
MINI-REVIEW

Gestational diabetes mellitus and long-term consequences
for mother and offspring: a view from Denmark
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Abstract Gestational diabetes mellitus (GDM) is defined as
glucose intolerance of varying severity and is present in about
2–6% of all pregnancies in Europe, making it one of the most
common pregnancy disorders. Aside from the short-term mater-
nal, fetal and neonatal consequences associatedwithGDM, there
are long-term consequences for bothmother and child. Although
maternal glucose tolerance often normalises shortly after preg-
nancy, women with GDM have a substantially increased risk of
developing type 2 diabetes later in life. Studies have reported that
women are more than seven times as likely to develop diabetes
after GDM, and that approximately 50% of mothers with GDM
will develop diabetes within 10 years, making GDM one of the
strongest predictors of type 2 diabetes. In women with previous
GDM, development of type 2 diabetes can be prevented or de-
layed by lifestyle intervention and/or medical treatment.
Systematic follow-up programmes would be ideal to prevent
progression of GDM to diabetes, but such programmes are un-
fortunately lacking in the routine clinical set-up in most coun-
tries. Studies have found that the risks of obesity, the metabolic

syndrome, type 2 diabetes and impaired insulin sensitivity and
secretion in offspring of mothers with GDM are two- to eight-
fold those in offspring of mothers without GDM. The underly-
ing pathogenic mechanisms behind the abnormal metabolic risk
profile in offspring are unknown, but epigenetic changes in-
duced by exposure to maternal hyperglycaemia during fetal life
are implicated. Animal studies indicate that treatment can pre-
vent long-term metabolic complications in offspring, but this
remains to be confirmed in humans. Thus, diabetes begets dia-
betes and it is likely that GDM plays a significant role in the
global diabetes epidemic. This review summarises a presenta-
tion given at the ‘Gestational diabetes: what’s up?’ symposium
at the 2015 annual meeting of the EASD. It is accompanied by
two other reviews on topics from this symposium (by Marja
Vääräsmäki, DOI: 10.1007/s00125-016-3976-6, and by Cuilin
Zhang and colleagues, DOI: 10.1007/s00125-016-3979-3)
and an overview by the Session Chair, Kerstin Berntorp
(DOI: 10.1007/s00125-016-3975-7).
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O-T1DM Offspring of women with type 1 diabetes

Introduction

Gestational diabetes mellitus (GDM) is defined as glucose
intolerance of varying severity and is present in around 2–6%
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of all pregnancies in Europe, with regional variations [1].
GDM is therefore one of the most common pregnancy disor-
ders. If left untreated, the risk of complications such as pre-
eclampsia and preterm delivery is increased. GDM also results
in excess growth of the fetus, causing problems during labour
and delivery for both mother and offspring, including birth
lacerations, delivery by Caesarean section and problems during
the neonatal period [2]. Many of these complications can be
prevented by proper treatment during pregnancy [3, 4].
Furthermore, in most women with GDM, glucose tolerance
normalises shortly after delivery [5]. Thus, following a preg-
nancy complicated by GDM,most women will experience nor-
malised glucose tolerance a few days after birth, and the vast
majority will have a healthy baby. Unfortunately, reality paints
a less optimistic picture of the future, because GDM can have
long-lasting health consequences for both mother and child.

Mother

The original diagnostic criteria for GDM by O’Sullivan and
Mahan [6] were based on the maternal risk of developing
diabetes later in life, and not on the perinatal risk. Thus, the
knowledge that women with elevated glucose levels during
pregnancy are at an increased risk of subsequent diabetes is
not new. This has been shown in different populations with
various risk estimates, depending on the populations studied
and the GDM criteria used [7].

We have found interesting trends in our studies on the de-
velopment of diabetes after GDM in pregnancy in Denmark
over the years. In our first follow-up study, performed a median
of 6 years after pregnancy, in 241 women with previous diet-
treated GDM between 1978 and 1985, we found that almost
18% had developed diabetes (4% type 1 diabetes and 14% type
2 diabetes) and 17% had prediabetes (defined as impaired glu-
cose tolerance and/or impaired fasting glucose) [8]. Some
13 years later we re-invited the same women for another
follow-up study [9]. At this time, after a median of 19 years,
37% of the 151 participants had diabetes (5% type 1 diabetes,
32% type 2 diabetes), while 29% had prediabetes, meaning
only a third had normal glucose tolerance. Simultaneously,
we investigated a cohort of 330 women who had diet-treated
GDM in the period between 1987 and 1996. Among this newer
cohort, followed for amedian of 7 years, 41% had diabetes (4%
type 1 diabetes, 37% type 2 diabetes) and 26% had prediabetes
[9]. Multivariate analysis revealed that the risk of developing
diabetes in the new cohort was threefold that in the old one. The
main difference between the two cohorts was that the pre-
pregnancy BMI was three units (kg/m2) higher in the new
cohort than in the older cohort. In accordance with other stud-
ies, we found that increasing pre-pregnancy BMI, higher
fasting glucose at GDM diagnosis, early gestational age at
GDM diagnosis and post-partum impaired glucose tolerance

were risk factors for the subsequent development of overt dia-
betes. More than half of the women with type 2 diabetes were
diagnosed during the course of the study, and were thus un-
aware of the fact that they had the disease prior to participation.
Furthermore, it was found that the risk of the metabolic syn-
drome in women with previous GDMwas over three times that
in the general group, even when adjusted for age and BMI [10].
Thus, our Danish data are in accordance with other studies. A
review by Bellamy et al [7] reported that in women with pre-
vious GDM the risk of developing diabetes is more than seven
times that in women who had a normoglycaemic pregnancy,
underlining the importance of prevention or postponement of
development of diabetes and cardiovascular disease in these
women. It has been estimated that GDM is the best known
predictor of type 2 diabetes, and that approximately one-third
of women with type 2 diabetes may have had previous GDM
[11]. Thus, a large potential exists for preventing or delaying
the onset of type 2 diabetes in these women. Epidemiological
studies indicate that womenwith previous GDMwho are phys-
ically active or do not gain weight after pregnancy have a
reduced risk of progressing to overt diabetes [12, 13]. In accor-
dance with this, in randomised controlled trials, lifestyle inter-
vention and medical treatment have both been shown to de-
crease the number who progress to diabetes by approximately
50% in women with previous GDM [14, 15].

Most guidelines recommend breastfeeding, a lifelong
healthy lifestyle including weight loss if necessary, as well
as an OGTT 2–6 months post-delivery. After delivery, glucose
tolerance should be assessed every 1–3 years [16] using either
fasting glucose, OGTT or HbA1c. In spite of these guidelines,
systematic follow-up programmes facilitating early diagnosis
and intervention are generally lacking in the routine clinical
set-up for the majority of women with GDMworldwide, prob-
ably because of a combination of several reasons.Whenwom-
en with GDM are discharged from hospital after birth, deter-
mining who has responsibility for subsequent routine follow-
up visits can be a difficult task—is it the patient herself, the
general practitioner, the endocrinologist or the health author-
ities? While most women with GDM are highly motivated,
capable of making the necessary lifestyle changes and adher-
ing to a strict treatment regimen during pregnancy, things
become more difficult when glucose tolerance returns to nor-
mal after delivery and daily life challenges pile up. These
women are often mothers with full-time jobs, and in a previ-
ous study from Copenhagen few were able to maintain a
healthy lifestyle [17]. Even in settings where the women are
invited and the post-partum OGTT is offered free of charge,
the attendance rate remains at approximately 50%. It seems
logical to make this lifelong post-partum care, control and
guidance part of the public healthcare system, for exam-
ple, in association with the routine child examinations and
vaccinations, which most mothers will attend together with
their offspring.
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Offspring

While the long-term maternal metabolic risk after GDM has
long been well established, the long-term risks for the off-
spring are less well explored. Elegantly performed animal
studies have demonstrated that offspring of mothers with
GDM are at increased risk of GDM, diabetes, obesity, cardio-
vascular disease and structural hypothalamic changes [18, 19].
Furthermore, these animal studies have documented that nor-
malisation of maternal blood glucose levels during pregnancy
prevents these negative outcomes. While studies in adult off-
spring are limited, several human studies exist in children
from different populations, involving a mix of different ma-
ternal diabetes types [20–22]. The results of these studies are
in line with the animal studies, the majority finding increased
risk of diabetes and obesity in children exposed to maternal
diabetes.

The following is an overview of our own follow-up studies of
adult offspring of women with GDM. Offspring of women with
GDM (O-GDM), type 1 diabetes (O-T1DM) and from the back-
ground population (O-BP) were followed until age 18–27 years
[23, 24]. Prediabetes/diabetes was present in 21% of O-GDM
and 11% of O-T1DM compared with 4% of O-BP. When ad-
justed for confounders, the risk of prediabetes/diabetes in
O-GDM was eight times that in O-BP. In O-T1DM, who have
a different genetic background with respect to risk of type 2
diabetes, the risk of prediabetes/diabetes was four times that in
O-BP, with a positive association with maternal glucose levels in
late pregnancy. The risk of developing the metabolic syndrome
in O-T1DM and O-GDM was two and four times that in O-BP,
respectively, and in O-GDM the risk increased with increasing
maternal glucose levels as assessed by OGTT during pregnancy
[24]. Finally, the risk of being overweight during adulthood was
two times that in O-BP for both O-GDM and O-T1DM. These
findings are in line with a direct effect of maternal
hyperglycaemia, in combination with other factors, on the risk
of offspring developing diabetes, overweight and the metabolic
syndrome. However, the specific underlying pathogenic
mechanisms are unknown.

Based on an OGTT, we found that exposure to intrauterine
hyperglycaemia was associated with impaired insulin sensi-
tivity and relatively impaired insulin secretion in adulthood,
both of which are characteristics of type 2 diabetes [25].
Chronic inflammation has been closely associated with type
2 diabetes and the metabolic syndrome, and we set out to
investigate this as well. Levels of high-sensitivity CRP, IL-6
and YKL40 were investigated in O-GDM but no abnormali-
ties were found [26], indicating that exposure to intrauterine
hyperglycaemia does not affect the level of chronic inflamma-
tion in O-GDM. Finally, no major changes in incretin and
glucagon function (during OGTT) were found in the off-
spring, but slightly reduced levels of glucagon-like peptide 1
in the fasting state, and reduced suppression of glucagon

during OGTT may contribute to the increased risk of glucose
intolerance among O-GDM [27].

In theory, this abnormal metabolic risk profile in O-GDM
could be due to epigenetic changes induced by maternal
hyperglycaemia, and a second follow-up of our cohort is cur-
rently underway, in which target tissues, such as skeletal mus-
cle and subcutaneous adipose tissue, have been obtained for
epigenetic analyses.

It has been discussed whether exposure to intrauterine
hyperglycaemia can induce impaired cognitive function in
the offspring. We found a slightly lower cognitive score in
O-GDM in univariate analysis, but when adjusting for paren-
tal educational level and socioeconomic status this difference
disappeared [28]. Other studies find varying results, and there
is currently no solid evidence indicating that maternal GDM
causes impaired cognitive function in the offspring [22].

A key question that remains to be answered is whether
optimal treatment of maternal hyperglycaemia can affect the
long-term prognosis of the offspring, as has been found in
animal studies [18, 19]. For this purpose, long-term follow-
up studies of offspring of mothers from GDM treatment trials
are required. Fortunately, two studies already exist [29, 30],
with follow-up ranging from 4 to 10 years. Both studies used
BMI as the primary outcome and found no differences in
offspring BMI, regardless of whether maternal GDM was
treated or untreated. In a sub-analysis of one of the studies
[30], it was found that treatment of the mother was associated
with increased insulin sensitivity, lower fasting glucose and a
lower rate of impaired glucose tolerance in female offspring
only. These findings are discouraging compared with the well-
established effect of treatment on short-term perinatal out-
come [3, 4]. The apparent general lack of treatment effect on
the long-term prognosis of the offspring could be due to
(1) lack of statistical power, since the studies were not origi-
nally designed for long-term follow-up studies of offspring;
(2) lack of follow-up time, since some studies indicate that the
beneficial effect of treatment occurs at an older age [31]; or
(3) insufficient maternal treatment with respect to the long-
term effects on the offspring.

Conclusion

In conclusion, GDM can have a marked impact on the future
health of both mother and offspring. The prevalence of GDM
is increasing in most populations, and it is very likely that
GDM plays a significant role in the global diabetes epidemic.
Diabetes begets diabetes.

Effective intervention strategies for preventing or reducing
metabolic derangement in the mother after delivery are avail-
able, but they need to be generally implemented in the clinical
setting. Concerning prevention in the offspring, our knowl-
edge is still too limited to recommend specific programmes.
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