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ABSTRACT
Background

Gestational diabetes mellitus (GDM) is associated with both short- and long-term complications for the mother and her baby. Exercise
interventions may be useful in helping with glycaemic control and improve maternal and infant outcomes.

The original review on Exercise for diabetic pregnant women has been split into two new review titles reflecting the role of exercise for
pregnant women with gestational diabetes and for pregnant women with pre-existing diabetes.

Exercise for pregnant women with gestational diabetes for improving maternal and fetal outcomes (this review)

Exercise for pregnant women with pre-existing diabetes for improving maternal and fetal outcomes

Objectives

To evaluate the effects of exercise interventions for improving maternal and fetal outcomes in women with GDM.
Search methods

We searched the Cochrane Pregnancy and Childbirth Group’s Trials Register (27 August 2016), Clinical Trials.gov, the WHO Interna-
tional Clinical Trials Registry Platform (ICTRP) (18th August 2016), and reference lists of retrieved studies.

Selection criteria

e included randomised controlled trials s) comparing an exercise intervention with standard care or another intervention in
We included rand d controlled trials (RCT: paring t t h standard ther int t
pregnant women diagnosed with gestational diabetes. Quasi-randomised and cross-over studies, and studies including women with
pre-existing type 1 or type 2 diabetes were not eligible for inclusion.

Data collection and analysis

All selection of studies, assessment of trial quality and data extraction was conducted independently by two review authors. Data were
checked for accuracy.

Exercise for pregnant women with gestational diabetes for improving maternal and fetal outcomes (Review) 1
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Main results

We included 11 randomised trials, involving 638 women. The overall risk of bias was judged to be unclear due to lack of methodological
detail in the included studies.

For the mother, there was no clear evidence of a difference between women in the exercise group and those in the control group for the
risk of pre-eclampsia as the measure of hypertensive disorders of pregnancy (risk ratio (RR) 0.31, 95% confidence interval (CI) 0.01 to
7.09; two RCTs, 48 women; low-quality evidence), birth by caesarean section (RR 0.86, 95% CI 0.63 to 1.16; five RCTs, 316 women;
2 = 0%; moderate-quality evidence), the risk of induction of labour (RR 1.38, 95% CI 0.71 to 2.68; one RCT, 40 women; low-quality
evidence) or maternal body mass index at follow-up (postnatal weight retention or return to pre-pregnancy weight) (mean difference
(MD) 0.11 kg/ m?, 95% CI -1.04 to 1.26; three RCTs, 254 women; I? = 0%; high-quality evidence). Development of type 2 diabetes,
perineal trauma/tearing and postnatal depression were not reported as outcomes in the included studies.

For the infant/child/adult, a single small (n = 19) trial reported no perinatal mortality (stillbirth and neonatal mortality) events in
either the exercise intervention or control group (low-quality evidence). There was no clear evidence of a difference between groups for a
mortality and morbidity composite (variously defined by trials, e.g. perinatal or infant death, shoulder dystocia, bone fracture or nerve
palsy) (RR 0.56, 95% CI 0.12 to 2.61; two RCTs, 169 infants; 2 = 0%; moderate-quality evidence) or neonatal hypoglycaemia (RR 2.00,
95% CI 0.20 to 20.04; one RCT, 34 infants; low-quality evidence). None of the included trials pre-specified large-for-gestational age,
adiposity (neonatal/infant, childhood or adulthood), diabetes (childhood or adulthood) or neurosensory disability (neonatal/infant) as
trial outcomes.

Other maternal outcomes of interest: exercise interventions were associated with both reduced fasting blood glucose concentrations
(average standardised mean difference (SMD) -0.59, 95% CI -1.07 to -0.11; four RCTs, 363 women; I? = 73%; T2 = 0.19) and a
reduced postprandial blood glucose concentration compared with control interventions (average SMD -0.85, 95% CI -1.15 to -0.55;

three RCTs, 344 women; I = 34%; T2 = 0.03).
Authors’ conclusions

Short- and long-term outcomes of interest for this review were poorly reported. Current evidence is confounded by the large variety of
exercise interventions. There was insufficient high-quality evidence to be able to determine any differences between exercise and control
groups for our outcomes of interest. For the woman, both fasting and postprandial blood glucose concentrations were reduced compared
with the control groups. There are currently insufficient data for us to determine if there are also benefits for the infant. The quality of
the evidence in this review ranged from high to low quality and the main reason for downgrading was for risk of bias and imprecision
(wide CIs, low event rates and small sample size). Development of type 2 diabetes, perineal trauma/tearing, postnatal depression, large-
for-gestational age, adiposity (neonate/infant, childhood or adulthood), diabetes (childhood or adulthood) or neurosensory disability
(neonate/infant) were not reported as outcomes in the included studies.

Further research is required comparing different types of exercise interventions with control groups or with another exercise intervention
that reports on both the short- and long-term outcomes (for both the mother and infant/child) as listed in this review.

PLAIN LANGUAGE SUMMARY
Can exercise, for women with gestational diabetes, improve outcomes for mother and her baby?
What is the issue?

A previous Cochrane review on Exercise for diabetic pregnant women included women with pre-existing diabetes and women with
gestational diabetes. That review has now been split into two new reviews on: exercise for pregnant women with gestational diabetes
(this review) and exercise for pregnant women with pre-existing diabetes (the subject of another new review).

There will be similarities in the background, methods and outcomes between these two systematic reviews.

Gestational diabetes mellitus (GDM), or diabetes during pregnancy, has both short- and long-term complications for the mother and
her baby. Women with GDM are at an increased chance of developing high blood pressure or pre-eclampsia during pregnancy, having
their labour induced, giving birth by caesarean section, and experiencing perineal trauma. In the long term, up to half of women with
GDM are likely to develop type 2 diabetes. Their babies are at increased risk of being born large-for-gestational age, experiencing a birth
injury and being admitted to the neonatal intensive care unit. They are also more likely to develop metabolic syndrome in childhood
and later life.

Exercise for pregnant women with gestational diabetes for improving maternal and fetal outcomes (Review) 2
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‘Why is this important?

Exercise may help to control blood sugar levels and improve outcomes for the mother and her baby, possibly leading to long-term
health benefits. Physical activity for this review is planned, structured and repetitive body movements undertaken to improve physical
fitness.

‘What evidence did we find?

We searched for evidence from randomised controlled trials in August 2016. We identified 11 trials that involved 638 pregnant women.
They were conducted in middle-or high-income countries. We judged the overall risk of bias in the trials as unclear because of a lack
of information about how the trials were conducted. Using GRADE, the quality of the evidence from the trials ranged from high to
low quality. The main reasons for downgrading the quality were for risk of bias in the trials and imprecise effect sizes, low event rates
and small numbers of participants.

For the mothers, exercising did not appear to reduce the risk of pre-eclampsia as the measure of hypertensive disorders of pregnancy
(two trials, 48 women, low-quality evidence), birth by caesarean section (five trials, 316 women, moderate-quality evidence), or the risk of
induction of labour (one trial, 40 women, low-quality evidence). The mothers had similar body mass index at follow-up in the exercise
and control groups (three trials, 254 women, high-quality evidence). Exercising was associated with lower fasting blood glucose levels
(four trials) and blood glucose levels after a meal (three trials) but with variations in effect sizes between the different trials. The exercise
programmes varied between trials as did their duration and whether or not they were supervised. None of the included trials reported
on perineal trauma, postnatal depression or development of type 2 diabetes.

For the babies, no deaths occurred around the time of birth in (one trial, 19 babies, low-quality evidence) and there was no evidence of
any difference in the risk of ill-health (two trials, 169 babies, moderate-quality evidence) or low blood sugar levels (one trial, 34 babies,
low-quality evidence). None of the trials reported on the number of large-for-gestational-age babies or babies that went on to develop
diabetes in childhood or adulthood or neurosensory disability that became apparent during childhood.

‘What does this mean?

Although exercise appeared to be able to lower fasting blood sugar levels and sugar levels after a meal, we did not find any differences
in other outcomes for pregnant women with GDM. The present evidence is insufficient to advise for or against women enrolling in
exercise programmes. Even if exercise does not provide any benefit during pregnancy, this change in lifestyle may persist after birth
and may help prevent the onset of type 2 diabetes and its long-term complications. Pregnant women with GDM who wish to enrol in
an exercise programme may wish to discuss their choice with a health professional. Further research is needed comparing one exercise
intervention with another (or with a control) and reporting on both the short- and long-term outcomes (for both the mother and
infant/child/adult) as listed in this review.

Exercise for pregnant women with gestational diabetes for improving maternal and fetal outcomes (Review) 3
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SUMMARY OF FINDINGS FOR THE MAIN COMPARISON [Explanation]

Exercise compared to control for pregnant women with gestational diabetes for improving maternal outcomes

Patient or population: pregnant women with gestational diabetes
Setting: USA, Italy, Brazil, Australia

Intervention: exercise
Comparison: control

Outcomes Anticipated absolute effects* (95% Cl) Relative effect ne Of participants Quality of the evidence Comments
(95%Cl) (studies) (GRADE)
Risk with control Risk with exercise

Hypertensive disorders 43 per 1000 13 per 1000 RR0.31 48 SDOO Event rates were very

of pregnancy (pre- (0 to 308) (0.01to 7.09) (2 RCTs) LOW 12 low with 0/25 in the ex-

eclampsia) ercise group and 1/23
in the control group
No data were re-
ported for pregnancy-
induced hypertension
or eclampsia

Caesarean section 319 per 1000 274 per 1000 RR0.86 316 SDBO

(201 to 370) (0.63to0 1.16) (5 RCTs) MODERATE !

Development of type -

2 diabetes -
sured

not mea-

This outcome was not
measured in any of the
included studies in this
review

Perineal trauma/tear- -

ing - not measured

This outcome was not
measured in any of the
included studies in this
review
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Postnatal weight reten- The mean maternal BMI MD 0.11 higher - 254 SDDD

tion or return to pre- (follow-up) kg/m2 was (1.04 lower to 1.26 (3 RCTs) HIGH

pregnancy weight (ma- 0 higher)

ternal BMI (follow-up)

kg/m?2)

Postnatal depression - - - - - - This outcome was not

not measured measured in any of the
included studies in this
review

Induction of labour 400 per 1000 552 per 1000 RR1.38 40 DDOO Event rates and sample

(284 to 1,000) (0.71 t0 2.68) (1 RCT) LOW 13 size were low 11/20 in

exercise group and 8/
20 in control group

*The risk in the intervention group (and its 95% confidence interval) is based on the assumed risk in the comparison group and the relative effect of the intervention (and its
95%Cl).

Cl: Confidence interval; RR: Risk ratio

GRADE Working Group grades of evidence

High quality: We are very confident that the true effect lies close to that of the estimate of the effect

Moderate quality: We are moderately confident in the effect estimate: The true effect is likely to be close to the estimate of the effect, but there is a possibility that it is
substantially different

Low quality: Our confidence in the effect estimate is limited: The true effect may be substantially different from the estimate of the effect

Very low quality: We have very little confidence in the effect estimate: The true effect is likely to be substantially different from the estimate of effect

! Lack of clarity for most items related to risk of bias - downgraded one level.

2 Wide confidence intervals crossing the line of no effect and low event rates with a small sample size are suggestive of
imprecision - downgraded one level.

3 Imprecision - low event rates and small sample size - downgraded one level.



BACKGROUND

The original review by Ceysens and colleagues Exercise for diabetic
pregnant women (Ceysens 2006) has been split into two new re-
view titles reflecting the role of exercise for pregnant women with
gestational diabetes and for pregnant women with pre-existing di-
abetes.

Exercise for pregnant women with gestational diabetes for improving
maternal and fetal outcomes (this review)

Exercise for pregnant women with pre-existing diabetes for improving
maternal and fetal outcomes

There will be similarities in the background, methods and out-
comes between these two systematic reviews. Portions of the meth-
ods section of this review are based on a standard template used
by the Cochrane Pregnancy and Childbirth Review Group.

Description of the condition

Gestational diabetes mellitus (GDM) is defined as “glucose in-
tolerance or hyperglycaemia (high blood glucose concentration)
with onset or first recognition during pregnancy” (WHO 1999)
that usually resolves around the time of birth. Diagnosis is usually
made following an oral glucose tolerance test (OGTT) although
various definitions of glucose intolerance and subsequently clas-
sification of GDM exist (ACOG 2013; Coustan 2010; HAPO
2008; IADPSG 2010; NICE 2015). Recent definitions of GDM
exclude overt diabetes which may be detected for the first time
during pregnancy (IADPSG 2010; WHO 2014).

Rates of GDM are increasing globally, and up to one third of
pregnancies are now thought to be affected (Cundy 2014; Duran
2014; Ferrara 2007; NICE 2015; Tran 2013). The incidence of
GDM is likely to increase in parallel with increasing rates of ma-
ternal obesity and associated type 2 diabetes (Bottalico 2007; Petry
2010), and between different diagnostic criteria (Cundy 2014).
Non-modifiable risk factors associated with an increased chance
of being diagnosed with GDM include: having a previous macro-
somic infant (birthweight 4000 g or more) or having been diag-
nosed with GDM in a previous pregnancy (Petry 2010); older
maternal age (Chamberlain 2013), ethnicity (e.g. South Asian,
Middle Eastern), high parity, or having a first-degree relative
with a history of type 2 diabetes or polycystic ovarian syndrome
(Cypryk 2008; Petry 2010). Maternal overweight/obesity (Kim
2010), physically inactivity (Chasan-Taber 2008) and excessive
gestational weight gain (Hedderson 2010) are modifiable risk fac-
tors that are associated with an increased chance of being diag-
nosed with GDM.

Throughout pregnancy maternal metabolism is altered (Lain
2007). The first trimester is associated with an increase in in-
sulin secretion that enhances maternal nutrient storage for later
fetal growth. During this stage of early pregnancy insulin sensitiv-
ity is stable or may even increase. The physiological demands of

later pregnancy means that insulin sensitivity gradually decreases
(Barbour 2007), and as a result, the fetus is able to increase glucose
uptake for fetal growth. In non-diabetic women, normal blood glu-
cose levels are maintained through a process of increasing insulin
secretion (Barbour 2007; Lain 2007). Reductions in insulin sig-
nalling in women with GDM result in glucose intolerance, which
promotes fetal glucose uptake (Barbour 2007).

Adverse outcomes for women associated with
gestational diabetes

Women with GDM are at an increased chance of developing hy-
pertensive disorders of pregnancy, having their labour induced
(Crowther 2005; Landon 2009), giving birth by caesarean section
(Landon 2009), and having perineal trauma (Jastrow 2010). In the
long term, up to half of women with GDM are likely to proceed
to be diagnosed with type 2 diabetes (Kim 2002).

Short- and long-term adverse outcomes for the
neonate associated with gestational diabetes

Infants of mothers diagnosed with GDM are at an increased
risk of being born large-for-gestational age (LGA) or macrosomic
(Crowther 2005; Landon 2009), have respiratory distress syn-
drome, neonatal hypoglycaemia, hyperbilirubinaemia and being
admitted to the neonatal intensive care unit (Metzger 2008; Reece
2009). These infants are also more likely to have a birth injury,
including shoulder dystocia, bone fractures and/or nerve palsy
(Esakoff 2009; Henriksen 2008), are more likely to have increased
adiposity (Catalano 2003; Pettite 1985; Pettitt 1993), and are more
likely to develop metabolic syndrome in childhood and later life
(Guerrero-Romero 2010; Harder 2009). These inter-generational
health problems remain an important issue for public health pol-

icy.

Description of the intervention

The American College of Sports Medicine defines physical activity
as any bodily movement that is produced as a result of the con-
traction of skeletal muscle and defines exercise as physical activity
comprising planned, structured and repetitive body movements
which are undertaken to improve one or more components of
physical fitness (ACSM 2014).

Physical activity in pregnancy (in non-diabetic women) has been
shown to be beneficial, has not been shown to be harmful to the
fetus, and can potentially lead to long-term health benefits for the
mother (Nascimento 2012). Benefits observed include cardio-res-
piratory fitness, prevention of stress urinary incontinence, preven-
tion of lumbar pain, decreased depression and control of weight
gain during pregnancy (Nascimento 2012).

In women with type 2 diabetes, who were not pregnant, physical
activity combined with diet and hypoglycaemic medication has

Exercise for pregnant women with gestational diabetes for improving maternal and fetal outcomes (Review) 6
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been shown to be effective in maintaining glycaemic control (
Tuomilehto 2001).
This evidence may not be generalisable to pregnant women with
GDM, but it does suggest that mild exercise during pregnancy may
have the potential to reduce the risk of complications associated
with GDM.
The American College of Obstetricians and Gynecologists
(ACOG,) notes that physical activity in pregnancy appears to have
benefits for most women and has few risks associated with it, al-
though some adaptation may be required due to usual anatomical
and physiological changes in pregnancy (ACOG 2015). ACOG
2015 also recommends that a clinical evaluation is conducted prior
to undertaking an exercise programme during pregnancy to ensure
that there are no medical contraindications to participation and
that participation in aerobic and strength-conditioning exercises
should be encouraged in women before, during and after uncom-
plicated pregnancies.
Aerobic exercise during pregnancy is contraindicated in a number
of medical conditions, including:

. cardiac disease;

. restrictive lung disease;

. incompetent cervix/cerclage;

. multiple gestation at risk of preterm birth;

1
2
3
4
5. persistent second or third trimester bleeding;
6. placenta praevia after 26 weeks gestation;
7. preterm labour (current pregnancy);
8. ruptured membranes;

9. pre-eclampsia or pregnancy-induced hypertension;
10. severe anaemia (ACOG 2015).
Safe physical activities that are considered acceptable to continue
with or initiate during an uncomplicated pregnancy, following
medical advice include:

1. walking;

2. swimming;

3. stationary cycling;

4. low-impact aerobics;

5. modified yoga (avoiding positions that result in decreased
venous return);

6. modified Pilates;

7. racquet sports;

8. running or jogging;

9. strength training (ACOG 2015).
The latter two activities in the list above should be undertaken
following consultation with an obstetric care provider (ACOG
2015). During pregnancy the duration, frequency and intensity
of physical activity may have to be modified (Nascimento 2012).
A number of activities are recommended to be avoided during
pregnancy, including:

1. contact sports (e.g. ice hockey, soccer, boxing);

2. activities with a high risk of falling (e.g. skiing, surfing, off-
road cycling);

3. scuba diving;

4. sky diving;
5. ’hot yoga' or "hot Pilates’ (ACOG 2015).

How the intervention might work

Glycaemic control may be improved in those with diabetes (type
1, type 2 or GDM) by the amount of physical activity as a result of
the interaction between insulin sensitivity and uptake of glucose
by skeletal muscle (Asano 2014). Skeletal muscles use a process
of diffusion to take up glucose using a glucose transporter type 4
(GLUTH4). Increases in insulin receptor substrate, insulin receptor
and phosphatidylinositol 3-kinase (Chibalin 2000; Dela 1993;
Hjeltnes 1998) following regular physical activity are associated
with improvements in insulin sensitivity.

Why it is important to do this review

Rates of GDM continue to increase globally (NICE 2015) and are
associated with both short- (Crowther 2005; Landon 2009; Reece
2009) and long-term (Guerrero-Romero 2010; Harder 2009) ad-
verse effects for the woman and her infant. Identifying interven-
tions for improving health outcomes for women with GDM and
their infants is a priority. Exercise has been shown to have benefits
for women without GDM (Tuomilehto 2001); the benefits and
safety for women with GDM remains unclear.

OBJECTIVES

To evaluate the effects of exercise interventions for improving ma-
ternal and fetal outcomes in women with gestational diabetes mel-

litus (GDM).

METHODS

Criteria for considering studies for this review

Types of studies

We included published or unpublished randomised controlled tri-
als in full-text or abstract format. Cluster-randomised trials were
eligible for inclusion but none were identified. Quasi-randomised
and cross-over trials were not eligible for inclusion. Conference
abstracts were handled in the same way as full-text publications.

Exercise for pregnant women with gestational diabetes for improving maternal and fetal outcomes (Review) 7
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Types of participants

Pregnant women diagnosed with gestational diabetes mellitus
(GDM) (as defined by trialist).

Women with known pre-gestational diabetes (type 1 or type 2 dia-
betes) were excluded as this will be covered in a different Cochrane
review on Exercise for pregnant women with pre-existing diabetes for
improving maternal and fetal outcomes.

Types of interventions

We included any type of exercise programme (+/- standard care)
targeted at women with GDM at any stage of pregnancy compared
with 1) standard care or 2) another intervention.

Types of outcome measures

Primary outcomes

Mother

1. Hypertensive disorders of pregnancy (as reported by
trialists, including pre-eclampsia, pregnancy-induced
hypertension, eclampsia)

2. Caesarean section

3. Development of type 2 diabetes

Neonatal/infant

1. Large-for-gestational age (> 4 kg)

2. Perinatal mortality (stillbirth and neonatal mortality)

3. Mortality or morbidity composite (variously defined by
trials, e.g. perinatal or infant death, shoulder dystocia, bone
fracture or nerve palsy)

4. Neurosensory disability

Secondary outcomes

Mother

1. Use of additional pharmacotherapy
2. Maternal hypoglycaemia (as defined by trialists)
3. Glycaemic control during/end of treatment (as defined by
trialists)
4. Weight gain in pregnancy
. Adherence to the intervention
. Induction of labour
. Placental abruption
. Postpartum haemorrhage (as defined by trialists)

O 0 NN &\ N

. Postpartum infection

10. Perineal trauma/tearing

11. Breastfeeding at discharge, six weeks postpartum, six
months or longer

12. Maternal mortality

13. Sense of well-being and quality of life

14. Behavioural changes associated with the intervention

15. Views of the intervention

16. Relevant biomarker changes associated with the
intervention (including adiponectin, free fatty acids,
triglycerides, high-density lipoproteins, low-density lipoproteins,
insulin)

Long-term maternal outcomes

1. Postnatal depression

2. Postnatal weight retention or return to pre-pregnancy
weight

3. Body mass index (BMI)

4. GDM in a subsequent pregnancy

5. Type 2 diabetes

6. Impaired glucose tolerance

7. Cardiovascular health (as defined by trialists, including
blood pressure, hypertension, cardiovascular disease, metabolic
syndrome)

Neonatal/infant

1. Stillbirth
2. Neonatal death
3. Macrosomia (greater than 4000 g; or as defined by
individual study)
4. Small-for-gestational age (as defined by trialists)
5. Birth trauma (shoulder dystocia, bone fracture, nerve palsy)
6. Gestational age at birth
7. Preterm birth (< 37 weeks’ gestation; and < 32 weeks’
gestation)
8. Five-minute Apgar < seven
9. Birthweight and z score
10. Head circumference and z score
11. Length and z score
12. Ponderal index
13. Adiposity (including skinfold thickness measurements
(mm), fat mass)
14. Neonatal hypoglycaemia (as defined by trialists)
15. Respiratory distress syndrome
16. Neonatal jaundice (hyperbilirubinaemia) (as defined by
trialists)
17. Hypocalcaemia (as defined by trialists)
18. Polycythaemia (as defined by trialists)
19. Relevant biomarker changes associated with the
intervention (including insulin, cord c-peptide)

Later infant and childhood secondary outcomes

1. Weight and z scores
2. Height and z scores
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. Head circumference and z scores

. Adiposity (including BMI, skinfold thickness, fat mass)
. Educational attainment

Blood pressure

. Type I diabetes

. Type 2 diabetes

. Impaired glucose tolerance

NN RN e NV RN SN

10. Dyslipidaemia or metabolic syndrome

Child as an adult

1. Weight

2. Height

3. Adiposity (including BMI, skinfold thickness)

4. Cardiovascular health (as defined by trialists, including
blood pressure, hypertension, cardiovascular disease, metabolic
syndrome)

5. Employment, education and social status/achievement

6. Type 1 diabetes

7. Type 2 diabetes

8. Impaired glucose tolerance

Health service use

1. Number of antenatal visits or admissions
2. Number of hospital or health professional visits (including
midwife, obstetrician, physician, dietician, diabetic nurse)
3. Admission to neonatal intensive care unit/nursery
. Cost of maternal care
. Cost of offspring care
. Costs associated with the intervention

N\ N

. Costs to families associated with the management provided
8. Cost of dietary monitoring (e.g. diet journals, dietician,

nurse visits, etc)
9. Costs to families - change of diet, extra antenatal visits

10. Extra use of healthcare services (consultations, blood

glucose monitoring, length and number of antenatal visits)

11. Women’s view of treatment advice

12. Duration of stay in neonatal intensive care unit or special

care baby unit

13. Duration of maternal and neonatal hospital stay (antenatal,

neonatal, postnatal)

Search methods for identification of studies

The following methods section of this review is based on a standard
template used by Cochrane Pregnancy and Childbirth.

Electronic searches

We searched the Cochrane Pregnancy and Childbirth Group’s Tri-
als Register by contacting their Information Specialist (27 August
2016).

The Register is a database containing over 23,000 reports of con-
trolled trials in the field of pregnancy and childbirth. For full search
methods used to populate Pregnancy and Childbirth’s Trials Regis-
ter including the detailed search strategies for CENTRAL, MED-
LINE, Embase and CINAHL; the list of handsearched journals
and conference proceedings, and the list of journals reviewed via
the current awareness service, please follow this link to the edi-
torial information about the Cochrane Pregnancy and Childbirth
in the Cochrane Library and select the ‘Specialized Register’ sec-
tion from the options on the left side of the screen.
Briefly, the Cochrane Pregnancy and Childbirth’s Trials Register
is maintained by their Information Specialist and contains trials
identified from:

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

2. weekly searches of MEDLINE (Ovid);

3. weekly searches of Embase (Ovid);

4. monthly searches of CINAHL (EBSCO);

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

6. weekly current awareness alerts for a further 44 journals
plus monthly BioMed Central email alerts.
Search results are screened by two people and the full text of all
relevant trial reports identified through the searching activities de-
scribed above is reviewed. Based on the intervention described,
each trial report is assigned a number that corresponds to a spe-
cific Pregnancy and Childbirth review topic (or topics), and is
then added to the Register. The Information Specialist searches
the Register for each review using this topic number rather than
keywords. This results in a more specific search set which has
been fully accounted for in the relevant review sections (Included
studies; Excluded studies; Studies awaiting classification; Ongoing
studies).
In addition, we searched ClinicalTrials.gov and the WHO Inter-
national Clinical Trials Registry Platform (ICTRP) (18th August
2016) for unpublished, planned and ongoing trial reports. The
search terms we used are given in Appendix 1.

Searching other resources

We searched the reference lists of retrieved studies. We did not
apply any language or date restrictions.

Data collection and analysis

The following methods section of this review is based on a standard
template used by Cochrane Pregnancy and Childbirth.

Selection of studies

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

We created a study flow diagram to map out the number of records
identified, included and excluded (Figure 1).

Exercise for pregnant women with gestational diabetes for improving maternal and fetal outcomes (Review)
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Figure I. Study flow diagram.
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Data extraction and management

We designed a form to extract data. For eligible studies, two review
authors extracted the data using the agreed form. We resolved dis-
crepancies through discussion or, if required, we consulted a third
person. We entered data into Review Manager software (RevMan
2014) 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 (Higgins 2011). We resolved
any disagreement by discussion or by involving a third person.
The following sections refer to individually-randomised trials.

(1) Random 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:

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

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

o unclear risk of bias.

(2) Allocation concealment (checking for possible selection
bias)
We described for each included study the method used to con-
ceal allocation to interventions prior to assignment and assessed
whether intervention allocation could have been foreseen in ad-
vance of, or during recruitment, or changed after assignment.
We assessed the methods as:

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

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

o unclear risk of bias.

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

We described 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
were 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:

e low, high or unclear risk of bias for participants;

e 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 the methods used to blind outcome assessment as:

e low, high or unclear risk of bias.

(4) Incomplete outcome data (checking for possible attrition
bias due to the amount, nature and handling of incomplete
outcome data)

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 ex-
clusions were reported and the numbers included in the analysis at
each stage (compared with the total randomised participants), rea-
sons for attrition or exclusion where reported, and whether miss-
ing 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.
We assessed the methods as:

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

e 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);

e unclear risk of bias.

(5) Selective reporting (checking for 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:

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

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

e unclear risk of bias.

(6) Other bias (checking for bias due to problems not
covered by (1) to (5) above)

We described for each included study any important concerns we
have about other possible sources of bias.
We assessed whether each study was free of other problems that
could put it at risk of bias:

e low risk of other bias;

e high risk of other bias;

o 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 is likely to impact on the findings. We explored the
impact of the level of bias through undertaking sensitivity analyses
- see Sensitivity analysis.

Assessment of the quality of the evidence using the
GRADE approach

We assessed the quality of the evidence using the GRADE ap-
proach as outlined in the GRADE handbook in order to assess the
quality of the body of evidence relating to the following outcomes
for the mother and for the infant for the main comparisons of 1)
exercise versus standard care and 2) exercise versus another inter-
vention.

Maternal

1. Hypertensive disorders of pregnancy (as reported by
trialists, including pre-eclampsia, pregnancy-induced
hypertension, eclampsia)

2. Caesarean section

3. Development of type 2 diabetes

4. Perineal traumal/tearing

5. Postnatal weight retention or return to pre-pregnancy
weight

6. Postnatal depression

7. Induction of labour

Child (as a fetus, neonate, child, adult)

1. Large-for-gestational age

2. Perinatal mortality (stillbirth and neonatal mortality)

3. Mortality and morbidity composite (variously defined by
trials, e.g. perinatal or infant death, shoulder dystocia, bone
fracture or nerve palsy)

4. Neonatal hypoglycaemia

5. Adiposity*

6. Diabetes (type 1, type 2)*

7. Neurosensory disability
We used the GRADEpro Guideline Development Tool to import
data from Review Manager 5.3 (RevMan 2014) in order to create
’Summary of findings’ tables. A summary of the intervention effect
and a measure of quality for each of the above outcomes was
produced using the GRADE approach. The GRADE approach
uses five considerations (study limitations, consistency of effect,
imprecision, indirectness and publication bias) to assess the quality
of the body of evidence for each outcome. The evidence can be
downgraded from ’high quality’ by one level for serious (or by
two levels for very serious) limitations, depending on assessments
for risk of bias, indirectness of evidence, serious inconsistency,
imprecision of effect estimates or potential publication bias.
*These outcomes will be reported for each stage of life where data
are reported.

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 if outcomes were
measured in the same way between trials. We used the standardised
mean difference (SMD) 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
this review. In future updates, if cluster-randomised trials are iden-
tified we will include them in the analyses along with individually-
randomised trials. We will make adjustments using the methods
described in the Handbook [Section 16.3.4 or 16.3.6] using an
estimate of the intra-cluster correlation co-efficient (ICC) derived
from the trial (if possible), from a similar trial or from a study of
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a similar population. If we use ICCs from other sources, we will
report this and conduct sensitivity analyses to investigate the effect
of variation in the ICC. We will consider it reasonable to combine
the results from both cluster-randomised trials and individually-
randomised trials 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. If
cluster-randomised trials are included, we will seek statistical ad-
vice on appropriate analysis to enable inclusion of data in the meta-
analyses.

Other unit of analysis issues

Multiple pregnancy

There may be unit of analysis issues that arise when the women
randomised have a multiple pregnancy. We presented maternal
data as per woman randomised and neonatal data per infant.

Multiple-arm studies

We identified one trial with multiple intervention arms (Bo 2014).
We split the ’shared’ group into two or more groups with smaller
sample size and include two or more (reasonably independent)
comparisons.

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 partic-
ipants randomised to each group in the analyses, and all partici-
pants were analysed in the group to which they were allocated, re-
gardless 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 are known
to be missing.

Assessment of heterogeneity

We assessed statistical heterogeneity in each meta-analysis using
the Tau?, 12 and Chi? statistics. We regarded heterogeneity as sub-
stantial if an 12 was greater than 30% and either the Tau? 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, 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 asymmetry
visually. If asymmetry is suggested by a visual assessment, we will
perform exploratory analyses to investigate it.

Data synthesis

We carried out statistical analysis using the Review Manager soft-
ware (RevMan 2014). We used fixed-effect meta-analysis for com-
bining 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 was clinical
heterogeneity sufficient to expect that the underlying treatment ef-
fects differed between trials, or if substantial statistical heterogene-
ity was detected, we used random-effects meta-analysis to produce
an overall summary, if an average treatment effect across trials was
considered clinically meaningful. The random-effects summary
was treated as the average of the range of possible treatment effects
and we discussed the clinical implications of treatment effects dif-
fering between trials. If the average treatment effect was not clin-
ically meaningful, we did not combine trials.

Where we used random-effects analyses, the results were presented
as the average treatment effect with 95% confidence intervals, and
the estimates of Tau? and 12.

Subgroup analysis and investigation of heterogeneity

Had we identified substantial heterogeneity, we planned to inves-
tigate it using subgroup analyses and sensitivity analyses. We con-
sidered whether an overall summary was meaningful, and if it was,
used random-effects analysis to produce it.

We planned to carry out the following subgroup analyses.

1. Group exercise versus individual exercise.

2. Low-level exercise (cumulative duration of exercise at 50%
VO, max (maximal oxygen consumption) of less than 180
minutes) versus high-level exercise (cumulative duration of
exercise at 50% VO, max of more than 180 minutes) intensity
exercise.

The following outcomes were planned to be used in subgroup
analysis where there were sufficient data.

Maternal outcomes

1. Hypertensive disorders of pregnancy (as reported by
trialists, including pre-eclampsia, pregnancy-induced
hypertension, eclampsia)

2. Caesarean section

3. Development of type 2 diabetes
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Neonatal outcomes

1. Large-for-gestational age

2. Perinatal mortality (stillbirth and neonatal mortality)

3. Mortality or morbidity composite (variously defined by
trials, e.g. perinatal or infant death, shoulder dystocia, bone
fracture or nerve palsy)

4. Neurosensory disability
We were unable to conduct these subgroup analyses in the current
review due to insufficient data. If sufficient data are included in
future updates of this review, we will assess subgroup differences by
interaction tests available within RevMan (RevMan 2014). We will
report the results of subgroup analyses quoting the Chi? statistic
and P value, and the interaction test 12 value.

Sensitivity analysis

If there was evidence of significant heterogeneity, we planned to
explore this by using the quality of the included trials for the
primary outcomes. We planned to compare trials that had low
risk of bias for allocation concealment with those judged to be of
unclear or high risk of bias, and to exclude conference abstracts
from the meta-analysis.

We also planned to investigate the effect of the randomisation
unit (i.e. where we include cluster-randomised trials along with
individually-randomised trials) but no cluster-randomised trials
were identified.

As there was no statistical heterogeneity observed for the primary
outcomes of this review, we did not conduct any sensitivity anal-
yses.

RESULTS

Description of studies

Results of the search

The search of the Cochrane Pregnancy and Childbirth Group’s
Trials Register retrieved 24 records, we found 78 records in
ClinicalTrials.gov and the WHO International Clinical Trials Reg-
istry Platform (ICTRP) and also five potential studies from other
sources. See: Figure 1.

We included 11 trials (17 reports) (Adam 2014; Avery 1997;
Bambicini 2012; Bo 2014; Brankston 2004; Bung 1991; de
Barros 2010; Halse 2014; Jovanovic-Peterson 1989; Ramos 2015;
Youngwanichsetha 2014) (Characteristics of included studies).
One study is awaiting classification (Frias 2012) (Characteristics
of studies awaiting classification). There are three ongoing studies

(da Silva 2013; Kokic 2014; Shaw 2005).

Included studies

We included 11 trials (Adam 2014; Avery 1997; Bambicini 2012;
Bo 2014; Brankston 2004; Bung 1991; de Barros 2010; Halse
2014; Jovanovic-Peterson 1989; Ramos 2015; Youngwanichsetha
2014).

Design

All of the included trials were parallel randomised controlled trials

(RCTs).

Sample sizes

Sample sizes ranged from a minimum of six women (Ramos 2015)
to a maximum of 180 women (Youngwanichsetha 2014). Only
the Youngwanichsetha 2014 trial had a sample size of more than
100 women.

Setting

All trials were conducted in middle- or high-income countries.
Three trials were conducted in the USA (Avery 1997; Bung
1991; Jovanovic-Peterson 1989) and in Brazil (Bambicini 2012;
de Barros 2010; Ramos 2015), two trials in Canada (Adam 2014;
Brankston 2004), and one trial each in Italy (Bo 2014), Australia
(Halse 2014) and Thailand (Youngwanichsetha 2014). One trial
was conducted in the 1990s (Bung 1991) and two trials in the
2000s (Bo 2014; de Barros 2010). For the remaining trials (Adam
2014; Avery 1997; Bambicini 2012; Brankston 2004; Halse 2014;
Jovanovic-Peterson 1989; Ramos 2015; Youngwanichsetha 2014),
no details were provided regarding timing of the trial.

Participants

All trials recruited pregnant women with a diagnosis of gestational
diabetes mellitus (GDM).

Interventions and comparisons

The exercise interventions and comparisons were very varied and
included the following.

1. A supervised, individualised follow-up with a kinesiologist
versus standard counselling for physical activity (Adam 2014).

2. Exercise using a cycle ergometer for 30 minutes duration,
three to four times per week including both supervised and
unsupervised sessions versus standard care with no additional
exercise programme (Avery 1997). No details on the duration of
the programme.

3. Aerobic activity (30 minutes brisk walking) or resistance
exercises (30-minutes circuit workout with elastic-band exercises)
versus a control group who remained seated for 30 minutes
listening to explanations about Shantala exercises for the baby
(Bambicini 2012).
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4. All women were given an individually-prescribed diet
(carbohydrates 48% to 50%, proteins 18% to 20%, fats 30% to
35%, fibre 20% to 25 g/day, no alcohol). Women in the exercise
intervention group were advised to walk briskly at least 20
minutes/day. Women in the behaviour group were given
individual oral/written recommendations for helping with
healthy dietary choices (i.e. lowering carbohydrate intake,
strategies for out-of-home eating, healthy cooking and food
shopping and related behavioural suggestions), and debunking
false myths about diet in pregnancy and women in the control
group who were given individually-prescribed dietary
recommendations only (n = 50) (Bo 2014). This study also
included a combined behaviour and exercise group that was not
included in this review.

5. The intervention group undertook a progressive physical
conditioning program involving three supervised introductory
sessions, and weekly contact with supervisor. Women were
instructed to perform resistance training circuit-type exercises
three times per week. Women were instructed to exercise at a
level that felt “somewhat hard”, and were taught to monitor their
heart rate to ensure that it did not rise above 140 beats/min
during exercise. All exercise sessions were recorded in a log book
(n = 16). The control group received standard diabetic diet
advice: 40% carbohydrate, 20% protein, 40% fat, calculated at
24 keal/kg to 30 kcal/kg per day on the basis of the woman’s
ideal pre-pregnant body weight. Women were asked not to begin
a structured exercise program for the remainder of the pregnancy
(Brankston 2004).

6. The intervention group was provided with dietary advice
and instructed to conduct a non-sedentary lifestyle, and attend
the exercise laboratory three times a week to exercise under
medical supervision. Exercise was 45 minutes with two, five-
minute breaks, on a recumbent bicycle, at 50% of their last
determined maximum aerobic capacity (classed as moderate
exercise) versus standard care insulin therapy and diet (Bung
1991).

7. All women received dietary advice from a nutritionist. The
program consisted of a circuit of eight resistance training
exercises using an elastic band to work the main muscle groups
(chest, back, biceps, triceps, deltoid, quadriceps, thigh and calf
muscles). Women were instructed to perform 15 repetitions of
each exercise three times a week (once a week under supervision
in the clinic, and twice a week at home) from recruitment
(between 24 and 34 weeks) until the end of gestation. Women
were instructed to exercise at a “somewhat heavy” intensity.
Women were contacted by telephone at least once a week to
verify adherence to the program (n = 32). The control group
received usual care, and were questioned as to whether they had
started some type of physical activity (N = 32) (de Barros 2010).

8. In addition to usual care, the intervention group took part
in five sessions per week of a home-based exercise program (three
supervised and two unsupervised) on an upright stationary cycle

ergometer (continuous moderate intensity cycling, with intervals
of varying intensity consisting of 15 to 60 seconds of higher
intensity bouts every two minutes, interspersed with lower-
intensity recovery pedalling in between, tailored to a percentage
of the woman’s age-predicted maximum heart rate). The
intervention commenced at recruitment (between 26 and 30
weeks’ gestation) until 34 weeks of gestation (n = 20). The
comparison group had usual care (n = 20), which consisted of
assessment of glycaemic control and counselling by a diabetes
educator and dietician, and self-monitoring of fasting and 120-
minute postprandial glucose levels (n = 20) (Halse 2014).

9. In addition to usual care, women in the intervention group
participated in a six-week exercise program that consisted of 20
minutes of supervised aerobic training on an arm ergometer,
sufficient to maintain target heart rate in a training range (n =
10). The control group was managed with a standard diet
consisting of 40% carbohydrate, 20% protein, and 40% fat
calculated at 24 kcal/kg to 30 kcal/kg/24 hours of present
pregnant weight, divided into three meals and three snacks.
Women in the control group did not participate in any
structured exercise program (n = 9) (Jovanovic-Peterson 1989).

10. A 10-week program of regular aerobic exercise of three 50-
minute sessions per week (no further details) (n = 2), versus 10
weeks of a 50-minute stretching and relaxation session once a
week (n = 4) (Ramos 2015).

11. Training in mindfulness eating, and yoga exercise in two
50-minute sessions. Participants were provided with manuals
and encouraged to continue mindfulness eating and yoga
exercise at home five times a week for eight weeks (n = 90) versus
standard diabetes care (n = 90) (Youngwanichsetha 2014).

Outcomes

Two trials reported hypertensive disorders of pregnancy (pre-
eclampsia) - Avery 1997; Jovanovic-Peterson 1989.

Five trials reported caesarean section - Avery 1997; Bo 2014; Bung
1991; de Barros 2010; Halse 2014.

One trial reported perinatal mortality (stillbirth and neonatal mor-
tality) - Jovanovic-Peterson 1989.

Two trials reported a mortality or morbidity composite - Bo 2014;
Jovanovic-Peterson 1989.

Seven trials reported the use of additional pharmacotherapy -
Adam 2014; Avery 1997; Bo 2014; Brankston 2004; de Barros
2010; Halse 2014; Jovanovic-Peterson 1989.

One trial reported maternal hypoglycaemia - Bung 1991.

Five trials reported glycaemic control during/end of treatment -
Bo 2014; Bung 1991; Brankston 2004; Jovanovic-Peterson 1989;
Youngwanichsetha 2014.

Three trials reported weight gain in pregnancy - Adam 2014; de
Barros 2010; Halse 2014.

One trial reported adherence to the intervention - Jovanovic-
Peterson 1989.
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One trial reported induction of labour - Halse 2014.

Two trials reported maternal mortality - Avery 1997; Jovanovic-
Peterson 1989.

One trial reported on views of the intervention - Halse 2014.
Three trials reported postnatal weight retention or return to pre-
pregnancy weight (maternal BMI at follow-up) - Bo 2014; de
Barros 2010; Halse 2014.

One trial reported stillbirth - Avery 1997.

Five trials reported macrosomia - Avery 1997; Bo 2014; Bung
1991; de Barros 2010; Jovanovic-Peterson 1989.

Four trials reported gestational age at birth - Avery 1997; Bung
1991; de Barros 2010; Halse 2014.

Five trials reported preterm birth - Avery 1997; Bo 2014; de Barros
2010; Halse 2014; Jovanovic-Peterson 1989.

One trial reported five-minute Apgar < seven - Bung 1991.

Six trials reported birthweight - Avery 1997; Bung 1991; de Barros
2010; Halse 2014; Jovanovic-Peterson 1989; Ramos 2015.

Onne trial reported length at birth - Bung 1991.

One trial reported neonatal hypoglycaemia - Bung 1991.

One trial reported respiratory distress syndrome - Bung 1991.
One trial reported hyperbilirubinaemia - Bung 1991.

One trial reported hypocalcaemia - Bung 1991.

No data were reported in the included trials for any of the other
pre-specified outcomes for this review listed below.

For the mother: placental abruption, postpartum haemorrhage,
postpartum infection, perineal trauma/tearing, breastfeeding at
discharge, six weeks postpartum, six months or longer, sense of
well-being and quality of life, behavioural changes associated with
the intervention, relevant biomarker changes associated with the
intervention, postnatal depression, postnatal weight retention or
return to pre-pregnancy weight, BMI, GDM in a subsequent preg-
nancy, type 2 diabetes, impaired glucose tolerance, cardiovascular
health.

For the infant: neurosensory disability, small-for-gestational age,
birth trauma (shoulder dystocia, bone fracture, nerve palsy), birth-
weight z score, head circumference and z score, length and z
score, ponderal index, neonatal adiposity, polycythaemia, relevant
biomarker changes associated with the intervention, childhood
weight and z scores, height and z scores, head circumference and
z scores, adiposity, educational attainment, blood pressure, type
1 diabetes, type 2 diabetes, impaired glucose tolerance, dyslipi-
daemia or metabolic syndrome.

For the child as an adult: weight, height, adiposity, cardiovascu-
lar health, employment, education and social status/achievement,
type 1 diabetes, type 2 diabetes, impaired glucose tolerance.
Health service outcomes: number of antenatal visits or admis-
sions, number of hospital or health professional visits, admission
to neonatal intensive care unit/nursery, cost of maternal care, cost

of offspring care, costs associated with the intervention, costs to
families associated with the management provided, cost of di-
etary monitoring, costs to families, extra use of healthcare services,
women’s view of treatment advice, duration of stay in neonatal
intensive care unit or special care baby unit and duration of ma-
ternal and neonatal hospital stay.

Declarations of interest in the trial reports

Four publications clearly stated that there were no conflicts of
interest (Adam 2014; Bo 2014; Halse 2014; Ramos 2015). Seven
publications did not provide details on conflicts of interest (Avery
1997; Bambicini 2012; Brankston 2004; Bung 1991; de Barros
2010; Jovanovic-Peterson 1989; Youngwanichsetha 2014).

Sources of trial funding

Three publications declared funding sources, none of which were
associated with the pharmaceutical industry (Bo 2014; de Barros
2010; Halse 2014). One trial (Avery 1997) reported funding
sources from multiple sources (academic, governmental and other)
that also included funding from Boechringer Manheim Corpo-
ration. The type of funding from Boehringer Manheim Cor-
poration was unclear. No details on sources of funding were
provided by seven publications (Adam 2014; Bambicini 2012;
Brankston 2004; Bung 1991; Jovanovic-Peterson 1989; Ramos
2015; Youngwanichsetha 2014).

Excluded studies

Thirteen studies were excluded (Characteristics of excluded
studies). Seven trials were excluded due to ineligible population
(Barakat 2013; Chen 1997; Deshpande 2013; Fieril 2015; Melo
2008; Nobles 2015; Ong 2009). Five trials were of an ineligible
trial design (Ehrlich 2016; Garcia-Patterson 2001; Lesser 1996;
Moholdt 2013; Yin 2014), and in one trial (Berry 2013), the in-
tervention was ineligible.

Studies awaiting classification

One study remains in Characteristics of studies awaiting
classification (Frias 2012). ClinicalTrials.gov stated this trial has
been terminated due to recruitment issues. We will attempt to
contact the responsible party for further information.

Risk of bias in included studies

See Figure 2 and Figure 3.
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Figure 2. ’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 3. ’Risk of bias’ summary: review authors’ judgements about each risk of bias item for each included
study.

Blinding of outcame assessment (detection bias)

Allocation concealment (selection bias)
Selective reparting {reparting hias)

- . - | Blinding of patticipants and personnel (pefdfarmance bias)

L] .- -3 | Random sequence generation (selection bias)
- . « | Incomplete outcome data (attrition hias)

oy

[

z

o

=

o

Adarm 2014 B B D | G
Ayery 1997 % T D | €
Barmbicini 2012 % i D ©

=)
=

Bo 2014

Brankston 2004

9 ®
..._-.....
..
)
]
]
"

Bung 1991

de Barrog 2010

..._-....
0C
)

)

Halze 2014

Jovanovic-Petersan 1989 | 7

wd
wd

P . =y
d
~

Ramos 2015 | 7 B B B B B
Youngwanichsetha 2014 | 7 7 7 7 ? ? 7
Exercise for pregnant women with gestational diabetes for improving maternal and fetal outcomes (Review) 19

Copyright © 2017 The Cochrane Collaboration. Published by John Wiley & Sons, Ltd.



Allocation

Random sequence generation

Four trials were judged to be of low risk of bias. Avery 1997,
Bo 2014, Brankston 2004 and de Barros 2010 reported using
computer-generated random number tables.

Seven trials were judged as unclear risk of bias due to lack
of methodological details (Adam 2014; Bambicini 2012; Bung
1991; Halse 2014; Jovanovic-Peterson 1989; Ramos 2015;
Youngwanichsetha 2014).

Allocation concealment

Three trials were judged to be of low risk of bias. Brankston
2004, de Barros 2010 and Halse 2014 reported using sequentially
numbered, opaque envelopes.

Eight trials were judged as unclear risk of bias due to lack of
methodological details (Adam 2014; Avery 1997; Bambicini 2012;
Bo 2014; Bung 1991; Jovanovic-Peterson 1989; Ramos 2015;
Youngwanichsetha 2014).

Blinding

Performance bias

Eight trials were judged as unclear risk of bias due to lack of
methodological details (Adam 2014; Bambicini 2012; Bo 2014;
Bung 1991; Halse 2014; Jovanovic-Peterson 1989; Ramos 2015;
Youngwanichsetha 2014). Bo 2014 reported that women were not
blinded but dieticians and obstetricians who reported maternal/
neonatal complications, and the laboratory personnel were blinded
to the group assignment.

Three trials were judged as high risk of bias as they stated that the
participants were not blinded (Avery 1997; Brankston 2004; de
Barros 2010).

Detection bias

Two trials were judged to be of low risk of bias. Bo 2014 reported
that outcome assessors including dietitians, obstetricians and lab-
oratory personnel were blinded to allocation. de Barros 2010 also
stated that obstetricians recording data were blinded to group al-
location.

Nine trials were judged as unclear risk of bias due to lack of
methodological details (Adam 2014; Avery 1997; Bambicini 2012;
Brankston 2004; Bung 1991; Halse 2014; Jovanovic-Peterson
1989; Ramos 2015; Youngwanichsetha 2014).

Incomplete outcome data

Three trials were judged to be of low risk of bias. Bo 2014, de Barros
2010, and Jovanovic-Peterson 1989 reported that all women were
analysed.

Five trials were judged as unclear risk of bias due to lack of method-
ological detail (Adam 2014; Bambicini 2012; Halse 2014; Ramos
2015; Youngwanichsetha 2014). Brankston 2004 was judged to
be of unclear risk of bias as they had data missing for some women
who did not record blood glucose concentrations.

Two trials were judged to be high risk of bias. Avery 1997 reported
that “several subjects gave birth before the follow-up exercise test”,
however the number of women included in the measures at the
end is unclear and home blood glucose levels were reported for 10/
15 women in the exercise group, and 12/14 women in the control
group. It is unclear why the other women are missing. Seven of
41 women in the Bung 1991 were not analysed and some of these
may be attributed to the intervention.

Selective reporting

One trial was judged to be of low risk of bias. Bo 2014 had a trial
protocol available and all pre-specified outcomes were reported
with the exception of birthweight.

Ten trials were judged as unclear risk of bias. Three due to the
study being assessed from a brief conference abstract, without ac-
cess to the study protocol (Adam 2014; Bambicini 2012; Ramos
2015). Six studies were assessed from a published report, without
a protocol available (Avery 1997; Bung 1991; de Barros 2010;
Halse 2014; Jovanovic-Peterson 1989; Youngwanichsetha 2014),
and Brankston 2004 reported that on results without providing
absolute values for women in the treatment and control groups.

Other potential sources of bias

Three trials were judged to be of low risk of bias. Bo 2014 reported
no evidence of differences at baseline between intervention and
control groups. de Barros 2010 has no evidence of other bias. For
Halse 2014, the sample size was calculated to detect differences in
blood glucose based on previous study and pilot data.

Eight trials were judged as unclear risk of bias. Three were pub-
lished as a conference abstract and lacked methodological detail
(Adam 2014; Bambicini 2012; Ramos 2015). Some imbalances
were detected between groups at baseline (Avery 1997). Brankston
2004 reported that analysis was done by intention-to-treat, but
not all women were included in all analyses and there were some
differences between groups at baseline. In the Bung 1991 trial,
there were small discrepancies in the reporting of data, for exam-
ple birthweight and number of babies with Apgar less than seven
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at five minutes. There was insufficient methodological detail pro-
vided in Jovanovic-Peterson 1989 and Youngwanichsetha 2014
and these were judged as having an unclear risk of other bias.

Effects of interventions

See: Summary of findings for the main comparison Exercise
compared to control for pregnant women with gestational diabetes
for improving maternal outcomes; Summary of findings 2
Exercise compared to control for pregnant women with gestational
diabetes for improving fetal outcomes

Exercise versus control

Primary outcomes

Mother

1.1 Hypertensive disorders of pregnancy (as reported by
trialists, including pre-eclampsia, pregnancy-induced
hypertension, eclampsia)

There was no clear evidence of a difference between women in the
exercise group (0/25) and those in the control group (1/25) for
the risk of pre-eclampsia (risk ratio (RR) 0.31, 95% confidence
interval (CI) 0.01 to 7.09; two RCTs, 48 women; low-quality
evidence). Data should be interpreted with caution due to low
event rates and small sample size suggesting imprecision (Analysis
1.1). No data were reported for pregnancy-induced hypertension
or eclampsia.

1.2 Caesarean section

There was no clear evidence of a difference between women in
the exercise and control groups for the risk of birth by caesarean
section (RR 0.86, 95% CI 0.63 to 1.16; five RCTs, 316 women;
I? = 0%; moderate-quality evidence) (Analysis 1.2).

None of the included trials pre-specified development of type 2
diabetes as a trial outcome.

Neonatal/infant

1.3 Perinatal mortality (stillbirth and neonatal mortality)

A single small trial (Jovanovic-Peterson 1989) including only 19
women reported data for perinatal mortality. There were no events
in either the exercise intervention or control group (low-quality
evidence) (Analysis 1.3).

1.4 Mortality or morbidity composite (variously defined by
trials, e.g. perinatal or infant death, shoulder dystocia, bone
fracture or nerve palsy)

There was no clear evidence of a difference between groups for
the risk of a mortality or morbidity composite outcome (RR 0.56,
95% CI 0.12 to 2.61; two RCTs, 169 infants; I2 = 0%; moderate-
quality evidence) (Analysis 1.4).

None of the included trials pre-specified large-for-gestational age,
or neurosensory disability (childhood) as trial outcomes.

Secondary outcomes

Mother

1.5 Use of additional pharmacotherapy

There was no clear evidence of a difference between groups found
between exercise and control groups for the use of additional phar-
macotherapy (RR 0.76, 95% CI 0.54 to 1.08; seven RCTs, 413
women; 12 = 5%) (Analysis 1.5).

1.6 Maternal hypoglycaemia

One small trial of 34 women (Bung 1991) reported no events
of maternal hypoglycaemia in either the exercise intervention or
control groups (Analysis 1.6).

1.7 Glycaemic control at end of treatment (mean)

Allocation to the control group was associated with a reduced
blood glucose concentration at end of treatment compared with
the exercise group (mean difference (MD) 0.28 mmol/L, 95% CI
0.04 to 0.52; one RCT, 34 women). It is unclear if a MD of 0.28
mmol/L is of clinical significance (Analysis 1.7).

1.8 Glycaemic control at end of treatment (fasting blood
glucose concentration)

Exercise was associated with a reduced fasting blood glucose con-
centration compared with control (average standardised mean dif-
ference (SMD) -0.59, 95% CI -1.07 to 0.11; four RCTs, 363
women; I? = 73%, T? = 0.19) (Analysis 1.8). The heterogeneity
may be attributable to differences in the interventions.

1.9 Glycaemic control at end of treatment (postprandial
blood glucose concentration)

Exercise was associated with a reduced postprandial blood glucose
concentration compared with control (average SMD -0.85, 95%

CI -1.15 to -0.55; three RCTs, 344 women; 12 = 34%, T2 =
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0.03) (Analysis 1.9). The heterogeneity may be attributable to
differences in the interventions.

1.10 Glycaemic control at end of treatment (glycated
haemoglobin (HbA1c))

There was no clear evidence of a difference in glycated haemo-
globin (HbA1c) between exercise and control groups (MD -0.43
mmol/mol, 95% CI -0.51 to 0.35; two RCTs, 320 women; I =
0%; Analysis 1.10).

1.11 Glycaemic control at end of treatment (glucose
tolerance test)

There was evidence of a reduced glucose tolerance test result at
end of treatment for women in the exercise group compared with
the control group (MD -81.60 mg/dl, 95% CI -96.03 to -67.17;
one RCT, 19 women; Analysis 1.11).

1.12 Weight gain in pregnancy

There was no clear evidence of a difference between groups for
weight gain in pregnancy (MD -0.34 kg, 95% CI -1.25 to 0.58;
two RCTs, 104 women; I2 = 0%; Analysis 1.12). The increase
in weight differs substantially between the two studies (Analysis
1.12). We cannot find an explanation for this and both studies
reported weight in kg.

1.13 Weight gain in pregnancy (excessive)
There was no clear evidence of a difference between groups for

excessive weight gain in pregnancy (RR 0.90, 95% CI 0.47 to
1.72; one RCT, 79 women; Analysis 1.13).

1.14 Adherence to the intervention

There was no clear evidence of a difference between groups for
adherence to the intervention (RR 1.00, 95% CI 0.83 to 1.21;
one RCT, 19 women; Analysis 1.14).

1.15 Induction of labour

There was no clear evidence of a difference between exercise and
control groups for the risk of induction of labour (RR 1.38,
95% CI 0.71 to 2.68; one RCT, 40 women; low-quality evidence;
Analysis 1.15).

1.16 Maternal mortality

Two trials including a total of 48 women reported data on maternal
mortality (Avery 1997; Jovanovic-Peterson 1989). There were no
events in either the exercise intervention or control group (Analysis

1.16).

1.17 Views of the intervention (favourable)

One trial (40 women) reported data on favourable views of the
intervention (Halse 2014). The MD was inestimable (Analysis
1.17).

1.18 Postnatal weight retention or return to pre-pregnancy
weight (maternal BMI (follow-up) kg/m2)

There was no clear evidence of a difference between groups for
maternal BMI at follow-up (MD 0.11 kg/mz, 95% CI -1.04 to
1.26; three RCTs, 254 women; 12 = 0%; high-quality evidence;
Analysis 1.18).

Neonatal/infant

1.19 Sdillbirth

One trial reported stillbirth (n = 29; Avery 1997). There were
no events in either the exercise intervention group or the control
group (Analysis 1.19).

1.20 Macrosomia

There was no clear evidence of a difference in the risk of being
born macrosomic between the exercise intervention and control
groups (RR 0.69, 95% CI 0.35 to 1.35; five RCTs, 296 infants; I
2 2 0%; Analysis 1.20).

1.21 Gestational age at birth

There was no clear evidence of a difference for gestational age at
birth between exercise intervention and control groups (MD -0.01
weeks, 95% CI -0.40 to 0.38; four RCTs, 167 infants; 12 = 0%;
Analysis 1.21).

1.22 Preterm birth

There was no clear evidence of a difference between exercise inter-
vention and control groups for the risk of preterm birth (RR 0.95,
95% CI 0.39 to 2.36; five RCTs, 302 infants; I2 = 0%; Analysis
1.22).

1.23 Five-minute Apgar score less than seven

There was no clear evidence of a difference for the five-minute
Apgar score less than seven between exercise intervention and con-
trol groups (RR 0.33, 95% CI 0.01 to 7.65; one RCT, 34 infants;
Analysis 1.23).
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1.24 Birthweight

There was no clear evidence of a difference between exercise inter-
vention and control groups for birthweight (MD -61.50 g, 95%
CI -195.21 to 72.20; six RCTs, 192 infants; I2 = 0%); Analysis
1.24).

1.25 Length at birth (cm)

There was no clear evidence of a difference between exercise in-
tervention and control groups for length at birth (MD -1.70 cm,
95% CI -3.41 to 0.01; one RCT, 34 infants; Analysis 1.25).

1.26 Neonatal hypoglycaemia

There was no clear evidence of a difference between exercise and
control groups (RR 2.00, 95% CI 0.20 to 20.04; one RCT, 34
infants; low-quality evidence; Analysis 1.26).

1.27 Respiratory distress syndrome

There were no events of respiratory distress syndrome in either the
exercise intervention or control groups reported in a single small

trial of 34 infants (Bung 1991) (Analysis 1.27).

1.28 Neonatal jaundice (hyperbilirubinaemia)

There was no clear evidence of a difference between exercise in-
tervention and control groups for hyperbilirubinaemia (RR 0.33,
95% CI 0.01 to 7.65; one RCT, 34 infants; Analysis 1.28).

1.29 Hypocalcaemia

There were no events of hypocalcaemia in either the exercise in-
tervention or control groups reported in a single small trial of 34
infants (Bung 1991) (Analysis 1.29).

1.30 Duration of hospital stay

Duration of hospital stay more than four days was reported by
Bo 2014. It is unclear if this is maternal, neonatal or both. The
authors report 13/50 for the diet only group, 9/51 for the exercise

only group, and 17/49 for the behavioural group. No data for
mean duration of hospital stay were provided.

Secondary outcomes not reported in the included studies

The following secondary, long-term, adulthood and health service
use outcomes specified in this review were not included as pre-
specified trial outcomes in any of the included trials.

1. Mother - placental abruption, postpartum haemorrhage,
postpartum infection, perineal trauma/tearing, breastfeeding at
discharge, six weeks postpartum, six months or longer, sense of
well-being and quality of life, behavioural changes associated
with the intervention, relevant biomarker changes associated
with the intervention.

2. Maternal long-term outcomes - postnatal depression,
GDM in a subsequent pregnancy, type 2 diabetes, impaired
glucose tolerance, cardiovascular health.

3. Neonatal/infant - neonatal death, small-for-gestational
age, birth trauma (shoulder dystocia, bone fracture, nerve palsy),
birthweight z score, head circumference and z score, length z
score, ponderal index, adiposity, polycythaemia, relevant
biomarker changes associated with the intervention.

4. Later infant and childhood secondary outcomes - weight
and z scores, height and z scores, head circumference and z
scores, adiposity, educational attainment, blood pressure, type 1
diabetes, type 2 diabetes, Impaired glucose tolerance,
dyslipidaemia or metabolic syndrome.

5. Child as an adulthood - weight, height, adiposity,
cardiovascular health, employment, education and social status/
achievement, type 1 diabetes, type 2 diabetes, impaired glucose
tolerance.

6. Health service use - number of antenatal visits or
admissions, number of hospital or health professional visits,
admission to neonatal intensive care unit/nursery, cost of
maternal care, cost of offspring care, costs associated with the
intervention, costs to families associated with the management
provided, cost of dietary monitoring, costs to families - change of
diet, extra antenatal visits, extra use of healthcare services
(consultations, blood glucose monitoring, length and number of
antenatal visits), women’s view of treatment advice, duration of
stay in neonatal intensive care unit or special care baby unit).
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ADDITIONAL SUMMARY OF FINDINGS [Explanation]

Exercise compared to control for pregnant women with gestational diabetes for improving maternal and fetal outcomes

Patient or population: pregnant women with gestational diabetes

Setting: USA, Italy
Intervention: exercise
Comparison: control

Outcomes Anticipated absolute effects* (95% Cl) Relative effect ne Of participants Quality of the evidence Comments
(95%Cl) (studies) (GRADE)
Risk with control Risk with exercise
Large-for-gestational None of the included
age - not reported studies in this review re-
ported data for this out-
come
Perinatal 0 per 1000 0 per 1000 not estimable 19 SDOO There were no events
mortality (stillbirth and (0to 0) (1 RCT) LOW 12 in either the exercise or
neonatal mortality) the control group and
the sample size in only
19 infants
Mortality and morbid- 65 per 1000 36 per 1000 RR0.56 169 SDBO Event rates and sample
ity composite (vari- (8 to 169) (0.12t0 2.61) (2 RCTs) MODERATE 3 size were low with 2/
ously defined by trials, 61 inthe exercise group
e.g. perinatal or infant and 7/108in the control
death, shoulder dysto- group
cia, bone fracture or
nerve palsy)
Neonatal 59 per 1000 118 per 1000 RR2.00 34 SDOO Event rates and sample
hypoglycaemia (12 to 1,000) (0.20t0 20.04) (1 RCT) LOwW 13 size were low with 2/

17 in the exercise group
and 1/17 in the control

group
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Adiposity -not reported - - - - - None of the included
studiesin this review re-
ported data for this out-
come at any life stage

Diabetes (type 1, type - - - - - None of the included

2) - not reported studies inthis review re-
ported data for this out-
come at any life stage

Neurosensory disability - - - - - None of the included
studiesin this review re-
ported data for this out-
come

*The risk in the intervention group (and its 95% confidence interval) is based on the assumed risk in the comparison group and the relative effect of the intervention (and its
95%Cl).

Cl: Confidence interval; RR: Risk ratio

GRADE Working Group grades of evidence

High quality: We are very confident that the true effect lies close to that of the estimate of the effect

Moderate quality: We are moderately confident in the effect estimate: The true effect is likely to be close to the estimate of the effect, but there is a possibility that it is
substantially different

Low quality: Our confidence in the effect estimate is limited: The true effect may be substantially different from the estimate of the effect

Very low quality: We have very little confidence in the effect estimate: The true effect is likely to be substantially different from the estimate of effect

! There is a lack of clarity for most items associated with risk of bias - downgraded one level.
2 Imprecision - There are no events in either group and the sample size is only 19 infants - downgraded one level.
3 Imprecision - wide confidence intervals and low event rates - downgraded one level.



DISCUSSION

Summary of main results

We included 11 randomised controlled trials involving 638
women that compared exercise interventions with a control group
in women with gestational diabetes.

For the mother: we found no clear evidence of a difference for
the risk of pre-eclampsia, birth by caesarean section, the risk of
induction of labour or maternal body mass index at follow-up.
Data for development of type 2 diabetes, perineal traumaltear-
ing and postnatal depression were not reported in the included
studies (Summary of findings for the main comparison). Exer-
cise interventions were associated with a reduced fasting (Analysis
1.8) and postprandial blood (Analysis 1.9) glucose concentration
compared with the control group. However, caution is advised in
interpreting these data due to heterogeneity, which is most likely
due to the variation in the content and methods associated with
the interventions themselves.

For the infant/child: we found no clear evidence of a difference
for a composite outcome of neonatal mortality and morbidity or
neonatal hypoglycaemia. There were no events of perinatal mor-
tality reported. There were no data reported for large-for gesta-
tional age, adiposity, diabetes or neurosensory disability in child-
hood (Summary of findings 2).

Both short- and long-term outcomes of interest for this review
were poorly reported in the included studies.

Overall completeness and applicability of
evidence

There was a wide variation in the components of the exercise in-
tervention, the duration of the intervention and whether the in-
tervention was supervised or unsupervised. Short- and long-term
outcomes of interest for this review for the mother and for the in-
fant/child were poorly reported. The sample sizes of the included
studies were small, ranging from a minimum of six women (Ramos
2015) to a maximum of 180 women (Youngwanichsetha 2014).
All of the included studies were conducted in middle-or high-in-
come countries. The data lack overall completeness and are un-
likely to be applicable to all settings.

Quality of the evidence

We judged the overall risk of bias of the included studies to be
unclear due to lack of methodological details. Using GRADE
methodology, the quality of evidence for the selected outcomes
ranged from high to low quality (Summary of findings for the
main comparison; Summary of findings 2). The main reason for
the downgrading of evidence was for risk of bias and imprecision.

Sample sizes and event rates were low and data were often associ-
ated with wide confidence intervals.

Potential biases in the review process

We believe that every effort was made to attempt to minimise
biases in the review process. We conducted a systematic search
of the literature for randomised controlled trial evidence, we did
not use any restrictions for language or publication date. Where
necessary, we attempted to make contact with authors of primary
studies to obtain additional methodological and/or outcome data.
We have adhered to Cochrane methodology for searching, data
extraction and analysis.

Agreements and disagreements with other
studies or reviews

A systematic review by Harrison 2016 reported a similar associ-
ation between exercise interventions and lower fasting and post-
prandial blood glucose concentration compared with control.
They had identified the same trials for inclusion as our review.

AUTHORS’ CONCLUSIONS

Implications for practice

There is currently insufficient evidence to support or refute en-
rolling pregnant women with gestational diabetes into exercise
programmes. However, even if exercise is not beneficial during
pregnancy, this change in lifestyle may persist after birth and may
help prevent the onset of type 2 diabetes and its long-term com-
plications. Pregnant women with gestational diabetes who wish to
enrol in an exercise programme may wish to discuss their choice
with a health professional.

Implications for research

Further trials with larger sample sizes involving women with ges-
tational diabetes are needed to evaluate this intervention, com-
paring different types of exercise intervention with control groups
or with another exercise intervention and focusing on both short-
and long-term outcomes for both the mother and the infant/child
(such as those listed in this review).
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CHARACTERISTICS OF STUDIES

Characteristics of included studies [ordered by study ID]

Adam 2014

Methods Parallel randomised controlled trial.

Participants 79 women randomised.
Inclusion criteria: pregnant women diagnosed with GDM.
Exclusion criteria: not described.
Setting: Montreal, Canada.
Timing: no details.

Interventions Exercise group - individualised follow-up by kinesiologist (n = 40)
versus
control group - general counselling about physical activity (n = 39)

Outcomes Primary outcome was the use of insulin.
Secondary outcomes included excessive gestational weight gain according to the IOM
guidelines, evaluation of medical intervention (non stress test and induction) and a
composite outcome of maternal and fetal complications (hypertension, pre-eclampsia,
caesarean section, assisted delivery, macrosomia, prematurity, neonatal unit admission)

Notes There was also a third “control” group. However, these women were not randomly
assigned to receive 'no advice’ about physical activity, they were matched for age, BMI
at term, and GDM diagnosis to women in the trial. Data for this group have not been
included in this review
Funding source: no details.
Declarations of interest: statement that there are no conflicts of interest.

Risk of bias

Bias Authors’ judgement Support for judgement

Random sequence generation (selection Unclear risk “randomly assigned” no other information.

bias)

Allocation concealment (selection bias) Unclear risk No details.

Blinding of participants and personnel Unclear risk No details.

(performance bias)

All outcomes

Blinding of outcome assessment (detection Unclear risk No details.

bias)

All outcomes

Incomplete outcome data (attrition bias) ~ Unclear risk No details as to whether all participants com-

All outcomes pleted the trial
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Adam 2014 (Continued)

Selective reporting (reporting bias)

Unclear risk The study was assessed from a brief conference
abstract, without access to the study protocol

Other bias

Unclear risk The report states that “characteristics were similar
at baseline”
There is no power calculation, but the authors
comment that the study could be under-powered
to show differences

Avery 1997

Methods

Parallel randomised controlled trial.

Participants

33 women randomised.

Inclusion criteria: physician or certified nurse-midwife diagnosis of GDM, 34 weeks’
gestation or less, no other important medical or obstetric complications, ability to read
and write English, age 18-40 years, no current regular exercise regimen for continuous
30-minute periods more than twice per week

Exclusion criteria: no details, although “19 women were ineligible for medical reasons”
and “three subjects in the control group were withdrawn for medical reasons” (p12). 3
women were excluded because exercise was recommended to them by the care provider
Setting: USA, large mid-western health maintenance organisation.

Timing: no details.

Interventions

Exercise group - exercise for 30 minutes 3 to 4 times weekly for the remainder of the
pregnancy. 5 minutes warm up, 5 minutes cool down, 20 minutes cycle ergometer or
walking at 70% of estimated maximal heart rate. 2 exercise sessions were in the presence
of the investigator, with maternal and fetal monitoring. Once or twice a week, the women
exercised unsupervised (n = 16)

versus

control group - continued dietary therapy and usual physical activity level. They were
asked not to change their current amount of activity. They were telephoned weekly by
the investigator to monitor progress in the study and were asked to record any exercise

(n=17)

Outcomes

Daily fasting and postprandial blood glucose levels, HbA;C, incidence of exogenous
insulin therapy, incidence of newborn hypoglycaemia

Notes

Funding: National Institute of Nursing Research, National Institute of Health NR06568-
01A1; the American Diabetes Association, MN Affiliate; the March of Dimes, Greater
Twin Cities Chapter; Boehringer Manheim Corporation; the Clinical Research and
Education Fund, Group Health Foundation

Funding source: National Institute of Nursing Research, National Institutes of Health,
American Diabetes Association, March of Dimes, Greater Twin Cities Chapter, Boer-
hinger Manheim Corporation, Clinial Research and Education Fund

Declarations of interest: no details.

Risk of bias
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Avery 1997  (Continued)

Bias

Authors’ judgement

Support for judgement

Random sequence generation (selection

bias)

Low risk

“Group assignment was determined using a ran-
dom-numbers table by the block randomisation
procedure”

Allocation concealment (selection bias)

Unclear risk

No details.

Blinding of participants and personnel
(performance bias)
All outcomes

High risk

“subjects were not blinded as to the nature of the
study intervention”

Blinding of outcome assessment (detection
bias)

All outcomes

Unclear risk

No details.

Incomplete outcome data (attrition bias)
All outcomes

High risk

The number of eligible women was 144, however
19 were ineligible for medical reasons, 21 were
beyond 34 weeks’ gestation, 68 declined, and ex-
ercise was recommended to 3 by the care provider.
Withdrawals - exercise group n = 16 (1 woman
subsequently dropped out); control group n =
17 (3 women were subsequently withdrawn for
medical reasons)

“several subjects gave birth before the follow-up
exercise test”, however the number of women in-
cluded in the measures at the end is unclear
Home blood glucose levels are reported for 10/15
women in the exercise group, and 12/14 women
in the control group. It is unclear why the other
women’s results are missing

Selective reporting (reporting bias)

Unclear risk

This study was assessed from a published report,
without a protocol available

Other bias

Unclear risk

Baseline characteristics were mostly similar, how-
ever parity was higher in the exercise group. The
trial authors are aware that the trial is underpow-
ered to detect differences in blood glucose values

or HbA,C.

Bambicini 2012

Methods

Parallel randomised 3-arm trial.

Participants

17 women randomised.

Inclusion criteria: pregnant women with GDM, 27 to 37 weeks gestation.

Exclusion criteria: not described.
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Bambicini 2012  (Continued)

Setting: Sao Paulo, Brazil.
Timing: no details.

Interventions Exercise group 1: aerobic activity: 30 minutes brisk walking (n = 6)
Exercise group 2: resistance exercises: 30 minutes circuit workout with elastic-band
exercises (n = 5)
versus
control group: remained seated for 30 minutes listening to explanations about Shantala
exercises for the baby (n = 6)

Outcomes Capillary blood glucose before, at the end of session and 1 hour after

Notes Funding source: no details.
Declarations of interest: no details.

Risk of bias

Bias Authors’ judgement Support for judgement

Random sequence generation (selection

bias)

Unclear risk

“randomized” no other details.

Allocation concealment (selection bias) Unclear risk No details.
Blinding of participants and personnel Unclear risk No details.
(performance bias)

All outcomes

Blinding of outcome assessment (detection Unclear risk No details.
bias)

All outcomes

Incomplete outcome data (attrition bias) ~ Unclear risk No details.

All outcomes

Selective reporting (reporting bias)

Unclear risk

Not described. Assessed from a brief abstract, without

the trial protocol

Other bias Unclear risk Very little detail of methodology reported.
Bo 2014

Methods 2 x 2 factorial randomised controlled trial.

Participants 200 women randomised.

Inclusion criteria: pregnant women, age 18-50, 24-26th weeks of gestation, GDM

diagnosis based on a 75 g OGTTT, singleton pregnancy

Exclusion criteria: BMI > 40 kg/m?, any known diseases, medications or obstetrical

absolute/relative contraindications to exercise
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Bo 2014  (Continued)
Setting: Sant’Anna Hospital, Torino, Italy.
Timing: July 2009-February 2012.
Interventions All women were given an individually-prescribed diet (carbohydrates 48% to 50%,
proteins 18% to 20%, fats 30% to 35%, fibre 20 g to 25 g/day, no alcohol)
In addition:
Group E: advised to briskly walk at least 20 minutes/day. N = 51
Group B: individually oral/written recommendations for helping with healthy dietary
choices (i.e. lowering carbohydrate intake, strategies for out-of-home eating, healthy
cooking and food shopping and related behavioural suggestions) and debunking false
myths about diet in pregnancy. N = 49
Group BE brisk walk and dietary advice n = 50.
Group D (control group): individually-prescribed dietary recommendations only n = 50
All women were monitored by weekly phone calls and visited every 2 weeks to monitor
adverse events and protocol adherence. Participants self-monitored capillary blood glu-
cose concentrations 4-6 times per day with a glucometer
Outcomes Fasting glucose values, high-density lipoprotein (HDL)-cholesterol, triglycerides, insulin,
Homeostasis-Model-Assessment-Insulin Resistance (HOMA-IR), high-sensitivity C-re-
active protein (CRP), glycated haemoglobin (HbAlc), postprandial glucose, maternal/
neonatal complications
Notes Funding source: Regione Piemonte 2009.
Declarations of interest: the authors report no conflicts of interest.
Risk of bias
Bias Authors’ judgement Support for judgement
Random sequence generation (selection Low risk “Randomization was stratified by baseline

bias)

body mass index (BMI) and METs, and
was implemented through a website (www.
epiclin.it)”

Allocation concealment (selection bias)

Unclear risk No details provided on method used to

conceal allocation.

Blinding of participants and personnel
(performance bias)
All outcomes

Unclear risk It was not feasible to blind women to the
intervention. However, “The dieticians,
the obstetricians who reported maternal/
neonatal complications, and the laboratory

personnel were blinded to the group assign-

ment”
Blinding of outcome assessment (detection Low risk “It is possible that women in the exercise
bias) group could have over-reported exercise or
All outcomes declared healthier nutritional habit. How-
ever, all the outcomes, which were blindly
measured, were consistent with the de-
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Bo 2014  (Continued)

clared lifestyle changes”. Outcome assess-
ment was done by dieticians, obstetricians
and laboratory personnel who were blinded
to group allocation

Incomplete outcome data (attrition bias)  Low risk The authors state that “All participants

All outcomes completed the study”

Selective reporting (reporting bias) Low risk The protocol was available for this trial.
All prespecified outcomes except infant
birthweight were reported

Other bias Low risk Baseline characteristics appear to be similar

across groups. The sample size was calcu-
lated to have 95% statistical power to detect
at least a 10% reduction in fasting glucose
by exercise. The authors acknowledge that
the study is underpowered to find small dif-
ferences in the incidence of adverse mater-
nal/neonatal outcomes

Brankston 2004

Methods

Parallel randomised controlled trial.

Participants

Possibly 38 women randomised.

Inclusion criteria: otherwise healthy pregnant women with GDM, between age 20 and
40 years, gestational age between 26 and 32 weeks’, BMI below 40 kg/ m?2, nonsmokers,
who were not involved in a regular exercise program

Exclusion criteria: no details.

Setting: Alberta, Canada. Diabetic Outpatient Clinics at the Royal Alexandra and Grey
Nuns Hospitals in Edmonton

Timing: not stated.

Interventions

Exercise group: progressive physical conditioning program. 3 supervised introductory
sessions, and weekly contact with supervisor. Instructed to perform resistance training
circuit-type exercises 3 times per week. Women were instructed to exercise at a level that
felt “somewhat hard”, and were taught to monitor their heart rate to ensure that it did
not rise above 140 beats/min during exercise. All exercise sessions were recorded in a log
book (n = 16)

versus

control group: diet alone. Standard diabetic diet advice: 40% carbohydrate, 20% protein,
40% fat, calculated at 24 to 30 kcal/kg per day on the basis of the woman’s ideal pre-
pregnant body weight. Women were asked not to begin a structured exercise program
for the remainder of the pregnancy (n = 16)

Outcomes

Primary outcome: requirement for insulin.
Secondary outcomes: latency to insulin treatment, amount of insulin required, gesta-
tional age at birth, birthweight
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Brankston 2004  (Continued)

Notes Funding source: no details.
Declarations of interest: no details.

Risk of bias

Bias Authors’ judgement

Support for judgement

Random sequence generation (selection Low risk

Random numbers table used.

bias)

Allocation concealment (selection bias) Low risk Sequentially numbered opaque envelopes.
Blinding of participants and personnel High risk No blinding.

(performance bias)

All outcomes

Blinding of outcome assessment (detection Unclear risk No details.

bias)

All outcomes

Incomplete outcome data (attrition bias)  Unclear risk
All outcomes

38 women randomised. However physicians ad-
vised against the program for 3 women because of
pregnancy-induced hypertension, and 2 women
who were randomised to exercise did not en-
ter the program. 1 woman dropped out of the
study due to time constraints: it does not say
which group she was randomised to, but exer-
cise would demand more time commitment so
probably this group). “four women in each group
did not record their blood glucose measurements
adequately” so these data are missing from blood
glucose levels

Selective reporting (reporting bias) Unclear risk

The protocol was not available for this trial, so
it was assessed from only the published report.
Several outcomes are reported in the text as “no
significant differences” but without providing the
number of women/infants (gestational age at de-
livery, rate of caesarean deliveries, birthweight)

Other bias Unclear risk

The report states that the analyses were done by
intention to treat, however 6 women who were
probably randomised to the exercise group were
not included in the analyses

The groups had similar baseline physical charac-
teristics, although the diet-alone group had a sig-
nificantly higher mean pre-pregnant body mass
(weight) than the diet plus exercise group
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Bung 1991

Methods Parallel randomised controlled trial.

Participants 41 women randomised.
Inclusion criteria: pathological results in a OGTT and persisting fasting blood glucose
values > 105, but < 130 mg/dl after a failed 1 week ADA diet trial (24 to 30 kcal/kg/
day); following the clinical protocol these women would then require Insulin therapy.
No contraindications to exercise, before 33 weeks’ pregnancy (to allow at least 4 weeks
of exercise)
Exclusion criteria: other medical or obstetrical complications of pregnancy; women at
risk for premature labour
Setting: high risk obstetrical clinic of Los Angeles County/University of Southern Cali-
fornia Women’s Hospital
Timing: May - November 1990.

Interventions Exercise group - exercise and diet. Instructed to conduct a non-sedentary lifestyle, and
attend the exercise laboratory 3 times a week to exercise under medical supervision.
45 minutes with 2 x 5-minute breaks, on a recumbent bicycle, at 50% of their last
determined maximum aerobic capacity (classed as moderate exercise) (n = 21)
versus
Control group - insulin therapy and diet (n = 20).

Outcomes Heart rate and uterine activity. Clinical data, pregnancy complications, maternal and
neonatal outcome variables

Notes Funding source: no details.
Declarations of interest: no details.

Risk of bias

Bias Authors’ judgement Support for judgement

Random sequence generation (selection Unclear risk Double-stratified randomisation, but no infor-

bias)

mation on sequence generation

Allocation concealment (selection bias) Unclear risk No details.

Blinding of participants and personnel Unclear risk No details.

(performance bias)

All outcomes

Blinding of outcome assessment (detection Unclear risk No details.

bias)

All outcomes

Incomplete outcome data (attrition bias)  High risk 17/21 women in the exercise group completed

All outcomes

the study. 4 women were excluded for: pPROM,
non-compliance with exercises, moving away,
and withdrew. 17/20 women in the control group
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Bung 1991  (Continued)

completed the study. 3 women did not return to
the clinic and were lost to follow-up. Some of this
attrition may be related to the intervention, but
these women were not included in the analyses

Selective reporting (reporting bias)

Unclear risk Assessed from published reports without access
to the protocol

Other bias

Unclear risk There were small discrepancies between reports,
for example birthweight and number of babies
with Apgar < 7 at 5 minutes

de Barros 2010

Methods

Parallel randomised controlled trial.

Participants

64 women

Inclusion criteria: pregnant women with a diagnosis of GDM, sedentary according
to the International Physical Activity Questionnaire (IPAQ), nonsmokers, age 18-45
years, no physical factor or disease limiting exercise, singleton pregnancy, absence of fetal
malformation upon ultrasound, gestational age 24-34 weeks’, no risk factors for preterm
delivery

Exclusion criteria: clinical or obstetric complications contraindicating exercise during
pregnancy and loss to follow-up

Setting: Obstetric clinic of the University Hospital, University of Sao Paulo School of
Medicine, Brazil

Timing: October 2006-November 2008.

Interventions

Exercise group - resistance exercise program with an elastic band. Women exercised 3
times a week, for 30-40 minutes, on non-consecutive days, twice a week at home and
once in the clinic under supervision. Women were instructed to maintain an exercise
intensity of 5 or 6 on an exertion scale, which is “somewhat heavy” exercise perception.
Exercises were adapted by the researcher at the weekly clinic to maintain this intensity.
Women started the program about 90 minutes after eating and after measuring capillary
glycaemia. If capillary glucose levels were between 100 mg/dL and 250 mg/dL, women
did the program, otherwise they waited until the next day (n = 32)

versus

control group - no change to prenatal routine care, weekly outpatient visits. Occasional
questions about whether they had started any physical activity. Instructed not to start
any new type of physical activity after randomisation (n = 32)

Outcomes

Requirement for insulin, amount of insulin required, latency to insulin requirement
(weeks), mean glucose levels, percentage of weeks spent within the target glucose range,
maternal BMI at birth, pregnancy weight gain, gestational age at delivery, birthweight

Notes

Sample size was calculated as 30 women in each group to show reduction in insulin
requirement
Funding source: Coodenacao de Aperfeicoamento de Pessoal de Nivel Superior.
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de Barros 2010  (Continued)

Declarations of interest: no details.

Risk of bias

Bias Authors’ judgement

Support for judgement

Random sequence generation (selection Low risk

“Women admitted to the study were randomized

bias) using a computer-generated random series pro-
duced by a person not related to the protocol”
Allocation concealment (selection bias) Low risk Sequential sealed opaque envelopes.

Blinding of participants and personnel High risk
(performance bias)
All outcomes

Women were not blinded, and the main re-
searcher knew their allocation. “The obstetricians
responsible for clinical and prenatal care and data
recording was unaware to which group the pa-
tients belonged, and only the main researcher
questioned the patients with respect to the exer-
cise practice”

Blinding of outcome assessment (detection Low risk
bias)

All outcomes

The obstetricians recording data were blinded to
group allocation

Incomplete outcome data (attrition bias)  Low risk
All outcomes

After randomisation, 1 woman withdrew because
of lack of time to perform the exercise program,
and another started using metformin for gly-
caemic control. These women were included in
the analyses

Selective reporting (reporting bias) Unclear risk This trial was assessed from a published report,
without access to the protocol
Other bias Low risk No evidence of other bias.
Halse 2014
Methods Parallel randomised controlled trial.
Participants 40 women randomised.

Inclusion criteria: pregnant women, within 1 week of GDM diagnosis, singleton preg-

nancy, between 26 and 30 weeks gestation, normal 18 week anatomy scan, BMI < 45

kg/m?, non-exercise program, medically cleared for exercise participation

Exclusion criteria: less than 18 years of age, unable to understand the implications of

participation, on any medications at the time of recruitment, low-lying placenta, pre-

existing diabetes (type 1 or 2), or cardiac disease

Setting: King Edward Memorial Hospital, Perth, Western Australia, Australia

Timing: no details.

Exercise for pregnant women with gestational diabetes for improving maternal and fetal outcomes (Review) 41

Copyright © 2017 The Cochrane Collaboration. Published by John Wiley & Sons, Ltd.



Halse 2014  (Continued)

Interventions Exercise group: experimental intervention: home-based exercise program involving 5
sessions per week continued until week 34 of gestation. 3 sessions per week were super-
vised, 2 were unsupervised, using an upright stationary cycle ergometer. Sessions were
25-30 minutes in week 1, increasing to 40-45 minutes by week 4 (n = 20)
versus
control group: continued with their usual physical activity regimen for the duration of
the intervention
Both groups: assessment of glycaemic control and counselling by a diabetes educator
and dietician. Daily fasting and 120 minutes postprandial glucose levels after breakfast,
lunch and dinner. Food and drink diary

QOutcomes Aerobic fitness, maternal weight gain, obstetric and neonatal outcomes

Notes Funding source: University of Western Australia, Women’s and Infants Research Foun-
dation, National Health and Medical Research Council
Declarations of interest: publication states there were no personal or financial conflicts
of interest

Risk of bias

Bias Authors’ judgement Support for judgement

Random sequence generation (selection Unclear risk “randomized”, no description of sequence gener-

bias) ation.

Allocation concealment (selection bias) Low risk “Concealed, sequentially numbered opaque en-

velopes selected by each participant”

Blinding of participants and personnel Unclear risk No details.

(performance bias)

All outcomes

Blinding of outcome assessment (detection Unclear risk No details.

bias)

All outcomes

Incomplete outcome data (attrition bias) ~ Unclear risk No attrition is described, however the mode of

All outcomes delivery for control group adds up to 19, not 20

Selective reporting (reporting bias) Unclear risk This study was assessed from published reports,

without access to a protocol

Other bias Low risk Sample size was calculated to detect differences in

blood glucose based on previous study and pilot
data
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Jovanovic-Peterson 1989

Methods Parallel randomised controlled trial.

Participants 39 women randomised.
Inclusion criteria: pregnant women with gestational diabetes diagnosed according to
standard protocol. The study appears to have started at 28 weeks’ gestation
Exclusion criteria: maternal morbidity (I woman with placenta praevia was excluded
from the study)
Setting: USA.
Timing: not stated.

Interventions Exercise group: supervised arm ergometer training, 20 minutes, 3 times a week for 6
weeks, plus diet (24 to 30 kcal/kg/24 hours; 20% protein, 40% carbohydrate, 40% fat).
Target heart rate: (220-age in years) x 70% unless > 140 bpm, then target was 140 bpm
(n =20)
versus
control group: diet alone (24 to 30 kcal/kg/24 hours; 20% protein, 40% carbohydrate,
40% fat), divided into 3 meals and 3 snacks. Women did not participate in any structured
exercise program (n = 19)

Outcomes Blood glucose, glycosylated Hb.

Notes Funding source: no details.
Declarations of interest: no details.

Risk of bias

Bias Authors’ judgement Support for judgement

Random sequence generation (selection Unclear risk “women were randomized into two groups by

bias)

drawing a number”.

Allocation concealment (selection bias) Unclear risk No details.

Blinding of participants and personnel Unclear risk No details.

(performance bias)

All outcomes

Blinding of outcome assessment (detection Unclear risk No details.

bias)

All outcomes

Incomplete outcome data (attrition bias)  Low risk “one woman was dropped from the study be-

All outcomes

cause she was found to have placenta previa”,
the woman appears to have been excluded before
randomisation, and otherwise all women are ac-
counted for

Selective reporting (reporting bias)

Unclear risk This study was assessed from a published report
without access to the protocol
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Jovanovic-Peterson 1989  (Continued)

Other bias Unclear risk There is incomplete reporting of methodology,
possibly due to publication in 1989. The diet
group had lower peak 1 hour plasma glucose on
100 g glucose tolerance test at the start of the
study

Ramos 2015

Methods Parallel-arm, randomised controlled trial.

Participants 6 women randomised (interim report from an ongoing trial)

Inclusion: pregnant women with gestational diabetes, over 20 years old, gestational
age 20-27 weeks, singleton pregnancy, no orthopaedic limitations, non-smoker, medical
clearance for exercise

Exclusion: pre-eclampsia, fetal malformations, intrauterine fetal death

Setting: prenatal clinics, Hospital de Clinicas de Porto Alegre, Brazil

Timing: not stated.

Interventions Exercise group: low-intensity aerobic training in cycle-ergometer for 50 minutes per
session, 3 times a week, for 10 weeks (n = 2)
versus
control group: relaxation and stretching for 50 minutes per session, once a week for 10
weeks (n = 4)

Outcomes (from protocol on clinicaltrials.gov NCT01885234) Glycated haemoglobin (HbAlc)
, homeostasis model assessment (HOMA), first ventilatory threshold, type of delivery,
weight and length of newborn

Notes Funding source: no details.

Declarations of interest: publication lists no conflicts of interest.

Risk of bias

Bias Authors’ judgement Support for judgement

Random sequence generation (selection Unclear risk States “randomised” however, no details

bias)

provided of method used to generate the
random sequence

Allocation concealment (selection bias) Unclear risk No description of method used to conceal
allocation.
Blinding of participants and personnel Unclear risk Not described, but unlikely due to the na-

(performance bias)
All outcomes

ture of the intervention
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Ramos 2015  (Continued)

Blinding of outcome assessment (detection
bias)

All outcomes

Unclear risk Protocol states single blind (investigator),
but no further details provided

Incomplete outcome data (attrition bias)  Unclear risk Study is ongoing.
All outcomes
Selective reporting (reporting bias) Unclear risk Assessed from protocol and very brief in-

terim abstract; notall prespecified outcomes
were reported at this stage

Other bias Unclear risk Insufficient information at this stage.
Youngwanichsetha 2014

Methods Parallel-arm, randomised controlled trial.

Participants 180 women.

Inclusion: pregnant women diagnosed with GDM Al, 24-30 weeks gestational age,
fasting blood glucose concentration less than 105 mg/dL, postprandial blood glucose
concentration less than 120 mg/dL, not receiving insulin therapy for glycaemic control,
no serious complications such as gestational hypertension, pre-eclampsia, preterm labour
or other serious health problems

Exclusion: blood glucose concentration higher than 120 mg/L and therefore receiving
insulin therapy for glycaemic control

Setting: tertiary hospital in southern Thailand, which is the referral centre for diabetes
care

Timing: not stated.

Interventions Exercise group: trained to perform mindfulness eating and yoga exercise in 2 50 minute
sessions. Then encouraged to continue mindfulness eating and yoga exercise at home
for 15 to 20 minutes, 5 times a week for 8 weeks. Encouraged and monitored by the
research team every week by phone and at face to face appointments (n = 90)
versus
control group: standard diabetes care (n = 90).

Outcomes Fasting and postprandial blood glucose concentrations, glysated haemoglobin (HbA1c)

Notes Funding source: no details.

Declarations of interest: no details.

Risk of bias

Bias Authors’ judgement Support for judgement

Random sequence generation (selection Unclear risk No information provided on method used

bias)

to generate random sequence
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Youngwanichsetha 2014  (Continued)

Allocation concealment (selection bias)

Unclear risk

Opaque envelopes used. No information
provided on numbering sequence

Blinding of participants and personnel
(performance bias)
All outcomes

Unclear risk

Not described as blinded. Unlikely due to

nature of intervention

Blinding of outcome assessment (detection
bias)

All outcomes

Unclear risk

No mention of blinding of outcome asses-
sors.

Incomplete outcome data (attrition bias)
All outcomes

Unclear risk

90 women were randomised to each group.
5 women from each group did not complete
the study or were lost to follow-up

Selective reporting (reporting bias)

Unclear risk

This study was assessed from a published
report without access to the protocol, how-
ever outcomes specified in the publication
were reported on

Other bias Unclear risk Unclear
BMI: body mass index
bpm: beats per minute
GDM: gestational diabetes mellitus
Hb: haemoglobin
OGTT: oral glucose tolerance test
pPROM: preterm premature rupture of membranes
Characteristics of excluded studies /[ordered by study ID]
Study Reason for exclusion
Barakat 2013 Ineligible population: examines the effect of exercise on the prevention of GDM
Berry 2013 Ineligible intervention: the exercise component of the intervention commences at 6 weeks postpartum
Chen 1997 Ineligible population: the participants have an abnormal oral glucose challenge test, but are not diagnosed
with GDM
Deshpande 2013 Ineligible population: participants are women with “high risk pregnancy” including women with diabetes
at the time of trial entry
Ehrlich 2016 Ineligible trial design: prospective cohort study - not randomised
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(Continued)

Fieril 2015

Ineligible population:

participants were healthy women without GDM

Garcia-Patterson 2001 Ineligible trial design:

not randomised.

Lesser 1996

Ineligible trial design:

cross-over trial.

Melo 2008 Ineligible population: healthy participants.

Moholdt 2013 Ineligible trial design: cross-over trial.

Nobles 2015 Ineligible population: examines the effect of exercise in prevention of GDM

Ong 2009 Ineligible population: participants do not have a diagnosis of GDM

Yin 2014 Ineligible trial/population: systematic review on effect of physical activity on prevention of GDM

GDM: gestational diabetes mellitus

Characteristics of studies awaiting assessment /[ordered by study ID]

Frias 2012

Methods Interventional treatment trial.

Participants ~ Women, 18 years and older, newly diagnosed with GDM.
Women with pre-existing diabetes are excluded.

Interventions Intervention group: instructed on moderate-to-vigorous intensity exercise
Control group: routine diet and exercise counselling.

Outcomes Need for medication for diabetes
Birthweight
HbAlc at delivery
Mode of delivery

Notes ClinicalTrials.gov stated this trial has been terminated due to recruitment issues. Attempts will be made to contact

the responsible party for further information

GDM: gestational diabetes mellitus
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Characteristics of ongoing studies /ordered by study ID]

da Silva 2013

Trial name or title

Effects of an aquatic physical exercise program on glycaemic control and perinatal outcomes of gestational
diabetes

Methods

Parallel-arm randomised controlled trial.

Participants

Instituto de Medicina Integral Prof. Fernando Figueira (IMID, Recife, Brazil
Pregnant women recently diagnosed with GDM by OGTT between 24 and 28 weeks’ gestation using IADPSG
criteria

Interventions

Comparison group - usual care consisting of standard dietary and exercise advice

Intervention group - in addition to standard dietary and exercise advice, participants in the intervention
group will take part in aquatic exercises such as walking, walking backwards, swimming laps, jogging, step
climbing and strength exercises in a temperature maintained swimming pool for 45 minutes, 3 times a week,
conducted from GDM diagnosis until the end of the third trimester

Outcomes

Primary - glucose control.
Secondary - weight gain in pregnancy, systolic and diastolic blood pressure, pre-eclampsia, urinary tract
infections, vaginal infections, intrauterine growth restriction, preterm birth, caesarean section, birth injury,

macrosomia, maternal or neonatal intensive care admission

Starting date

Recruitment between August 2013 to March 2014.

Contact information

joaoguilherme@imip.org.br

Notes

Reference for protocol: da Silva 2013b
Clinicaltrials.gov identifier: NCT01940003.

Kokic 2014

Trial name or title

Structured aerobic and resistance exercise and gestational diabetes

Methods Parallel-arm randomised controlled trial.

Participants Association for Functional Rehabiliations, Recreation and Applied Kinesiology Impulse, Zagreb, Croatia
Pregnant women between the ages of 20 and 40, with established diagnosis of GDM

Interventions Comparison group - standard antenatal care.
Intervention group - participation in a 50-minute structured exercise program twice a week consisting of
aerobic, resistance and stretching and relaxation exercises, conducted from GDM diagnosis until the end of
pregnancy

Outcomes Primary - number of women with complications during pregnancy, labour and delivery, blood glucose levels,
need for insulin and oral hypoglycaemic drugs, caesarean section and other operative delivery methods, other
adverse occurrences during pregnancy
Secondary - macrosomia, weight gain in pregnancy, body mass and fat percentage, lower back pain, physical
activity in pregnancy (questionnaire)
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Kokic 2014  (Continued)

Starting date Janurary 2014 - December 2014.

Contact information  Iva Sklempe Kokic.

Notes Clinicaltrials.gov identifier: NCT02196571.

Shaw 2005

Trial name or title Strength training in gestational diabetes mellitus.
Methods Parallel-arm randomised controlled trial.

Participants International Diabetes Insitute, Melbourne, Australia.

Pregnant women between the ages of 18 and 40 years, diagnosed with GDM

Interventions Comparison group - usual care.
Intervention group - supervised 45-minute strength training program twice a week from diagnosis of GDM
to birth

Outcomes Primary - changes in fasting glucose concentrations.

Secondary - changes in HbAlc, use of insulin, time until use of insulin, insulin resistance, blood pressure,

muscle strength

Starting date Retrospectively registered - start date March 2005.

Contact information  jshaw@idi.org.au

Notes ANZCTR identifier: ACTRN12605000378628.

GDM: gestational diabetes mellitus
OGTT: oral glucose tolerance test
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DATA AND ANALYSES

Comparison 1. Exercise versus control

No. of No. of

Outcome or subgroup title studies participants Statistical method Effect size

1 Hypertensive disorders of 2 48 Risk Ratio (M-H, Fixed, 95% CI) 0.31 [0.01, 7.09]
pregnancy (pre-eclampsia)

2 Caesarean section 5 316 Risk Ratio (M-H, Fixed, 95% CI) 0.86 [0.63, 1.16]

3 Perinatal mortality (stillbirth and 1 19 Risk Ratio (M-H, Fixed, 95% CI) 0.0 [0.0, 0.0]
neonatal mortality)

4 Mortality and morbidity 2 169 Risk Ratio (M-H, Fixed, 95% CI) 0.56 [0.12, 2.61]
composite (variously defined
by trials, e.g. perinatal or infant
death, shoulder dystocia, bone
fracture or nerve palsy)

5 Use of additional 7 413 Risk Ratio (M-H, Fixed, 95% CI) 0.76 [0.54, 1.08]
pharmacotherapy

6 Maternal hypoglycaemia 1 34 Risk Ratio (M-H, Fixed, 95% CI) 0.0 [0.0, 0.0]

7 Glycaemic control end of 1 34 Mean Difference (IV, Fixed, 95% CI) 0.28 [0.04, 0.52]
treatment (Mean)

8 Glycaemic control end of 4 363 Std. Mean Difference (IV, Random, 95% CI)  -0.59 [-1.07, -0.11]
treatment (Fasting blood
glucose concentration)

9 Glycaemic control end of 3 344 Std. Mean Difference (IV, Random, 95% CI)  -0.85 [-1.15, -0.55]
treatment (Postprandial blood
glucose concentration)

10 Glycaemic control end of 2 320 Mean Difference (IV, Fixed, 95% CI) -0.43 [-0.51, -0.35]
treatment (HbA1c)

11 Glycaemic control end of 1 19 Mean Difference (IV, Fixed, 95% CI) -81.6 [-96.03, -67.
treatment (Glucose tolerance 17]
test)

12 Weight gain in pregnancy 2 104 Mean Difference (IV, Fixed, 95% CI) -0.34 [-1.25, 0.58]

13 Weight gain in pregnancy 1 79 Risk Ratio (M-H, Fixed, 95% CI) 0.9 [0.47, 1.72]
(Excessive)

14 Adherence to the intervention 1 19 Risk Ratio (M-H, Fixed, 95% CI) 1.0 [0.83, 1.21]

15 Induction of labour 1 40 Risk Ratio (M-H, Fixed, 95% CI) 1.38 [0.71, 2.68]

16 Maternal mortality 2 48 Risk Ratio (M-H, Fixed, 95% CI) 0.0 [0.0, 0.0]

17 Views of the intervention 1 40 Mean Difference (IV, Fixed, 95% CI) 0.0 [0.0, 0.0]
(favourable)

18 Postnatal weight retention or 3 254 Mean Difference (IV, Fixed, 95% CI) 0.11 [-1.04, 1.26]
return to pre-pregnancy weight

18.1 Maternal BMI 3 254 Mean Difference (IV, Fixed, 95% CI) 0.11 [-1.04, 1.26]

(follow-up) kg/m2

19 Stillbirth 1 29 Risk Ratio (M-H, Fixed, 95% CI) 0.0 [0.0, 0.0]

20 Macrosomia 5 296 Risk Ratio (M-H, Fixed, 95% CI) 0.69 [0.35, 1.35]

21 Gestational age at birth 4 167 Mean Difference (IV, Fixed, 95% CI) -0.01 [-0.40, 0.38]

22 Preterm birth 5 302 Risk Ratio (M-H, Fixed, 95% CI) 0.95 [0.39, 2.36]
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23 Five-minute Apgar < seven 1 34 Risk Ratio (M-H, Fixed, 95% CI) 0.33 [0.01, 7.65]
24 Birthweight 6 192 Mean Difference (IV, Fixed, 95% CI) -61.50 [-195.21, 72.
20]

25 Length (cm) (at birth) 1 34 Mean Difference (IV, Fixed, 95% CI) -1.70 [-3.41, 0.01]

26 Neonatal hypoglycaemia 1 34 Risk Ratio (M-H, Fixed, 95% CI) 2.0 [0.20, 20.04]

27 Respiratory distress syndrome 1 34 Risk Ratio (M-H, Fixed, 95% CI) 0.0 [0.0, 0.0]

28 Neonatal jaundice 1 34 Risk Ratio (M-H, Fixed, 95% CI) 0.33 [0.01, 7.65]
(hyperbilirubinaemia)

29 Hypocalcaemia 1 34 Risk Ratio (M-H, Fixed, 95% CI) 0.0 [0.0, 0.0]

Analysis 1.1. Comparison | Exercise versus control, Outcome | Hypertensive disorders of pregnancy (pre-

eclampsia).

Review: Exercise for pregnant women with gestational diabetes for improving maternal and fetal outcomes

Comparison: | Exercise versus control

Outcome: | Hypertensive disorders of pregnancy (pre-eclampsia)

Study or subgroup Exercise Control Risk Ratio Weight Risk Ratio
n/N n/N M-HFixed,95% ClI M-H Fixed,95% ClI
Jovanovic-Peterson 1989 0/10 0/9 Not estimable
Avery 1997 0/15 114 —— 100.0 % 031 [001,7.09]
Total (95% CI) 25 23 T—— 100.0 % 0.31 [ 0.01, 7.09 ]
Total events: O (Exercise), | (Control)
Heterogeneity: not applicable
Test for overall effect: Z = 0.73 (P = 0.47)
Test for subgroup differences: Not applicable
00l 0.1 | 10 100
Favours exercise Favours control
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Analysis 1.2. Comparison | Exercise versus control, Outcome

Review: Exercise for pregnant women with gestational diabetes for improving maternal and fetal outcomes

Comparison: | Exercise versus control

Outcome: 2 Caesarean section

2 Caesarean section.

Study or subgroup Exercise Control Risk Ratio Weight Risk Ratio
n/N n/N M-H,Fixed,95% CI M-HFixed,95% Cl
Avery 1997 3/15 3/14 - 62% 0931022 388]
Bo 2014 (1) 4126 10749 - 138% 075[026,2.17]
Bo 2014 (2) 5/25 13/50 — 172% 077031, 192]
Bung 1991 2/17 3/17 T 60 % 0.67[0.13,350]
de Barros 2010 21731 24/32 = 469 % 090066, 1.24]
Halse 2014 5/20 5/20 99 % 1.00 [ 0.34,2.93]
Total (95% CI) 134 182 - 100.0 % 0.86 [ 0.63, 1.16 ]
Total events: 40 (Exercise), 58 (Control)
Heterogeneity: Chi? = 040, df = 5 (P = 1.00); 1> =0.0%
Test for overall effect: Z = 0.99 (P = 0.32)
Test for subgroup differences: Not applicable
0.2 0.5 | 2 5
Favours exercise Favours control

(I Exercise vs behavioural intervention

(2) Exercise vs diet
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Analysis 1.3. Comparison | Exercise versus control, Outcome 3 Perinatal mortality (stillbirth and neonatal
mortality).

Review: Exercise for pregnant women with gestational diabetes for improving maternal and fetal outcomes
Comparison: | Exercise versus control

Outcome: 3 Perinatal mortality (stillbirth and neonatal mortality)

Study or subgroup Exercise Control Risk Ratio Weight Risk Ratio
n/N n/N M-HFixed,95% Cl M-HFixed,95% ClI
Jovanovic-Peterson 1989 0/10 0/9 Not estimable

Total (95% CI) 10 9 Not estimable
Total events: O (Exercise), O (Control)
Heterogeneity: not applicable

Test for overall effect: not applicable

Test for subgroup differences: Not applicable

0.0l 0.1 | 10 100

Favours exercise Favours control

Analysis 1.4. Comparison | Exercise versus control, Outcome 4 Mortality and morbidity composite
(variously defined by trials, e.g. perinatal or infant death, shoulder dystocia, bone fracture or nerve palsy).

Review: Exercise for pregnant women with gestational diabetes for improving maternal and fetal outcomes

Comparison: | Exercise versus control

Outcome: 4 Mortality and morbidity composite (variously defined by trials, e.g. perinatal or infant death, shoulder dystocia, bone fracture or nerve palsy)

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

Bo 2014 (1) 1126 2/49 — 294 % 0941009,991]
Bo 2014 (2) 1125 5/50 —— 70.6 % 040005, 3.24]
Jovanovic-Peterson 1989 0/10 0/9 Not estimable

Total (95% CI) 61 108 ——— 100.0 % 0.56 [ 0.12, 2.61 ]
Total events: 2 (Exercise), 7 (Control)

Heterogeneity: Chi2 = 029, df = | (P = 0.59); I> =0.0%
Test for overall effect: Z = 0.74 (P = 0.46)

Test for subgroup differences: Not applicable
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(I Exercise vs behavioural intervention

(2) Exercise vs diet

Analysis 1.5. Comparison | Exercise versus control, Outcome 5 Use of additional pharmacotherapy.

Review: Exercise for pregnant women with gestational diabetes for improving maternal and fetal outcomes
Comparison: | Exercise versus control

Outcome: 5 Use of additional pharmacotherapy

Study or subgroup Exercise Control Risk Ratio Weight Risk Ratio
n/N n/N M-HFixed,95% Cl M-HFixed,95% ClI
Adam 2014 15/40 13/39 = 260 % [.13[0.62,204]
Avery 1997 (1) 4/15 2/14 4.1 % 1.87 [ 040, 8.65]
Bo 2014 (2) 1126 3/49 D 4.1 % 0.63[0.07,574]
Bo 2014 (3) 2/25 5/50 e 6.6 % 0.80[0.17,384]
Brankston 2004 7116 916 - 17.8 % 0.78 [ 038, 1.57 ]
de Barros 2010 7/32 18/32 L 355% 0.39[0.19,080]
Halse 2014 2/20 3/20 [ E— 59 % 0.67[0.12,357]
Jovanovic-Peterson 1989 0/10 0/9 Not estimable
Total (95% CI) 184 229 - 100.0 % 0.76 [ 0.54, 1.08 ]
Total events: 38 (Exercise), 53 (Control)
Heterogeneity: Chi? = 6.33, df = 6 (P = 0.39); I> =5%
Test for overall effect: Z = 1.52 (P = 0.13)
Test for subgroup differences: Not applicable
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Analysis 1.6. Comparison | Exercise versus control, Outcome 6 Maternal hypoglycaemia.

Review: Exercise for pregnant women with gestational diabetes for improving maternal and fetal outcomes

Comparison: | Exercise versus control

Outcome: 6 Maternal hypoglycaemia

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

Bung 1991 o/17 o/17 Not estimable
Total (95% CI) 17 17 Not estimable

Total events: O (Exercise), O (Control)
Heterogeneity: not applicable
Test for overall effect: not applicable

Test for subgroup differences: Not applicable

0.0l

Favours exercise

0.1 | 10 100

Favours control

Analysis 1.7. Comparison | Exercise versus control, Outcome 7 Glycaemic control end of treatment
(Mean).

Review: Exercise for pregnant women with gestational diabetes for improving maternal and fetal outcomes

Comparison: | Exercise versus control

Outcome:

7 Glycaemic control end of treatment (Mean)

Mean Mean

Study or subgroup Exercise Control Difference Weight Difference
N Mean(SD) N Mean(SD) IV,Fixed95% Cl IV,Fixed 95% Cl

Bung 1991 17 52 (0.35) 17 492 (0.35) i 100.0 % 028004, 052 ]
Total (95% CI) 17 17 —— 100.0 % 0.28 [ 0.04, 0.52 ]

Heterogeneity: not applicable
Test for overall effect: Z = 2.33 (P = 0.020)
Test for subgroup differences: Not applicable
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Analysis 1.8. Comparison | Exercise versus control, Outcome 8 Glycaemic control end of treatment
(Fasting blood glucose concentration).

Review: Exercise for pregnant women with gestational diabetes for improving maternal and fetal outc
Comparison: | Exercise versus control

Outcome: 8 Glycaemic control end of treatment (Fasting blood glucose concentration)

omes

Std. Std.

Mean Mean

Study or subgroup Exercise Control Difference Weight Difference

N Mean(SD) N Mean(SD) [V.Random,95% Cl IVRandom,95% Cl

Bo 2014 (1) 25 725 (10.1) 50 74.1 (10.1) = 235% -0.16 [-0.64,0.32]
Bo 2014 (2) 26 725 (10.1) 49 741 (11.4) — 236 % -0.14[-0.62,033]
Brankston 2004 12 4.7 (0.39) 12 5.1(065) &= 16.0 % -0.72 [-1.55,0.1'1]
Jovanovic-Peterson 1989 10 70.1 (6.6) 9 876 (62) 9.5% 261 [-390,-131]
Youngwanichsetha 2014 85 8339 (7.69) 85 87.85 (7.94) = 274 % -0.57 [-0.87,-0.26 ]
Total (95% CI) 158 205 —— 100.0 % -0.59 [-1.07,-0.11]

Heterogeneity: Tau? = 0.19; Chi? = 14.62, df = 4 (P = 001); 1> =73%
Test for overall effect: Z = 241 (P = 0.016)
Test for subgroup differences: Not applicable
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Analysis 1.9. Comparison | Exercise versus control, Outcome 9 Glycaemic control end of treatment
(Postprandial blood glucose concentration).

Review: Exercise for pregnant women with gestational diabetes for improving maternal and fetal outcomes

Comparison:

Outcome:

| Exercise versus control

9 Glycaemic control end of treatment (Postprandial blood glucose concentration)

Std. Std.
Mean Mean
Study or subgroup Exercise Control Difference Weight Difference
N Mean(SD) N Mean(SD) [V.Random,95% Cl IVRandom,95% ClI
Bo 2014 (1) 26 104.3 (19.8) 49 1125 (15.8) —— 254 % -047 [ -095,001 ]
Bo 2014 (2) 25 104.3 (19.8) 50 1218 (16.1) = 237 % -1.00 [-1.50,-049 ]
Brankston 2004 (3) 12 6(0.29) 12 64 (081) 1 11.3% -0.63[-1.46,0.19 ]
Youngwanichsetha 2014 85 103.7 (9.93) 85 1144 (10.1) & 397 % -1.06 [-1.39,-0.74 ]
Total (95% CI) 148 196 - 100.0 % -0.85 [ -1.15,-0.55 ]
Heterogeneity: Tau? = 0.03; Chi? = 4.57, df = 3 (P = 0.21); I*> =34%
Test for overall effect: Z = 5.53 (P < 0.00001)
Test for subgroup differences: Not applicable
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Analysis 1.10. Comparison | Exercise versus control, Outcome 10 Glycaemic control end of treatment
(HbAIc).

Review: Exercise for pregnant women with gestational diabetes for improving maternal and fetal outcomes

Comparison: | Exercise versus control

Outcome: 10 Glycaemic control end of treatment (HbA c)
Mean Mean
Study or subgroup Exercise Control Difference Weight Difference
N Mean(SD) N Mean(SD) IV,Fixed,95% Cl IV/Fixed,95% Cl
Bo 2014 (1) 26 4.6 (0.5) 49 49 (05) - 1.6 % -030[-0.54,-0.06 ]
Bo 2014 (2) 25 4.6 (0.5) 50 5(04) - 130 % -040[-063,-0.17 ]
Youngwanichsetha 2014 85 523 (0.22) 85 5.68 (0.38) = 754 % -045[-0.54,-0.36 ]
Total (95% CI) 136 184 b 100.0 % -0.43 [ -0.51,-0.35 ]

Heterogeneity: Chi? = 1.38, df = 2 (P = 0.50); 1> =0.0%
Test for overall effect: Z = 10.30 (P < 0.00001)
Test for subgroup differences: Not applicable

(I Exercise v behavioural intervention

(2) Exercise v diet
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Analysis |.11. Comparison | Exercise versus control, Outcome || Glycaemic control end of treatment
(Glucose tolerance test).

Review: Exercise for pregnant women with gestational diabetes for improving maternal and fetal outcomes

Comparison: | Exercise versus control
Outcome: || Glycaemic control end of treatment (Glucose tolerance test)
Mean Mean
Study or subgroup Exercise Control Difference Weight Difference
N Mean(SD) N Mean(SD) IV/Fixed,95% Cl IV,Fixed,95% Cl
Jovanovic-Peterson 1989 10 1059 (189) 9 1875(129) T 100.0 % 81,60 [ 9603, -67.17 ]
Total (95% CI) 10 9 - 100.0 % -81.60 [ -96.03, -67.17 ]
Heterogeneity: not applicable
Test for overall effect: Z = 11.08 (P < 0.00001)
Test for subgroup differences: Not applicable
100 50 0 50 100
Favours exercise Favours control

Analysis 1.12. Comparison | Exercise versus control, Outcome |12 Weight gain in pregnancy.

Review: Exercise for pregnant women with gestational diabetes for improving maternal and fetal outcomes

Comparison: | Exercise versus control

Outcome: 12 Weight gain in pregnancy

Mean Mean
Study or subgroup Exercise Control Difference Weight Difference
N Mean(SD) N Mean(SD) IV,Fixed,95% Cl IV Fixed,95% ClI
de Barros 2010 32 1'1.28 (5.63) 32 12.64 (5.29) ] 1.7 % -1.36 [-4.04, 1.32]
Halse 2014 20 0.8 (1.3) 20 I (1.8) —i— 883 % -020[-1.17,077 ]
Total (95% CI) 52 52 — 100.0 %  -0.34 [ -1.25,0.58 ]
Heterogeneity: Chi2 = 0.64, df = | (P = 042); I> =0.0%
Test for overall effect: Z = 0.72 (P = 0.47)
Test for subgroup differences: Not applicable
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Analysis 1.13. Comparison | Exercise versus control, Outcome |13 Weight gain in pregnancy (Excessive).

Review: Exercise for pregnant women with gestational diabetes for improving maternal and fetal outcomes

Comparison: | Exercise versus control

Outcome:

I3 Weight gain in pregnancy (Excessive)

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

Adam 2014 12/40 13/39 . 100.0 % 090[047, 1.72]
Total (95% CI) 40 39 - 100.0 % 0.90 [ 0.47, 1.72 ]

Total events: |12 (Exercise), 13 (Control)
Heterogeneity: not applicable

Test for overall effect: Z = 0.32 (P = 0.75)
Test for subgroup differences: Not applicable

0.005 0.1 |

Favours exercise

10 200

Favours control

Analysis 1.14. Comparison | Exercise versus control, Outcome 14 Adherence to the intervention.
Review: Exercise for pregnant women with gestational diabetes for improving maternal and fetal outcomes
Comparison: | Exercise versus control
Outcome: 14 Adherence to the intervention
Study or subgroup Exercise Control Risk Ratio Weight Risk Ratio
n/N n/N M-H Fixed,95% ClI M-HFixed,95% Cl
Jovanovic-Peterson 1989 10/10 919 - 100.0 % 1.00[ 083, 1.21]
Total (95% CI) 10 9 b 100.0 % 1.00 [ 0.83, 1.21 ]

Total events: 10 (Exercise), 9 (Control)
Heterogeneity: not applicable

Test for overall effect: Z = 0.0 (P = 1.0)

Test for subgroup differences: Not applicable
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Analysis 1.15. Comparison | Exercise versus control, Outcome |5 Induction of labour.

Review: Exercise for pregnant women with gestational diabetes for improving maternal and fetal outcomes

Comparison: | Exercise versus control

Outcome: 15 Induction of labour

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

Halse 2014 11720 8/20 . 100.0 % 1.38[0.71,268]
Total (95% CI) 20 20 - 100.0 % 1.38 [ 0.71, 2.68 |
Total events: | | (Exercise), 8 (Control)
Heterogeneity: not applicable
Test for overall effect: Z = 0.94 (P = 0.35)
Test for subgroup differences: Not applicable

00l 0.1 | 10 100
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Analysis 1.16. Comparison | Exercise versus control, Outcome |16 Maternal mortality.

Review: Exercise for pregnant women with gestational diabetes for improving maternal and fetal outcomes

Comparison: | Exercise versus control

Outcome: |6 Maternal mortality

Study or subgroup Exercise Control Risk Ratio Weight Risk Ratio
n/N n/N M-H Fixed,95% CI M-HFixed,95% Cl
Avery 1997 o/14 0/15 Not estimable
Jovanovic-Peterson 1989 0/10 0/9 Not estimable
Total (95% CI) 24 24 Not estimable
Total events: O (Exercise), O (Control)
Heterogeneity: not applicable
Test for overall effect: not applicable
Test for subgroup differences: Not applicable
0.0l 0.1 | 10 100
Favours exercise Favours control
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Analysis 1.17. Comparison | Exercise versus control, Outcome 17 Views of the

Review: Exercise for pregnant women with gestational diabetes for improving maternal and fetal outcomes

intervention (favourable).

Comparison: | Exercise versus control
Outcome: |7 Views of the intervention (favourable)
Mean Mean
Study or subgroup Exercise Control Difference Weight Difference
N Mean(SD) N Mean(SD) IV,Fixed,95% Cl IV/Fixed,95% CI
Halse 2014 20 7 (0) 20 6 (1) Not estimable
Total (95% CI) 20 20 Not estimable

Heterogeneity: not applicable

Test for overall effect: not applicable

Test for subgroup differences: Not applicable

-100 -50 0 50

Favours exercise

100

Favours control

Analysis 1.18. Comparison | Exercise versus control, Outcome |8 Postnatal weight retention or return to

pre-pregnancy weight.

Review: Exercise for pregnant women with gestational diabetes for improving maternal and fetal outcomes

Comparison: | Exercise versus control
Outcome: |8 Postnatal weight retention or return to pre-pregnancy weight
Mean Mean
Study or subgroup Exercise Control Difference Weight Difference
N Mean(SD) N Mean(SD) IVFixed,95% ClI IV Fixed,95% ClI
| Maternal BMI (follow-up) kg/m2
Bo 2014 (1) 26 277 (43) 49 275 (44) 31.0% 0.20[-1.86,226]
Bo 2014 (2) 25 277 (43) 50 275 (45) 300 % 0.20[-1.90,230]
de Barros 2010 32 30.38 (4.36) 32 2992 (4.12) = 305 % 046 [ -1.62,254]
Halse 2014 20 283 (6.5) 20 30.1 (62) —_— 85% -1.80 [-5.74, 2.14 ]
Total (95% CI) 103 151 —— 100.0 %  0.11 [-1.04,1.26]
Heterogeneity: Chi? = 1.03, df = 3 (P = 0.79); I> =0.0%
Test for overall effect: Z = 0.19 (P = 0.85)
Test for subgroup differences: Not applicable
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(I Exercise v behavioural intervention

(2) Exercise v diet

Analysis 1.19. Comparison | Exercise versus control, Outcome 19 Stillbirth.

Review: Exercise for pregnant women with gestational diabetes for improving maternal and fetal outcomes

Comparison: | Exercise versus control

Outcome: 19 Stillbirth

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

Avery 1997 0/15 0/14 Not estimable
Total (95% CI) 15 14 Not estimable

Total events: O (Exercise), O (Control)
Heterogeneity: not applicable
Test for overall effect: not applicable

Test for subgroup differences: Not applicable
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Analysis 1.20. Comparison | Exercise versus control, Outcome 20 Macrosomia.
Review: Exercise for pregnant women with gestational diabetes for improving maternal and fetal outcomes
Comparison: | Exercise versus control

Outcome: 20 Macrosomia

Study or subgroup Exercise Control Risk Ratio Weight Risk Ratio
n/N n/N M-H Fixed,95% Cl M-H Fixed,95% Cl
Avery 1997 3/15 3/14 . 170 % 0931022 388]
Bo 2014 (1) 3/25 7150 = 256 % 086 [024,3.04]
Bo 2014 (2) 2/26 5/49 — 19.0 % 075[0.16,3.62]
Bung 1991 217 417 — 219 % 050[0.11,238]
de Barros 2010 1132 3/32 - 165 % 033[004,3.04]
Jovanovic-Peterson 1989 0/10 0/9 Not estimable
Total (95% CI) 125 171 - 100.0 % 0.69 [ 0.35,1.35 ]
Total events: | | (Exercise), 22 (Control)
Heterogeneity: Chi? = 0.88, df = 4 (P = 0.93); 1> =0.0%
Test for overall effect: Z = 1.09 (P = 0.28)
Test for subgroup differences: Not applicable
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Analysis 1.21. Comparison | Exercise versus control, Outcome 21 Gestational age at birth.
Review: Exercise for pregnant women with gestational diabetes for improving maternal and fetal outcomes
Comparison: | Exercise versus control

Outcome: 2| Gestational age at birth

Mean Mean
Study or subgroup Exercise Control Difference Weight Difference
N Mean(SD) N Mean(SD) IV,Fixed,95% Cl IV,Fixed,95% Cl
Avery 1997 15 394 (12) 14 39.7 (09) — 260 % -0.30 [-1.07,047 ]
Bung 1991 17 389 (1.7) 17 382 (2) T 99 % 0.70 [ -0.55, 195 ]
de Barros 2010 32 3861 (1.13) 32 3857 (1.24) L. 45.6 % 0.04 [ -0.54,0.62 ]
Halse 2014 20 386 (1.7) 20 387 (12) — 18.5 % -0.10[-1.01,081 ]
Total (95% CI) 84 83 * 100.0 %  -0.01 [ -0.40, 0.38 ]
Heterogeneity: Chi2 = 1.86, df = 3 (P = 0.60); I> =0.0%
Test for overall effect: Z = 0.05 (P = 0.96)
Test for subgroup differences: Not applicable
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Analysis 1.22. Comparison | Exercise versus control, Outcome 22 Preterm birth.

Review: Exercise for pregnant women with gestational diabetes for improving maternal and fetal outcomes
Comparison: | Exercise versus control

Outcome: 22 Preterm birth

Study or subgroup Exercise Control Risk Ratio Weight Risk Ratio
n/N n/N M-H Fixed,95% Cl M-HFixed,95% ClI
Avery 1997 0/15 o/14 Not estimable
Bo 2014 (1) 1125 4/50 — & 295 % 0.50[0.06,424]
Bo 2014 (2) 1126 2/49 - 153 % 0.94[0.09,991]
de Barros 2010 3/32 3/32 = 331 % 1.00[022,459]
Halse 2014 3/20 2/20 — 22.1 % 1.50[028,804]
Jovanovic-Peterson 1989 0/10 0/9 Not estimable
Total (95% CI) 128 174 el 100.0 % 0.95 [ 0.39, 2.36 ]
Total events: 8 (Exercise), || (Control)
Heterogeneity: Chi2 = 0.63, df = 3 (P = 0.89); I> =0.0%
Test for overall effect: Z = 0.10 (P = 0.92)
Test for subgroup differences: Not applicable
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Analysis 1.23. Comparison | Exercise versus control, Outcome 23 Five-minute Apgar < seven.

Review: Exercise for pregnant women with gestational diabetes for improving maternal and fetal outcomes

Comparison: | Exercise versus control

Outcome: 23 Five-minute Apgar < seven

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

Bung 1991 0/17 117 —l— 100.0 % 0.33[001,7.65]
Total (95% CI) 17 17 — 100.0 % 0.33 [ 0.01, 7.65 ]
Total events: O (Exercise), | (Control)
Heterogeneity: not applicable
Test for overall effect: Z = 0.69 (P = 0.49)
Test for subgroup differences: Not applicable
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Analysis 1.24. Comparison | Exercise versus control, Outcome 24 Birthweight.

Review: Exercise for pregnant women with gestational diabetes for improving maternal and fetal outcomes

Comparison: | Exercise versus control

Outcome: 24 Birthweight

Mean Mean
Study or subgroup Exercise Control Difference Weight Difference
N Mean(SD) N Mean(SD) IV,Fixed 95% Cl IV,Fixed 95% Cl
Avery 1997 I5 3419 (528) 14 3609 (428) T 14.7 % -190.00 [ -538.80, 158.80 ]
Bung 1991 17 3379 (534) 17 3482 (502) T 14.7 % -103.00 [ -451.40, 245.40 ]
de Barros 2010 32 3230 (450) 32 3300 (490) —E— 336 % -70.00 [ -300.50, 160.50 ]
Halse 2014 20 3176 (625) 20 3319 (478) = 150 % -143.00 [ -487.84, 201.84 ]
Jovanovic-Peterson 1989 10 3634 (317) 9 3465 (343) - 20.1 % 169.00 [ -129.02, 467.02 ]
Ramos 2015 2 3620 (714) 4 4037 (180) 7 1.8 % -417.00 [ -1422.13, 588.13 ]
Total (95% CI) 96 96 - 100.0 % -61.50 [ -195.21, 72.20 ]
Heterogeneity: Chi2 = 3.57,df = 5 (P = 0.61); I> =0.0%
Test for overall effect: Z = 0.90 (P = 0.37)
Test for subgroup differences: Not applicable
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Analysis 1.25. Comparison | Exercise versus control, Outcome 25 Length (cm) (at birth).

Review: Exercise for pregnant women with gestational diabetes for improving maternal and fetal outcomes

Comparison: | Exercise versus control

Outcome: 25 Length (cm) (at birth)

Mean Mean

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

Bung 1991 17 493 (2) 17 51 (3) 100.0 % -1.70[-341,001 ]
Total (95% CI) 17 17 100.0%  -1.70 [ -3.41, 0.01 ]

Heterogeneity: not applicable
Test for overall effect: Z = 1.94 (P = 0.052)
Test for subgroup differences: Not applicable
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Analysis 1.26. Comparison | Exercise versus control, Outcome 26 Neonatal hypoglycaemia.

Review: Exercise for pregnant women with gestational diabetes for improving maternal and fetal outcomes
Comparison: | Exercise versus control

Outcome: 26 Neonatal hypoglycaemia

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

Bung 1991 2/17 1117 + 100.0 % 2.00[0.20,20.04 ]
Total (95% CI) 17 17 —— 100.0 % 2.00 [ 0.20, 20.04 ]

Total events: 2 (Exercise), | (Control)
Heterogeneity: not applicable

Test for overall effect: Z = 0.59 (P = 0.56)
Test for subgroup differences: Not applicable
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Analysis 1.27. Comparison | Exercise versus control, Outcome 27 Respiratory distress syndrome.

Review: Exercise for pregnant women with gestational diabetes for improving maternal and fetal outcomes
Comparison: | Exercise versus control

Outcome: 27 Respiratory distress syndrome

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

Bung 1991 o/17 o/17 Not estimable
Total (95% CI) 17 17 Not estimable

Total events: O (Exercise), O (Control)
Heterogeneity: not applicable
Test for overall effect: not applicable

Test for subgroup differences: Not applicable
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Analysis 1.28. Comparison | Exercise versus control, Outcome 28 Neonatal jaundice (hyperbilirubinaemia).

Review: Exercise for pregnant women with gestational diabetes for improving maternal and fetal outcomes
Comparison: | Exercise versus control

Outcome: 28 Neonatal jaundice (hyperbilirubinaemia)

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

Bung 1991 o/17 1717 4.'* 100.0 % 0.33[001,7.65]
Total (95% CI) 17 17 T—— 100.0 % 0.33 [ 0.01, 7.65 ]

Total events: O (Exercise), | (Control)
Heterogeneity: not applicable

Test for overall effect: Z = 0.69 (P = 0.49)
Test for subgroup differences: Not applicable
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Analysis 1.29. Comparison | Exercise versus control, Outcome 29 Hypocalcaemia.

Review: Exercise for pregnant women with gestational diabetes for improving maternal and fetal outcomes
Comparison: | Exercise versus control

Outcome: 29 Hypocalcaemia

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

Bung 1991 o/17 o/17 Not estimable
Total (95% CI) 17 17 Not estimable

Total events: O (Exercise), O (Control)
Heterogeneity: not applicable
Test for overall effect: not applicable

Test for subgroup differences: Not applicable
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APPENDICES

Appendix |. Search terms for ICTRP and ClinicalTrials.gov

exercise AND GDM
exercise AND gestational diabetes
exercise AND diabetes AND pregnancy

CONTRIBUTIONS OF AUTHORS

Dr Julie Brown guarantees this review. Dr Gilles Ceysens and Dr Michel Boulvain prepared the original (Ceysens 2006) review upon
which this review is based. For this review, Dr Brown joined the team to provide methodological support to update the review, which
was split into two new reviews on: exercise for pregnant women with gestational diabetes, and exercise for pregnant women with pre-
existing diabetes. A new protocol (Ceysens 2016) was developed to inform this review.
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Dr Gilles Ceysens - none known.
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Dr Michel Boulvain received research funding from Centre de Recherche Clinique (Advanced researcher grant scheme (2007-2010))
to study exercise in pregnancy. One of the studies was a randomised controlled trial evaluating the effects of exercise in women with
gestational diabetes. This study may be eligible for inclusion in this review - Michel Boulvain will not be involved in any decisions
relating to the inclusion of his own study in this review. All tasks relating to that study (assessment for inclusion, risk of bias, data
extraction) will be carried out by the other members of the review team who were not directly involved in the trial. In 2012, he was
invited to speak at the DIP 2012 Congress on gestational diabetes and was reimbursed for travel and accommodation.

SOURCES OF SUPPORT

Internal sources

e Liggins Institute, University of Auckland, New Zealand.
Support for infrastructure to develop this protocol and update the review was received from the Liggins Institute, University of

Auckland.

External sources

e National Institute for Health Research (NIHR), UK.
NIHR Cochrane Programme Grant Project: 13/89/05 - Pregnancy and childbirth systematic reviews to support clinical guidelines,
UK
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DIFFERENCES BETWEEN PROTOCOL AND REVIEW
There are some differences between our published protocol (Ceysens 2016) and this full review.

Dr Julie Brown has now taken over the role of contact person and guarantor for this review.

Methods/types of outcomes - we edited the outcome "Large for gestational age’ to include the criterion (> 4 kg)’.

Methods/Assessment of the quality of the body of evidence using the GRADE approach - for consistency, we edited some outcome
names to match the list of outcomes in the main methods. This relates to the following outcomes.

Maternal

1. ’Hypertensive disorders of pregnancy’ has now been edited to "Hypertensive disorders of pregnancy (as reported by trialists,
including pre-eclampsia, pregnancy-induced hypertension, eclampsia)’

2. ’Perineal trauma’ has now been edited to "Perineal trauma/tearing’

3. 'Return to pre-pregnancy weight' has now been edited to Postnatal weight retention or return to pre-pregnancy weight’

Child (as a fetus, neonatal child or adult)

1. ’Perinatal mortality’ has been edited to Perinatal mortality (stillbirth and neonatal mortality)’

2. ’Composite outcome of serious neonatal outcomes’ has been edited to ’Mortality and morbidity composite (variously defined by
trials, e.g. perinatal or infant death, shoulder dystocia, bone fracture or nerve palsy)’

3. We clarified that ’Diabetes’ could be either type 1 or type 2 and could relate to later infant, childhood or for the child as an adult

4. We clarified that ’Adiposity’ could relate to the neonate, later during infancy, childhood or for the child as an adult

Methods to be utilised in future updates, as appropriate

Data collection and analysis

Unit of analysis issues

Multiple-arm studies

We will avoid 'double-counting’ of participants by combining group to create a single pair-wise comparison, if possible. In this version
of the review it was not possible to do this so we split the shared’ group into two or more groups with smaller sample sizes to include
two or more reasonably independent comparisons.

Sensitivity analysis
Planned sensitivity analyses were not carried out because we did not observe substantial heterogeneity in our analysis and did not

include cluster-randomised controlled trials. We will perform planned sensitivity analyses for the review’s primary outcomes in future
updates, if appropriate.

Subgroup analysis and investigation of heterogeneity

Planned subgroup analyses were not carried out due to insufficient data - these will be performed in future updates, if appropriate.
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