mortality and the frequency of still-
birth, whereas such increases have not been con-
clusively demonstrated for GDM (8, 9, 12, 13).

Both the St. Vincent Declaration and the Maternity
Directives of the German Federal Joint Committee
(G-BA, Gemeinsamer Bundesausschuss) aim to pre-
vent pregnancy complications associated with dia-
betes (14, 15). Within the framework of the National
Diabetes Surveillance at the Robert Koch Institute, an
indicator for diabetes-associated pregnancy compli-
cations (premature birth, cesarean section, LGA,
stillbirth, and perinatal mortality) was established in
addition to GDM prevalence and screening rate (16).
This study is the first to analyze diabetes-associated
pregnancy complications in Germany based on
nationwide inpatient perinatal medicine quality assur-
ance data. The findings are meant to form the basis
for regular reporting within the Diabetes Surveillance
framework.

Methods

Data basis

This analysis is based on data from quality assurance
procedures pursuant to Section 136 of the German So-
cial Code (SGB, Sozialgesetzbuch) V of the Federal
Joint Committee (G-BA ). The German Institute for
Quality Assurance and Transparency in Health Care
(IQTIG, Institut fir Qualititssicherung und Transpar-
enz im Gesundheitswesen) uses the Perinatal Medicine
quality assurance system to record all inpatient births in
Germany (6). From the maternity hospital, information
about the pregnancy obtained from the maternity rec-
ords (“Mutterpass”, literally “mother’s passport”) as
well as the childbirth and inpatient stay is communi-
cated (eFigure I). The dataset contains information
about the mothers (dataset: 16/1 : M) and the newborns
(dataset: 16/1 : N). After application for secondary data
use, the results are provided in aggregated form. This
study is based on all births from 2013-2019, after
GDM screening was introduced in 2012. As in pre-
vious analyses (8, 10), the primary analysis only in-
cluded singleton births, since the inclusion of multiple
births which are frequently associated with premature
birth, cesarean section and transfer of the newborn
to a children’s hospital, could distort the results
(eFigure 2).

Definition of diabetes mellitus

As in the preceding study (5), preDM was assumed if at
the first screening the diagnosis diabetes was docu-
mented in the maternity record (catalog A: “History and
general findings/first screening®); no distinction is
made between type 1 and type 2 diabetes. GDM was
assumed if it was coded in catalog B under ‘Special
findings during pregnancy’ or as a discharge diagnosis
according to the International Statistical Classification
of Diseases and Related Health Problems, 10th Revi-

sion, German Modification (ICD-10-GM: 024.4). If
both preDM and GDM were documented, women were
assigned to preDM on the assumption that diabetes was
already known at the first screening and not first diag-
nosed during pregnancy.

Definition of pregnancy complications

Premature birth was defined as a birth of a child before
37 weeks of pregnancy are completed; the gestational
age was determined according to the IQTIG calculation
rules (17). LGA was defined as a weight exceeding the
90™ reference percentile based on the 2007-2011
perinatal survey according to Voigt et al. in relation to
gestational age and sex (18). A cesarean section was as-
sumed if any of the codes of the German Operation and
Procedure Classification System (OPS, Operationen-
und Prozedurenschliissel) 5-74 was documented as the
mode of delivery. Whether the newborn was transferred
to a children‘s hospital is documented by the maternity
hospital. A stillbirth was defined as a premature fetal
loss after 24 weeks of gestation or a baby born dead
with a birth weight <500 g. Perinatal mortality addi-
tionally included all newborns who died within 7 days
after birth. Given the large amount of missing data on
perinatal mortality (eTable 1), analyses were limited to
stillbirths.

Statistical analyses

Data on pregnancy complications were provided by
IQTIG and were stratified by diabetes status (preDM,
GDM, no diabetes), reporting year, and maternal age at
birth which was aggregated in 5-year age groups. The
ratio of the number of births with a certain compli-
cation to the number of all births in the respective age
and diabetes groups yielded the incidence of this com-
plication. Multiple pregnancies were excluded from the
primary analysis. The relative risks (RR) and 95% con-
fidence intervals (95% CI) for the incidence of a preg-
nancy complication in women with preDM or GDM
compared to no diabetes were estimated using Poisson
regression models overall and stratified by age group
and reporting year. In a sensitivity analysis, the effect
of including multiple pregnancies as well as the effect
of excluding mothers with a double diagnosis of GDM
and preDM were evaluated. For the analyses, the statis-
tical software package R (version 4.0.5) was used.

Results

Study population

After exclusion of all multiple pregnancies
(N =97434), almost 5 million singleton births rec-
orded during the years from 2013 to 2019 were in-
cluded (eFigure 2). Altogether, 5.7% of mothers had
been diagnosed with GDM and 0.93% with preDM.
Cesarean section, transfer of the newborn to a
children’s hospital and premature birth were docu-
mented for 30.4%, 9.6% and 6.7% of all inpatient
births, respectively. LGA was documented for 9.7% of
the births and fell thus within the expected range of
about 10%. The proportion of stillbirths was 0.33%.
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TABLE 1
Description of the included study population - Inpatient singleton births in Germany during the years 2013-2019
(n=4991275)
diabetes mellitus mellitus diabetes mellitus
Number of inpatient births 46 605 ‘ 100,0 283210 ‘ 100.0 4661460 ‘ 100.0
Maternal age
<25 years 3586 1.7 20902 74 619 695 13.3
25-29 years 11 046 237 65 238 23.0 1311916 281
30-34 years 16 817 36.1 102 598 36.2 1654 964 35.5
35-39 years 11785 253 73376 25.9 890 226 19.1
> 40 years 3371 72 21096 74 184 659 4.0
Complications
Premature birth 6516 14.0 21072 74 305814 6.6
Large for gestational age* *'*2 11668 25.0 40 897 14.4 429530 9.2
Cesarean section 22 544 48.4 106 444 37.6 1390 595 29.8
Transfer of the newborn*’ 11194 24.0 40 033 14.1 428 401 9.2
Stillbirth*” 366 0.79 635 0.22 15638 0.34

*! The denominator is the number of children and is equal to the number of births, since multiples were excluded.

*2 Data are missing (n = 4814) due incomplete information.

Women with GDM or preDM were older compared
to women without diabetes (7able I). All compli-
cations of pregnancy were more common among
women with preDM compared to women without dia-
betes. With the exception of stillbirth, this was also
true for women with GDM. Stillbirth was less fre-
quent in women with GDM compared to women
without diabetes, as reflected in the unadjusted RR es-
timate (Zable 2). For all studied complications of
pregnancy, RR was higher for women with preDM
compared to women with GDM. In each case, the
highest RRs were found for LGA.

Pregnancy complications in relation to maternal age
Age-stratified evaluation of the relative frequencies
of pregnancy complications showed that the pre-
viously observed differences between women with
GDM or preDM compared to women without dia-
betes were present in almost all age groups, but dif-
fered in degree (Figure, eTable 2). In the younger
age groups, all studied complications of pregnancy
were significantly more common among women
with preDM compared to women of the same age
group without diabetes. This effect decreased with
increasing age. Differences in the relative risks for
LGA were particularly striking (<25 years: 4.28;
95% CI: [4.02; 4.55] versus >40 years: 2.15;
95-%-KI: [2,00; 2,31]) and stillbirth (<25 years:
4.38; 95% CI: [3,38; 5,67] versus > 40 years: 1.24;
95% CI: [0.82; 1.88]). The differences between
women with GDM and women of the same age group
without diabetes were less pronounced.
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TABLE 2

women without diabetes

Complication

Unadjusted relative risk for pregnancy complications in women with preges-
tational diabetes mellitus or gestational diabetes mellitus compared to

Pregestational Gestational diabetes
diabetes mellitus mellitus
e | oo | | owea

Premature birth 213 [2.08; 2.18] 113 [1.12;1.15]
Large for gestational age 2.72 [2.67;2.77] 1.57 [1.55; 1.58]
Cesarean section 1.62 [1.60; 1.64] 1.26 [1.25;1.27]
Transfer of the newborn 2.61 [2.56; 2.66] 1.54 [1.52; 1.55]
Stillbirth 234 | [211;259] | 067 | [0.62;0.72]

The reference category is women without diabetes mellitus.
Cl, confidence interval; RR, relative risk

Trend in pregnancy complications over time

Over time, the percentage of complications overall re-
mained largely stable (eTable 3). Stratification by type
of diabetes yielded a differentiated picture. While the
proportions of complications in women without dia-
betes and with GDM were relatively constant over the
years, it was noted that the proportions of premature
births, LGA and, in particular, stillbirths increased in
women with preDM over time. This was also reflected
in the resulting RR for stillbirth, which increased
between 2013 and 2019 for women with preDM com-
pared to women without diabetes (eTable 4).
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FIGURE Proportions (in percent with 95% confidence intervals) of inpatient

singleton births with pregnancy complications of all inpatient singleton
births in Germany in the years 2013-2019 stratified by maternal age
and type of diabetes
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women with GDM are at an increased risk of
premature birth (odds ratio [OR] 1.1-1.8), LGA (OR:
1.4-3.3), and cesarean section (OR: 1.1-1.7) (4, 7, 9,
10, 23, 24). Regarding the transfer of the newborn to a
children’s hospital, an elevated risk is reported by
most studies (OR: 1.0-1.6) (4, 8, 23). One study
showed an inconsistent picture depending on the
GDM definition used (24). In comparison to the lit-
erature, the RRs found in our study were in the lower
range. This may be attributable to differences in study
population composition, GDM definitions, or GDM
care. Furthermore, the OR used in the cited studies
overestimates the RR especially for common compli-
cations.

Consistent with previous studies, our analysis
showed a lower risk of stillbirth in women with GDM
compared to women without diabetes. However, it is
a matter of debate whether the risk is actually lower,
for example because of more intensive care during
pregnancy, or whether the effect is attributable to im-
mortal time bias, as women with a stillbirth before
week 28 of pregnancy had not yet been offered GDM
screening (12, 25). But it is important to note that hy-
perglycemia in GDM usually only occurs in the sec-
ond half of pregnancy. For example, a meta-analysis
showed an increased risk of stillbirth associated with
GDM on inclusion of births from week 28 of preg-
nancy (12), although it needs to be taken into account
that the meta-analysis is based on relatively hetero-
geneous studies.

In line with earlier studies, our analysis showed
for all pregnancy complications assessed greater in-
creases in risk among women with preDM than with
GDM in comparison to women without diabetes
(7-9, 13). In women with preDM, hyperglycemia is
more pronounced and already present before con-
ception and during early pregnancy (26). There are
some significant variations in the risk increase esti-
mates in published analyses: OR for premature birth:
2.0-5.8, OR for LGA: 3.4-7.7, OR for cesarean sec-
tion: 3.2-4.3, OR for transfer of the newborn:
4.0-4.8, and OR for stillbirth: 1.8-9.0 (7-9, 13).
This may be attributable to differences in the age
composition among the study populations and in the
proportions of type 1 and type 2 diabetes in the
preDM category, as higher risks are reported for type
1 diabetes than for type 2 diabetes (7, 27). The fact
that type 1 diabetes is more prevalent in the popu-
lation among women under 30 years of age (28) may
explain why the risk of pregnancy complications is
greatest in the under-25 age group. These differ-
ences decreased with increasing maternal age as the
proportion of type 2 diabetes in the population in-
creases and maternal age is itself a major risk factor
(29).

During the observation period, the risk of prema-
ture birth, LGA and especially stillbirth increased in
women with preDM, while they remained constant in
women with GDM. The increase in risk of stillbirth
among women with preDM was also found in the
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comparison with one of the earlier analyses from
Bavaria which was based on the same dataset (9).
Further analyses should continue the time series and
take into account effects of maternal risk factors, as-
pects of care, and social contextual factors. We hope
the results will help improve guideline-compliant care
for all women with GDM and preDM (11, 26) to re-
duce the risk of complications and adverse effects on
child health.

Strengths and limitations

Our analysis comprises about 98% of all births in Ger-
many, since approximately 2% of births took place in
out-of-hospital settings (30). The prevalence of GDM
may be underestimated if diabetes status is incorrectly
documented in the maternity records or not reported
by maternity hospitals (5). Assuming that potential
documentation errors were random, the risks of com-
plications would also be underestimated. In contrast,
incorrect classification of less severe GDM cases
could lead to risk overestimation. When compared
with data of the German Federal Statistical Office,
discrepancies of 4%—10% were seen in the frequen-
cies of cesarean section (31) and stillbirth (eZable I).
For perinatal mortality within 7 days postpartum, dif-
ferences of 30% were found. With regard to preDM, it
was not possible to distinguish between type 1 and
type 2 diabetes, making it difficult to interpret differ-
ences between age groups and over time. Fur-
thermore, the risk of stillbirth in women with GDM is
likely to be underestimated since women may not
have been screened for GDM at that time (12, 25).
When interpreting the RR, it is important to note that,
with the exception of age, our analysis did not take
other maternal risk factors (e.g. obesity or smoking)
into account.

Conclusion

The analysis of all inpatient births in the years
2013-2019 confirmed that diabetes mellitus continu-
es to be a major risk factor for pregnancy compli-
cation in today’s care context. Most notably, there
was a more than twofold higher risk of stillbirth in
women with preDM compared to women without dia-
betes. These associations strengthened between 2013
and 2019. While GDM was associated with a de-
crease in risk of stillbirth, the risks of premature
birth, LGA, cesarean section, and transfer of the new-
born were also significantly higher compared to
women without diabetes and did not decrease over
time. The goal to reduce the risks of pregnancy com-
plications in women with diabetes set forth in the St.
Vincent Declaration has not been achieved for
preDM and GDM, so further efforts to improve the
care of women with diabetes mellitus before and dur-
ing pregnancy as well as during childbirth are
required. The trend over time of pregnancy compli-
cations in association with GDM and preDM should
be further monitored under inclusion of maternal risk
factors as well as aspects of care.
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Flowchart for inpatient perinatal medicine quality assurance data collection (Domain of Obstetrics)
ICD, International Statistical Classification of Diseases and Related Health Problems; IQTIG, German Institute for Quality Assurance and Trans-
parency in Health Care (Institut fiir Qualitatssicherung und Transparenz im Gesundheitswesen); QA, quality assurance
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eTABLE 2
Relative risks for pregnancy complications among inpatient singleton births in women with preDM and GDM, respectively,
compared to women without diabetes mellitus overall and in relation to maternal age
Maternal age “ pwcl | RR | sl m
Premature birth 213 [2.08;2.18] 1.13 [1.12;1.15]
<25 years 2.54 [2.35; 2.75] 1.03 [0.98; 1.08]
25-29 years 221 [2.16; 2.38] 1.10 [1.06; 1.13]
30-34 years 2.05 [1.97; 2.14] 1.14 [1.11; 1.16]
35-39 years 2.02 [1.92;2.12] 1.15 [1.12;1.18]
2 40 years 1.79 [1.64; 1.95] 1.12 [1.07;1.17]
Large for gestational age*' ** 2.72 [2.67;2.77] 1.57 [1.55; 1.58] Ref.
< 25 years 4.28 [4.02; 4.55] 2.19 [2.10; 2.27]
25-29 years 3.08 [2.97; 3.20] 1.67 [1.64; 1.71]
30-34 years 2.56 [2.48; 2.64] 1.47 [1.45; 1.50]
35-39 years 220 [2.12; 2.28] 1.37 [1.35; 1.40]
> 40 years 2.15 [2.00; 2.31] 1.34 [1.28;1.39]
Cesarean section 1.62 [1.60; 1.64] 1.26 [1.25;1.27] Ref.
<25 years 1.88 [1.79;1.97] 1.32 [1.29; 1.35]
25-29 years 1.68 [1.64;1.73] 1.25 [1.23;1.27]
30-34 years 1.58 [1.54; 1.61] 1.23 [1.22;1.25]
35-39 years 1.49 [1.45; 1.53] 1.18 [1.17;1.20]
> 40 years 1.34 [1.28; 1.40] 1.12 [1.10; 1.15]
Transfer to a children‘s hospital *' 2.61 [2.56; 2.66] 1.54 [1.52; 1.55] Ref.
< 25 years 2.86 [2.69; 3.04] 1.47 [1.42;1.53]
25-29 years 2.76 [2.66; 2.87] 1.57 [1.53; 1.60]
30-34 years 2.61 [2.52; 2.69] 1.57 [1.54; 1.59]
35-39 years 249 [2.40; 2.59] 1.53 [1.50; 1.56]
> 40 years 2.31 [2.16; 2.47] 1.41 [1.36; 1.47]
Stillbirth *' 2.34 [2.11; 2.60] 0.67 [0.62;0.72] Ref.
<25 years 4.38 [3.38; 5.67] 0.53 [0.39; 0.73]
25-29 years 2.88 [2.36; 3.52] 0.78 [0.67;0.92]
30-34 years 2.16 [1.79; 2.61] 0.62 [0.54;0.72]
35-39 years 1.77 [1.41;2.23] 0.63 [0.54;0.73]
2 40 years 1.24 [0.82; 1.88] 0.66 [0.52; 0.83]

*! The denominator is the number of children and is equal to the number of births, since multiples were excluded.
*2 Data are missing (n = 4814) due to incomplete information.
DM, diabetes mellitus; GDM, gestational diabetes mellitus; Cl, confidence interval; preDM, pregestational diabetes mellitus; Ref., reference; RR, relative risk
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