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Abstract
Diabetes mellitus is a metabolic disease with life-threatening morbidity and with epidemic spread. This 

metabolic disorder affects an increasing number of pregnant women. General practitioners and obstetricians 
need to know how some occult maternal metabolic disorders could be revealed by pregnancy and how 
pregnancy could influence the fetal health and the long-term progression of maternal disease. Pregnancy is 
considered a stress test for life and diabetes mellitus is a good example to illustrate this correlation. 
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INTRODUCTION

Diabetes mellitus is an emerging epidemic associat‐
ed with life‐threatening morbidity. According to World 
Health Organization (WHO), approximately 422 million 
people are suffering from diabetes worldwide – that is 
1 person in 11 [1]. National Diabetes Statistics Report 
estimated for 2018 that 34.2 million people, 10.5% of 
the US population, had diabetes, 26.9 million being di‐
agnosed and 7.3 million undiagnosed [2].

Diabetes complications include cardiovascular dis‐
ease, peripheral artery disease, stroke, neuropathy, re‐
nal dysfunction and retinopathy and are responsible 
for significant morbidity and mortality, reducing life 
expectancy by 10 years [3]. Worldwide, diabetes kills 
about 3.4 million people annually [1]. These statistics 
underscore the magnitude of determining high risk 
population and improving prevention programs. 

One of the high‐risk groups include women who de‐
velop glucose intolerance during pregnancy. Gestation‐
al diabetes mellitus (GDM) occurs in nearly 14% of live 
births [4]. Even if glucose intolerance usually withdraws 

after birth, for women with prior GDM the risk of life‐
time type 2 diabetes mellitus (T2DM) is 7‐fold higher 
than in women with normoglycemic pregnancies. They 
have double risk of being diagnosed with T2DM in the 
first months after giving birth [5,6] and up to 50% of 
them develop T2DM within 5 years postpartum [6].

AIM

This paper aims to review literature and current 
studies on the incidence of T2DM among women with 
gestational diabetes history, to identify risk factors as‐
sociated with the onset of overt diabetes in this catego‐
ry and to assess what could improve this situation. 

METHODS

A systematic literature electronic search for reviews 
and guidelines was undertaken using major electronic 
databases and the official websites of diabetes and ob‐
stetrics and gynecology associations. Search words 
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were “gestational diabetes mellitus”, ‘type 2 diabetes 
mellitus”. Publications were selected based on accessi‐
bility to full paper article, quality evaluation, publica‐
tion year, trying to select recent studies. References 
from the chosen studies were scrutinized in order to 
identify other relevant articles. The publications used 
are mentioned in References section. The guidelines 
and statistics papers selected were the last one pub‐
lished.

RESULTS

Beyond recommendations regarding the manage‐
ment of GDM, current guidelines propose specific 
post‐partum measures. In the last edition of its guideline 
American Diabetes Association (ADA) recommends 
screening women with the 75‐g oral glucose tolerance 
test at 4‐12 weeks postpartum, using non pregnancy di‐
agnostic criteria (diabetes is diagnosed at 2 hours blood 
sugar greater than or equal to 200 mg/dl, prediabetes 
for values between 140 mg/dl and 199 mg/dl) [7].

Therefore, the first assessment should be done at 
4‐12 weeks postpartum. From the screening tools, the
preferred one is the 75‐g oral glucose tolerance test,
which is considered superior over A1C. If glycemic val‐
ues are normal, lifelong screening is recommended
every 1‐3 years: annual fasting plasma glucose or A1C
or triennial 75‐g OGTT [7].

American Diabetes Association mentions the risk of 
the onset of T2DM over a history of GDM. Factors low‐
ering the risk of progression are considered adopting 
healthier diets, intensive lifestyle, pharmacological 
treatment. These adjustments proved to reduce pro‐
gression to diabetes by 35‐40% over 10 years [8].

Regarding screening method, postpartum check‐up 
and lifelong surveillance, ACOG recommendations are 
similar to the ones published by ADA [9].

The first meta‐analysis to assess the incidence of 
T2DM in women with prior GDM was published in the 
Journal of Diabetes Research in April 2020. Twenty‐eight 
studies including 170,139 women with history of GDM 
were selected and 34,627 cases of T2DM were identi‐
fied. The incidence of T2DM after GDM was 26.20 per 
1,000 person‐years. Geographical patterns of the inci‐
dence showed significant differences. The highest inci‐
dence rate was from Asian women – 45.96 per 1,000 
person‐year. North America had the next higher rate 
(25.22 per 1000 person‐year), followed by Europe 
(25.17 per 1,000 person‐year) and Australasia (18.12 
per 1,000 person‐years). Risk factors for the onset of 
T2DM were older age and higher body mass. Regarding 
the follow‐up of the patients, this study showed that 
the risk increased with 9.6‰ per year ‐19.72% at 10 
years, 29.36% at 20 years, 39.00% at 30 years, 48.64% 
at 40 years, and 58.27% at 50 years [10].

A systematic review and meta‐analysis of 39 studies 
including 95,750 women assessed the risk of progres‐
sion to T2DM for women with GDM, taking into ac‐
count individualized risk estimates. Among maternal 
characteristics, higher BMI (a high BMI doubled the risk 
of future T2DM), advanced maternal age, family histo‐
ry of diabetes, non‐white ethnicity, were associated 
with higher risk of T2DM. Pregnancy‐specific factors 
which increased the risk, were early diagnosis of GDM, 
use of insulin in order to manage GDM, high level of 
fasting glucose and increased HbA1c. Preterm delivery, 
hypertensive disorders in pregnancy and multiparity 
were associated with higher risk to develop T2DM in 
the future. Macrosomia, gestational weight gain and 
breastfeeding did not increase the risk [11].

Beyond the “seven‐fold” risk increase in developing 
diabetes after GDM are clinical and genetic risk factors, 
which attribute to each case a different progression 
over time. A few studies tried to find and evaluate the 
impact of these parameters to the onset and evolution 
of this disease. 

Regarding the onset of type 2 diabetes mellitus pa‐
tients could be divided in early converters, which 
evolve to T2DM in a few months postpartum, and late 
converters, when glucose metabolism is altered more 
than one year after giving birth. For the first category of 
converters the clinical factors associated with a higher 
tendency to diabetes were altered beta‐cell function, 
lower fasting insulin concentration, higher levels of glu‐
cose at the antepartum OGTT and higher body mass 
index before the pregnancy. From those, only the last 
two ones were found to affect the late converters. Both 
types had obesity as risk factor [12].

Concerning the genetic profile for diabetes, the 
genotypes found to be involved in the progression of 
GDM to diabetes were the HHEX gene (hematopoeti‐
cally expressed homeobox), CDKN2A and CDKN2B 
genes and CDKAL1gene. The HHEX gene is responsible 
for a transcription factor involved in pancreatic devel‐
opment (32,33), CDKN2A and CDKN2B genes are in‐
volved in beta‐cell replication (34,35) and CDKAL1 gene 
associate with variants of diabetes with altered insulin 
secretion. Late converters had variants in CDKAL1 and 
early converters associated the other ones mentioned 
[12].

It is documented that metabolic syndrome is an in‐
dependent risk factor for T2DM in women with prior 
GDM [13].

Regarding predisposing conditions for developing 
GDM during pregnancy, studies show that women di‐
agnosed with polycystic ovary syndrome (PCOS) have 
higher risk for the onset of GDM. Usually, women with 
PCOS have up to 8‐fold higher risk of T2DM. A study 
examining 988 cases of women with PCOS who devel‐
oped GDM assessed the risk of T2DM. There was a risk 
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of diabetes of 7.1% for women with PCOS and GDM 
which did not require pharmacological treatment and 
almost fourfold higher risk (27%) in the cases that re‐
quired medication [14].

A study published in 2019 analyzed 12,622 women 
with GDM between 2006‐2012 focusing on 1091 wom‐
en with GDM who had a second delivery within 3 years 
of their index delivery and aimed to assess the impact 
of time interval between deliveries on recurrence of 
GDM and early T2DM onset. In 49.3% of cases, GDM 
recurred regardless of the interval to the next pregnan‐
cy. Recurrence tripled the odds of early T2DM onset 
within 3 years of the second delivery [15].

DISCUSSION

Determining postpartum modifiable risk factors, 
continuous engagement of the patients in education 
and increasing patient awareness in healthcare prac‐
tice, plays a major role in the prevention of type 2 dia‐
betes mellitus among women with prior gestational 
diabetes. 

Women with prior GDM should be considered high 
risk patients for developing T2DM. Guidelines recom‐
mend screening – postpartum and lifelong afterwards, 
early identification, referral to primary care, lifestyle 
interventions, such as physical activity and healthful di‐
etary patterns and anti‐glycemic agents. 

Optimizing health behaviors, healthful dietary 
change and regular physical activity, proved to signifi‐
cantly modify the risk of type 2 diabetes. 

One study, which followed 4,413 women with prior 
GDM, used 3 dietary pattern adherence scores usually 
used in general population (The alternate Mediterra‐
nean Diet, Dietary Approaches to Stop Hypertension, 
and alternate Healthy Eating Index) and assessed the 
impact of life‐long dietary modifications. All of the pat‐
terns associated lower risk of T2DM, between 40 and 
57% [16].

The Diabetes Prevention Program conducted a ran‐
domized, controlled clinical trial comprising 2190 pa‐
tients, 350 providing a past history of GDM and 1416 
with no prior history of GDM, with the purpose of eval‐
uating the effects of lifestyle intervention and pharma‐
cological treatment. Both categories started from a 
similar glucose level. Women with history of GDM 
which were not randomized to medication or lifestyle 
intervention, had an incidence rate of diabetes 71% 
higher than women with no history of GDM. Among 
women with prior GDM, both intensive lifestyle and 
metformin therapy reduced the incidence of diabetes 
by 50% [17].

Among adopting a healthy lifestyle and pharmaco‐
logical treatment, another aspect recommended by 
only few guidelines, because of the lack of available ev‐

idence, is lactation. Studies showed that in women 
with previous GDM breastfeeding more than 4‐12 
weeks postpartum lower their risk for T2DM. The etiol‐
ogy of the beneficial effect of lactation is poorly under‐
stood. There are some hypotheses which count on the 
effect of prolactin on pancreatic beta‐cell formation 
and function, visceral fat mobilization or the role of 
milk production in spending extra energy [18].

The diagnosis of GDM determines a particular man‐
agement and a constant pregnancy follow‐up associat‐
ed with different interventions in order to lower mater‐
nal fetal risks. Although being aware of the risks 
generated by GDM history, concern resumes only to 
measures taken during the pregnancy for the wellbeing 
of the off‐spring as well as the mother’s, with low 
post‐partum follow‐up rates. 

In the UK there are reported rates of long‐term fol‐
low‐up in primary care around 20% [19].

A study followed 12,622 women with GDM 3 years 
post‐delivery and identified low rates of glucose testing 
and transition to primary care: 5.8% of women went 
for postpartum screening, 21.8% monitored their glu‐
cose level at 1 year and 51% at 3 years. Concerning the 
transfer to primary care, 5.7% had contact with primary 
care at 6 months, 13.2% at 1 year and 40.5% at 3 years 
[20].

The barriers in lowering the risk of T2DM after GDM 
could be gaps in the health system – the discontinua‐
tion between obstetric services and primary care and 
practical, social, environmental and financial factors. 
Pregnancy motivates health behavior change because 
of the concern for the future baby’s health, but 
post‐partum these modifications are not being main‐
tained. The impediments to a healthy postnatal life‐
style were considered to be the lack of time, as healthy 
eating ‐ preparing healthy meals and exercise are con‐
sidered time‐consuming activities, women preferring 
to prioritize their newborn. 

CONCLUSIONS

The progression to type 2 diabetes among women 
with prior gestational diabetes is determined by multi‐
ple factors and is significantly altered by lifestyle fac‐
tors. The high incidence of T2DM after GDM provides 
evidence for the importance of screening and preven‐
tion and should motivate both health care providers 
and women toward taking action. 

The occasion of constant medical contact given by 
the pregnancy should be seen as an opportunity to in‐
fluence the health of both mother and off‐spring. 

Measures that could improve the life‐time fol‐
low‐up of women with history of GDM involves firstly 
establishing a data linkage and communication be‐
tween secondary and primary care providers. After the 
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delivery there should be a responsibility transfer be‐
tween obstetrician and primary care physician and an 
attempt to fill this lack of communication.

Studies suggested that providing clear information 
before birth regarding the dietary changes postnatally, 
was beneficial for women. Post‐delivery counselling 
should include personalized risk communication. Women 
tend to be more motivated to take informed choices 
regarding diet and lifestyle changes if they understand 
their individual risk of future onset of diabetes. 

Considering the low rates follow‐up and prophylac‐
tic measures, there is need to improve patient’s aware‐
ness on gestational diabetes, type 2 diabetes, their 

risks and complications and to encourage attitude and 
prevention.

This review is an invitation for health care providers 
to reconsider the follow‐up of this high‐risk group. The 
patients’ attitude toward this matter and with that the 
natural course of a disease can only be changed by 
public health efforts and physicians.
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