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Abstract

Background: In this study of women with gestational diabetes we 
attempted to (a) Determine the magnitude of the long term risk of 
progression to diabetes and (b) Identify factors that predict the de-
velopment of diabetes.

Methods: All women diagnosed with gestational diabetes (GDM) 
at Worcestershire Royal Hospital, UK from 1995 to 2003 were in-
cluded in this observational cohort study and followed up till 2009. 
Diabetes was diagnosed if fasting glucose ≥ 7.0 mmol/L, random/
two-hour glucose following 75 gram oral glucose test (OGTT) ≥ 
11.1 mmol/L or HbA1c ≥ 7.0%.

Results: The risk of developing diabetes was 6.9% at five years and 
21.1% at ten years following the initial diagnosis of GDM. Fast-
ing and post-prandial glucose levels in the oral glucose tolerance 
test during pregnancy were associated with future risk of diabetes. 
There was no association with age, gestational age at diagnosis of 
GDM, numbers of previous and subsequent pregnancies.

Conclusion: Risk of progression to diabetes in a UK based cohort 
of women with GDM is estimated. Women with fasting antenatal 
glucose ≥ 7.0 mmol/L and/or an antenatal two-hour glucose ≥ 11.1 
mmol/L are at higher risk and need close follow up.
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Introduction

Pregnancy is known to cause a temporary state of insulin 
resistance that can unmask derangements in glucose homeo-
stasis. Gestational diabetes mellitus (GDM) complicates 
3-8% of pregnancies and is associated with adverse maternal 
and fetal outcome [1]. Delivery of the baby is usually accom-
panied by resolution of impaired glucose tolerance. GDM 
increases the chance of developing type 2 diabetes later in 
life [2].

The magnitude of the risk of post-partum diabetes varies 
depending on ethnicity, duration of follow up and criteria for 
diagnosis. The longest follow-up data suggest that up to 50% 
of women may develop diabetes over 20 - 30 years [3]. Vari-
ous studies have attempted to identify subgroups of women 
who are more likely to become glucose intolerant later in 
life. The results have been inconsistent and sometimes con-
tradictory [4]. Our objectives were a) to determine the long 
term risk of diabetes in a cohort of women with previous 
GDM, and b) identify which ante-partum and post-partum 
factors are associated with the size of the risk.

Materials and Methods

This is a single centre, retrospective cohort study based at 
the Worcestershire Royal Hospital, Worcester, United King-
dom. All pregnant women attending the Worcester antenatal 
clinic considered at significant risk of GDM are investigated 
with a 75 g oral glucose tolerance test (OGTT), usually at 28 
weeks gestation. Significant risk is identified if any one of 
the following factors is noted: first degree relative with dia-
betes, previous baby weighing 4.5 kg or more, pre pregnancy 
body mass index (BMI) ≥ 30 kg/m2 and South Asian/Middle-
eastern/Afro-Caribbean ethnicity. GDM is defined as a fast-
ing plasma glucose of ≥ 7.0 mmol/L and/or two-hour plasma 
glucose of ≥ 7.8 mmol/L. If GDM is diagnosed, the women 
are managed in a multidisciplinary diabetes antenatal clinic. 
Women with a previous history of GDM are not offered a 
repeat OGTT during a subsequent pregnancy, but are advised 
to monitor glucose levels from conception.
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All women receive education about diet, exercise and 
self monitoring of glucose levels. If glucose levels are persis-
tently more than 6.0 before meals, insulin treatment is com-
menced and titrated appropriately. All women are invited for 
an OGTT at eight weeks post partum. A significant number, 
however, fail to attend. Further screening tests for diabetes 
are at the discretion of the primary care physicians as there 
was no UK national guidance until 2008 [5].

Out of 481 women diagnosed with GDM over a period 
of 9 years from 1995 - 2003, 75 had no local record of post-
natal glucose testing. The remaining 406 had their plasma 
glucose levels checked at least once after pregnancy. The 
numbers of women without diabetes but still having active 
follow-up dropped to 195 after five years, 108 after eight 
years and 66 after ten years.

We recorded the age, gestational age at diagnosis of 
GDM, fasting and two hour plasma glucose levels during 
antenatal OGTT. In addition we noted the numbers of pre-
vious and subsequent pregnancies for these women. The 
catchment population of this hospital during the study period 
was almost entirely Caucasian, however detailed ethnicity 
data was unavailable for our cohort. Women were included 
only once in the study even if they had GDM in subsequent 
pregnancies. We reviewed all investigations done as part of 
diabetes screening for these women until 31 July 2009. For 
the purpose of this study they were diagnosed with diabe-
tes if any of the following were recorded: 1) Fasting plas-
ma glucose ≥ 7.0 mmol/L; 2) two-hour plasma glucose ≥ 
11.1 mmol/L; 3) random plasma glucose ≥ 11.1 mmol/l; 4) 
HbA1c ≥ 7.0% [6, 7].

The proportion of women developing diabetes at each 
time point was plotted on Kaplan-Meier curves and 95% 
confidence limits for diabetes incidence were derived. The 
effects of maternal age, gestational age (at diagnosis of 
GDM), fasting antenatal glucose level, two-hour antenatal 
glucose level and numbers of earlier and later pregnancies 
were assessed by fitting each factor in turn into a Cox pro-
portional hazards regression model. Age, gestational age, 
fasting glucose and two-hour glucose were included in the 
model as linear covariates. Gestational age was missing for 
six women and two-hour glucose level was missing for one 
woman. These women, therefore, were omitted from the 
analysis to assess the effect of gestational age and two-hour 
glucose level respectively.

The effects of antenatal fasting and two-hour glucose 
levels were additionally assessed by comparing groups with 
fasting glucose levels in the ranges ≤ 6.0 mmol/L, from 6.1 
mmol/L to 6.9 mmol/L and ≥ 7.0 mmol/L; and groups with 
two-hour glucose levels in the ranges less than 7.8, from 7.8 
to 11.1 and greater or equal to 11.1.

 
Results

The median age of this cohort of women was 31 years (range 
17 - 44 years). Prior to diagnosis of GDM 72 women had 
one previous pregnancy and 11 had two previous pregnan-
cies. Following the index pregnancy 96 women had one sub-
sequent pregnancy, 22 had two subsequent pregnancies and 
one woman had three subsequent pregnancies. At the end of 

Figure 1. Kaplan-Meier estimates and 95% confidence interval for the proportion of women remaining diabetes 
free over time.
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follow up 43 women were diagnosed with diabetes. In five 
of these women the diagnosis was made solely on the ba-
sis of HbA1c ≥ 7.0% (range 7.3-8.7%). The Kaplan-Meier 
estimate and 95% confidence intervals of the proportion of 
women who remained free of diabetes following previous 
gestational diabetes is shown in Figure 1. At 60 and 120 
months the estimates and 95% confidence intervals of the 
proportions of women with diabetes are 6.9% (3.8-9.9%) 
and 21.1% (14.1-27.5%) respectively.

The risk of diabetes increases significantly with the 
magnitude of the antenatal fasting glucose level (P < 0.0001) 
and two-hour glucose level (P < 0.0001). The differences 
between three fasting glucose level groups were highly sta-
tistically significant (P < 0.0001). The risk did not vary sig-
nificantly with age at diagnosis of GDM (P = 0.4429), gesta-
tional age (P = 0.0756) or the number of earlier (P = 0.5312) 
or later (P = 0.7304) pregnancies.

Only one woman had a two-hour antenatal glucose level 
below 7.8 mmol/L. Women were divided into two groups de-
pending on whether their antenatal two-hour glucose levels 
were less than or greater than or equal to 11.1 mmol/L The 
difference in risk of developing post-natal diabetes between 
these two groups was highly statistically significant (P < 
0.0001). Compared to those with two-hour glucose less than 
11.1 mmol/L, the risk of diabetes for women with a two-hour 
glucose greater than or equal to 11.1 mmol/L is increased by 
a factor of 9.6.

Discussion
  
Our study confirmed that women in whom a previous preg-
nancy was complicated by gestational diabetes are at high 
risk of diabetes later in life. Studies done worldwide sug-
gest that ethnicity is one of the key determinants of cumula-
tive risk which varies from 70% in Sioux Indians, 13% in 
Chinese and 3.4% in Swedish Caucasians [8-10]. There are 
few data relating to women in the United Kingdom. We esti-
mated the risk of post-partum diabetes to be 6.9% (3.8-9.9%) 
after 5 years and 21.1% (14.1-27.5%) after ten years.

Age is known to be a risk factor for the development 
of diabetes. In our population, however, the substantial risk 
of diabetes at ten years post-partum cannot be attributed to 
the age of the women as we did not find any association be-
tween the age at diagnosis of GDM and post-partum risk of 
diabetes.

Fasting and post prandial glucose levels from OGTTs 
during pregnancy have been analysed in many previous 
studies. Fasting glucose level was predictive in the major-
ity of studies [11-14]. Most investigators adjusted for fast-
ing glucose as a continuous variable. Hence a particular cut 
off value at which the risk increases could not be identified. 
Steinhart et al. found that a fasting glucose > 106 mg/dL 
(5.9 mmol/L) was associated with an 11-fold increased risk 

for future diabetes compared with fasting glucose levels < 
106 mg/dL [15]. In our study we showed a significant 3.8 
fold increase in the cumulative risk of diabetes if the fasting 
glucose was 6.1 - 6.9 mmol/L as compared to fasting glu-
cose levels ≤ 6.0 mmol/L. When fasting glucose levels ≤ 6.0 
mmol/L were compared with levels ≥ 7.0 mmol/L there was 
a 25 fold increase in risk of post-natal diabetes.

Previously published studies have used a variety of cri-
teria to diagnose gestational diabetes, with glucose loads 
ranging from 50 grams to 100 grams [16, 17]. In our study 
in which the World Health Organisation criteria for diagno-
sis of GDM were employed, the two hour glucose level was 
predictive of future risk.

In a recently published study Ekelund et al noted a 4.8 
fold increase in risk of diabetes if the antenatal HbA1c was ≥ 
4.7% (28 mmol/mol). However the association with fasting 
glucose levels was more robust [18]. Some studies have con-
cluded that use of insulin during pregnancy is a predictor of 
post partum diabetes while others did not find such an asso-
ciation [13, 19, 20]. We did not look for such an association 
in our cohort because the threshold to start insulin changed 
substantially during the study period.

A recent study in Danish women indicated that parity 
following a pregnancy complicated by GDM was associated 
with post-partum risk of diabetes depending on the age of the 
woman at the time of the index pregnancy [21]. Our study 
did not confirm this although we did not subdivide our study 
population by age.

The International Association of Diabetes and Pregnan-
cy Study Groups (IADPSG) consensus panel has recently 
proposed new guidelines for diagnosis of GDM. Gestational 
diabetes is diagnosed if fasting glucose ≥ 5.1 mmol/L and/or 
two hour glucose ≥ 8.5 mmol/L following a 75 gram OGTT 
[22]. If these blood glucose thresholds are applied to our co-
hort, 133 women will be considered as not having GDM. 
Three of them were later diagnosed with diabetes. The 
IADPSG recommendations correlate closely with pregnancy 
outcomes, but it is still unknown whether the thresholds of 
fasting and two hour glucose levels accurately predict future 
development of diabetes.

Our study confirms that abnormal glucose homeostasis 
in pregnancy identifies a substantial risk of glucose intoler-
ance later in life. A limitation of this study is its retrospective 
design. Information regarding other known risk factors for 
the development of diabetes such as family history of diabe-
tes and pre-pregnant body mass index was available for only 
a minority of these women and was analysed.

Conclusion

Studies worldwide have consistently shown that screening 
for diabetes in women with prior gestational diabetes is spo-
radic for a variety of reasons. Our study quantifies the risk in 
a UK based cohort for the first time. The risks at 6.9% after 
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five years and 21.1% after ten years are clearly substantial. 
Women who had fasting levels ≥ 7.0 mmol/L or post pran-
dial levels ≥ 11.1 mmol/L are at especially high risk and re-
quire close follow up. Current guidelines in the United King-
dom recommend annual fasting glucose measurements for 
women with a previous GDM. Further studies are required 
to refine this recommendation based on risk stratification.
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