
Available online at www.sciencedirect.com
ScienceDirect

Chronic Diseases and Translational Medicine 2 (2016) 199e203
www.keaipublishing.com/en/journals/cdtm/
Editorial
www.cdatm.org
* Cor

E-m

Peer

http://d

2095-88

open ac
Diagnosis, prevention and management of gestational
diabetes mellitus
Chen Wang, Hui-Xia Yang*

Department of Obstetrics and Gynecology of Peking University First Hospital, Beijing 100034, China

Received 10 August 2016
Available online 4 December 2016
Keywords: Gestational diabetes mellitus; Diagnosis; Prevention; Management; Postpartum follow-up
Introduction

Gestational diabetes mellitus (GDM) is diabetes
diagnosed during pregnancy that is not clearly type 1 or
2 diabetes.1 Approximately 84% of hyperglycemia
cases during pregnancy are due to GDM, while the
remaining 26% are due to preexisting type 1 or 2 dia-
betes, which is defined as diabetes in pregnancy (DIP).
The International Diabetes Federation indicates that 1
in 6 infants are born to mothers with some form of
hyperglycemia during pregnancy.2

Accumulated evidence has shown that hyperglyce-
mia during pregnancy not only increases perinatal
morbidity and mortality in mothers and children but
also increases the manifestation of disease later in life.2

For example, women with GDM have a higher inci-
dence of preeclampsia (PE), cesarean deliveries, and
birth trauma. Their offspring are more likely to be large
for gestational age and premature, and to have neonatal
respiratory distress syndrome and congenital malfor-
mation. Moreover, both the mother and the offspring are
responding author.

ail address: yanghuixia@bjmu.edu.cn (H.-X. Yang).

review under responsibility of Chinese Medical Association.

Production and Hosting by Elsevier on behalf of KeAi

x.doi.org/10.1016/j.cdtm.2016.11.004

2X/© 2016 Chinese Medical Association. Production and hosting by

cess article under the CC BY-NC-ND license (http://creativecomm
at a higher risk of obesity, type 2 diabetes mellitus
(T2DM), and metabolic syndrome later in life. The
main pathophysiological features are insulin resistance
and hyperinsulinemia caused by excess maternal
circulating glucose, lipids, and amino acids.3 It is
important to know that the Hyperglycemia and Adverse
Pregnancy Outcomes (HAPO) Study also indicated that
mild hyperglycemia in pregnancy can cause poor out-
comes and that the risks of poor outcomes directly
correlated with maternal blood glucose levels but
without clear inflection points.4

The risk factors for GDM include older age, family
history of diabetes, overweight and obesity, excessive
weight gain during pregnancy, poor history of pregnancy
outcomes, and high-risk ethnicity group.5 China is a
country with a high prevalence of diabetes. A national
survey conducted by the China Noncommunicable
Disease Surveillance Group reported that in 2010, the
prevalence of diabetes in China reached 11.6%, which is
much higher than the rates in 1994, 2000e2001, and
2007 (2.5%, 5.5%, and 9.7%, respectively).6 Further-
more, with the development of the social economy, the
urbanization, the adoption of aWestern lifestyle, and the
gradual implementation of the two-child policy, an
increasing number of Chinese women of reproductive
age become pregnant at an advanced age, with over-
weight or obesity, a history of GDM, and a high risk of
hyperglycemia during pregnancy.
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Screening for and treatment of GDM have a signif-
icant impact on cost-effectiveness estimates. Numerous
studies have shown that the implementation of
screening and intervention for GDM can reduce the
risks of perinatal and, most likely, long-term diseases.
Thus, the costs of diagnosis and intensive treatment of
GDM permit significant monetary savings in terms of
costs linked to maternal and neonatal morbidities.7,8

Thus, a focus on prevention, screening, early diag-
nosis, and management of GDM is of great importance.

Diagnosis of GDM

The International Federation of Gynecology and
Obstetrics (FIGO) Initiative on Gestational Diabetes
Mellitus in 2015 adopts and supports the recommen-
dations of the International Association of Diabetes in
Pregnancy Study Groups (2010) and the World Health
Organization (WHO; 2013) on the diagnosis of GDM
and the WHO (2013) criteria for the diagnosis of DIP.2

Specifically, GDM needs to be defined using a
single-step 75-g oral glucose tolerance test (OGTT)
between 24 and 28 gestational weeks or at any other
period during pregnancy. When the fasting plasma
glucose (FPG) level is 5.1e6.9 mmol/L (92e125 mg/
dl) and/or �10.0 mmol/L (180 mg/dl) 1 h post 75-g
OGTT and/or 8.5e11.0 mmol/L (153e199 mg/dl) 2 h
post 75-g OGTT, GDM needs to be diagnosed.9,10 A
diagnosis of DIP should be made at any time during
pregnancy when the FPG level is �7.0 mmol/L
(126 mg/dl) and/or the 2-h plasma glucose level is
�11.1 mmol/L (200 mg/dl) after a 75-g OGTT or the
random plasma glucose level is �11.1 mmol/L
(200 mg/dl) with symptoms of diabetes.10 However,
FIGO emphasizes that all countries need to consider
resource settings, and adopt and promote pragmatic
options to ensure highly cost-effective GDM screening
and testing methods.2

The recommendation for testing and diagnosis of
GDM published by the National Health and Family
Planning Commission in China in 2014 was similar to
the FIGO guidelines.5 However, China is a country with
a vast territory and unbalanced distribution of health
resources. Thus, to reduce the clinical economic
burden, the two-step approach of screening with FPG
level followed by a 75-g OGTT is recommended for
low-resource rural areas. First, screening for FPG level
should be performed between the 24th and 28th gesta-
tional weeks. If the FPG level is <4.4 mmol/L (80 mg/
dl), no further testing is needed. If FPG level is
�5.1 mmol/L (92 mg/dl), GDM can be diagnosed
without a 75-g OGTT. Only women with 4.4 mmol/
L � FPG <5.1 mmol/L need to return for the 75-g
OGTT. Based on this strategy, approximately one-half
of the standard 75-g OGTTs in China can be poten-
tially avoided.11

Another study in China also showed that FPG levels
of �5.1 mmol/L (92 mg/dl) in the first trimester could
not be used to diagnose GDM. Only 37.0%, 52.7%, and
66.2% of women with FPG levels of 5.10e5.59,
5.60e6.09, and 6.10e6.99 mmol/L, respectively, in the
first trimester developed GDM. Thus, the 75-g OGTT
needs to be performed between the 24th and 28th
gestational weeks to rule out GDM and women with
6.10 mmol/L � FPG levels <7.00 mmol/L in the first
prenatal visit considered as having GDM to be treated
with diet and exercise. Meanwhile, women with
5.10 mmol/L � FPG levels �6.09 mmol/L should be
considered a high-risk group for developing GDM
and provided proper nutrition and exercise
recommendation.12

Prevention and management of GDM

Planning and preparation before pregnancy

China is a country with a high burden of diabetes,
and the age at onset of T2DM among women
is decreasing. Furthermore, women of reproductive
age usually do not receive regular physical examination
or know their blood glucose levels. Thus, sometimes,
hyperglycemia is already present at conception. Studies
have shown that hyperglycemia during organogenesis
can markedly increase the risk of spontaneous abortions
and congenital anomalies, while satisfactory glycemic
control could reduce these risks.1 Thus, all women,
especially women with diabetes, impaired glucose
tolerance, impaired fasting glucose, and a history of
GDM need to plan for pregnancy and seek pre-
pregnancy counseling early. They should also have
their blood glucose levels evaluated as early as possible
to determine their glucose metabolism conditions;
before pregnancy is the ideal time, but if this is difficult,
evaluation should be done at least in the first prenatal
visit. Women with diabetes who are planning pregnancy
and those using insulin should control their hemoglobin
A1c (HbA1c) levels at <6.5% and <7.0%, respectively,
to prevent hyperglycemia.13

All women are encouraged to adopt good dietary and
lifestyle habits before pregnancy, especially those who
are underweight or overweight/obese. As a woman's
body mass index (BMI) prior to pregnancy is of high
importance, both low and high BMIs are closely related
to poor pregnancy outcomes.14 However, these are
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modifiable risk factors. Zhang et al15 found that
adherence to a low-risk lifestyle (healthy body weight,
healthy diet, regular exercise, and non-smoking) before
pregnancy is associated with a low risk of GDM
[47.5%; 95% confidence interval (CI): 35.6e56.6%].

Lifestyle modification

Lifestyle modification is the first-line preventive
strategy and management of GDM, which includes
nutrition therapy and physical activity. It should be
implemented throughout pregnancy, that is, prior to
pregnancy, during pregnancy, and postpartum.

Nutritional therapy is an individualized food plan
that limits carbohydrate consumption but offers
adequate nutrition to maintain appropriate weight gain.
For all pregnant women, especially women with GDM
risk factors, GDM, and DIP, individual diet counseling
needs to be provided repeatedly and advice should be
given on the deficient and excess nutrients. Through
nutritional education, women can understand the
quantity and quality of food needed. Carbohydrate,
protein, and fat intakes should account for 50e60%,
15e20%, and 25e30% of the daily dietary total energy,
respectively.16 Potential beneficial factors for dietary
structure include fruit, green leafy vegetables, poultry
and fish, nuts, fiber, or a Mediterranean diet.14,17 The
ideal calorie intake per day is 1800e2000 kcal and
should not be <1500 kcal; otherwise, the risk of keto-
nemia will increase, thus affecting the development of
the offspring's nervous system.2 Fiber intake per day
needs to be �28 g.2 Moreover, the glycemic index (GI)
of food is worthy of attention. Food with a high GI may
show higher postprandial values, while food with a low
GI may reduce postmeal glycemic excursion, birth
weight, and the frequency of insulin use.18

Exercise has been recognized as an effective way of
controlling weight gain and improving glucose ho-
meostasis by enhancing insulin sensitivity.19 A recent
meta-analysis, including 10 randomised controlled tri-
als (RCTs), of physical activity and GDM from 1966 to
2014 showed that exercise intervention reduced the
incidence of GDM by 28% [95% CI: 9e42%; relative
risk (RR)¼ 0.72, P¼ 0.005] compared with the control.
Moreover, Halse et al20 showed that exercise during
pregnancy may help to maintain daily postprandial
normoglycemia in women with diet-controlled GDM.
However, there is no unified and clear guideline for
physical activity during pregnancy. Many organizations
such as the American College of Obstetricians and
Gynecologists, the Canadian Diabetes Association, and
the Sports Medicine Australia recommend that for
women without contraindications to exercise, an accu-
mulated time for moderate exercise of �30 min on
most, if not all, days of the week (at least 150 min/week)
is needed during pregnancy and the postpartum period.
Before exercise therapy begins, pregnant women need
to undergo a comprehensive physical assessment, and
obtain professional and individualized exercise guid-
ance.21 Aerobic activities and strengthening exercises
involving large muscle groups are recommended.
Sports involving risks of falling, trauma, or collisions
should be avoided.22 Women need to monitor fetal ac-
tivity and their blood glucose levels before and after
exercise to ensure the safety of exercise and prevent the
occurrence of hypoglycemia. Healthy eating and exer-
cise habits should continue after delivery.

Medical therapy

When lifestyle modification is insufficient to main-
tain normoglycemia in women with GDM, drug treat-
ment is needed. Current medication treatments of
hyperglycemia during pregnancy include insulin ther-
apy and oral antidiabetic agents (OADs).

Insulin is a traditional, safe, and effective medication
treatment of GDM. Many kinds of insulin preparations
are available, such as rapid-acting insulin (e.g., regular
human insulin), intermediate insulin (e.g., neutral prot-
amine hagedorn), and long-acting insulin (e.g., insulin
detemir). Rapid-acting insulin usually works from 30-
min or 1-h post subcutaneous injection, reaching its
peak effectiveness between 2 and 4 h, and the effect can
last for about 6e8 h. Intermediate insulin works for
1e2 h post subcutaneous injection, reaching its peak
effectiveness between 4 and 8 h, and its effect can last for
about 12e18 h. Long-acting insulin works for 3e4 h
post subcutaneous injection, reaching its peak effec-
tiveness between 8 and 10 h, and its effect can last as long
as 20 h. Thus, it is beneficial to combine these insulin
preparations to simulate the daily physiological insulin
secretion. Insulin administration should start with a
small dose, which should be gradually increased, and the
insulin type and regimens should be individualized.

In the past, OADs were not recommended during
pregnancy because of concerns about its teratogenic
effects. However, many organizations now suggest that
they be used as an adjunct therapy for GDM.23,24 In the
United States, OADs have become the first option for
drug treatment of hyperglycemia during pregnancy.25

Glyburide and metformin are two more commonly
used drugs. However, inconsistences were found among
studies in terms of the effects of insulin and OAD
therapies. For example, some studies showed that
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glyburide, metformin, and insulin had the same ability
to control the fasting and postprandial blood glucose
levels of women with GDM, and no significant differ-
ences in the incidence rates of adverse maternal
and neonatal outcomes were found among them.26,27

However, a recent RCT showed that the failure rates
of metformin and glyburide therapies for GDM were
25% and 23.8%, respectively, although the sample size
was small.28 Another study indicated that glyburide
therapy could possibly increase the incidence of
neonatal hypoglycemia and macrosomia, while met-
formin therapy was associated with a higher rate of
preterm birth.29 In addition, the FIGO emphasizes the
lack of evidence on the long-term security of OADs.2

The FIGO recommends OADs because of their low
cost, and easy and convenient administration. Thus, for
pregnant women who refuse to use insulin or in areas
with low insulin resources, OADs could be used as
an alternative treatment.2 However, no evidence-based
medical research has been conducted to evaluate
the effect of OADs on the management of GDM in
Chinese pregnant women, and glyburide and metformin
were not included in the registered medicines for
treating GDM in China. Thus, we suggest that
for Chinese women who reject insulin use during
pregnancy, OADs could be used with caution and pa-
tient consent.

Postpartum follow-up

The postpartum period is also a crucial time span for
the management of GDM. It is an important time to
address intrapartum problems and initiate intervention
for both the mother and the offspring, who are at
increased risk of future obesity, T2DM, hypertension,
and metabolic syndrome. The recommendation is to
conduct the first postpartum follow-up at 6e12 weeks
after childbirth. All women with hyperglycemia during
pregnancy need to undergo the 75-g OGTT to evaluate
their blood glucose levels. If their blood glucose levels
meet the diagnostic criteria for diabetes or pre-diabetes
at this point, they should be advised to see an endocri-
nologist and make follow-up visits every 1e3 years.
Moreover, women with a history of GDM should
ideally have an intrapartum interval of >1 year and plan
to get pregnant. In addition, they need to undergo the
75-g OGTT prior to or at least in the early stage of next
pregnancy.

Lifestyle intervention is also the most fundamental
and effective method for postpartum management.
Furthermore, metformin has been shown to be effective
in preventing diabetes in women with hyperglycemia
during pregnancy. Ratner et al30 randomized 350
women with recently diagnosed GDM to standard
lifestyle and placebo or metformin therapy, or to life-
style intervention group, and found that in the fourth
year after childbirth, lifestyle intervention and metfor-
min therapy can both reduce the incidence of diabetes
by approximately 50% from that with the standard
lifestyle and placebo.

Moreover, breastfeeding can also reduce the risk of
type 2 diabetes in women with GDM. Gunderson et al31

conducted a prospective, observational cohort study of
women with a history of GDM to evaluate lactation and
the 2-year incidence of diabetes after GDM pregnancy.
In their study, the incidence of diabetes after GDM
pregnancy was inversely associated with lactation in-
tensity, and the adjusted hazard ratios were 0.64, 0.54,
and 0.46 for mostly formula or mixed/inconsistent,
mostly lactation, and exclusive lactation in comparison
with exclusive formula feeding, respectively (P for
trend ¼ 0.016). The longer the breastfeeding duration,
the lower the 2-year incidence of diabetes after GDM
pregnancy. In addition, a large clinical cohort study
conducted by Bider-Canfield et al32 indicated that
breastfeeding for �6 months was associated with a
decreased risk of childhood overweight at age 2 years.

Currently, the postpartum follow-up rate is low
worldwide, mainly owing to the lack of self-efficacy
and social support, and the lack of professional
knowledge among health providers.33 Thus, obstetri-
cians, internists, pediatricians, and other healthcare
providers must cooperate to provide support for post-
partum follow-up.

Conclusion

In conclusion, GDM is associated with a higher risk
of adverse health outcomes for both mothers and
offspring, not only during the perinatal phase but also in
the long term. Thus, the prevention and management of
GDM must be given enough importance throughout
pregnancy, that is, prior to pregnancy, during pregnancy,
and postpartum. Nutrition counseling and physical ac-
tivity should be the primary and major strategies. If
lifestyle modification alone fails to maintain normo-
glycemia, OADs and insulin should be considered.
Postpartum care should not be overlooked, as it plays a
critical role in the prevention of future chronic non-
communicable diseases.
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