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ABSTRACT

Background

Gestational diabetes mellitus (GDM) affects a significant number of women each year. GDM is associated with a wide range of adverse
outcomes for women and their babies. Recent observational studies have found physical activity during normal pregnancy decreases
insulin resistance and therefore might help to decrease the risk of developing GDM.

Objectives

To assess the effects of physical exercise for pregnant women for preventing glucose intolerance or GDM.

Search methods

We searched the Cochrane Pregnancy and Childbirth Group’s Trials Register (2 April 2012), ClinicalTrials.gov (2 April 2012) and the WOMBAT
Perinatal Trials Registry (2 April 2012).

Selection criteria

Randomised and cluster-randomised trials assessing the effects of exercise for preventing pregnancy glucose intolerance or GDM.

Data collection and analysis

Two review authors independently assessed study eligibility, extracted data and assessed the risk of bias of included studies.

Main results

We included five trials with a total of 1115 women and their babies (922 women and their babies contributed outcome data). Four of the
fiveincluded trials had small sample sizes with one large trial that recruited 855 women and babies. All five included trials had a moderate
risk of bias. When comparing women receiving additional exercise interventions with those having routine antenatal care, there was no
significant difference in GDM incidence (three trials, 826 women, risk ratio (RR) 1.10, 95% confidence interval (Cl) 0.66 to 1.84), caesarean
section (two trials, 934 women, RR 1.33,95% Cl 0.97 to 1.84) or operative vaginal birth (two trials, 934 women, RR 0.83,95% CI 0.58 to 1.17).
No trial reported the infant primary outcomes prespecified in the review.

None of the five included trials found significant differences in insulin sensitivity. Evidence from one single large trial suggested no
significant difference in the incidence of developing pregnancy hyperglycaemia not meeting GDM diagnostic criteria, pre-eclampsia or
admission to neonatal ward between the two study groups. Babies born to women receiving exercise interventions had a non-significant
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trend to a lower ponderal index (mean difference (MD) -0.08 gram x 100 m3, 95% Cl -0.18 to 0.02, one trial, 84 infants). No significant
differences were seen between the two study groups for the outcomes of birthweight (two trials, 167 infants, MD -102.87 grams, 95% ClI
-235.34 to0 29.60), macrosomia (two trials, 934 infants, RR 0.91, 95% Cl 0.68 to 1.22), or small-for-gestational age (one trial, 84 infants, RR
1.05, 95% Cl 0.25 to 4.40) or gestational age at birth (two trials, 167 infants, MD -0.04 weeks, 95% CI -0.37 to 0.29) or Apgar score less than
seven at five minutes (two trials, 919 infants, RR 1.00, 95% CI 0.27 to 3.65). None of the trials reported long-term outcomes for women and
their babies. No information was available on health services costs.

Authors' conclusions

Thereis limited randomised controlled trial evidence available on the effect of exercise during pregnancy for preventing pregnancy glucose
intolerance or GDM. Results from three randomised trials with moderate risk of bias suggested no significant difference in GDM incidence
between women receiving an additional exercise intervention and routine care.

Based on the limited data currently available, conclusive evidence is not available to guide practice. Larger, well-designed randomised
trials, with standardised behavioural interventions are needed to assess the effects of exercise on preventing GDM and other adverse
pregnancy outcomes including large-for-gestational age and perinatal mortality. Longer-term health outcomes for both women and their
babies and health service costs should be included. Several such trials are in progress. We identified another seven trials which are ongoing
and we will consider these for inclusion in the next update of this review.

PLAIN LANGUAGE SUMMARY

Exercise for pregnant women for preventing gestational diabetes mellitus

Each year, a significant number of pregnant women around the world develop gestational diabetes mellitus (GDM), defined as glucose
intolerance or high blood glucose concentration (hyperglycaemia) with onset or first recognition during pregnancy. During normal
pregnancy, insulin becomes less effective in transferring glucose from the blood stream to the mother’s tissues to ensure an adequate
nutrient supply to the baby. This insulin resistance increases as the pregnancy advances and GDM occurs when a mother does not secrete
enough insulin to be able to meet this resistance. Women with GDM are at risk of future type 2 diabetes and their babies are at increased risk
of adverse outcomes including being large-for-gestational age, having birthweight of at least 4000 grams and birth trauma. The modifiable
risk factors for GDM include being overweight or obese; physical inactivity or sedentary lifestyle; low fibre and high glycaemic load diet
and polycystic ovarian syndrome. This review aimed to assess the effects of physical exercise for pregnant women in preventing glucose
intolerance or GDM and was based on limited evidence from five randomised controlled trials. Two trials involved obese women. The trials
provided data from 922 women and their babies and were of moderate risk of bias. The exercise programs including individualised exercise
with regular advice, weekly supervised group exercise session or home-based stationary cycling, either supervised or unsupervised, had
no clear effect on preventing GDM (three trials with 826 women screened at 18 to 36 weeks' gestation), or improving insulin sensitivity
(five trials) compared with standard antenatal care with normal daily activities. Based on these limited data, conclusive evidence is not
available to guide practice. Larger, well-designed randomised trials are needed. Several such trials are in progress. We identified another
seven trials which are ongoing and we will consider these for inclusion in the next update.
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BACKGROUND

Description of the condition
Introduction and definition of gestational diabetes mellitus

Although there is no universally accepted diagnostic criteria
(Coustan 2010), gestational diabetes mellitus (GDM) can be
defined as 'glucose intolerance or hyperglycaemia (high blood
glucose concentration) with onset or first recognition during
pregnancy' (ACOG 2001; Hoffman 1998; Metzger 1998; NICE 2008).
GDM affects about 1% to 14% of pregnancies around the world and
the prevalenceisincreasingin line with increasing rates of maternal
obesity and type 2 diabetes mellitus (Bottalico 2007; Dabelea 2005;
Mulla 2010).

Pathophysiology of gestational diabetes mellitus

In pregnancy, insulin resistance increases with advancing gestation
(Clapp 2006). Hormones secreted from the placenta, including
tumour necrosis factor-alpha (TNF-a), placental lactogen, placental
growth hormone, cortisol and progesterone are thought to be the
likely triggers of these physiological changes (Clapp 2006; Devlieger
2008). Increasing insulin resistance in normal pregnancy, especially
during the third trimester, helps to meet the increased nutrient
requirement for fetal development and promotes fetal growth by
increasing maternal glucose supply (Devlieger 2008). GDM results
when the insulin secretion is inadequate for the degree of insulin
resistance (Clapp 2006).

Health risks for gestational diabetes mellitus

GDM is associated with a range of adverse pregnancy outcomes
(Crowther 2005; HAPO Study Cooperative Research Group 2008;
Landon 2009; Reece 2009).

Women with GDM are atincreased risk of developing pre-eclampsia
and increased need for induction of labour (Crowther 2005 ;
Landon 2009) and caesarean section (Landon 2009). As women
with GDM are more likely to have a large-for-gestational age
(LGA) or macrosomic (birthweight of 4000 grams or more) infant,
they are at higher risk of cephalopelvic disproportion, uterine
rupture and perineal lacerations (Jastrow 2010). In the longer term,
women with GDM have seven to eight times the risk of developing
type 2 diabetes (T2DM) when compared with those who have
had a normoglycaemic pregnancy (Bellamy 2009; Chodick 2010).
A comprehensive systematic review found that the cumulative
incidence of T2DM in women with GDM ranged from 2.6% to over
70% with a follow-up of six weeks to 28 years postpartum (Kim
2002). Therefore, GDM is usually considered a significant initiating
factor in T2DM, and GDM prevention may lead to a decreased rate
of T2DM in successive generations (Mottola 2008).

As mentioned above, babies born to mothers with GDM are more
likely to be LGA or macrosomic (HAPO Study Cooperative Research
Group 2008; Ju 2008; Reece 2009). LGA or macrosomic infants are
at increased risk of injury during birth, such as shoulder dystocia,
perinatal asphyxia, bone fractures and nerve palsies (HAPO Study
Cooperative Research Group 2008; Henriksen 2008; Langer 2005).
Babies of women with GDM are also at higher risk of having other
neonatal complications such as respiratory distress syndrome,
hypoglycaemia, hyperbilirubinaemia (increased levels of bilirubin
in the blood), cardiomyopathy (the deterioration of the function
of the heart muscle layer), hypocalcaemia, hypomagnesaemia,

polycythaemia, hyperviscosity and need admission to neonatal
nursery (HAPO Study Cooperative Research Group 2008; Ju 2008;
Reece 2009; Soler 1978). In the longer term, children born to
mothers with GDM are at increased risk of becoming overweight
or obese, developing type 1 and T2DM and having impaired
intellectual achievement (Harder 2009; Mulla 2010; Rizzo 1997;
Whincup 2008; Yogev 2009). Infants born LGA have a higher
risk of developing metabolic syndrome (a cluster of risk factors
defined by the occurrence of three of the following: obesity,
hypertension, hypertriglyceridaemia and low HDL cholesterol
concentration) in childhood, adolescence and adulthood (Barker
1994; Guerrero-Romero 2010; Harder 2009). Development of the
metabolic syndrome during childhood predicts adulthood T2DM at
25 to 30 years of age (Morrison 2008). These health problems may
repeat across generations (Mulla 2010; Petitt 1985).

Risk factors for GDM

There are a range of established risk factors for GDM; some are
modifiable and some are non-modifiable (Morisset 2010). The
modifiable risk factors include being overweight or obese (body
mass index (BMI) at least 25 kg/m? or at least 30 kg/m?); physical
inactivity or sedentary lifestyle; excessive weight gain during
pregnancy; low fibre and high glycaemic load diet and polycystic
ovarian syndrome (Chasan-Taber 2008; Hedderson 2010; Lo 2006;
Mottola 2008; Petry 2010; Zhang 2006). Non-modifiable risk factors
include advanced maternal age, nonwhite race/ethnicity, history
of having a macrosomic (birthweight at least 4000 gram) infant,
history of GDM, family history of diabetes mellitus, maternal high or
low birthweight and high parity ( Cypryk 2008; Petry 2010; Solomon
1997).

Management of GDM

The primary aims of treatment for GDM are to optimise
glycaemic control and improve pregnancy outcomes (Alwan 2009).
Management for women with GDM is effective in improving
pregnancy outcomes, which includes any or all of: diet and lifestyle
advice, use of oral glucose-lowering agents (e.g. metformin,
glyburide), administration of insulin, fetal surveillance (e.g.
doppler umbilical blood flow measurement, cardiotocograph and
ultrasonography) and maternal glucose monitoring (Crowther
2005; Hoffman 1998; Landon 2009; Metzger 2007; NICE 2008).

Dietary and lifestyle advice is effective (Crowther 2005; Landon
2009) and is usually recommended as the primary therapeutic
strategy for women with GDM to achieve acceptable glycaemic
control (ACOG 2001; Hoffman 1998; NICE 2008). As part of the
treatment for GDM, women are encouraged to start or continue
moderate intensity exercise as long as they have no medical
or obstetrical contraindications (ADA 2003; Hoffman 1998; NICE
2008). If these interventions alone are not enough to achieve
good maternal glycaemia control, insulin therapy may be indicated
(ACOG 2001; Hoffman 1998; NICE 2008). Oral hypoglycaemics such
as glyburide and metformin have been used as alternatives to
insulin therapy (Silva 2010; Simmons 2004). As part of management
of GDM, maternal glucose monitoring and ultrasonography are
advised to monitor treatment and guide care for birth (ACOG 2001,
Hoffman 1998; NICE 2008).
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Description of the intervention
Physical activity and pregnancy

Until several decades ago, physical activity had been discouraged
in pregnancy due to theoretical concerns of exercise-induced injury
leading to adverse fetal and maternal outcomes (Dempsey 2005;
Schliissel 2008).

Since early this century, the benefits of exercise during pregnancy
have been realised and pregnant women have been encouraged to
have regular physical activity in the absence of medical or obstetric
complications (Dempsey 2005; Schliissel 2008). Light to moderate
physical activity during a normal pregnancy provides various
benefits for the mother and her fetus (Melzer 2010). For mothers,
it helps reduce and prevent lower back pain, decreases fluid
retention, reduces cardiovascular stress, increases oxygenation
capacity and decreases blood pressure (Melzer 2010; Schliissel
2008). Fetal benefits include decreased fat mass, reduced risk
of being a LGA fetus, improved stress tolerance, and advanced
neurobehavioural maturation (Melzer 2010; Snapp 2008). Recent
observational studies have found physical activity during normal
pregnancy decreased insulin resistance and therefore, might help
to decrease the risk of GDM (Redden 2010; Reece 2009). Some
evidence from observational studies has suggested that the risk
of GDM was decreased by 20% to 55% among women with
physical exercise of various duration and intensity before or during
pregnancy (Dempsey 2004a; Dempsey 2004b; Oken 2006; Zhang
2006).

How the intervention might work

Undertaking a period of exercise and regular weight-bearing
exercise have both been found to decrease circulating glucose
and insulin concentrations during, and for a period of time
after, exercise sessions (Clapp 1991; Clapp 1998). The effect was
greatest with low-intensity prolonged exercise that utilises a large
muscle mass in late pregnancy shortly (less than two hours)
after food intake (Clapp 2006). Investigators have shown that
physical exercise was effective in preventing and managing T2DM
by reducing insulin resistance in men and non-pregnant women
(Clapp 2006; Knowler 2002; Oken 2006; Redden 2010). Regular
exercise during pregnancy is associated with decreased circulating
TNF-a levels in a dose- and time-dependent manner (Clapp 2000).
These research findings suggest that physical exercise during
normal pregnancy may be effective in preventing GDM.

In addition, being overweight or obese, or gaining excessive
weight during pregnancy are significant risk factors for developing
GDM (Hedderson 2010; Kim 2010b). A recent systematic review
suggested physical activity during pregnancy might be successful
in restricting gestational weight gain (Streuling 2011), thereby
reducing the risk of developing GDM. However, such benefit was
not found in another Cochrane review entitled 'Aerobic exercise for
women during pregnancy', aimed at assessing the effects of exercise
for healthy pregnant women (Kramer 2006).

Why it is important to do this review

GDM affects a significant proportion of pregnant women each
year and the prevalence is increasing worldwide (Bottalico 2007;
Dabelea 2005; Mulla 2010). GDM is associated with a range of
negative pregnancy outcomes and these adverse health outcomes
can repeat across generations (HAPO Study Cooperative Research

Group 2008; Mulla 2010). Therefore, identifying ways that might
help prevent GDM is of urgent public health importance.

Although the risk factors and health outcomes of GDM have been
well recognised, there is little known about ways to prevent GDM
in high-risk populations (Mottola 2008; Petry 2010; Pivarnik 2006).
Physical exercise, as one of the modifiable risk factors for GDM,
has attracted great attention in recent years (Melzer 2010). There
has been a suggestion that physical exercise before and during
pregnancy may be effective in preventing GDM; however, little
robust evidence from randomised controlled trials is available
(Petry 2010). This review will help to provide reliable evidence
for pregnant women on the effects of physical exercise on GDM
prevention. Three other Cochrane reviews have addressed the
effects of exercise for diabetic pregnant women (Ceysens 2006), the
role of aerobic exercise for healthy pregnant women (Kramer 2006)
and the effects of diet and exercise on postpartum weight retention
(Amorim 2007). Another Cochrane review to assess the effects of
combined diet and exercise for preventing GDM is being planned.

OBJECTIVES

To assess the effects of physical exercise for pregnant women for
preventing glucose intolerance or gestational diabetes.

METHODS

Criteria for considering studies for this review
Types of studies

All published randomised controlled trials assessing the effects of
physical exercise in preventing pregnancy glucose intolerance or
GDM. We planned to include cluster-randomised trials. We also
planned to include published abstracts for randomised controlled
trials and cluster-randomised controlled trials when relevant
outcome data were available. We excluded quasi-randomised
controlled trials and cross-over trials.

We planned to include trials assessing the effects of lifestyle
interventions (e.g. include both nutrition and physical exercise
interventions) in preventing pregnancy glucose intolerance or GDM
if we are able to extract data for the effects of physical exercise
separately.

Types of participants

Pregnant women regardless of age, gestation, parity or plurality. We
excluded women with pre-existing type 1 and type 2 diabetes.

Types of interventions

Interventions included any types of exercise and lifestyle
management (i.e. exercise advice, providing exercise sessions) for
pregnant women for preventing GDM before screening tests.

One type of intervention would be compared to standard
antenatal care, i.e. any type of exercise advice (standard advice
or individualised advice) compared with standard antenatal
care; providing exercise sessions (group exercise or individual
exercise session) compared with standard care. Multiple form
of interventions would be compared with standard care, i.e.
providing exercise advice and exercise sessions compared with
standard care. Two forms of interventions would be compared
with each other, i.e. providing exercise advice compared with
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providing exercise session. Two or more types of the same form of
management would be compared against each other, i.e. standard
exercise advice compared with individualised exercise advice;
group exercise session compared with individual exercise session;
different intensities of exercise sessions compared with each other;
exercise interventions only compared with exercise interventions
plus other forms of intervention (e.g. providing dietary advice).

Types of outcome measures

Primary outcomes

Maternal outcomes

1. Incidence of GDM (diagnostic criteria as defined in individual

trials)

2. Mode of birth (normal vaginal birth, operative vaginal birth,
caesarean section)

Fetal/neonatal outcomes

1. LGA
2. Perinatal mortality (fetal and neonatal mortality)

Secondary outcomes
Maternal outcomes
Perinatal

1. Incidence of pregnancy hyperglycaemia not meeting GDM
diagnostic criteria (diagnostic criteria as defined in individual
trials)

Induction of labour

Perineal trauma

Pre-eclampsia

Weight gain during pregnancy

Maternal body mass index (BMI) at late pregnancy (third
trimester)

7. Gestational age at screening for gestational diabetes mellitus

o v wN

8. Postpartum haemorrhage

9. Postpartum infection

10.Placental abruption

11.Adherence to exercise intervention

12.Women’s sense of well-being and quality of life (defined by
author(s))

13.Women’s view of intervention

Long term

1. Postnatal weight retention

4. Neonatal hypoglycaemia requiring treatment (variously defined
by authors of individual trials)

Gestational age at birth

Preterm birth (less than 37 weeks' gestation)
Shoulder dystocia

Bone fracture

w N U

Nerve palsy
10.Respiratory distress syndrome

11.Hyperbilirubinaemia requiring treatment (variously defined by
authors of individual trials)

12.Apgar scores (less than seven at five minutes)
13.Ponderal index
14.Skinfold thickness measurements

Childhood outcomes

1. Weight

Height

BMI

Fat mass/fat-free mass

Skinfold thickness measurements

Blood pressure

Impaired glucose tolerance (as defined by author(s))
Development of type 1 diabetes
Development of type 2 diabetes
10.Insulin sensitivity (as defined by author(s))
11.Dyslipidaemia or metabolic syndrome
12.Neurodisability

13.Educational achievement

e R A L S L

Adulthood outcomes

1. Weight

Height

BMI

Fat mass/fat-free mass

Skinfold thickness measurements
Blood pressure

Impaired glucose tolerance (defined by author(s))
Development of type 1 diabetes
Development of type 2 diabetes
10.Insulin sensitivity (defined by author(s))
11.Dyslipidaemia or metabolic syndrome

e S A L

12.Educational achievement

2. BMI
3. Gestational diabetes in subsequent pregnancy Health services cost
4. Development of type 2 diabetes mellitus 1. Number of hospital visits or health professional visits (e.g.
5. Development of type 1 diabetes mellitus physiotherapist) or antenatal visits for mother
6. Impaired glucose tolerance (defined by author(s)) 2. Medical physician visits
7. Insulin sensitivity (defined by author(s)) 3. Costs to families in relation to the management provided
4. Length of postnatal stay (mother)
Fetal/neonatal outcomes 5. Admission to neonatal ward
1. Macrosomia (birthweight at least 4000 g) 6. Length of postnatal stay (baby)
2. Birthweight 7. Cost of maternal care
3. Small-for-gestational age 8. Cost of offspring care
Exercise for pregnant women for preventing gestational diabetes mellitus (Review) 5
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Search methods for identification of studies
Electronic searches

We contacted the Trials Search Co-ordinator to search the Cochrane
Pregnancy and Childbirth Group’s Trials Register (2 April 2012).

The Cochrane Pregnancy and Childbirth Group’s Trials Register is
maintained by the Trials Search Co-ordinator and contains trials
identified from:

1. monthly searches of the Cochrane Central Register of Controlled
Trials (CENTRAL);

2. weekly searches of MEDLINE;
3. weekly searches of EMBASE;

4. handsearches of 30 journals and the proceedings of major
conferences;

5. weekly current awareness alerts for a further 44 journals plus
monthly BioMed Central email alerts.

Details of the search strategies for CENTRAL, MEDLINE and EMBASE,
the list of handsearched journals and conference proceedings, and
the list of journals reviewed via the current awareness service can
be found in the ‘Specialized Register’ section within the editorial
information about the Cochrane Pregnancy and Childbirth Group.

Trials identified through the searching activities described above
are each assigned to a review topic (or topics). The Trials Search Co-
ordinator searched the register for each review using the topic list
rather than keywords.

Searching other resources

We searched the reference lists of retrieved articles and reviewed
the list of perinatal trials included in the Women and Babies
Health and Wellbeing: Action through Trials (WOMBAT) Perinatal
Trials Registry (WOMBAT) (2 April 2012). We also searched the
ClinicalTrials.gov trial registry (2 April 2012) to identify potential
relevant trials. The search strategy used is included in Appendix 1.

We did not apply any language restrictions.

Data collection and analysis
Selection of studies

Two review authors independently assessed for inclusion all the
potential studies we identified as a result of the search strategy. We
resolved any disagreement through discussion or, if required, we
consulted a third person.

Data extraction and management

We designed a form to extract data. For eligible studies, at least
two review authors extracted the data using the agreed form.
We resolved discrepancies through discussion or, if required, we
consulted a third person. We entered data into Review Manager
software (RevMan 2011) and checked for accuracy.

When information regarding any of the above was unclear, we
attempted to contact authors of the original reports to provide
further details.

Assessment of risk of bias in included studies

Two review authors independently assessed risk of bias for each
study using the criteria outlined in the Cochrane Handbook for
Systematic Reviews of Interventions (Handbook) (Higgins 2011). We
resolved any disagreement by discussion or by involving a third
assessor.

(1) Sequence generation (checking for possible selection bias)

We described for each included study the method used to generate
the allocation sequence in sufficient detail to allow an assessment
of whether it should produce comparable groups.

We assessed the method as:

« low risk of bias (any truly random process, e.g. random number
table; computer random number generator);

« high risk of bias (any non-random process, e.g. odd or even date
of birth; hospital or clinic record number)

« unclear risk of bias.

(2) Allocation concealment (checking for possible selection bias)

We described for each included study the method used to conceal
the allocation sequence and determine whether intervention
allocation could have been foreseen in advance of, or during
recruitment, or changed after assignment.

We assessed the methods as:

« low risk of bias (e.g. telephone or central randomisation;
consecutively numbered sealed opaque envelopes);

« high risk of bias (open random allocation; unsealed or non-
opaque envelopes, alternation; date of birth);

+ unclear risk of bias.

(3.1) Blinding of participants and personnel (checking for
possible performance bias)

We describe for each included study the methods used, if any, to
blind study participants and personnel from knowledge of which
intervention a participant received. We considered that studies are
at low risk of bias if they were blinded, or if we judged that the lack
of blinding would be unlikely to affect results. We assessed blinding
separately for different outcomes or classes of outcomes.

We assessed the methods as:

« low, high or unclear risk of bias for participants;
« low, high or unclear risk of bias for personnel.

(3.2) Blinding of outcome assessment (checking for possible
detection bias)

We described for each included study the methods used, if any, to
blind outcome assessors from knowledge of which intervention a
participant received. We assessed blinding separately for different
outcomes or classes of outcomes.

We assessed methods used to blind outcome assessment as:

« low, high or unclear risk of bias.
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(4) Incomplete outcome data (checking for possible attrition
bias through withdrawals, dropouts, protocol deviations)

We described for each included study, and for each outcome or
class of outcomes, the completeness of data including attrition
and exclusions from the analysis. We stated whether attrition and
exclusions were reported, the numbers included in the analysis
at each stage (compared with the total randomised participants),
reasons for attrition or exclusion where reported, and whether
missing data were balanced across groups or were related to
outcomes. Where sufficient information was reported, or could be
supplied by the trial authors, we re-included missing data in the
analyses which we undertook.

We assessed methods as:

« low risk of bias (e.g. no missing outcome data; missing outcome
data balanced across groups);

« high risk of bias (e.g. numbers or reasons for missing
data imbalanced across groups; ‘as treated’ analysis done
with substantial departure of intervention received from that
assigned at randomisation);

« unclear risk of bias.

(5) Selective reporting bias

We described for each included study how we investigated the
possibility of selective outcome reporting bias and what we found.

We assessed the methods as:

« low risk of bias (where it was clear that all of the study’s pre-
specified outcomes and all expected outcomes of interest to the
review had been reported);

« high risk of bias (where not all the study’s pre-specified
outcomes had been reported; one or more reported primary
outcomes were not pre-specified; outcomes of interest were
reported incompletely and so could not be used; study fails to
include results of a key outcome that would have been expected
to have been reported);

« unclear risk of bias.

(6) Other sources of bias

We described for each included study any important concerns we
had about other possible sources of bias.

We assessed whether each study was free of other problems that
could put it at risk of bias:

« low risk of other bias;
« high risk of other bias;
« unclear whether there is risk of other bias.

(7) Overall risk of bias

We made explicit judgements about whether studies were at high
risk of bias, according to the criteria given in the Handbook (Higgins
2011). With reference to (1) to (6) above, we assessed the likely
magnitude and direction of the bias and whether we considered
it was likely to impact on the findings. We planned to explore the
impact of the level of bias through undertaking sensitivity analyses
- see Sensitivity analysis.

Measures of treatment effect
Dichotomous data

For dichotomous data, we presented results as summary risk ratio
with 95% confidence intervals.

Continuous data

For continuous data, we used the mean difference when outcomes
were measured in the same way between trials. If necessary, we
would have used the standardised mean difference to combine
trials that measured the same outcome, but used different
methods.

Unit of analysis issues
Cluster-randomised trials

We did not identify any cluster-randomised trials for inclusion. In
future updates of this review, if we identify cluster-randomised
trials, we plan to include them in the analyses along with
individually-randomised trials. We will adjust their sample sizes
using the methods described in the Handbook using an estimate
of the intracluster correlation co-efficient (ICC) derived from the
trial (if possible), from a similar trial or from a study of a similar
population (Higgins 2011). If we use ICCs from other sources, we
will report this and conduct sensitivity analyses to investigate the
effect of variation in the ICC. If we identify both cluster-randomised
trials and individually-randomised trials, we plan to synthesise the
relevantinformation. We will consider it reasonable to combine the
results from both if there is little heterogeneity between the study
designs and the interaction between the effect of intervention and
the choice of randomisation unit is considered to be unlikely.

We also plan to acknowledge heterogeneity in the randomisation
unit and perform a sensitivity analysis to investigate the effects of
the randomisation unit.

Dealing with missing data

For included studies, we noted levels of attrition. We explored the
impact of including studies with high levels of missing data in the
overall assessment of treatment effect by using sensitivity analysis.

For all outcomes, we carried out analyses, as far as possible,
on an intention-to-treat basis, i.e. we attempted to include all
participants randomised to each group in the analyses, and all
participants were analysed in the group to which they were
allocated, regardless of whether or not they received the allocated
intervention. The denominator for each outcome in each trial was
the number randomised minus any participants whose outcomes
were known to be missing.

Assessment of heterogeneity

We assessed statistical heterogeneity in each meta-analysis using
the T2, I*> and Chi? statistics. We regarded heterogeneity as
substantial if I was greater than 30% and either T? was greater than
zero, or there was a low P value (less than 0.10) in the Chi? test for
heterogeneity.

Assessment of reporting biases

In future updates of this review, if there are 10 or more studies
in the meta-analysis, we will investigate reporting biases (such
as publication bias) using funnel plots. We will assess funnel plot
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asymmetry visually, and use formal tests for funnel plot asymmetry.
For continuous outcomes we will use the test proposed by Egger
1997, and for dichotomous outcomes we will use the test proposed
by Harbord 2006. If we detect asymmetry in any of these tests or
by a visual assessment, we will perform exploratory analyses to
investigate it.

Data synthesis

We carried out statistical analysis using the Review Manager
software (RevMan 2011). We used fixed-effect meta-analysis
for combining data where it was reasonable to assume that
studies were estimating the same underlying treatment effect:
i.e. where trials were examining the same intervention, and
the trials’ populations and methods were judged sufficiently
similar. If there had been clinical heterogeneity sufficient to
expect that the underlying treatment effects differed between
trials, or if substantial statistical heterogeneity had been detected,
we planned to use random-effects meta-analysis to produce an
overall summary if an average treatment effect across trials was
considered clinically meaningful. The random-effects summary
would have been treated as the average range of possible treatment
effects and we would have discussed the clinical implications of
treatment effects differing between trials. If the average treatment
effect was not clinically meaningful, we would not have combined
trials.

If we had used random-effects analyses, we would have presented
the results as the average treatment effect with its 95% confidence
interval, and the estimates of T2 and I°.

Subgroup analysis and investigation of heterogeneity

If we had identified substantial heterogeneity, we would have
investigated it using subgroup analyses and sensitivity analyses.
We planned to consider whether an overall summary was
meaningful, and if it was, use random-effects analysis.

Maternal characteristics, and characteristics of exercise
interventions might affect health outcomes. We planned to carry
out the following subgroup analyses, but there were not enough
trials providing relevant data to conduct these subgroup analyses.

1. Maternal characteristics

« Maternal age:

« we planned to compare women of 35 years of age or more
with women less than 35 years of age.
« Maternal body mass index (BMI) (at or before trial entry):
« we planned to compare women with BMI ranges of 18.5 to
24.9 kg/m? with those with less than 18.5 kg/m?;
. BMI ranges of 18.5 to 24.9 kg/m? with those of 25 to 29.9 kg/
m?;
« BMI ranges of 18.5 to 24.9 kg/m? with those of 30 kg/m? to
39.9 kg/m?%
« BMI ranges of 18.5 to 24.9 kg/m? with those of 40 kg/m? or
more.
« Ethnicity:
o we planned to compare high-risk ethnic groups with low-risk
ethnic groups.
o Parity:
« we planned to compare parity of zero with one to two;

« parity of zero with three or more.

2. Nature of exercise interventions

« Exercise intervention only compared with exercise intervention
plus other forms of intervention (e.g. dietary advice).
« Frequency of the intervention:
« we compared frequencies of one to four times/week with five
or more times/week.
« Duration of the intervention:
« we planned to compare less than 20 minutes per session with
20 minutes or more per session.
« Intensity of the exercise sessions:*
o we planned to compare light intensity exercise with
moderate intensity exercise;
o we planned to compare light intensity exercise with high
intensity exercise.

*intensity of exercise was defined by individual trials.

3. Ways of delivering intervention

We planned to compare:

« exercise advice only with providing exercise sessions;

« face-to-face intervention with non-face-to-face intervention
(e.g. phone counselling, information package, etc.);

«+ group intervention with individual intervention.
We planned to use primary outcomes in subgroup analyses.

We planned to assess differences between subgroups by
interaction tests where possible.

Sensitivity analysis

In future updates of this review, we plan to carry out sensitivity
analysis to explore the effects of trial quality assessed by allocation
concealment and other risk of bias components, by omitting
studies rated as 'high risk of bias' for these components. Sensitivity
analysis will be restricted to the primary outcomes.

RESULTS

Description of studies
Results of the search

A total of 22 trials were identified for consideration of inclusion
in this review. Nineteen trials were identified through the search
conducted by the Cochrane Pregnancy and Childbirth Group
and three additional trials were identified through searching
ClinicalTrials.gov (ClinicalTrials 2011) and the WOMBAT (Women
and Babies health and wellbeing: Action through Trials) Perinatal
Trials Registry (WOMBAT 2011).

Following application of the eligibility criteria for the review, we
included five trials (Barakat 2011; Callaway 2010; Hopkins 2010;
Ong2009; Stafne 2012). Ten trials did not meet the inclusion criteria
for this review and were excluded (Chen 1997; Clapp 1997; Clapp
2002; Clapp 2002a; Gaston 2009; Haakstad 2011; Hui 2006; Kim
2010a; Luoto 2010; Quinlivan 2007). Another seven trials (Chasan-
Taber 2009; Ko 2008; Melo 2008; Newnham 2011; Oostdam 2009;
Ramirez-Velez 2009; Shen 2008) are ongoing and will be considered
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forinclusion in the next update of this review (see Characteristics of
ongoing studies).

Included studies

For full details, see Characteristics of included studies.

Two of the five included trials (Callaway 2010; Ong 2009) were
conducted in Australia, One trial each was conducted in New
Zealand (Hopkins 2010), Spain (Barakat 2011) and Norway (Stafne
2012).

Participants

A total of 1115 women and their babies were recruited in the five
included trials and 922 women and their babies were involved
in the data analysis. Four included trials had small sample sizes
(Barakat 2011; Callaway 2010; Hopkins 2010; Ong 2009) and one
trial (Stafne 2012) randomised 855 women.

In Callaway 2010 and Ong 2009 only obese (body mass index (BMI)
greater or equal to 30 kg/m?) women were included. In Barakat
2011, women had a mean [SD] pre-pregnancy BMI of 22.7 [2.8] kg/
mZintheintervention group and 23[2.9] kg/m?in the control group.
Hopkins 2010 included healthy nulliparous women with a mean
BMI [SD] of 25 [4] kg/m? at trial entry (mean trial entry gestational
age [SD]: 19 [1.1] weeks). In Stafne 2012, women in the intervention
group had a trial entry mean BMI [SD] of 24.7 [3.0] kg/m? and 25.0
[3.4] kg/m? for women in the control group (women at trial entry
were at around 18 weeks' gestation).

Intervention and comparison

In Barakat 2011, women in the intervention group received 35-
45-minutes supervised sessions three times a week with two land
aerobic sessions and one aquatic activities session. In Callaway
2010, an individualised exercise plan with an energy expenditure
goal of 900 kcal per week was provided to women in the
intervention group. Other interventions in this trial included four-
weekly follow-up for assessment of adherence and diaries for self-
monitoring (Callaway 2010). In Hopkins 2010, interventions were
home-based stationary cycling for a maximum of five sessions of
40 minutes aerobic exercise per week, for the remaining weeks of
pregnancy. This aimed for a moderate intensity of 65% of predicted
aerobic capacity (VOymax)- In addition, women had fortnightly
supervised sessions, reviewing their exercise plan and checking
for adherence (Hopkins 2010). In Ong 2009, women had home-
based supervised stationary cycling for three sessions a week over
a 10-week period (between 18 weeks of gestation and 28 weeks of
gestation). During each session, women had a 10-minute warm-up
followed by one or two 15-minute bouts of cycling at an intensity

of 50 to 60% HRp,5x. and the exercise intensity was increased to 60
to 70% HRmax @s pregnancy progressed (Ong 2009). In Stafne 2012,
women had a weekly supervised 60-minute group exercise session
at moderate to high intensities for a period of 12 weeks. Women
were also encouraged to follow a written 45-minute home exercise
program at least twice per week (Stafne 2012).

In four included trials , women in the control group had standard
antenatal care with normal daily activities (Callaway 2010; Hopkins
2010; Ong 2009; Stafne 2012). One included trial did not provide
information on what type of care was provided for women in the
control group (Barakat 2011).

See Characteristics of included studies table for more details.

Outcome

All the five included trials focused on perinatal outcomes for
women and their babies (Barakat 2011; Callaway 2010; Hopkins
2010; Ong 2009; Stafne 2012). None of the included studies have
reported any longer-term outcomes as yet for mothers or their
children.

See Characteristics of included studies for more details.

Excluded studies

Of the 10 excluded trials, three trials were excluded due to
their interventions not meeting the inclusion criteria specified for
the review (Clapp 2002; Gaston 2009; Quinlivan 2007). In Clapp
2002, all participants received the same exercise intervention
but different dietary interventions; Gaston 2009 aimed to assess
whether maternal-fetal disease information was a good source of
exercise motivation during pregnancy with no clinically relevant
outcomes reported in their paper; and in Quinlivan 2007, exercise
was not a part of the study intervention. Another two trials (Hui
2006; Luoto 2010) were excluded as interventions in these two
trials included both exercise and diet, and data on the effect of
exercise were not able to be abstracted separately. Clapp 2002a
and Haakstad 2011 were excluded due to no relevant data reported
on pregnancy glucose tolerance. Chen 1997 and Kim 2010a were
excluded due to participants not meeting the inclusion criteria of
this review and Clapp 1997 was a literature review, not a report of
a trial.

See Characteristics of excluded studies for more details.

Risk of bias in included studies

We judged the five included trials to have a moderate risk of bias
overall. See Figure 1 and Figure 2.
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Figure 1. 'Risk of bias' graph: review authors' judgements about each risk of bias item presented as percentages
across all included studies.
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Figure 2. 'Risk of bias' summary: review authors' judgements about each risk of bias item for each included study.
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Three of the five included trials reported women were
randomly allocated to study groups without further details being
provided (Barakat 2011; Hopkins 2010; Ong 2009). In Callaway
2010, a random number allocation technique was applied for
randomisation and Stafne 2012 performed by a web-based
computerised procedure in blocks of 30.

Allocation

In Callaway 2010 and Stafne 2012, randomisation was conducted
by a third party at another location outside the hospital. The other

threeincluded trials had no information on allocation concealment
(Barakat 2011; Hopkins 2010; Ong 2009).

Blinding

It was unclear whether outcome assessors were blinded to group
allocation in all of the five included trials (Barakat 2011; Callaway
2010; Hopkins 2010; Ong 2009; Stafne 2012). Participants in the five
trials were not blinded.

Incomplete outcome data

In Barakat 2011, 10/50 (20%) women from the exercise group and
7/50 (14%) women from the control group did not complete the
study and were excluded from the analysis. Reasons for exclusion
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included developing medical complications and personal reasons
such as change of residence (Barakat 2011).

In Callaway 2010, five (10%) women in the intervention group
and nine (18%) women in the control group were lost to follow-
up by six weeks postpartum. Of the 14 women lost to follow-up
in this study, two (4%) in the intervention group and three (6%)
in the control were not able to be contacted; three (6%) in the
intervention group and six (12%) women in the control group were
lost to follow-up as they met the prespecified criteria to terminate
theintervention (Callaway 2010). These criteria included persistent
second and third trimester bleeding, placenta praevia after 26
weeks' gestation, preterm labour, ruptured membranes, and pre-
eclampsia (Callaway 2010).

For Hopkins 2010, a total of 14 (14.3%) women were lost to
follow-up. Eleven women withdrew from study two (2.4%) in the
intervention group and nine (10.7%) women in the control group.
Another three (3.6%) women in the control group were lost to
follow-up due to development of contraindications to exercise.

In Stafne 2012, 7.7% (33/429) women in the exercise group and
14.3% (61/426) women in the control group were lost to follow-
up during pregnancy and another 5.3% (21/396) women in the
intervention group and 10.4% (38/365) women in the control group
were excluded at 32 to 36 weeks assessment. Reported reasons for
exclusion included developing medical complications, change of
residence, did not attended oral glucose tolerance test (OGTT) or
did not attend hospital interview (Stafne 2012).

No losses to follow-up or post randomisation exclusions were
reported in Ong 2009.

Selective reporting

Two included trials did not report any of the prespecified primary
outcomes of this review including GDM incidence (Hopkins 2010;
Ong 2009). There was no obvious risk of selective reporting in
Barakat 2011, Callaway 2010 and Stafne 2012.

Other potential sources of bias

In Barakat 2011, baseline characteristics were only reported for
women who completed the study. Among women who completed
the study, there was baseline imbalance in maternal education
level, parity and exercise habits before gestation between the two
study groups (Barakat 2011).

In Stafne 2012, baseline imbalance existed in insulin resistance
between women in the exercise group and the control group.
Women in the intervention group had lower insulin resistance at
baseline when compared with women in the control group. It was
also reported that among women who completed the study, those
in the intervention group had lower fasting insulin and insulin
resistance than women in the control group. Women lost to follow-
up in Stafne 2012 performed exercise less often before pregnancy
than those who completed the study.

There was no obvious risk of other potential sources of bias in the
other four included trials (Barakat 2011; Callaway 2010; Hopkins
2010; Ong 2009).

Effects of interventions

Any additional exercise intervention versus routine antenatal
care only

Primary outcomes

Three trials reported GDM incidence (Barakat 2011; Callaway
2010; Stafne 2012). In Barakat 2011 and Callaway 2010, GDM
was screened at 24 to 28 weeks' gestation and women in Stafne
2012 were screened for GDM at both baseline (between 18 to 22
weeks' gestation) and the end of the intervention period (between
32 to 36 weeks' gestation). Three different GDM diagnostic
criteria, including American Diabetes Association (ADA) criteria,
Australasian Diabetes in Pregnancy Society (ADIPS) criteria and the
WHO criteria were used in the three trials (Barakat 2011; Callaway
2010; Stafne 2012).

No significant difference was seen in the GDM incidence between
women receiving additional exercise intervention and those having
routine antenatal care (three trials, 826 women, risk ratio (RR) 1.10,
95% confidence interval (Cl) 0.66 to 1.84) (Analysis 1.1).

Women receiving exercise interventions had a slightly increased
caesarean section rate, however, the difference was only of
borderline significance (two trials, 934 women, RR 1.33,95% C| 0.97
to 1.84) (Analysis 1.2). No significant difference was seen in the rate
of operative vaginal birth between women in the exercise group and
control group (two trials, 934 women, RR 0.83, 95% CI 0.58 to 1.17)
(Analysis 1.3).

No trial reported large-for-gestational age and perinatal mortality.

Secondary outcomes
Maternal outcomes

There was no significant difference in the incidence of
women developing pregnancy hyperglycaemia not meeting GDM
diagnostic criteria (one trial, 83 women, RR1.07, 95% CI 0.16
to 7.27) (Analysis 1.4). Women receiving the additional exercise
intervention had no significant differences in weight in late
pregnancy (one trial, 84 women, mean difference (MD) - 1.10
kg, 95% Cl - 6.11 to 3.91), weight gain during the intervention
period (exercise interventions lasted for less than one trimester)
(one trial, 12 women, MD - 1.50 kg, 95% Cl - 4.41 to 1.41) or
weight gain during the intervention period (exercise interventions
lasted for one trimester or more) (one trial, 83 women, MD -1.30
kg, 95% Cl -2.66 to 0.06) when compared with women having
routine care (Analysis 1.5). For maternal BMI in late pregnancy, data
from one trial (Hopkins 2010) suggested no significant difference
between the two study groups (84 women, MD 0.10 kg/m? 95%
Cl - 1.39 to 1.59) (Analysis 1.6). No significant difference was seen
in the incidence of pre-eclampsia between women in the exercise
intervention group and the control group (one trial, 852 women, RR
1.00, 95% CI 0.51to 1.97) (Analysis 1.7).

Adherence to the exercise intervention was reported as excellent
in four of the five included trials (Barakat 2011, Callaway 2010;
Hopkins 2010; Ong 2009). Barakat 2011 reported 85% of women
in the intervention group adhered to the exercise intervention
without providing information on the definition of adherence. In
Callaway 2010, 15 women (71%) achieved the prescribed exercise
goal at 20 weeks' gestation, 16 women (73%) at 28 weeks' gestation
and 10 women (53%) at 36 weeks' gestation. In Hopkins 2010,
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women in the intervention group completed 75% [SD] 17% of total
exercise prescribed. In Ong 2009, 94% of all scheduled exercise
sessions were completed by women in the intervention group. In
Stafne 2012, 55% (n = 217) women in the intervention group were
adherent, which was defined as exercising three days per week or
more at moderate to high intensity, while10% (n =33) women in the
control group were found to be exercising three days per week or
more at moderate to high intensity during the study period.

Insulin sensitivity was reported in four trials (Callaway 2010;
Hopkins 2010; Ong 2009; Stafne 2012). Different methods and
different time points were chosen to measure insulin sensitivity
in the four trials, so it was not possible to statistically combine
these results. In Stafne 2012 and Callaway 2010, insulin resistance
was estimated using "Homeostasis model" (HOMA-IR). Stafne 2012
found a significant lower insulin resistance in women receiving the
exercise intervention at 32 to 36 weeks' gestation when compared
with women in the control group, however, this difference became
non-significant after adjusting for baseline imbalance in insulin
resistance between the two study groups. Callaway 2010 found no
significant difference in insulin sensitivity at 12 weeks, 20 weeks,
28 weeks and 36 weeks' gestation between women receiving
the additional exercise intervention and those having routine
antenatal care. Hopkins 2010 used minimal model analysis of
parameters of insulin sensitivity. MINMOD Millennium computer
program was used to calculate insulin sensitivity index, acute
insulin response, glucose effectiveness based fasting insulin and
glucose values. No difference was seen in any parameters of glucose
regulation during pregnancy between women in the exercise
intervention group and control group at trial entry (19+/- 1.1 weeks'
gestation) or late pregnancy (35+/-0.8 weeks' gestation) (Hopkins
2010). In Ong 2009, insulin sensitivity was determined from the
OGTT using a validated oral glucose insulin sensitivity (OGIS) index
and reported no significant difference between women in the two
study groups at 28 weeks' gestation.

There were no data available on other maternal perinatal outcomes
and no trial reported longer-term outcomes and health services
cost.

Fetal/neonatal outcomes

For fetal and neonatal secondary outcomes, no significant
difference was found between babies born to women in the exercise
intervention group and control group for birthweight (two trials,
167 infants, MD -102.87 gram, 95% Cl -235.34 to 29.60) (Analysis
1.8); macrosomia (two trials, 934 infants, RR 0.91, 95% Cl 0.68 to
1.22) (Analysis 1.9); small-for-gestational age (one trial, 84 infants,
RR 1.05, 95% CI 0.25 to 4.40) (Analysis 1.10); or gestational age
at birth (two trials, 167 infants, MD -0.04 week; 95% CI -0.37 to
0.29) (Analysis 1.11). Babies born to women receiving exercise
interventions had a slightly lower ponderal index, however, the
difference was only of borderline significance (one trial, 84 infants,
MD -0.08 gram x 100/m?, 95% Cl -0.18 to 0.02) (Analysis 1.12). No
significant differences were seen in the incidences of Apgar score
less than seven in five minutes (two trials, 919 infants, RR 1.00,
95% C10.27 to 3.65) (Analysis 1.13) and admission to neonatal ward
(one trial, 838 infants, RR 0.77, 95% Cl 0.39 to 1.53) (Analysis 1.14)
between the two study groups.

There were no data available on the other neonatal and infant
review outcomes. No trial has reported on childhood or adulthood
outcomes and health services cost.

DISCUSSION

Summary of main results

Based on the current available evidence from five randomised
trials with data available from 992 women and their babies,
we found exercise interventions, including individualised exercise
advice with regular follow-up, home-based stationary cycling
either supervised or unsupervised, or providing regular supervised
group exercise sessions had no significant effect on preventing
gestational diabetes mellitus (GDM) or improving insulin sensitivity
during pregnancy compared with standard antenatal care with
normal daily activities.

We found women who received the exercise intervention had a
trend of increased caesarean section rate, although the difference
was only of borderline significance. This may result from the
inclusion of outcome data from Barakat 2011, which found a
doubled risk of caesarean section in women receiving exercise
intervention. This increased risk for women in the exercise group
in Barakat 2011 may result from the baseline imbalance in parity,
where more women in the exercise group were primiparous when
compared with women in the control group. Another possible
explanation for this increased risk of caesarean section is the closer
monitoring of women in the exercise group during the study period.

We did not find any significant differences in operative vaginal
birth between women receiving additional exercise intervention
and routine care. No significant differences were seen in any of the
other reported maternal and infant secondary outcomes between
the two study groups.

Overall completeness and applicability of evidence

The evidence for exercise during pregnancy for GDM prevention
is incomplete. No trial reported on the primary outcomes for the
review of large-for-gestational age and perinatal mortality.

Many reported secondary outcomes, including pregnancy
hyperglycaemia not meeting GDM diagnostic criteria, maternal
weight change during pregnancy, maternal BMI at late pregnancy,
small-for-gestational age, ponderal index, were limited to single
trials with small sample sizes (Barakat 2011; Hopkins 2010). No
trial reported any longer-term outcomes for the women and their
children. It is important to note that all of the five included trials
were conducted in high-income countries (two were in Australia,
one each from in New Zealand, Norwary and Spain), hence it is
limited for other settings.

Quality of the evidence

In this review, we included five trials with 922 women and their
babies providing outcome data (Barakat 2011; Callaway 2010;
Hopkins 2010; Ong 2009; Stafne 2012). Four of the five included
trials had small sample sizes (Barakat 2011; Callaway 2010; Hopkins
2010; Ong 2009) and the overall risk of bias for the five included
trials was judged to be moderate.

The methods of generating random sequence and allocation
concealment were unclear in three trials (Barakat 2011; Hopkins
2010; Ong 2009). Risk of performance bias is not easy to avoid since
behavioural interventions such as these cannot easily be blinded
from participants or investigators. This was seen in Callaway 2010
and Stafne 2012 where it was noted that women in the control
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group voluntarily increased the amount of physical activity they
undertook. Similarly, some attrition after randomisation is to
be expected as some women will develop contraindications to
exercise during their pregnancy. However, there was also attrition
due to women being lost to follow-up, with a substantial differential
between intervention and control groups in Hopkins 2010 and
Stafne 2012.

In Barakat 2011 and Stafne 2012, baseline imbalances were noted
in maternal education level, parity, exercise habits before gestation
and insulin resistance between the two study groups.

Potential biases in the review process

The baseline physical activity levels of the women were unclear
in three included trials (Callaway 2010; Hopkins 2010; Ong 2009).
Barakat 2011 reported women's pre-pregnancy exercise pattern
while Stafne 2012 reported women's exercise pattern at around 20
weeks' gestation. A potential source of bias may be introduced by
the different activity levels of women at trial entry in the different
studies.

We were not able to examine if publication bias was present due
to the small number of trials included in this review. We will test if
there is any publication bias by using funnel plots when additional
eligible trials become available.

Agreements and disagreements with other studies or
reviews

We found no significant difference in the risk of developing
GDM when comparing women receiving additional exercise
interventions during pregnancy with those having standard
antenatal care. The four included trials which reported outcome
data on insulin sensitivity, used different methods to assess
insulin sensitivity and showed no difference in insulin sensitivity
at different gestation weeks between women in the two treatment
groups. We did not see any differences between women and their
babies in the two study groups for any of the other reported
secondary outcomes.

Another Cochrane review (Kramer 2006) and one non-Cochrane
systematic review (Streuling 2011) on the effect of exercise during
pregnancy were identified through searching the literature. Kramer
2006 assessed the effect of exercise during pregnancy on physical
fitness, the course of labour and delivery and other pregnancy
outcomes. A total of 14 small trials involving 1014 healthy pregnant
women, of moderate to high risk of bias were reviewed (Kramer
2006). Streuling 2011 aimed to assess the effect of physical activity
during pregnancy on gestational weight gain; 12 trials of varying
risk of bias, involving 906 healthy pregnant women were reviewed.

Neither review (Kramer 2006; Streuling 2011) reported on the
effects of exercise on preventing pregnancy glucose intolerance.
Both reviews (Kramer 2006; Streuling 2011) reported on maternal
gestational weight gain, and this was the only outcome reported in
Streuling 2011. Kramer 2006 found increasing exercise in sedentary
women had no significant effect on total maternal gestational
weight gain, which was consistent with our results; while Streuling
2011 reported significant lower gestational weight gain in women
in the intervention group compared with control group (12 trials,
906 women, MD -0.61 kg, 95% Cl -1.17 to -0.06). In a sensitivity
analysis, by excluding three trials with high risk of bias, this
difference remained significant (MD -0.93, 95% CI -1.35 to -0.50)
(Streuling 2011). This difference may result from the inclusion of
one trial which found a significant difference in gestational weight
gain between women in the exercise group and the control group
(Sedaghati 2007) in Streuling 2011, but not included in our review
orin Kramer 2006.

For other pregnancy outcomes, Kramer 2006 found the exercise
intervention had no significant effect on caesarean section rate,
infant birthweight, and gestational age at birth, which was
consistent with our results.

AUTHORS' CONCLUSIONS

Implications for practice

There is a limited and incomplete body of evidence from
randomised trials assessing the effects of exercise for preventing
gestational diabetes or glucose intolerance in pregnancy, which is
insufficient to inform or guide practice.

Implications for research

Further well-designed trials with sufficient power to assess the
effects of exercise for pregnant women on GDM prevention
and other pregnancy outcomes are needed. Different types and
intensities of exercise interventions should be compared in future
trials. Outcomes such as longer-term health outcomes for women
and their children and health service costs should be included.
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Methods Randomised controlled trial.

Participants

Exclusion criteria:

100 healthy women having uncomplicated and singleton pregnancies.

« Women not planning to give birth in the research participating hospital and not being under medical
follow-up throughout the entire pregnancy period.

« Any type of absolute obstetric contraindication such as:
« Activeillness of the myocardium.

+ Heartinsufficiency.
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Barakat 2011 (continued)

Rheumatic heartillness (type Il or above).
Thrombophlebitis.

Recent pulmonary embolism (last 5 years).
Acquired infectious disease.

Cervical incompetence.

Multiple pregnancy.

Genital haemorrhage.

Premature breakage of the ovular membranes.

Retarded interuterine development.
Fetal macrosomia.

Serious blood disease.

Serious hypertension.

Absence of prenatal control.
Suspects of fetal suffering.

Risk of premature labour.
Prepregnant type 1 or 2 DM.

Setting: Madrid, Spain.

Interventions

Women in the intervention group (50 women randomised, 40 women completed study):

+ 35-45-minute session performed 3 times a week with 2 land aerobic sessions and 1 aquatic activities
session, from the start of the pregnancy (weeks 6-9) to the end of the third trimester (weeks 38-39). A
total of 85 sessions were planned for each women if not having a preterm delivery.

« Exercise sessions were supervised by a qualified fitness specialist and obstetrician.

« HR monitor was used during the training sessions to ensure that exercise intensity was light to mod-
erate (HR was consistently under 70% of their age predicted maximum HR value (220 minus age)).

Women in the control group (50 women randomised, 43 women completed study):

« Noinformation reported on what type of care provided for women in the control group.

Outcomes Primary: 50 g maternal glucose screen, maternal weight gain and GDM.
Secondary: maternal age, BMI, smoking habits, alcohol intake, occupational activity, time standing per
day, time of domestic task, educational level, parity, gestational age, type of delivery, blood pressure,
birthweight, Apgar score and adherence (women in the intervention group).
Notes « All women had 50 g maternal glucose screening (MGS) test at 24-28 weeks' gestation. If 50 g result >
140 mg/dL (7.8mmol/L), women were referred for a 100-g 3-h OGTT.
+ GDM diagnosis based on ADA criteria:
o Fasting: 95 (5.3mmol/L)
o 1-hour BGL after 100 g glucose load: 180 (10.0 mmol/L)
o 2-hour BGL after 100 g glucose load: 155 (8.6 mmol/L)
o 3-h BGL after 100 g glucose load: 140 (7.8 mmol/L)
o 2ormore of the values must be met or exceeded.
Risk of bias
Bias Authors' judgement  Support for judgement
Random sequence genera-  Unclear risk Stated as “women were randomly assigned either to an exercise group or a
tion (selection bias) control group”.
Allocation concealment Unclear risk No information on allocation concealment.

(selection bias)

Exercise for pregnant women for preventing gestational diabetes mellitus (Review)
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Barakat 2011 (continued)

Blinding of participants High risk Participants were not blinded.
and personnel (perfor-

mance bias)

All outcomes

Blinding of outcome as- Unclear risk No information reported on whether outcome assessors were blinded to group
sessment (detection bias) allocation.
All outcomes

Incomplete outcome data  High risk 10/50 (20%) women from the exercise group did not complete study, reported
(attrition bias) reasons were: risk of premature labour (n = 3), incompetent cervix was diag-
All outcomes nosed (n =2) and personal reasons such as change of residence (n=5).

7/50 (14%) participants of the control group did not complete study, report-
ed reasons were: pregnancy-induced hypertension (n = 1), risk for premature
labour (n=2) and personal reasons (n = 4).

Selective reporting (re- Low risk No obvious risk of selective reporting.
porting bias)

Other bias High risk Baseline characteristics were only available for women who completed study
(83/100).

Among the women who completed study, baseline imbalance exited in mater-
nal education level, parity and exercise habits before gestation between the
two study groups.

Callaway 2010

Methods Randomised controlled trial.

Participants 50 obese women (BMI =30 kg/m?) aged 18-45 years, who were willing and able to be randomised to an
exercise intervention.

Exclusion criteria: non-English speaking, contraindication or inability to exercise, medical or obstetric
contraindication to exercise including haemodynamically significant heart disease, restrictive lung dis-
ease, incompetent cervix (cerclage), multiple gestation, severe anaemia, chronic bronchitis, type 1 dia-
betes, orthopaedic limitations, poorly controlled seizure disorder, poorly controlled hyperthyroidism,
or a heavy smoker.

Setting: the Royal Brisbane and Women’s Hospital (a tertiary referral teaching hospital), Queensland,
Australia.

Interventions « Women in the intervention group (n = 25)

1. Anindividualised exercise plan with an energy expenditure goal of 900 kcal/ week: a physiotherapist
interviewed women at around 12 weeks' gestation to develop women's individualised exercise plans
to suit each woman’s lifestyle. During the interview, women were encouraged to set exercise goals and
their readiness for change was assessed.

2. Regular exercise advice: women were reviewed every 4 weeks by physiotherapists, with phone calls
between visits from a research midwife to assess their adherence to the program. Modifications to
exercise were made according to women's interest, commitment to particular exercise options and for
weather. A total of 6 face-to-face visits were planned during the trial, and on average women attended
for 4.

3. Paper-based diaries for self-monitoring.

4. Women who were not meeting exercise targets had additional face-to-face support, with identification
of barriers and modification of the exercise plan.

« Women in the control group (n = 25)
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1. Routine obstetric care.
« Allwomen

1. At pre-intervention stage, all eligible women were invited to attend a single early group education
session at around 12 weeks' gestation. Women received written information on exercise, nutrition,
and advice regarding weight gain during pregnancy.

Outcomes Primary outcomes: energy expenditure at 12, 20, 28 and 36 weeks' gestation; insulin resistance at 12,
20, 28 and 36 weeks' gestation.

Other outcomes: gestational diabetes mellitus (according to ADIPS criteria (see notes)).

Notes « Women in the control group voluntarily undertook far more physical activity than predicted.

« At 12 weeks' gestation, 10/25 (40%) women in the intervention group and 7/25 (28%) women in the
control group met the exercise goal of greater than 900 Kcal energy expenditure per week.

« At 20 weeks' gestation, 15/21 (71%) women in the intervention group and 9/19 (47%) women in the
control group met the exercise goal of greater than 900 Kcal energy expenditure per week.

« At 28 weeks' gestation, 16/22 (73%) women in the intervention group and 8/19 (42%) women in the
control group met the exercise goal of greater than 900 Kcal energy expenditure per week.

« At 36 weeks' gestation, 10/19 (53%) women in the intervention group and 5/16 (31%) women in the
control group met the exercise goal of greater than 900 Kcal energy expenditure per week.

« Criteria used to terminate the exercise intervention during this study included: persistent second
or third trimester bleeding, placenta praevia after 26 weeks' gestation, premature labour, ruptured
membranes, and pre-eclampsia.Women underwent a medical and obstetric review in this study if
they experienced any of the following: unevaluated maternal cardiac arrhythmia, gestational hyper-
tension, intrauterine growth restriction, decreased fetal movement, and new maternal symptoms in-
cluding dyspnoea prior to exertion, dizziness, headache, chest pain and calf pain or swelling.

« ADIPS GDM diagnostic criteria (based on 2-hour 75 gram OGTT):

1. fasting: 5.5 mmol/L.

2. 2-hour: 8.0 mmol/L.

3. 1ormore results equal to or greater than the cut-off values is required for a diagnosis of GDM.
Risk of bias
Bias Authors' judgement  Support for judgement
Random sequence genera-  Low risk Described as: "randomisation was done by a random number allocation tech-
tion (selection bias) nique", no further details about the random number allocation technique,

probably done adequately.
Allocation concealment Low risk Reported as: "randomisation was done by a random number allocation tech-
(selection bias) nique conducted by a third party at another location outside the hospital”.
Blinding of participants High risk Participants were not blinded.
and personnel (perfor-
mance bias)
All outcomes
Blinding of outcome as- Unclear risk No information on whether outcome assessors were blinded to group alloca-
sessment (detection bias) tion.
All outcomes
Incomplete outcome data  Low risk « At 20 weeks' gestation: 21/25 in intervention group (2 met criteria to termi-
(attrition bias) nate intervention; 2 not contactable) and 19/25 in control group (3 met crite-
All outcomes ria to terminate intervention, 2 miscarriages, 1 not contactable) completed
followed up.

« At 28 weeks' gestation: 22/23 in intervention group (1 met criteria to termi-
nate intervention) and 19/20 in the control group (1 met criteria to terminate
intervention) completed follow-up.
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Callaway 2010 (continued)

« At 36 weeks' gestation: 19/22 in the intervention group (2 not contactable)
and 16/19 in the control group (3 not contactable) completed follow-up.

o At 6 weeks postpartum: 20/22 in the intervention group (2 not contactable)
and 16/19 in the control group (3 not contactable) completed follow-up.

Selective reporting (re- Low risk No obvious risk of selective reporting.
porting bias)
Other bias Low risk No obvious risk of other bias.

Hopkins 2010

Methods

Randomised controlled trial.

Participants

98 healthy nulliparous women between 20-40 years of age, with a singleton pregnancy of less than 20
weeks' gestation.

Exclusion criteria: alcohol consumption or tobacco use at recruitment; a personal or family history

of T2DM; development of any medical condition for which participation in an exercise program was
contraindicated by the American College of Obstetricians and Gynecologists (e.g. pre-eclampsia, fetal
growth restriction, preterm birth).

Setting: Auckland, New Zealand.

Interventions

Women in the intervention group (n = 47)

» Home-based, stationary cycling, and was individually prescribed to a maximum of 5 sessions of 40-
minute aerobic exercise per week.

« Fortnightly supervised exercise session, maternal HR and BP were monitored and exercise prescrip-
tion was updated during the session.

+ Regular exercise was recommended to maintain until at least 36 weeks' gestation, after this time, par-
ticipants were encouraged to maintain as close to their prescribed exercise program as possible un-
til delivery (subject to capacity). 3 exercise phases: familiarisation (20-27 week), maintenance (28-35
week), and subject to capacity (36-40 week). Weekly energy expenditures, exercise duration and ex-
ercise intensity were averaged for each phase of exercise programme.

Women in the control group (n =37)

« Continue normal daily activities for the duration of their pregnancy.

Outcomes Maternal insulin sensitivity and body composition; infant birthweight, SGA, crown-heel length, head
circumference and chest circumference; neonatal BMI, ponderal index, growth related peptides and
offspring body composition.

Notes « Women in the intervention group completed 75 +/- 17% of total exercise prescribed.

« Mean maternal age was higher in the intervention group: mean 31 +/- 3 years (intervention group, n =
47); mean 29 +/- 4 years (control group, n = 37); (P <0.005).

« Mean maternal BMI at trial entry was 26.7 +/- 3.3 kg/m? for women in the intervention group (n = 47)
and 25.5 +/- 2.9 kg/m? in the control group; reported no significant difference in maternal trial entry
BMI between women who were lost to follow-up (n = 14) and those completed the trial, but no details
given on baseline characteristics of those women who lost to follow-up.

Risk of bias

Bias Authors' judgement  Support for judgement
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Hopkins 2010 (Continued)

Random sequence genera-  Unclear risk Described as “all participants were randomly assigned to exercise or control
tion (selection bias) groups”, no further details were available.
Allocation concealment Unclear risk No information on allocation concealment.
(selection bias)
Blinding of participants High risk Participants were unlikely to be blinded.
and personnel (perfor-
mance bias)
All outcomes
Blinding of outcome as- Unclear risk No information on whether outcome assessors were blinded to group alloca-
sessment (detection bias) tion or not.
All outcomes
Incomplete outcome data  High risk Atotal of 14 (14.3%) participants (two from the intervention group and 12 from
(attrition bias) the control group) lost to follow-up during the study period.
All outcomes
« Intervention group: 2 withdrew from study due to moving out of the area and
increased work commitments).
« Control group: 3 with contraindications to exercise (1 with pre-eclampsia, 1
with gestational hypertension with IUGR, and 1 with preterm labour (< 30
weeks) - all gave birth before the late gestation follow-up period); 9 withdrew
(2 health concerns that did not meet exclusion criteria; 2 moved out of the
Auckland area, 2 increased work commitments and 1 not wanting to have the
insulin sensitivity test).
Another 2 participants in the control group withdrew at the allocation stage as
aresult of increased work commitments (did not complete baseline testing)
and wanting to take part in another exercise program during pregnancy. No
information reported on whether or not these 2 participants were included in
the final data analysis.
Selective reporting (re- High risk None of the prespecified primary outcomes of this review were reported in this
porting bias) trial.
Other bias Low risk No obvious risk of other bias, although not clear why groups are unbalanced
(37 women in the control group and 47 women in the intervention group).
Ong 2009
Methods Randomised control trial.

Participants

12 obese women (mean BMI [SD]: 35.1 [3.5] kg/m?) with a singleton pregnancy, a normal 18-week
anatomy scan and no evidence of cardiovascular disease or pre-existent diabetes.

No information on exclusion criteria.

Setting: Crawley, Western Australia, Australia.

Interventions

Women in the intervention group (n =6)

« 10 weeks of home-based supervised exercise (stationary cycling).

« 3 sessions per week, each session involved a 10 minutes warm-up followed by 1 or 2 15 minute bouts
of cycling (with rest periods if necessary) at an intensity of 50-60% HRy,ax. As the weeks progressed,

the exercise intensity was increased to 60%-70% HRyax. Sessions ended with a 10-minute cool-down
period of easy pedaling.
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0Ong 2009 (Continued)

Women in the control group (n = 6)
« Usual daily activities.
All women

« Regular antenatal care.
« At 18 weeks' and 28 weeks' gestation, all women had 75 gram OGTT.

Outcomes Maternal weight change, glucose tolerance, insulin sensitivity.

Notes « Women in the intervention group completed 94% of all scheduled sessions during the 10-week study
period.

Risk of bias

Bias Authors' judgement  Support for judgement

Random sequence genera-  Unclear risk Described as “women were randomly allocated into either an exercise inter-

tion (selection bias) vention group or a control group”, no other information available.

Allocation concealment Unclear risk No information available on allocation concealment.

(selection bias)

Blinding of participants High risk Participants were unlikely to be blinded.
and personnel (perfor-

mance bias)

All outcomes

Blinding of outcome as- Unclear risk No information available on whether outcome assessors were blinded to
sessment (detection bias) group allocation or not.
All outcomes

Incomplete outcome data  Low risk No losses to follow-up or post randomisation exclusion.
(attrition bias)
All outcomes

Selective reporting (re- High risk None of the prespecified primary outcomes of this review were reported in this
porting bias) trial.
Other bias Low risk No obvious risk of other bias.
Stafne 2012
Methods Randomised control trial.
Participants 855 white women aged 18 years or older with a singleton live fetus.

Exclusion criteria:

High-risk pregnancies or diseases that could interfere with participation (or both). Women who lived
too far from the hospitals to attend weekly training groups (more than 30-minute drive).

Setting: Stavanger, Norway.

Interventions Women in the intervention group (429 women randomised, 375 women completed study):

« standardised exercise program including aerobic activity, strength training, and balance exercises.
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Stafne 2012 (continued)

« 60-minute training sessions in groups of 8-15 women instructed by a physiotherapist once a week,
over a period of 12 weeks (between 20 and 36 gestation weeks).

« encouraged to follow a written 45-minute home exercise program at least twice per week (30 minutes
of endurance training and 15 minutes of strength and balance exercises).

Women in the control group (426 women randomised, 327 women completed study):
« standard antenatal care and not discouraged from exercising on their own.
All women:

« received written recommendations on pelvic floor muscle exercises, diet, and pregnancy-related lum-
bo-pelvic pain.

Outcomes Primary outcomes: prevalence of gestational diabetes and insulin resistance.
Secondary outcomes: maternal weight, BMI and pregnancy complications and outcomes (e.g. newborn
weight, gestational age, Apgar scores).
Notes GDM diagnosis based on WHO criteria:
« Fasting plasma BGL = 7.0 mmol/L
« 2-hour BGL after 75 g glucose load = 7.8 mmol/L
« 1 ormorevalue(s) is (are) met or exceeded
Risk of bias
Bias Authors' judgement  Support for judgement

Random sequence genera-  Low risk Randomisation was by a web-based computerised procedure in blocks of 30.
tion (selection bias)
Allocation concealment Low risk Described as “concealed randomisation was performed at the Unit for Applied
(selection bias) Clinical Research, Norwegian University of Technology and Science (which was
outside the recruiting hospitals)”.
Blinding of participants High risk Participants were unlikely to be blinded.
and personnel (perfor-
mance bias)
All outcomes
Blinding of outcome as- Unclear risk Outcome assessors for glucose and insulin levels were blinded for group al-
sessment (detection bias) location; no information on whether outcome assessors for other outcomes
All outcomes were blinded for group allocation.
Incomplete outcome data  High risk 375/429 women in intervention group and 327/426 women in control group
(attrition bias) completed study.
All outcomes
The Intervention group:
33/429 (7.7%) women lost to follow-up during pregnancy: 5 gave birth before
follow-up; 1 medical reasons, 4 illness; 1 moved; 2 work and/or family reasons;
20 gave no reason.
396 women assessed at 32-36 weeks' gestational age (then 10 answered ques-
tionnaire by mail; 11 did not complete OGTT).
The control group:
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61/426 (14.3%) women lost to follow-up during pregnancy: 6 gave birth before
follow-up;1 medical reasons, 2 illness; 4 moved; 2 work and/or family reasons;
46 gave no reason.

365 women assessed at 32-36 weeks' gestational age (then 24 answered ques-
tionnaire by mail; 14 did not complete OGTT).

Selective reporting (re- Low risk No obvious risk of selective reporting.
porting bias)

Other bias High risk « At baseline, women in the intervention group had lower insulin resistance.
« Women lost to follow-up reported performing less regular exercise before
pregnancy than women completing the study;
« Among those who completed the study, women in the intervention group
had lower fasting insulin and insulin resistance than women in the control
group.

ACOG: American College of Obstetricians and Gynecologists
ADA: Amerian Diabetes Association

ADIPS: Australasian Diabetes in Pregnancy Society
BGL: blood glucose level

BMI: body mass index

BP: blood pressure

DM: diabetes mellitus

GDM: gestational diabetes mellitus

HR: heart rate

HRmax: max heart rate

IOM: Institute of Medicine

IUGR: intrauterine growth restriction

LGA: large-for-gestational age

OGTT: oral glucose tolerance test

SD: standard deviation

SGA: small-for-gestational age

T2DM: type 2 diabetes mellitus

Characteristics of excluded studies [ordered by study ID]

Study Reason for exclusion

Chen 1997 Participants were women with abnormal 1-hour 50-gram oral glucose challenge test result (> 140
mg/dL).

Clapp 1997 A literature review, but not a report for randomised controlled trial.

Clapp 2002 All participants received the same exercise intervention but different dietary interventions (high

glycaemic carbohydrate diet was compared with low glycaemic carbohydrate diet).

Clapp 2002a No outcome relating to pregnancy glucose tolerance reported.

Gaston 2009 This trial aimed to assess whether maternal-fetal disease information was a good source of exer-
cise motivation during pregnancy. No clinically relevant outcome was reported.

Haakstad 2011 No outcome relating to pregnancy glucose tolerance reported.

Hui 2006 Participants in the intervention group received both exercise and dietary interventions, data for the
effects of exercise intervention on pregnancy outcomes were not able to be extracted separately.
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Study Reason for exclusion
Kim 2010a Participants were women with recent diagnosis of GDM.
Luoto 2010 This trial aimed to assess the effect of diet and exercise counselling on preventing GDM. Data for

the effects of exercise counselling for GDM prevention were not able to be extracted separately.

Quinlivan 2007

Exercise was not a part of the study intervention.

GDM: gestational diabetes mellitus

Characteristics of ongoing studies [ordered by study ID]

Chasan-Taber 2009

Trial name or title

A randomised controlled trial of prenatal physical activity to prevent gestational diabetes.

Methods

RCT.

Participants

364 sedentary women, with diagnosis of GDM in a prior pregnancy according to American Diabetes
Association criteria.

Interventions

12-week individually tailored exercise intervention.

Outcomes

GDM, serum biomarkers associated with insulin resistance, adoption and maintenance of exercise
during pregnancy.

Starting date

Contact information

Lisa Chasan-Taber: LCT@schoolph.umass.edu

Notes

Ko 2008

Trial name or title

Effect of physical activity on metabolic syndrome in pregnancy and fetal outcome.

Methods

RCT.

Participants

100 pregnant women 18-45 years old receiving prenatal care at Madigan Army Medical Center.

Interventions

Intervention group will exercise 3 times per week at moderate-vigorous intensity for 45 minutes per
session. Control group women will continue their usual physical activity throughout pregnancy.

Outcomes

Primary outcome: central adiposity.

Secondary outcome: leptin levels, glucose, insulin, cholesterol, fetal adiposity and neonatal adi-
posity.

Starting date

October 2007.

Contact information

Cynthia W Ko: United States, Washington Madigan Army Medical Center Fort Lewis, Washington,
United States, 98431.

Notes
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Melo 2008

Trial name or title Exercise and pregnancy: randomised clinical trial.

Methods

Participants 150 women aged between 10-50 years, with singleton pregnancy (gestational age < 13 weeks), fe-
tus alive and no previous practice of physical activity.

Interventions Walking 3 times a week during 1 hours (moderate activity).

Outcomes Maternal primary outcome: preterm labour, weight gain, pre-eclampsia, gestational diabetes. Peri-
natal primary outcome: birthweight, Apgar scores, body composition, admission at neonatal inten-
sive care unit.

Starting date April 2008.

Contact information Adriana Melo: asomelo@gmail.com
Melania Amorim: melamorim@uol.com.br

Notes

Newnham 2011

Trial name or title Preventing gestational diabetes mellitus using a home-based supervised exercise program during
pregnancy.

Methods RCT.

Participants 200 women at 12-13 weeks' gestation, with a history of gestational diabetes in a previous pregnan-
cy.

Interventions In addition to routine, regular antenatal care, women in the intervention group will be required to
participate in 3 60-minute exercise sessions each week, starting at 14 weeks' gestation, for a to-
tal of 14 weeks (i.e. to be completed by 28 weeks of gestation). All exercise sessions will be home-
based and fully supervised by an experienced exercise physiologist.

Outcomes Primary outcome measures: diagnosis of gestational diabetes mellitus (after the 14 week interven-
tion period (28 weeks' gestation)).

Starting date April 2011.

Contact information John Newnham: JNewnham@obsgyn.uwa.edu.au
Kym Guelfi: kym.guelfi@uwa.edu.au

Notes ClinicalTrials.gov identifier: NCT01283854

Oostdam 2009

Trial name or title The effects of an exercise program on insulin sensitivity and plasma glucose levels in pregnant
women at high risk for gestational diabetes.
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Oostdam 2009 (continued)
Methods

RCT.

Participants

160 pregnant women who are at increased risk for GDM.

Interventions

Supervised exercise program on 2 days per week during the remaining duration of the pregnancy.
Each session will last for 60 minutes, consist of aerobic and strength exercises.

Outcomes

Primary maternal outcome: fasting plasma glucose and relative increase in insulin resistance; pri-
mary neonatal outcome: birthweight.

Secondary outcome measures are: maternal serum triglycerides, maternal weight gain during
pregnancy, maternal physical activity level, fetal growth.

Starting date

1/10/2007.

Contact information

Corresponding author: Mireille Nm van Poppel: mnm.vanpoppel@vumc.nl

Notes

Ramirez-Velez 2009

Trial name or title

Clinical trial to assess the effect of physical exercise on endothelial function and insulin resistance
in pregnant women.

Methods

RCT.

Participants

64 women, gestational age between 16-20 weeks at trial entry, who have not participated in a
structured exercise program, including significant amounts of walking for the past 4 months are eli-
gible for the trial and live fetus at the routine ultrasound scan and a normal pregnancy.

Interventions

Walking (10 minutes), aerobic exercise (30 minutes), stretching (10 minutes) and relaxation exer-
cise (10 minutes). Exercise will be performed at 3 sessions per week. All sessions will be supervised
by a physical therapist and a physical educator.

Aerobic activities will be performed at moderate intensity (60%-70% of maximal heart rate) mea-
sured by the 6-20 Borg's rating scale. Each session starts with 5 minutes of warm up, followed by 30
minutes of aerobic activity, including 5 minutes cool down. This is followed by 15 minutes of circuit
strength training of the upper limbs, lower limbs, and deep abdominal stabilisation muscles. The
last 5 minutes consists of stretching and relaxation exercises.

Outcomes

Primary outcome: brachial artery flow-mediated dilation.

Secondary outcome: high sensitivity C-Reactive Protein, nitrates, nitrites and cyclic GMP, blood
lipid profile, anthropometric indicators, functional capacity, maternal and neonatal outcomes.

Starting date

October 2008.

Contact information

Notes

Shen 2008

Trial name or title

Impact of diet and exercise activity on pregnancy outcomes (IDEA).
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Shen 2008 (Continued)

Methods RCT.

Participants

1600 healthy pregnant women with <20 weeks' gestation.

Interventions

Aerobic exercise or walk for 3-5 times/day for 30-45 minutes/time from 20 weeks to 36 weeks of

pregnancy. Dietary education on nutrition for healthy pregnancy through weekly class during preg-
nancy.

Outcomes

Primary outcome: excessive weight gain during pregnancy.

Secondary outcome: macrosomia, requirement of delivery procedures.

Starting date

July 2006.

Contact information

Garry Shen: gshen@ms.umanitoba.ca

Notes

cyclic GMP: cyclic guanosine monophosphate

GDM: gestational diabetes mellitus
RCT: randomised controlled trial

DATA AND ANALYSES

Comparison 1. Any exercise intervention versus routine care

Outcome or subgroup title

No. of studies

No. of partici-
pants

Statistical method

Effect size

1 Gestational diabetes mellitus 3 826 Risk Ratio (M-H, Fixed, 95% 1.10[0.66, 1.84]
cl

2 Caesarean section 2 934 Risk Ratio (M-H, Fixed, 95% 1.33[0.97,1.84]
cl

3 Operative vaginal birth 2 934 Risk Ratio (M-H, Fixed, 95% 0.83[0.58,1.17]
Cl)

4 Pregnancy hyperglycaemia not 1 83 Risk Ratio (M-H, Fixed, 95% 1.08[0.16,7.27]

meeting GDM diagnostic criteria Cl)

5 Weight change during pregnancy 3 Mean Difference (IV, Fixed, Subtotals only

(kg) 95% Cl)

5.1 Maternal weight at late pregnan- 1 84 Mean Difference (IV, Fixed, -1.10[-6.11,3.91]

cy (third trimester) (kg) 95% Cl)

5.2 Weight gain during interven- 1 12 Mean Difference (IV, Fixed, -1.5[-4.41, 1.41]

tion period (intervention for <one 95% Cl)

trimester)

5.3 Weight gain during interven- 1 83 Mean Difference (IV, Fixed, -1.30[-2.66, 0.06]

tion period (intervention for > one
trimester)

95% Cl)

Exercise for pregnant women for preventing gestational diabetes mellitus (Review)
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Outcome or subgroup title No. of studies No. of partici- Statistical method Effect size
pants

6 Maternal BMI at late pregnancy 1 84 Mean Difference (IV, Fixed, 0.10[-1.39, 1.59]

(third trimester) (kg/m?2) 95% Cl)

7 Pre-eclampsia 1 852 Risk Ratio (M-H, Fixed, 95% 1.0[0.51, 1.97]
Cl)

8 Birthweight 2 167 Mean Difference (IV, Fixed, -102.87 [-235.34,
95% Cl) 29.60]

9 Macrosomia (birthweight > 4000 2 934 Risk Ratio (M-H, Fixed, 95% 0.91[0.68, 1.22]

gram) cl)

10 Small-for-gestational age 1 84 Risk Ratio (M-H, Fixed, 95% 1.05[0.25, 4.40]
cl

11 Gestational age at birth (week) 2 167 Mean Difference (IV, Fixed, -0.04 [-0.37,0.29]
95% Cl)

12 Ponderal index (gram x 100/m3) 1 84 Mean Difference (IV, Fixed, -0.08[-0.18, 0.02]
95% Cl)

13 Apgar score less than seven at 2 919 Risk Ratio (M-H, Fixed, 95% 1.00[0.27, 3.65]

five minutes Cl)

14 Admission to neonatal ward 1 838 Risk Ratio (M-H, Fixed, 95% 0.77[0.39, 1.53]
cl

Analysis 1.1. Comparison 1 Any exercise intervention versus routine care, Outcome 1 Gestational diabetes mellitus.

Study or subgroup Exercise Control Risk Ratio Weight Risk Ratio
n/N n/N M-H, Fixed, 95% CI M-H, Fixed, 95% CI

Barakat 2011 0/40 3/43 + 13.07% 0.15[0.01,2.88]
Callaway 2010 5/22 3/19 [ a— 12.47% 1.44[0.4,5.24]
Stafne 2012 25/375 18/327 -.' 74.46% 1.21[0.67,2.18]
Total (95% Cl) 437 389 # 100% 1.1[0.66,1.84]
Total events: 30 (Exercise), 24 (Control) ‘

Heterogeneity: Tau?=0; Chi*=2, df=2(P=0.37); 1>=0.1% ‘

Test for overall effect: Z=0.37(P=0.71) ‘

Favours intervention 0.01 0.1 1 10 100 Favours control

Analysis 1.2. Comparison 1 Any exercise intervention versus routine care, Outcome 2 Caesarean section.

Study or subgroup Exercise Control Risk Ratio Weight Risk Ratio
n/N n/N M-H, Fixed, 95% CI M-H, Fixed, 95% CI
Barakat 2011 12/40 6/43 -‘—0— 10.36% 2.15[0.89,5.19]
Stafne 2012 62/426 50/425 -.- 89.64% 1.24[0.87,1.75]
Favours intervention 0102 05 1 2 5 10 Favours control
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Study or subgroup Exercise Control Risk Ratio Weight Risk Ratio
n/N n/N M-H, Fixed, 95% CI M-H, Fixed, 95% CI
Total (95% CI) 466 468 <o 100% 1.33[0.97,1.84]
Total events: 74 (Exercise), 56 (Control)
Heterogeneity: Tau?=0; Chi*=1.31, df=1(P=0.25); 1’=23.67%
Test for overall effect: Z=1.74(P=0.08)
Favours intervention 0102 05 1 2 5 10 Favours control

Analysis 1.3. Comparison 1 Any exercise intervention versus routine care, Outcome 3 Operative vaginal birth.

Study or subgroup Exercise Control Risk Ratio Weight Risk Ratio

n/N n/N M-H, Fixed, 95% CI M-H, Fixed, 95% CI
Barakat 2011 5/40 11/43 e 17.48% 0.49[0.19,1.28]
Stafne 2012 45/426 50/425 -.— 82.52% 0.9[0.61,1.31]

Total (95% CI) 466 468 q 100%
Total events: 50 (Exercise), 61 (Control)
Heterogeneity: Tau?=0; Chi*=1.32, df=1(P=0.25); 1?=24.32%

0.83[0.58,1.17]

Test for overall effect: Z=1.06(P=0.29) ‘
1

‘ ‘
Favours intervention 0102 05 2 5 10 Favours control

Analysis 1.4. Comparison 1 Any exercise intervention versus routine care,
Outcome 4 Pregnancy hyperglycaemia not meeting GDM diagnostic criteria.

Study or subgroup Exercise Control Risk Ratio Weight Risk Ratio
n/N n/N M-H, Fixed, 95% CI M-H, Fixed, 95% CI

Barakat 2011 2/40 2/43 - B 100% 1.08[0.16,7.27]
Total (95% ClI) 40 43 * 100% 1.08[0.16,7.27]
Total events: 2 (Exercise), 2 (Control) ‘

Heterogeneity: Not applicable ‘

Test for overall effect: Z=0.07(P=0.94) ‘

Favours intervention ~ 0.01 0.1 1 10 100 Favours control

Analysis 1.5. Comparison 1 Any exercise intervention versus
routine care, Outcome 5 Weight change during pregnancy (kg).

Study or subgroup Exercise Control Mean Difference Weight Mean Difference
N Mean(SD) N Mean(SD) Fixed, 95% CI Fixed, 95% ClI

1.5.1 Maternal weight at late pregnancy (third trimester) (kg) ‘
Hopkins 2010 47 78.5(13.6) 37 79.6 (9.8) —.— 100% -1.1[-6.11,3.91]
Subtotal *** 47 37 * 100% -1.1[-6.11,3.91]
Heterogeneity: Not applicable ‘
Test for overall effect: Z=0.43(P=0.67) ‘

|

Favours intervention 20 -10 0 10 20 Favours control
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Study or subgroup Exercise Control Mean Difference Weight Mean Difference
N Mean(SD) N Mean(SD) Fixed, 95% CI Fixed, 95% Cl
1.5.2 Weight gain during intervention period (intervention for < one trimester) ‘
Ong 2009 6 3.7(3.4) 6 5.2(1.3) . 100% -1.5[-4.41,1.41]
Subtotal *** 6 6 < 100% -1.5[-4.41,1.41]
Heterogeneity: Not applicable
Test for overall effect: Z=1.01(P=0.31)
1.5.3 Weight gain during intervention period (intervention for > one trimester)
Barakat 2011 40 12532 43 138(3) - 100% -13(-2.66,0.06]
Subtotal *** 40 43 L 100% -1.3[-2.66,0.06]
Heterogeneity: Not applicable
Test for overall effect: Z=1.88(P=0.06)
Test for subgroup differences: Chi*=0.02, df=1 (P=0.99), 1>=0%
Favours intervention 20 -10 0 10 20 Favours control

Analysis 1.6. Comparison 1 Any exercise intervention versus routine
care, Outcome 6 Maternal BMI at late pregnancy (third trimester) (kg/m2).

Study or subgroup Exercise Control Mean Difference Weight Mean Difference

N Mean(SD) N Mean(SD) Fixed, 95% Cl Fixed, 95% Cl
Hopkins 2010 47 28.4 (4.3) 37 28.3(2.6) . 100% 0.1[-1.39,1.59]
Total *** 47 37 100% 0.1[-1.39,1.59]

Heterogeneity: Tau?=0; Chi*=0, df=0(P<0.0001); 1>=100%
Test for overall effect: Z=0.13(P=0.9)

Favours intervention

|
1
\

5 10 Favours control

Analysis 1.7. Comparison 1 Any exercise intervention versus routine care, Outcome 7 Pre-eclampsia.

Study or subgroup Exercise Control Risk Ratio Weight Risk Ratio

n/N n/N M-H, Fixed, 95% CI M-H, Fixed, 95% CI
Stafne 2012 16/426 16/426 B 100% 1[0.51,1.97]
Total (95% Cl) 426 426 100% 1[0.51,1.97]

Total events: 16 (Exercise), 16 (Control)
Heterogeneity: Not applicable

Test for overall effect: Not applicable

Favours intervention ~ 0-01

0.1

T
|
\

10 100 Favours control

Analysis 1.8. Comparison 1 Any exercise intervention versus routine care, Outcome 8 Birthweight.
Study or subgroup Exercise Control Mean Difference Weight Mean Difference
N Mean(SD) N Mean(SD) Fixed, 95% CI| Fixed, 95% Cl
Barakat 2011 40 3404 (465) 43 3465 (411) = 48.94% -61[-250.36,128.36]
Hopkins 2010 47 3426/(427) 37 3560(433) 4—B—— 51.06% -143[-328.39,42.39]

Favours intervention

-200

-100 0 100 200 Favours control
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Study or subgroup Exercise Control Mean Difference Weight Mean Difference
N Mean(SD) N Mean(SD) Fixed, 95% CI Fixed, 95% Cl
Total *** 87 80 ——e 100% -102.87[-235.34,29.6]

Heterogeneity: Tau?=0; Chi*=0.37, df=1(P=0.54); 1>=0%
Test for overall effect: Z=1.52(P=0.13)

Favours intervention 200 -100 0 100 200 Favours control

Analysis 1.9. Comparison 1 Any exercise intervention versus
routine care, Outcome 9 Macrosomia (birthweight > 4000 gram).

Study or subgroup Exercise Control Risk Ratio Weight Risk Ratio
n/N n/N M-H, Fixed, 95% CI M-H, Fixed, 95% CI

Barakat 2011 0/40 0/43 \ Not estimable
Stafne 2012 71/426 78/425 -.— 100% 0.91[0.68,1.22]
Total (95% Cl) 466 468 * 100% 0.91[0.68,1.22]
Total events: 71 (Exercise), 78 (Control) ‘

Heterogeneity: Not applicable ‘

Test for overall effect: Z=0.65(P=0.52) ‘

Favours intervention 02 05 1 2 5 Favours control

Analysis 1.10. Comparison 1 Any exercise intervention versus routine care, Outcome 10 Small-for-gestational age.

Study or subgroup Exercise in- Control Risk Ratio Weight Risk Ratio
tervention
n/N n/N M-H, Fixed, 95% CI M-H, Fixed, 95% CI

Hopkins 2010 4/47 3/37 B 100% 1.05[0.25,4.4]
Total (95% Cl) a7 37 ——— 100% 1.05[0.25,4.4]
1

Total events: 4 (Exercise intervention), 3 (Control)
Heterogeneity: Not applicable

Test for overall effect: Z=0.07(P=0.95)

Favours intervention ~ 0.01 0.1 10 100 Favours control

Analysis 1.11. Comparison 1 Any exercise intervention versus
routine care, Outcome 11 Gestational age at birth (week).

Study or subgroup Exercise Control Mean Difference Weight Mean Difference
N Mean(SD) N Mean(SD) Fixed, 95% CI Fixed, 95% CI

Barakat 2011 40 39.6(1.3) 43 39.7(1.1) + 40.7% -0.1[-0.62,0.42]
Hopkins 2010 47 40 (1) 37 40 (1) ——— 59.3% 0[-0.43,0.43]
Total *** 87 80 : 2 100% -0.04[-0.37,0.29]
Heterogeneity: Tau?=0; Chi*=0.08, df=1(P=0.77); 1>=0% ‘

Test for overall effect: Z=0.24(P=0.81) ‘

Favours intervention 2 -1 0 1 2 Favours control
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Analysis 1.12. Comparison 1 Any exercise intervention versus
routine care, Outcome 12 Ponderal index (gram x 100/m3).

Study or subgroup Exercise Control Mean Difference Weight Mean Difference
N Mean(SD) N Mean(SD) Fixed, 95% CI Fixed, 95% Cl
Total *** 47 37 - 100% -0.08[-0.18,0.02]

Heterogeneity: Not applicable
Test for overall effect: Z=1.62(P=0.1)

Hopkins 2010 47 2.6(0.3) 37 2.7(0.2) o 100% -0.08[-0.18,0.02]
—

Favours intervention 0201 0 01 02 Favours control

Analysis 1.13. Comparison 1 Any exercise intervention versus
routine care, Outcome 13 Apgar score less than seven at five minutes.

Study or subgroup Exercise Control Risk Ratio Weight Risk Ratio
n/N n/N M-H, Fixed, 95% CI M-H, Fixed, 95% CI

Barakat 2011 1/40 0/43 —’—07 10.67% 3.22[0.13,76.82]
Stafne 2012 3/422 4/414 B 89.33% 0.74[0.17,3.27]
Total (95% Cl) 462 457 ‘ 100% 1[0.27,3.65]
Total events: 4 (Exercise), 4 (Control) ‘

Heterogeneity: Tau?=0; Chi*=0.68, df=1(P=0.41); 1>=0% ‘

Test for overall effect: Z=0(P=1) ‘

Favours intervention ~ 0.002 0.1 1 10 500 Favours control

Analysis 1.14. Comparison 1 Any exercise intervention
versus routine care, Outcome 14 Admission to neonatal ward.

Study or subgroup Exercise Control Risk Ratio Weight Risk Ratio
n/N n/N M-H, Fixed, 95% CI M-H, Fixed, 95% CI

Stafne 2012 14/421 18/417 B 100% 0.77[0.39,1.53]
Total (95% CI) 421 417 * 100% 0.77[0.39,1.53]
Total events: 14 (Exercise), 18 (Control) ‘

Heterogeneity: Not applicable ‘

Test for overall effect: Z=0.75(P=0.46) ‘

Favours intervention ~ 0.01 0.1 1 10 100 Favours control

APPENDICES

Appendix 1. WOMBAT Perinatal Trials Registry and ClinicalTrials.gov search strategy

We searched trials in the Women and Babies Health and Wellbeing: Action through Trials (WOMBAT) Perinatal Trials Registry using the
terms of "gestational diabetes mellitus", "pregnancy", "pregnant", "glucose intolerance", "exercise", "lifestyle", "behavioural intervention".
We reviewed all relevant trials listed under the search results.
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We searched trials in the ClinicalTrials.gov trial registry using the terms of "exercise", "lifestyle", "behavioural intervention", "pregnancy",
"pregnant", "glucose intolerance", "gestational diabetes mellitus". Then we categorised retrieved trials by topic. We selected the condition
category of "Nutritional and Metabolic Diseases" and we reviewed trials listed under the conditions of "Diabetes Mellitus", "Diabetes,

Gestational", "Glucose Intolerance", "Glucose Metabolism Disorders", "Hyperglycemia", "Metabolic Diseases", "Obesity", "Overnutrition".
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DIFFERENCES BETWEEN PROTOCOL AND REVIEW

In order to avoid duplicate information from another Cochrane review by Kramer 2006, we decided to only include studies that reported
relevant outcomes on gestational diabetes mellitus, pregnancy glucose tolerance, insulin sensitivity or insulin resistance during pregnancy.

Outcome measure of 'maternal BMI at late pregnancy' was added in the review.

Weight gain during pregnancy was divided into subgroups of 'weight gain during intervention period' and 'maternal weight at late
pregnancy (third trimester).

INDEX TERMS

Medical Subject Headings (MeSH)

Birth Weight; Cesarean Section [statistics & numerical data]; Diabetes, Gestational [epidemiology] [*prevention & control]; Exercise
[*physiology]; Hyperglycemia [epidemiology]; Incidence; Insulin Resistance [*physiology]; Pre-Eclampsia [epidemiology]; Prenatal
Care; Randomized Controlled Trials as Topic

MeSH check words

Female; Humans; Infant, Newborn; Pregnancy
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