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SUMMARY

Gestational diabetes mellitus
Gestational diabetes mellitus (GDM) is defined as hyperglycaemia (high blood 
glucose levels) first detected during pregnancy. For women diagnosed with GDM 
in first trimester of pregnancy, pre-existing diabetes mellitus (DM) should be con-
sidered.1 GDM affects up to 14% of all pregnancies and the prevalence is expected 
to keep increasing.2 Untreated GDM is associated with an elevated risk of neonatal 
and obstetric complications such as macrosomia (high birth weight), birth trauma, 
preeclampsia and caesarean section.3-5 Furthermore, GDM is associated with an in-
creased risk of maternal type 2 diabetes mellitus (T2DM) and cardiovascular diseases 
after pregnancy and there is growing evidence for long-term health consequences 
for the child (obesity and/or T2DM).6-13 Intervention studies have demonstrated that 
early diagnosis and appropriate treatment of GDM can reduce the risk of pregnancy 
complications.14,15 However, worldwide there is no uniformly accepted guideline for 
GDM diagnosis and treatment.16

Dutch guideline for GDM screening and treatment
In the Netherlands, the Dutch Society of Obstetrics and Gynaecology guideline “Dia-
betes and Pregnancy” for the screening and treatment of GDM was implemented in 
2010. Their guideline recommends to screen for GDM in high-risk women using a 
75-g oral glucose tolerance test (OGTT). The World Health Organization (WHO) 1999 
criteria are recommended for diagnosis of GDM (fasting plasma glucose (FG) ≥7.0 
mmol/l and/or 2-h glucose value (2HG) ≥7.8 mmol/l).17,18 

The main goal of GDM treatment is to achieve glycaemic control during preg-
nancy. The first step in GDM treatment is dietary advice by a dietician. If dietary 
advice fails to maintain adequate glucose control during pregnancy, insulin therapy 
is the second step.18 After GDM pregnancy, the national guideline recommends 
glucose testing six weeks after delivery and subsequently once a year for the next 
five years in women with a history of GDM.18,19

International GDM guidelines
In recent years, new findings are reported regarding maternal hyperglycaemia 
and the increased risk of pregnancy complications.3,5 This has led to a national 
and international debate regarding the diagnostic cut-off values of GDM. New 
more stringent diagnostic criteria for GDM are implemented by the International 
Association of Diabetes and Pregnancy Study Groups (IADPSG) in 2010, and these 
criteria have been endorsed by different expert groups including the WHO in 2013 
(75-g OGTT; FG ≥5.1 mmol/l; and/or 1-h glucose value (1HG) ≥10.0 mmol/l; and/
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or 2HG ≥8.5 mmol/l).20,21 The evidence that these new diagnostic criteria improve 
pregnancy outcomes is limited. In the Netherlands, the WHO-2013 criteria have not 
yet been implemented. 

The research described in this thesis aimed to evaluate the current Dutch 
national guidelines for diagnosis and treatment of GDM i.e. what is the outcome 
of GDM pregnancies using this guideline? And what are consequences when the 
current diagnostic criteria of GDM are to be revised? 

In Chapter 1 we provided a general introduction and outlined the aim of this 
thesis. In Chapter 2 we reviewed the existing literature and we provided a more 
extensive overview of the current knowledge regarding GDM and the unmet needs 
of this condition. We reviewed the diagnostic criteria, different treatment regimens 
available, and the long-term health consequences of GDM. 

PART A: EVALUATION OF THE CURRENT NATIONAL GUIDELINE

In Chapter 3, we retrospectively evaluated the pregnancies outcomes of 820 singleton 
pregnancies complicated by GDM after implementation of the 2010 Dutch Society of 
Obstetrics and Gynaecology guideline “Diabetes and Pregnancy” on systematic screen-
ing and treatment of GDM. These women were diagnosed and treated for GDM in the 
UMCG and Martini Hospital, between 2011 and 2014. The outcomes were compared 
between women treated with diet-only and women treated with additional insulin 
therapy. The pregnancies outcomes of the general obstetric population in the northern 
region of the Netherlands served as a reference population. We found that neonates 
born to mothers in the GDM population were more likely to be large-for-gestational-
age (LGA; defined as a birth weight >90th percentile) compared with neonates born to 
mothers in the general obstetric population, 20% versus 11%. The incidence of adverse 
pregnancy outcomes was low in the GDM cohort. Moreover, there were no major dif-
ferences in neonatal and obstetric outcomes between women with GDM treated with 
diet only or additional insulin therapy. We concluded that the current Dutch guideline 
is successful in achieving a low incidence of adverse pregnancy outcomes, however the 
percentage LGA neonates was significantly higher in GDM pregnancies compared to 
the general obstetric population. 

In Chapter 4, we allowed the recognition of a more “complex-care” group of 
insulin-treated women with GDM, but on the other hand a potential “low-risk” 
group of women treated with diet alone and likely to have good obstetric and/or 
neonatal outcomes. In last years, the number of women referred for GDM treatment 
in secondary care has largely increased. The study was performed in the same 820 
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singleton GDM pregnancies as mentioned before. We found various predictors of 
need for additional insulin therapy: 
- Previous GDM; 
- Family history of diabetes mellitus; 
- A previous infant weighing ≥4500 g at birth; 
- Ethnicity, in particular Middle Eastern/North-African descent; 
- Multiparity;
- Overweight, defined as pre-gestational body mass index (BMI) ≥30 kg/m2; 
- A markedly increased fasting and 2-h glucose level after a 75-g OGTT at time of 

GDM diagnosis.
A fasting glucose level ≥5.5 mmol/l at time of GDM diagnosis was the strongest pre-
dictor of need for insulin therapy. Furthermore, the study showed that primiparous 
women and women with higher weight gain during pregnancy had more pregnancy 
complications. We concluded that the predictors found for insulin therapy might 
be helpful to recognise a complex-care group of insulin treated women with GDM. 
However, it was not possible to identify a low risk diet-treated group from our data 
based on pregnancy outcomes.

In Chapter 5, we investigated the potential effect of thyroid function tests TSH 
and FT4 on maternal and neonatal outcomes in women with GDM. We retrospec-
tively reviewed the medical files of 222 singleton euthyroid GDM pregnancies. 
Thyroid function (TSH and FT4 levels) was measured at the first visit at the UMCG 
diabetes outpatient clinic, between 24-29 weeks of gestation. We tested the hypoth-
esis that women with lower FT4 levels (in the normal rage) are more likely to have 
a higher weight gain and possibly unfavourable pregnancy outcomes. We showed 
no major differences in unfavourable neonatal outcomes across quartiles of FT4 and 
TSH levels within the normal range. However, women with GDM and with low FT4 
levels (and/or high TSH levels) had a higher pre-gestational BMI and showed a trend 
towards a higher weight gain during pregnancy compared with women with higher 
FT4 levels. This last finding is in agreement with our hypothesis. 

In Chapter 6, we aimed to evaluate the postpartum GDM care in primary- and 
secondary care. And in addition we aimed to evaluate the lifestyle of women with a 
history of GDM. In this cross-sectional follow-up survey we invited 215 women, who 
were treated for GDM in the UMCG between January 2011 and December 2012, to 
participate in the study. In total 77 women responded. We also invited the general 
practitioners (GPs) of these women and in total 61 GPs responded. We found that 
90% of the women visited the DM outpatient clinic. However we found very low 
rates of longer-term follow-up postpartum glucose testing in primary care. Of the 
61 GPs, 12 GPs reported that they performed glucose testing within 12-14 months 
after delivery and only two women were tested for three consecutive years. More-
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over, we found a suboptimal performance of adherence to a healthy lifestyle for 
women with a history of GDM, defined according the Dutch guidelines for a healthy 
diet and Dutch guidelines for healthy exercise. We concluded that in women with a 
history of GDM postpartum follow-up care was far from optimal.

PART B: EVALUATION OF NEW INTERNATIONAL DIAGNOSTIC 
CRITERIA

In Chapter 7, we investigated the possible impact on GDM prevalence and pregnancy 
outcomes of applying the new WHO-2013 criteria instead of the older WHO-1999 
criteria. Data on screening were available from 10,642 women who underwent a 75-g 
OGTT between January 2011 and September 2016 due to risk factors or signs sugges-
tive of GDM. Data on pregnancy outcomes were available for 4,431 women and were 
compared between a normal glucose tolerance control group and different GDM 
classification groups. We found that applying the new WHO-2013 criteria would have 
resulted in a higher incidence of women with GDM than using the WHO-1999 criteria 
(31% versus 22%). We also showed that the new criteria identified a group of women 
(i.e. women with FG ≥5.1-≤6.9 mmol/l) with unfavourable characteristics (high BMI 
and more often hypertensive disorders) and more adverse pregnancy outcomes when 
compared to women with normal glucose tolerance (women with a normal OGTT i.e. 
women with FG <5.1 and 2HG <7.8 mmol/l) or with the general obstetric popula-
tion in the northern region of the Netherlands. The women potentially missed due 
to the higher 2HG cut-off of the WHO-2013 criteria (i.e. women with 2HG ≥7.8-≤8.4 
mmol/l) had similar pregnancy outcomes to women with normal glucose tolerance, 
however these women were actively treated for GDM with nutritional advice or (20%) 
additional insulin therapy according the national guideline. 

In Chapter 8, we evaluated maternal characteristics and pregnancy outcomes in 
two cohorts in the Netherlands which applied different diagnostic criteria for GDM 
i.e. WHO-2013 and WHO-1999. As mentioned earlier, the Dutch national guideline 
recommends the WHO-1999 criteria for GDM diagnosis. Notwithstanding that, a 
few hospitals in the Netherlands already implemented the new IADPSG/WHO-2013 
criteria for diagnosis of GDM. This study was in collaboration with the Deventer Hos-
pital, this hospital implemented the IADPSG/WHO-2013 criteria in 2012. Women in 
both cohorts were treated based on the national guideline for GDM. We retrospec-
tively evaluated the medical files of 1386 singleton GDM pregnancies (437 women 
WHO-2013 cohort and 949 women WHO-1999 cohort). In this study we showed 
that women in the WHO-2013-cohort were more often overweight and were often 
hypertensive during pregnancy compared with women in the WHO-1999 cohort. 
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However, they were diagnosed earlier, less often needed additional insulin therapy, 
and had a higher percentage of spontaneous deliveries and a lower percentage 
of LGA neonates. No other differences in adverse pregnancy outcomes were seen 
between the two cohorts.

GENERAL DISCUSSION AND FUTURE PERSPECTIVES

Although there are new insights regarding hyperglycaemia during pregnancy and 
the increased risks of adverse pregnancy outcomes, there is much controversy 
regarding the optimal glucose thresholds to define GDM, the blood glucose targets 
for treatment, and even so the mode of treatment. As a result, there is an on-going 
national and international debate regarding the diagnosis and treatment of GDM 
and there are no uniformly accepted guidelines. The outcomes of the current na-
tional guideline and new – more stringent – international diagnostic criteria will be 
discussed and future perspectives are provided. 

NATIONAL GUIDELINE VERSUS NEW INTERNATIONAL DIAGNOSTIC 
CRITERIA FOR GDM

Pregnancy outcomes in GDM 
Since the introduction of the current national GDM guideline there is a more active 
screening and treatment policy for GDM. However, until recently the effect of this 
guideline on the outcomes of GDM pregnancies was unclear. In this thesis we have 
shown that the current national GDM guideline (using the WHO-1999 diagnostic 
criteria; FG ≥7.0 mmol/l and/or 2HG ≥7.8 mmol/l) is successful in achieving a low 
incidence of adverse short-term birth outcomes. The number of adverse short-
term birth outcomes was comparable with the general obstetric population in 
the northern region of the Netherlands. We also observed no major differences in 
pregnancy outcomes between the two treatment regimens: diet-only or additional 
insulin therapy. However, neonates born to mothers in the GDM population were 
more likely to be LGA when compared with neonates born to mothers in the general 
obstetric population (~20% versus 11%) (Chapter 3 and Chapter 7). This is an impor-
tant finding, given the short-term and possible long-term consequences associated 
with LGA. 
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Screening 
Despite the progress in screening and treatment of GDM, the national GDM guide-
line is not optimal in reducing the number of LGA neonates. We found that a con-
siderable proportion of women were diagnosed with GDM later than 28 weeks of 
gestation (Chapter 3 and 8). In these women, GDM treatment was therefore started 
late in pregnancy and this could have resulted in excessive foetal growth. This find-
ing is supported by an elegant study of Hammoud et al., who demonstrated that 
GDM diagnosed by early screening is associated with a lower incidence of foetal 
macrosomia than GDM diagnosed following signs late in pregnancy.22 

In the current guideline, it is recommended to perform the 75-g OGTT between 
24 and 28 weeks of gestation in women with one or more risk factors for GDM.18 
The risks factors currently used for GDM screening are successful in identifying 
women at higher risk for adverse pregnancy outcomes. In this thesis we found that 
women who were screened for GDM and exhibited normal glucose tolerance (i.e. 
women with FG <5.1 mmol/l and 2HG <7.8 mmol/l), still had a 7% higher rate of 
LGA neonates compared to women in the general obstetric population (Chapter 7). 
To further improve GDM screening there obviously is need for better planning of 
the OGTT. First, the OGTT could be scheduled more strictly or earlier in pregnancy 
in high-risk women. A recent study showed that women at high risk of GDM and 
diagnosed with GDM in early pregnancy (defined as diagnosed with GDM before 
12 weeks of gestation) had rates of adverse pregnancies outcomes comparable to 
women with pre-existing DM.23 However, screening before 24 weeks of gestation 
would increase the number of false negative OGTTs, because it is well known that 
insulin resistance increases in second or third trimester. Therefore, another option 
is to provide a second screening test after 28 weeks of gestation, to identify women 
who developed GDM after second trimester or to identify women who test negative 
for GDM at the first screening test. Secondly, we have observed that by implementing 
the more stringent WHO-2013 diagnostic thresholds for GDM, women were earlier 
identified with GDM compared with the WHO-1999 diagnostic thresholds (Chapter 
8). The women in the WHO-2013 cohort were treated earlier and the percentage 
LGA neonates was lower compared with the WHO-1999 cohort. Adopting the new 
diagnostic thresholds for GDM will probably result in earlier diagnosis of GDM. 

There is also a lot of controversy in the literature about the screening of GDM, 
not only about the timing of screening but also regarding selective screening (only 
high risk women) or universal screening. Detailed discussion of these points is 
beyond the scope of this thesis. 
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Diagnosis – international diagnostic thresholds 
The current national and international discussion mainly focuses on the optimal 
diagnostic thresholds for GDM. It has been demonstrated previously that there 
is linear relationship between higher maternal fasting and 2-h post-load glucose 
levels and the increased risk of adverse pregnancy outcomes.3,5 However, for most 
of the pregnancy complications there is no clear threshold risk found and therefore 
it is unclear at which degree of maternal hyperglycaemia treatment should be 
provided.20

Fasting glucose level
Although many guideline committees have adopted the new IADPSG diagnostic 
criteria for GDM (75-g OGTT; FG glucose ≥5.1 mmol/l; and/or 1HG ≥10.0 mmol/l; 
and/or 2HG ≥8.5 mmol/l),20,21 evidence that applying these more stringent diag-
nostic criteria (mainly more stringent regarding FG levels) improves short- and 
long-term pregnancy outcomes is limited (Chapter 2). Therefore, the question 
remains whether identifying women with mild GDM will indeed improve pregnancy 
outcomes, including reducing the number of LGA neonates.

In the current thesis, we showed that the lower FG cut-off value of the WHO-
2013 criteria was successful in identifying a group of women (i.e. women with FG 
≥5.1-≤6.9 mmol/l) with an increased risk of adverse pregnancy outcomes (Chapter 
7). Moreover, when compared with the general obstetric population these women 
had a twofold higher rate of LGA neonates (21% versus 11%).These findings provide 
evidence that this category of high-risk women should not be left untreated and 
adjustment of the FG cut-off level in the national guideline is necessary to further 
improve pregnancy outcomes. 

With the evidence that (untreated) mild GDM is associated with an increased 
risk of adverse pregnancy outcomes, the second question remains whether treating 
women with mild GDM improves pregnancy outcomes. We also demonstrated that 
women diagnosed with the WHO-2013 criteria and treated according the national 
guideline had a lower likelihood of having an LGA neonate, a reduced need for insu-
lin treatment and more spontaneous deliveries when compared with women diag-
nosed according the WHO-1999 criteria (Chapter 8). It has to be borne in mind that 
this multicentre study was performed in two different regions in the Netherlands. 
There might be some differences in the study populations and obstetric manage-
ment between the hospitals. The women in the WHO-2013 cohort were diagnosed 
with GDM earlier in their pregnancy, and this may have influenced the results of 
the study. However, as stated before this last finding could also be a strength of the 
WHO-2013 criteria. 
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Two-hour glucose level
By implementing the WHO-2013 diagnostic thresholds with a higher 2HG cut-off 
value may exclude a group of women who are currently diagnosed and treated for 
GDM according the WHO-1999 criteria (i.e. women with 2HG ≥7.8-≤8.4 mmol/l). 
There is a lack of data on whether women with a 2HG level between 7.8 and 8.5 
mmol/l can be safely left untreated. We demonstrated that this category of women 
had pregnancy outcomes comparable to those of women with normal glucose 
tolerance (Chapter 7). Based on these findings, it seems that these women could be 
safely untreated. However, according to the current guideline these women were 
treated for GDM, and all received dietary counselling, while 20.5% were treated 
additionally with insulin according to our treatment protocol. We postulate that 
withholding treatment in these women will increase the proportion of LGA neo-
nates in this group by 10-30%. A recent exciting study by Farrar et al., demonstrated 
that even women with a two-hour post load glucose level ≥7.5 mmol/l are at in-
creased risk of adverse outcomes.3 The diagnostic 2HG thresholds (2HG ≥7.5 mmol/l 
for Caucasian women and 2HG ≥7.2 for South Asian women) proposed by these 
authors are therefore much lower when compared with the WHO-2013 criteria. 
Also In the United Kingdom, the National Institute for health and Care Excellence 
(NICE) guideline 2015, recommends diagnostic criteria which are different from the 
WHO-2013 thresholds (75-g OGTT; FG ≥5.6 mmol/l and/or 2HG ≥7.8 mmol/l).The 
NICE guideline recommends the older WHO-1999 2HG cut-off value for diagnosis 
of GDM, because of limited evidence and fears for medicalization of pregnancy by 
applying the WHO-2013 criteria.24 

Prevalence of GDM
The prevalence of GDM largely depends on the screening strategy, the applied 
diagnostic strategies and the population studied.25 Studies have demonstrated that 
by implementing the new WHO-2013 criteria the prevalence of GDM will rise ex-
tensively.26 In this thesis, we showed – in a selected cohort of women at high risk of 
GDM – that the prevalence of GDM was 22% if the WHO-1999 criteria were applied 
and 31% if the WHO-2013 criteria were used (Chapter 7). By applying the WHO-2013 
criteria more women were classified as having GDM, but this is by default on the 
basis of the definition of 5.1 mmol/l as an elevated FG level. The WHO-2013 criteria 
also recommend an one-hour post load glucose value for GDM diagnosis. It should 
be noted that data for one-hour post load glucose value were not collected in our 
GDM cohort. It is therefore possible that the currently reported GDM prevalence is 
an underestimation.
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Obesity – what are we treating?
The prevalence of GDM is also rising due to increasing prevalence of overweight 
and obesity in women during reproductive age.26 Maternal obesity is a major risk 
factor for GDM and T2DM.27,28 Moreover, obesity and GDM are both associated with 
insulin resistance and hyperglycaemia.29 In our GDM populations, the majority of 
the women were overweight or obese and had other features of the metabolic syn-
drome, such as chronic hypertension (Chapter 3, 7, 8). The women classified based 
on the FG cut-off value of the WHO-2013 criteria (FG ≥5.1-≤6.9 mmol/l) were more 
likely than women with normal glucose tolerance to be obese (BMI ≥30 kg/m2) and 
hypertensive. 

Obesity and also maternal weight gain during pregnancy are major risk factors 
for adverse pregnancy outcomes, including LGA neonates.30-32 Maternal obesity 
and weight gain are also important confounders in the association between mild 
hyperglycaemia and adverse pregnancy outcomes. This is supported by an analysis 
from the HAPO cohort, which demonstrated that high maternal BMI, independent 
of maternal hyperglycaemia, is associated with increased risk of pregnancy com-
plications.29 The HAPO cohort also showed that a combination of obesity and GDM 
pregnancy has a greater impact on adverse pregnancy outcomes than either of 
these risk factors alone.29 

To reduce the short- and long term risks connected to GDM there is an urgent 
need for safe and effective lifestyle interventions. Women with obesity may profit 
from lifestyle changes during pregnancy to achieve and maintain adequate glucose 
control, however weight loss during pregnancy is not recommended.33,34 In addition, 
studies have demonstrated that treatment of obesity and reducing weight gain dur-
ing pregnancy had almost no effect on delivering an LGA neonate.35 Therefore, it is a 
better suggestion that women with obesity receive standard lifestyle interventions 
before pregnancy, including advice about a healthy diet and aiming for and main-
taining a healthy BMI. This is supported by a study of Zang et al., who showed that 
adherence to a healthy lifestyle (maintaining a healthy body weight, a healthy diet, 
regular exercise, and not smoking) before pregnancy was associated with a reduced 
risk of GDM.36 It should be debated to propose that all women with GDM risk factors 
(including having a family history of diabetes or having a history of GDM) and who 
tested negative for GDM should receive standard lifestyle intervention support, 
since we showed that GDM-high risk women with normal glucose tolerance (i.e. a 
normal OGTT) also had an increased risk of having an LGA neonate. A recent inter-
vention study suggested that moderate lifestyle intervention in pregnant women 
who are at high risk for developing GDM reduced the incidence of GDM by 39%.37 
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Thyroid function – maternal weight and GDM
Another risk factor for adverse pregnancy outcomes is thyroid dysfunction, includ-
ing low and high FT4 levels within the normal range.38-40 Moreover, there are as-
sociations reported between low FT4 levels throughout pregnancy and maternal 
weight.41,42 As mentioned earlier, maternal weight gain and obesity during preg-
nancy are associated with GDM and also with an increased risk of adverse outcomes. 
Recently several studies have reported associations between thyroid function (low 
FT4) and the development of GDM.43-45 Haddow et al., showed a reciprocal relation-
ship between FT4 and maternal weight and a higher GDM rate in second trimester 
of pregnancy.45 We found that euthyroid women with GDM and low FT4 levels 
in second or third trimester of pregnancy had a higher pre-gestational BMI and 
showed a trend to a higher weight gain during pregnancy (Chapter 5). We found 
no differences in adverse pregnancy outcomes, this may in part due to the limited 
sample size. More insight into the precise effect of thyroid function in GDM (includ-
ing diabetes control, weight gain and obesity) is needed.

Impact on healthcare
We showed that about 20-30% (depending on the applied diagnostic criteria) of the 
women screened for GDM had abnormal OGTT results, necessitating referral, active 
counselling and treatment (Chapter 7). By adopting the new WHO-2013 diagnostic 
criteria the prevalence of GDM will increase and this will have a major impact on the 
costs and the capacity of healthcare systems. There is limited evidence on the cost-
effectiveness of GDM treatment when diagnosed according the new diagnostic 
criteria. The study by Duran et al., evaluated the healthcare costs of the new diag-
nostic criteria compared with the Carpenter and Coustan (CC) criteria (100-g OGTT, 
2 abnormal values on; FG ≥5.3 mmol/l; and/or 1HG ≥10.0 mmol/l; and/or 2HG ≥8.6 
mmol/l; and/or 3-h glucose value ≥7.8 mmol/l). This study showed that the use of 
new diagnostic criteria is associated with an improvement in pregnancy outcomes 
and that fewer women needed insulin therapy compared with the CC criteria. They 
concluded, that the new criteria did not increase total healthcare costs, because 
of lower rates of caesarean sections and neonate admission to the intensive care 
united.46 

Shared-care model
Adopting the new diagnostic criteria will generate a group of women with mild 
GDM, who can be possible treated more often with lifestyle advice and therefore 
require less intensive monitoring than women with more severe GDM. In this thesis, 
we showed that the WHO-2013 criteria indeed reduced the need for insulin treat-



Summary

173

9

ment and there were more spontaneous deliveries when compared with women 
diagnosed according the WHO-1999 criteria (Chapter 8).

In this context, we allowed the recognition of a more complex-care group of 
insulin-treated women with GDM, but on the other hand potential low risk group 
of women who can be treated with diet alone, and would possibly be referred back 
to their midwives in primary care (Chapter 4). A few hospitals in the Netherlands 
already employ a shared-care model between primary and secondary care for 
GDM. We found various relevant factors predicting the need for additional insulin 
therapy in GDM. However, it was not possible to identify a circumscribed low risk 
diet-treated group from our data based on pregnancy outcomes. Therefore, there 
remains uncertainty regarding the possible development of pregnancy-related 
complications for an individual patient.

LONG-TERM HEALTH

Post-partum care – maternal type 2 diabetes 
Prevention of T2DM after GDM has become an increasingly important issue, since 
there has been a sharp rise in the incidence of women with obesity and GDM.26,47 
Epidemiological studies have clearly shown that women with a history of GDM are 
at increased risk of developing pre-diabetes and T2DM.6,7 In addition, a recent study 
showed that women with a history of GDM are also at increased risk for the devel-
opment of cardiovascular diseases, even in the absence of T2DM.48 The increasing 
incidence of obesity and diabetes will have a major impact on the medical cost 
in the upcoming years, and are estimated to increase by £1.9-2 billion/year in the 
United Kingdom by 2030.49 Therefore, early diagnosis of T2DM and perhaps better 
ways to identify those women who will develop cardiovascular diseases in women 
with GDM is important.

Although the current Dutch guidelines provide specific recommendations for 
the post-partum screening of women with GDM, until recently it was unclear how 
well these guidelines were implemented.18,19 We found that despite the extensive 
counselling and treatment in the hospital setting, follow-up of women with a 
history of GDM was unstructured, and the number of women who were regularly 
screened for health behaviour or development of T2DM in general practice was 
very small (Chapter 6). Due to the low numbers of postpartum glucose testing, data 
on development of T2DM after GDM in the Netherlands are very limited. Recently, 
these findings are supported by other investigators in the Netherlands.50 The study 
by Brink et al., also demonstrated that (long-term) postpartum screening was sub-
optimal, only 33% of the women in their population were screened in the first year 
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postpartum.50 Our findings underline the importance to improve communication 
between primary and secondary care and the awareness among women with a 
history of GDM. 

The long-term postpartum follow-up clearly requires improvement in the 
Netherlands. In Table 1, we summarized several recommendations to improve the 
postpartum care for women with a history of GDM. 

Moreover, there is clearly more need for lifestyle coaching programs/self-
management for women with a history of GDM. These programs can help women 
to adopt a healthy lifestyle and make them aware about the future risk of T2DM. 
Lifestyle interventions after pregnancy can also reduce the risk of having GDM in a 
future pregnancy.

Neonates of mothers with GDM – foetal programming
There is also growing evidence that obesity and T2DM prevalence is rising in the 
offspring of mothers with GDM.8-10 Metabolic changes during pregnancy (both 
under- nutrition and over nutrition) can lead to program adaptations in the foetus 
metabolism, with potential consequences for growth and metabolism in later life 
(Chapter 2).51 This topic is still contradictory and awaiting confirmation. Criticisms 
have suggested that the association between hyperglycaemia in utero and obesity 
in the offspring may be explained by confounding factors, such as an unhealthy 
lifestyle or obesity in the parents.52 However, there are data that obesity and T2DM 
in early adulthood is also more prevalent in offspring of women with type 1 DM, 
suggesting that hyperglycaemia in utero can contribute to programming of the 
offspring with a metabolic syndrome fenotype.8 

Lifestyle interventions during pregnancy are necessary to achieve normal gly-
caemic control and minimize the risk of hyperglycaemia in utero. Moreover, lifestyle 
interventions after pregnancy are also necessary for both the mother and child. 
As already mentioned, in women with a history of GDM lifestyle intervention after 
pregnancy can reduce the risk of T2DM and having GDM in a future pregnancy. In 
addition, lifestyle intervention for the mother and their families can stimulate and 
optimize family lifestyle. 
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TABLE 1. Recommendations to improve the postpartum care for women with a history of gestational 
diabetes mellitus. 

Recommendations 

Six-weeks postpartum 
visit
Internist/GP -  Evaluate glucose values, HbA1c, and lipid profile

-  Give verbal and written information on future risk of T2DM and lifestyle advices
- Give verbal and written advice to visit the GP for annual glucose testing

After the postpartum visit 
(and for women who did not visit the six-weeks postpartum visit):
-  Send a discharge letter to GP, including an advice to invite their patient for 

follow-up glucose testing – every year for five years
-  Send a copy of the discharge letter to the patient with a brochure about 

the future risk of T2DM. Include information about glucose screening at the 
GP, healthy weight (BMI calculator), Dutch Food Choice guidelines, Dutch 
guidelines physical activity, and useful suggestions for help/support to change 
lifestyle

Long-term follow-up
GP

-  Mark women with a history of GDM and connect them to a track system for five 
years

-  Send a reminder for follow-up glucose testing to the women – once a year for 
the next five years

Annual follow-up glucose screening:
-  Evaluate glucose values, HbA1c, and lipid profile 
-  Repeat the future risk of T2DM and lifestyle advices
-  Refer women with overweight/obesity to visit a dietician
-  Extra glucose screening preconception in women planning a new pregnancy

Public Health
Early Childhood Centers

-  Remind women to visit the GP for annual glucose testing
-  Organise regional meetings for women with a history of GDM about lifestyle, 

including diet and physical activity
-  Advise and remind women about other regional meeting/activities at the 

Early Childhood Center useful for women with a history of GDM (i.e. lifestyle, 
breastfeeding)

-  Give information where women can find help/support to change their lifestyle

Abbreviations: GDM, gestational diabetes mellitus; GP, general practitioner; T2DM, type 2 diabetes mellitus.
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CONCLUSION

In conclusion, in this thesis we have shown that the currently used national guide-
line for screening and treatment of GDM is successful in reducing the risk of short-
term adverse pregnancy outcomes, but not in reducing the likelihood of having an 
LGA neonate with a possible unfavourable metabolic profile later in life. In order to 
further optimize GDM care and pregnancy outcomes, this thesis supports the use of 
a lower fasting glucose level in the Dutch national guideline for GDM diagnosis. At 
the moment, there is limited evidence to support a higher 2HG level for the diagno-
sis of GDM. We have also shown that the long-term care for GDM is far from optimal 
and requires further improvement to lower the risk of T2DM after GDM. 

Recommendations for further research
In this general discussion there are several topics discussed that deserve further 
research. First, a randomized controlled trial directly comparing the diagnostic ap-
proaches (WHO-1999 criteria versus WHO-2013 criteria) could determine whether 
treatment of women with mild GDM is beneficial and cost- effective. Secondly, we 
need more information whether women with a 2HG cut-off value between ≥7.8-
≤8.4 mmol/l can be safely left untreated or whether even a stricter 2HG cut-off for 
establishing the diagnosis of GDM and instituting treatment may further improve 
pregnancy outcomes. Also the mode of treatment deserve further attention. Insulin 
therapy is the medication of choice in GDM as recommended in most international 
guidelines, although drug treatment in guidelines is highly variable. The use of 
blood glucose-lowering agents in GDM pregnancy has gained considerable interest 
as an alternative for insulin therapy. On the basis of current evidence, the use of 
metformin in pregnancy seems to be safe with similar outcomes to those treated 
with insulin therapy. However, there are uncertainties regarding metformin use 
and the possible short-term risk of premature delivery and this deserve further 
research. Thirdly, given the fact that several hospitals in the Netherlands employ a 
shared-care model between primary and secondary care for GDM, there appears to 
be a clear need for prospective studies investigating the safety of treating women 
with GDM who are managed with diet only in primary care. Questions are whether 
this can be done safely on a large scale, are there better ways to estimate risk of 
pregnancy-related complications, and what measures need to be taken to ensure 
proper care for the mother and the newborn in case of unexpected complications, 
for instance neonatal hypoglycaemia monitoring.

It has to stressed that, if we want to break the vicious circle of obesity, studies 
on preventive strategies like lifestyle interventions before/ during/ after pregnancy 
are warranted in the growing number of women with obesity and GDM carrying an 
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increased risk of T2DM after pregnancy. Such strategies well can be cost-effective, 
as they may reduce the number of referrals to a hospital because of GDM diagnosis, 
and may limit the need of exogenous insulin treatment. And finally, there is incon-
sistency regarding the association between hyperglycaemia in utero and the risk 
of long-term health consequences for the offspring. Therefore there is an urgent 
need for long-term GDM-offspring studies regarding the role of foetal program-
ming including adequate control for confounding factors. This should also include 
evaluation of the possible long-term consequences of specific treatments during 
pregnancy, given the concerns raised about the possible effects of metformin 
(Chapter 2), a frequently used diabetes drug, on gonadal function in offspring. 
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