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Abstract
Gestational diabetes mellitus (GDM) is the most preva-
lent metabolic disorder during pregnancy. Women di-
agnosed with GDM have a substantially greater risk of 
developing type 2 diabetes within 5-10 years after de-
livery, and the risk is increased by excess body weight. 
Uncontrolled hyperglycemia during pregnancy is poten-
tially harmful to both mother and fetus, resulting in a 
greater need for Caesarian-section deliveries, delivery 
of larger infants with more excess body fat, a greater 
risk of infant death and stillbirth, and an elevated risk 
of infant hypoglycemia immediately after birth. Fortu-
nately, engaging in physical activity prior to and dur-
ing pregnancy may lower the risk of developing GDM. 
Pregnant women should also be advised how to safely 
increase their physical activity during pregnancy and 
the postpartum period. An initial approach to becom-
ing more physically active can simply be to encourage 
women to incorporate more unstructured physical ac-
tivity into daily living, both before and during pregnan-
cy. Giving women an appropriate exercise prescription 
can encourage them to participate in physical activity 

safely and effectively throughout pregnancy to prevent 
and/or manage GDM. Engaging in 30 min of moderate 
intensity physical activity on most, if not all, days of 
the week has been adopted as a recommendation for 
all pregnant women. 

© 2013 Baishideng Publishing Group Co., Limited. All rights 
reserved.
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Core tip: Gestational diabetes mellitus is the most 
prevalent metabolic disorder during pregnancy. Uncon-
trolled hyperglycemia during pregnancy is potentially 
harmful to both mother and fetus. Pregnant women 
should be advised how to safely increase their physical 
activity during pregnancy and the postpartum period. 
Giving women an appropriate exercise prescription 
can encourage them to participate in physical activity 
safely and effectively throughout pregnancy to prevent 
and/or manage gestational diabetes. Engaging in 30 
min of moderate intensity physical activity on most, if 
not all, days of the week has been adopted as a rec-
ommendation for all pregnant women. 
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INTRODUCTION
Gestational diabetes mellitus (GDM) is the most preva-
lent metabolic disorder during pregnancy. Defined as 
glucose intolerance of  varying severity diagnosed during 
pregnancy that usually resolves postpartum, it typically 
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occurs during the middle of  pregnancy and is diagnosed 
at 24 to 28 wk of  gestation with an oral glucose toler-
ance test[1,2]. Currently, gestational diabetes affects 18 
percent of  pregnancies in the United States and has been 
increasing in prevalence[2]. 

Women diagnosed with GDM have a substantially 
greater risk of  developing type 2 diabetes (T2D) within 
5-10 years after delivery, and the risk is increased by ex-
cess body weight[2,3]. Uncontrolled hyperglycemia during 
pregnancy is potentially harmful to both mother and fe-
tus, resulting in a greater need for Caesarian-section de-
liveries, delivery of  larger infants with more excess body 
fat, a greater risk of  infant death and stillbirth, and an 
elevated risk of  infant hypoglycemia immediately after 
birth[4,5]. 

Sufficient evidence supports the promotion of  mod-
erate-to-vigorous prenatal physical activity for maternal 
health benefits[6], and physical activity prior to and during 
pregnancy may lower the risk of  developing GDM[7-11]. 
When prescribed effectively, physical activity can also be 
undertaken safely by nearly all pregnant women. 

ETIOLOGY OF GESTATIONAL DIABETES
GDM can be considered as a transient form of  T2D, 
with its rapid onset triggered by the metabolic and hor-
monal changes of  pregnancy. Normal pregnancies are 
associated with increased insulin resistance, which begins 
in mid-pregnancy and continues until delivery. This re-
sistance is usually compensated by a 200 to 250 percent 
increase in insulin secretion during pregnancy[12]. The 
pregnant woman’s placenta releases hormones that block 
the effect of  circulating insulin and making the mother 
more insulin resistant in order to nurture the growing 
fetus. While placental growth hormone induces maternal 
insulin resistance and mobilizes maternal nutrients for 
fetal growth, human placental lactogen and prolactin 
increase maternal food intake by inducing central leptin 
resistance and promoting maternal β-cell expansion and 
insulin production[13]. As a result, the mother’s insulin 
needs to increase as much as three or more times nor-
mal during pregnancy, resulting in hyperglycemia if  her 
pancreatic β-cells are unable to keep up with heightened 
insulin demands. A higher body fat percentage, physical 
inactivity, and diet quality are important modifiable risk 
factors for GDM[14]. 

Given that a sedentary lifestyle can contribute to 
its development, physical activity prior to and during 
pregnancy may lower the risk of  developing GDM. Al-
though few studies have focused on the mechanisms of  
exercise-induced benefits in GDM, due to the similarity 
between GDM and T2D, most of  the suggested mecha-
nisms in diabetes can be extrapolated to GDM. The 
benefits of  physical activity to prevent and treat GDM 
are associated with increased insulin sensitivity, beneficial 
adipokines changes, and reduced oxidative stress related 
to the antioxidant effect of  exercise[15]. 

OVERVIEW OF THE DIAGNOSIS AND 
TREATMENT OF GESTATIONAL DIABE-
TES
There is a current controversy on the most appropriate 
diagnostic test(s) for GDM. It is paramount that health 
care practitioners understand that any degree of  abnor-
mal glucose homeostasis in pregnancy independently 
predicts an increased risk of  glucose intolerance postpar-
tum[16], and women with either GDM or gestational im-
paired glucose tolerance exhibit declining β-cell function 
in the first year after giving birth that likely contributes 
to their future diabetes risk[17]. Women with a history of  
GDM should have lifelong screening for T2D or pre-
diabetes at least every 3 years[1]. 

If  maternal hyperglycemia is not controlled, the 
elevated blood glucose levels are elevated for both the 
mother and the developing fetus and can lead to mac-
rosomia (a baby weighing more than is appropriate for 
his or her gestational age). Macrosomia usually occurs as 
the result of  an excessive availability of  nutrients and an 
increase in fetal insulin release[18]. Such babies can face 
health problems, including damage to their shoulders 
during birth, low blood glucose levels following birth, 
and acute breathing problems. In addition, babies with 
excess fat and elevated insulin levels are at higher risk for 
obesity and T2D later in life.

Therefore, the primary goal of  treatment of  GDM 
is to keep blood glucose levels within normal limits 
throughout the pregnancy to ensure appropriate fetal 
growth. Implementation of  lifestyle changes (i.e., diet 
and exercise) to manage glycemic control is the first 
management strategy employed[19-22]. A recommended 
diet for women with GDM is moderate in fat and pro-
tein and provides controlled levels of  carbohydrates[23]. 
Women should be advised to avoid or limit their intake 
of  refined carbohydrates, sugary drinks, fruit juices, 
pastries, and other sweets that require large amount of  
insulin to manage blood glucose levels after ingestion. 
Pregnant women generally will require no more than 
300 extra calories daily to cover their increased energy 
requirements which they are often already consuming 
prior to pregnancy[19]. 

Pregnant women should also be advised how to safe-
ly increase their physical activity during pregnancy and 
the postpartum period. This is often an overlooked tool 
to help normalize blood glucose levels and may prevent 
or delay the need for insulin. Physical activity performed 
during and after pregnancy benefits a woman’s overall 
health[24]. Instead of  detraining, pregnant women under-
taking moderate or higher intensity physical activity can 
maintain or increase cardiorespiratory fitness[25]. Mater-
nal exercise during pregnancy does not increase the risk 
of  low birth weight, preterm delivery, or early pregnancy 
loss; in fact, exercise undertaken on a regular basis may 
reduce the risk of  pregnancy complications, such as 
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preeclampsia and GDM, and shortens the duration of  
active labor[7,8,26-29]. Physical activity is not associated with 
risks for the newborn and can lead to changes in lifestyle 
that imply long-term benefits[30]. 

If  lifestyle changes are not successful in maintaining 
target glucose values during pregnancy, glucose-lowering 
medications may additionally be used[31-33]. Insulin remains 
the gold standard for pharmacologic therapy and is still rec-
ommended by many practitioners over oral hypoglycemic 
agents[1]. Both glyburide and metformin have been shown 
to cross the placenta to the fetus and should be used with 
caution and patients counseled appropriately[31]. Regular 
aerobic training may result in a lowering of  the daily insulin 
dose needed to manage glucose levels in some women with 
GDM, which often feels like a reward to patients.

PREVENTION OF GESTATIONAL DIABE-
TES WITH PHYSICAL ACTIVITY
Engaging in regular physical activity before pregnancy 
frequently has been associated with a reduced risk of  
developing GDM[7,8,26-29]. A prospective cohort study 
among 21765 women in the Nurses’ Health Study Ⅱ 
showed that physical activity before pregnancy is associ-
ated with a risk reduction in GDM, and both intense ex-
ercise and moderate activity (e.g., brisk walking) bestow 
a similar risk reduction[28]. Even engaging in leisure time 
physical activity in advance of  becoming pregnant may 
reduce glucose intolerance during the pregnancy[34,35]. 

Being physically active during pregnancy may prevent 
both GDM and possibly later-onset T2D[36], but studies 
have shown mixed results[7,26,27]. Women who perform 
recreational physical activity during the year before 
becoming pregnant experience a reduced risk, but par-
ticipating in any physical activity during the first 20 wk 
of  pregnancy has been shown to lead to close to a 50 
percent risk reduction in GDM[7]. Engaging in physical 
activity both before and during pregnancy likely leads to 
the greatest reduction in GDM risk[7]. 

Exogenous insulin requirements can be lowered and 
glycemic control improved after a four- to eight-week 
period of  exercise in the last half  of  pregnancy, even 
when exercise is milder in terms of  duration and fre-
quency[37]. In women with GDM unresponsive to dietary 
changes, eight weeks of  moderate, supervised exercise 
undertaken three times a week maintained blood glucose 
levels within normal limits without the need for exoge-
nous insulin[38]. However, exercise must be performed on 
a chronic basis to have a sustained impact on glycemic 
control.

When compared with less vigorous activities, an ex-
ercise intensity that reaches at least 60 percent of  heart 
rate reserve (HRR) during pregnancy, while gradually 
increasing physical activity energy expenditure, reduces 
the risk of  developing GDM[22]. The more vigorous the 
exercise, the less total exercise time is required. In a re-
cent clinical trial, a moderate physical activity program 
performed thrice weekly during pregnancy improved 

levels of  maternal glucose tolerance in healthy, pregnant 
women[39], and higher levels of  physical activity participa-
tion before pregnancy or in early pregnancy significantly 
lowered the risk of  developing GDM[10]. Moreover, a 
recent study reported that women can safely engage in 
aerobic exercise and resistance training for muscular en-
durance 3 d per week for 30 min throughout gestation 
and doing so reduces the incidence of  GDM[11]. Thus, 
it appears that higher levels of  moderate physical activ-
ity (aerobic or resistance training) may reduce the risk 
of  developing GDM during pregnancy and lower blood 
glucose levels in women who do develop it.

To achieve the best decline in glucose concentrations, 
pregnant women may need to walk for 25 min per ses-
sion at a vigorous intensity or for 35 to 40 min per ses-
sion at low intensity if  they are at risk for GDM and for 
at least 25 min at either low or vigorous intensity if  they 
have a low risk to achieve optimal benefits related to gly-
cemic control and prevention of  GDM[9].

Not all studies have shown that physical activity can 
prevent the onset of  GDM. For example, a recent review 
of  five randomized controlled trials in 2012 reported 
limited evidence available on the effect of  exercise dur-
ing pregnancy for preventing pregnancy-induced hyper-
glycemia, although at least seven additional trials are cur-
rently underway[40]. Similarly, a 12-wk exercise program 
(30-35 min low impact aerobics, 20-25 min of  strength 
exercises using body weight as resistance and 5-10 min 
of  stretching, breathing, and relaxation exercises) under-
taken during the second trimester of  pregnancy did not 
reduce the prevalence of  gestational diabetes in pregnant 
women with a body mass index in the normal range[41]. 
In a recent study involving moderate-intensity resistance 
and aerobic exercises (done three times per week for 
50 to 55 min per session), the risk of  developing GDM 
also was not lowered[42]. Larger, well-designed random-
ized trials, with standardized behavioral interventions 
are definitely needed to assess the effects of  exercise on 
preventing GDM or other adverse pregnancy outcomes.

MANAGEMENT OF GESTATIONAL DIA-
BETES WITH PHYSICAL ACTIVITY
Women with diagnosed GDM can experience greater 
blood glucose uptake through increased insulin sensi-
tivity from both aerobic and resistance training[43,44]. A 
meta-analysis reported that pregnant women with GDM 
who exercised on a cycle or arm ergometer or per-
formed resistance training three times a week for 20 to 
45 min experience better glycemic control, lower fasting 
and postprandial glucose levels, and improve cardiore-
spiratory fitness[25]. Nevertheless, being active doing any 
type of  activity did not necessarily prevent the need for 
supplemental insulin to manage blood glucose levels or 
change pregnancy outcomes. 

On the other hand, at least one study reported that 
resistance exercise training may help to avoid insulin 
therapy for overweight women with GDM[44]. In addi-
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Table 1  Contraindications to physical activity during pregnancy and warning signs for termination

tion, regular physical activity may improve other preg-
nancy outcomes, such as lowering the GDM-related risk 
of  having a newborn with macrosomia by 58 percent, 
and the risk of  having acute elective caesarean delivery 
by 34 percent[42]. The intensity of  activities undertaken 
may also impact glycemic management. For example, a 
low-intensity walking program has been shown to lower 
capillary blood glucose measurements in women with 
GDM[20]; however, a higher intensity of  exercise may 
provide additional benefits. 

EXERCISE PRESCRIPTION FOR WOMEN 
WITH GESTATIONAL DIABETES
An initial approach to helping women become more physi-
cally active can simply be to encourage them to incorpo-
rate more unstructured physical activity into daily living, 
both before and during pregnancy[45]. While such lifestyle 
activity does not entirely take the place of  traditional 
structured exercise, it can be highly effective in prevent-
ing excessive weight gain, increasing daily activity levels, 
and building a fitness base from which to progress to 
prescribed exercise, as follows.

Unless a woman has medical reasons to avoid physi-
cal activity during pregnancy, such as premature labor, 
significant cardiopulmonary disease, or preeclampsia, she 
can begin or continue moderate-intensity aerobic physi-
cal activity during her pregnancy and after giving birth 
to help manage her blood glucose levels[10,14,20,21,23,25,43,44,46]. 
Warning signs to terminate exercise while pregnant 
include vaginal bleeding, dyspnea prior to exertion, diz-
ziness, headache, chest pain, muscle weakness, calf  pain 
or swelling, preterm labor, decreased fetal movement or 
amniotic fluid leakage[19]. Contraindications to and warn-
ing signs to end physical activity are listed in Table 1.

Mode of physical activity
Most pregnant women with and without GDM can safe-
ly undertake moderate and vigorous aerobic activities. 
These include both weight-bearing activities like walking, 
jogging, running, conditioning machines (e.g., elliptical 
trainers), and dancing and non-weight-bearing ones like, 
cycling, swimming, water aerobics, aquatic activities, 
chair exercises, and rowing[19]. 

Resistance training can also be safely and effectively 
undertaken by pregnant women with GDM and may re-
duce the need for exogenous insulin to control hypergly-
cemia[21]. The most recent guidelines propose increasing 
weekly physical-activity expenditure while incorporating 

vigorous exercise and adding light strength training to 
the exercise routine of  healthy pregnant women[22]. Most 
of  these exercises can be completed either standing or 
sitting, as desired for comfort and safety. Low- to mod-
erate-intensity muscle-strengthening exercises performed 
during the second and third trimesters of  pregnancy 
have a minimal effect on newborn body size and overall 
health[22,47]. Thus, women with GDM can experience 
greater blood glucose uptake through increased insulin 
sensitivity from both aerobic and resistance training[43,44]. 

During pregnancy, however, women should avoid 
doing exercises involving lying on their backs during 
the second and third trimesters. They should also avoid 
activities that increase the risk of  falling or abdominal 
trauma, including contact or collision sports, horseback 
riding, downhill skiing, water skiing, soccer, and bas-
ketball. Late in pregnancy, non-weight-bearing activities 
may be preferable to weight-bearing activities in some 
women, especially if  low back pain is present[48]. 

Intensity of physical activity
For most healthy women who are not already highly 
active or doing vigorous-intensity activity, moderate-
intensity aerobic activity is recommended during preg-
nancy and the postpartum period, corresponding to 
40%-59% HRR, “somewhat hard,” or 5-6 on a 10-point 
rating scale[49,50]. A more deconditioned woman may start 
as low as 30% HRR and progress to moderate levels. 
Women who are already highly active or doing regular 
vigorous activity (60%-89% HRR, “hard,” or a rating of  
7-8) can continue these activities during pregnancy.

Because the effects of  vigorous-intensity aerobic ac-
tivity during pregnancy have not been studied carefully, 
there is no basis for recommending that women should 
begin such activities during pregnancy if  they already 
were not doing so. Women who habitually engage in 
vigorous or high amounts of  activity or strength training 
should continue to be physically active during pregnancy 
and after giving birth; they generally do not need to dras-
tically reduce their activity levels, provided that they re-
main healthy and discuss with their health-care provider 
how to adjust activity levels during this time[19] (Table 2). 

Frequency of physical activity
According to current guidelines, pregnant women should 
engage in physical activity on most, if  not all, days of  
the week, including both aerobic and resistance train-
ing[19,22,47]. Current guidelines for adults generally recom-
mend five sessions of  moderate activity, which would 
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Contraindications to exercise[19] Significant cardiopulmonary disease, restrictive lung disease, incompetent cervix/cerclage, mul-
tiple gestation at risk for premature labor, persistent second- or third-trimester bleeding, placenta 
previa after 26 wk of gestation, premature labor during the current pregnancy, ruptured mem-
branes, and preeclampsia/pregnancy-induced hypertension

Warning signs to terminate or avoid exercise Vaginal bleeding, dyspnea prior to exertion, dizziness, headache, chest pain, muscle weakness, 
calf pain or swelling, preterm labor, decreased fetal movement, or amniotic fluid leakage
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Table 3  Recommended exercise prescription for women with 
gestational diabetes

Table 2  Example using heart rate reserve to determine target 
hazard ratio range

also apply to women with GDM[49,50]. Daily exercise may 
enhance glucose metabolism further and, therefore, the 
recommended frequency for any type of  physical activity 
for women with GDM is a minimum of  three and up to 
seven days per week, spread throughout the week[19]. 

Duration of physical activity
Engaging in 30 min of  moderate intensity physical activ-
ity on most days of  the week, reaching a minimal total 
of  150 min per week, has been adopted as a recommen-
dation for pregnant women without medical or obstetri-
cal complications[19]. Health benefits can be derived from 
daily sessions lasting 20 to 45 min[25]. Compared with less 
vigorous activities, engaging in an exercise intensity that 
is at least 60 percent of  HRR during pregnancy, while 
gradually increasing physical activity energy expenditure, 
reduces the risk of  GDM, and the more vigorous the ex-
ercise, the less total exercise time is required. Prolonged 
duration physical activity (i.e., lasting over 60 to 90 min 
when done continuously) usually is not recommended 
for pregnant women due to heightened concern over 
possible hypoglycemia or hyperthermia, however[29]. 

Progression of physical activity
Sedentary and deconditioned women with GDM should 
start out on the low end of  the intensity scale (30%-39% 
HRR) and gradually progress to moderate-intensity ex-
ercise (40%-59% HRR) or higher. Initially, they should 
be advised to increase frequency and duration of  activi-
ties rather than intensity. For previously inactive women, 
moderate-intensity workouts are an appropriate endpoint, 
but if  just starting physical activity during pregnancy, 
women should progress gradually over time to that in-
tensity. Women who have been active before and during 
pregnancy and before diagnosis of  GDM should continue 
doing moderate-to-vigorous intensity activities[47]. 

During a normal postpartum period, regular physical 
activity continues to benefit a woman’s overall health. 
Moderate-intensity physical activity undertaken after giv-

ing birth increases cardiorespiratory fitness and improves 
mood, with no adverse effects on breast milk volume, 
breast milk composition, or infant growth[51]. An added 
benefit is that it helps women achieve and maintain a 
healthy weight postpartum and can promote weight loss 
when combined with caloric restriction. Pregnant wom-
en who habitually engage in vigorous-intensity aerobic 
activity or are highly active can continue such physical 
activity during pregnancy and the postpartum period, 
provided that they remain healthy and avoid activities 
that increase risk of  falls and traumatic injury (Table 3).

CONCLUSION
In conclusion, women at high risk for GDM may be 
able to prevent it with lifestyle management before and 
during pregnancy. In those who develop GDM, dietary 
improvements and regular physical activity are frequently 
sufficient to manage hyperglycemia, although insulin may 
be used when these changes are not enough. Manage-
ment of  blood glucose levels ensures better pregnancy 
outcomes and improves the health of  both the mother 
and the fetus. Giving pregnant women an appropriate 
exercise prescription can encourage them to participate 
in physical activity safely and effectively throughout 
pregnancy to prevent and/or manage gestational diabe-
tes. Engaging in 30 min of  moderate intensity physical 
activity on most, if  not all, days of  the week has been 
adopted as a recommendation for all pregnant women. 
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Target HR range (40%-89% HRR)
Example patient: 30-year-old female
Resting HR: 78 beats per minute (bpm)
Maximum HR: 190 bpm (estimated as 220 minus age)
Formula for sample calculation:
Target HR = [(Max HR-Resting HR) × Desired Intensity)] + Resting HR
Lower end of HR range (40%) = [(190-78) × 0.40] + 78
(Low end of moderate intensity) = [112 × 0.40] + 78
                                                          = 45 + 78
                                                          = 123 bpm
   Higher end of HR range (89%) = [(190-78) × 0.85] + 78
(High end of vigorous intensity) = [112 × 0.89] + 78
                                                          = 100 + 78
                                                          = 178 bpm
Target HR range (40%-89% HRR)  = 123 to 178 bpm

HRR: Heart rate reserve.

Mode Aerobic: Walk, stationary cycle, swim, aquatic activities, 
conditioning machines, prenatal exercise classes, prenatal 
yoga, seated exercises, and possibly jogging or running (if 

highly active before pregnancy)
Resistance: Light or moderate resistance exercises 

Exercises to Avoid: Activities lying flat on the back and 
any that increase the risk of falling or abdominal trauma 
(e.g., contact or collision sports, horseback riding, downhill 
skiing, water skiing, soccer, outdoor cycling, basketball, 

most racquet sports, and scuba diving)
Intensity If inactive: moderate-intensity aerobic activity (40%-59% 

HRR, or “somewhat hard”) during pregnancy and post-
partum

If already active or doing vigorous activity: moderate- to 
vigorous-intensity activity (40%-89% HRR, or “somewhat 

hard” to “hard”)
Frequency 3-7 d, spread throughout the week

Better done on most, if not all, days of the week
Duration 30 min/session (range of 20-45 min) 

At least 150 min of moderate-intensity physical activity 
spread throughout the week

Progression If just starting, increase duration of moderate exercise 
slowly; if already more active, maintain or lower intensity 
during pregnancy rather than attempting to progress to 

higher levels

HRR: Heart rate reserve. Reprinted by permission from (Colberg SR. Exercise 
and Diabetes: A Clinician’s Guide to Prescribing Physical Activity, American 
Diabetes Association, Alexandria, VA, United States, 2013. p. 110.). 
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