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ABSTRACT

Objectives We performed a systematic review and
meta-analysis to assess the effects of physical activity
in preventing gestational diabetes mellitus (GDM).
Search strategy We searched the literature in six
electronic databases and bibliographies of relevant
articles.

Selection criteria We included randomised controlled
trials on pregnant women who did not have GDM and
other complications previously and had increased
physical activity as the only intervention. The risk of
developing GDM was documented separately for the
intervention and control groups.

Data collection and analysis Two reviewers
extracted data and assessed quality independently. Data
from the included trials were combined using a fixed-
effects model. The effect size was expressed as relative
risk (RR) and 95% Cl.

Main results Of the 1110 studies identified, six
randomised controlled trials met the inclusion criteria.
In three trials, the incidence of GDM was lower in the
intervention group than in the control group, whereas
two trials showed a higher incidence of GDM in the
intervention group and the remaining trial found no
GDM in either the intervention or control group. The
meta-analysis resulted in a relative risk (RR) of GDM of
0.91 (95% CI 0.57 to 1.44), suggesting no significant
difference in the risk of developing GDM between the
intervention and the control groups. No indication of
publication bias was found.

Conclusions Evidence was insufficient to suggest that
physical activity during pregnancy might be effective to
lower the risk of developing GDM.

INTRODUCTION

Gestational diabetes mellitus (GDM) is one of the
most common complications of pregnancy' and is
associated with numerous unfavourable outcomes
for both the offspring and the mothers—because of
the transient abnormality in carbohydrate metabol-
ism and glycaemic control.> The prevalence of ges-
tational diabetes has been reported to be as high as
14%.% It is not only increasing worldwide, but
varies with diagnostic criteria, ethnicity and the
population studied.* Women with GDM are at a
higher risk of undergoing caesarean section’ and
induction of labour® and developing type 2 dia-
betes mellitus (T2DM)” than those who have had a
normal glycaemic pregnancy. As for infants born by
women with GDM, they are more likely to experi-
ence overweight or obesity, develop type 1 or type
2 diabetes mellitus and have impaired intellectual

achievement.>'° The non-modifiable risk factors
for GDM are varied: advanced maternal age, non-
white race/ethnicity, history of macrosomia (birth-
weight at least 4000 g) and history of GDM.!1"13
Fortunately, because GDM is a consequence of gly-
caemic control, it may be modifiable by dietary or
physical activity.'*> '* '3 Physical exercise has been
proved to successfully improve glucose homeostasis
through its direct or indirect impact on insulin sen-
sitivity through several mechanisms in the non-
pregnant state.’® 7 It also plays an important role
in the prevention and treatment of type 2 dia-
betes.'® Nevertheless, exercise must be undertaken
regularly to have continued benefits. '’

In 2002, the American College of Obstetricians
and Gynecologists (ACOG) recommended that
healthy pregnant women exercise at moderate
intensity for at least 30 min most days of the
week.?’ Recently, a meta-analysis about observa-
tional studies (including five prospective cohorts,
two retrospective case—control studies and two
cross-sectional study designs) concluded that phys-
ical activity before pregnancy or in early pregnancy
is associated with lower risk of developing GDM.*!
However, little robust evidence from randomised
controlled trials was available to confirm these
findings.'?

The purpose of our study was to collect all the
evidence available from randomised controlled
trials regarding the association between physical
exercise during pregnancy and the incidence of
GDM to assess the effects of physical exercise for
preventing gestational diabetes.

METHODS

Search strategy and study selection

Literature searches were performed via electronic
searches in the databases of PUBMED (1966—
2012), ISI Web of Knowledge (1974-2012),
Cochrane CENTRAL Library Issue 12, 2012, CBM
(1978-2012), CNKI (1979-2012) and VIP (1989-
2012). We used different combinations of keywords
because of the varying search surfaces between the
databases (‘pregnancy’ OR ‘gestation’ OR ‘gesta-
tional” OR ‘maternal’ OR ‘prenatal’) AND (‘exer-
cise’ OR ‘locomotion’ OR ‘physical activity’ OR
‘motor activity’ OR ‘training” OR ‘sports” OR ‘phys-
ical exercise’) AND (‘gestational diabetes’ OR ‘ges-
tational diabetes mellitus® OR ‘insulin sensitivity’
OR ‘glucose tolerance’ OR ‘diabetes mellitus® OR
‘diabetes’). Besides, bibliographies of relevant arti-
cles identified were searched to ensure a complete
collection. The systematic literature search was per-
formed between December 2012 and March 2013,
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and was updated in April 2013. Studies were included into the

meta-analysis if they met the following inclusion criteria:

1. Randomised controlled trial.

2. Subjects were pregnant women without previous GDM and
other complications.

3. Increased physical activity was the only intervention.

4. Incidence of GDM was documented separately for the
control and intervention groups, with diagnosis criteria as
defined in individual trials.

The articles were screened by title and abstract. Two review
authors analysed and selected independently to include all the
potential studies identified as a result of the search strategy.
Differences between reviewers were resolved by discussion or by
consulting a third person.

Data extraction and management

For each included article, we designed a form to extract data.
Two review authors extracted the data independently using the
agreed form and following the inclusion criteria. We resolved
discrepancies through discussion and consulted a third person
when necessary.

Quality assessment

The methodological quality of the trials was assessed according
to the Cochrane handbook and the CONSORT statement:
(1) random sequence generation; (2) allocation concealment;
(3) blinding; (4) incomplete outcome data; (5) selection report-
ing and (6) other potential sources of bias.*> >

Statistical analysis

For each trial, we calculated the relative risk (RR) between phys-
ical exercise and routine care groups. We performed a
meta-analysis to assess a summary estimate of the effects in each
article by calculating a fixed-effects model. Higgins’ I* was used
to test heterogeneity, and potential publication bias was assessed
in a funnel plot.

Because the interventions in each trial may have differed in
their beginning gestation weeks, intensity, types and/or duration
of exercise, we calculated metabolic equivalents (METs) for
energy expenditure according to the Compendium of Physical
Activities Tracking Guide.** For example, 1 min of muscle
strengthening and toning programme accounts for 5.5 METs,
whereas 1 min of water aerobics accounts for 4.0 METs.

We entered data into Review Manager software (RevMan
2012) and checked for accuracy. When details regarding any of
the above were unclear or unknown, we contacted the authors
for more information.

RESULTS
Included studies
The review process is outlined in figure 1. Of the 1110 articles
initially identified from searching the databases and bibliograph-
ies, 17 studies were considered relevant after title and abstract
screening. The review authors then read the full text if GDM
was mentioned in the abstract. Finally, six randomised con-
trolled trials met the inclusion criteria and were eligible for ana-
lysis: five trials were performed in developed countries, one in
the USA,” one in Norway,® one in Australia®’ and two in
Spain®® 2%; and the only trial performed in developing countries
was in India.>® Of the 11 excluded trials, 9 had deficient or
missing data for the incidence of GDM>'™? and 2 had pregnant
women with previous GDM.*?

The pooled RCTs assigned a total of 1278 pregnant women to
intervention or control groups, and 1089 of them completed the

1110 Studies identified

r

17 Relevant abstract accepted
for full article review

» 11 Excluded after independent
review by 2 researchers:

-9 No GDM outcome reported
-2 Subjects got previous GDM

¥
6 Included in meta-analysis

Figure 1  Flow chart of search results.

trials. The outcomes investigated in the trials were the incidence of
GDM, with the diagnosis criteria as defined in individual trials.

Interventions

The interventions varied by their beginning gestation weeks
(6-18 weeks), intensity, duration (12-32 weeks) and types of
activity (table 1). In general, women exercised about three times
a week for at least 30 min up to 1 h, performing aerobic train-
ing, resistance exercise, brisk walk, water aerobics or muscle
strength. All of these RCTs’ interventions translated into METs
per intervention in the range 9300-27772.5.%° 2° Five trials
started in the second trimester,>~2” 2° 3% and the remaining one
started in the first trimester (6 gestational week)?®; all interven-
tions persisted to the third trimester® ¢ 2873 or until deliv-
ery.”” The subjects in none of the control groups exercised
regularly during pregnancy, except in one trial where the con-
trols were offered a conventional antenatal exercise (walking for
half an hour in the morning and/or evening).>’

With regard to supervision, two trials provided heart-rate
monitors®® 2° and one trial used a training diary to ensure mod-
erate intensity during the home exercise programme,”® whereas
the other articles did not provide any information on supervi-
sion. No serious adverse events related to physical exercise were
reported in the six included articles.

GDM is usually diagnosed by an oral glucose tolerance test
(OGTT). Nevertheless, the OGTT procedure and the diagnostic
criteria used varied.** The GDM diagnosis criteria were
described in all trials but one,® which did not provide any
information on it (table 1).

Methodological quality
Overall, the six included trials had a moderate risk of bias
(figure 2).

Methodological quality was assessed in table 2. Two of the six
articles did not describe the randomisation and allocation con-
cealment in detail,?® 2® while the other four trials described in
detail the generation of randomised sequence.”® 7 #° 3% In
Callaway 2010, Stafne 2012,%° Barakat 2009%° and Rakhshani
2012,*° randomisation was conducted by a third party at
another location outside the hospital. The other two trials had
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Table 1 Characteristics of six included studies on the effect of physical exercises on the prevention of gestational diabetes mellitus (GDM)

Author, GDM Beginning of Duration of Assessed
publication year, diagnostic intervention intervention METs per
country Characteristics of subjects Intervention n  Control n criteria Intervention group treatment (gest. week) (weeks) week
Barakat, 2009,%° Previously sedentary 72 70 Not reported Light-intensity resistance exercise training, 3 sessions a week, 12-13 25-27 600
Spain nulliparous women consisting of an 8 min warm-up period, a 20 minute toning and

resistance exercise, and a cool-down period of 8 min, 80% of max

heart rate
Barakat, 2011,% Healthy pregnant women 40 43 ADA A 35-45 min session performed 3 times a week, with two land 6-9 27-32 687.5
Spain aerobic sessions and one aquatic activities session. 70% of max heart

rate
Callaway, 2010,%’ Obese pregnant women 22 19 ADIPS (1) An individualised exercise plan; (2) regular exercise advice; and (3) 12 26 900
Australia paper-based diaries for self-monitoring
Price, 2012,% Sedentary singleton 31 31 ADA Aerobic training of 4560 min, performed 4 times/week; and a brisk 12-14 22-24 1207.5
America pregnant women 30-60 min walk once weekly
Rakhshani, 2012, Pregnant women in high 29 30 Self-report A1 yoga session 3 times a week 12 16 720
India risk of pregnancy

complications

Stafne, 2012,% 18 years or older with a 375 327 WHO Low-impact aerobics 30-35 min, including strength exercise 18-22 12 775
Norway singleton fetus 20-25 min, light stretching 5-10 min once a week;30 min endurance

training and 15 min strength and balance exercise at least twice a

week

ADIPS, Australasian Diabetes in Pregnancy Society; ADA, American Diabetes Association.
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Table 2  Assessment quality of included trials: randomised controlled trials on the effect of physical exercises on the prevention of GDM

Population Random
representat- sequence Allocation Incomplete Selective Sample Other potential
Author (year) iveness generation concealment Blinding outcome data  reporting size sources of bias
Barakat et a/ Yes Yes Yes The assessors No No 160 No obvious risk of
(2009)*° blinded, the potential biases
subjects not
Barakat et al,  Yes Exact method Exact method The subjects not Yes No 100 Baseline imbalance; no
(2011)%8 not described not described blinded, the others other obvious risk of
unclear potential biases
Callaway et al,  Yes Yes Yes The subjects not No No 50 No obvious risk of
(2010)%7 blinded, the others potential biases
unclear
Price et al, Yes Exact method Exact method The subjects not No No 91 No obvious risk of
(2012)% not described not described blinded, the others potential biases
unclear
Rakhshani Yes Yes Yes The assessors No No 68 No obvious risk of
et al, (2012)*° blinded, the potential biases
subjects not
Stafne et al, Yes Yes Yes The subjects not Yes No 855 Baseline imbalance; no

(2012)%

blinded, the others
unclear

other obvious risk of
potential biases

GDM, gestational diabetes mellitus.

the incidence of GDM.?° The other two trials found that the inci-
dence of GDM was higher in the intervention group,?® 2” whereas
the remaining one did not estimate the result.”’

Meta-analysis on the results of the individual studies sug-
gested no significant difference in the intervention groups
(p=0.68) with an RR of 0.91 (95% CI 0.57, 1.44; figure 3).
There was low heterogeneity between the individual trials as
indicated by Higgins’ I* (I*=26%).

The funnel plot indicated no considerable publication bias
(figure 4).

Sensitivity analysis

We conducted a sensitivity analysis by removing the two trials
with a high risk of bias, because they did not provide the details
of random sequence generation and allocation concealment, and
the participants were not blinded.”® *® An RR of 1.02 (95% CI
0.62 to 1.68) was obtained (data not shown).

DISCUSSION

Quality of the evidence

On the basis of the current available evidence from six rando-
mised controlled trials with data available from 1089 women,
we found that increasing physical activity during pregnancy had
no significant differences in the incidence of developing GDM,
and that the overall risk of bias for the six included trials was

Table 3 Results: The incidence of GDM in the six included studies
on the effect of physical exercises on the prevention of GDM

Incidence of GDM (%)

Author Exercise Control P reported
Stafne et a/*® 6.7 (25/375) 5.5 (18/327) 0.52
Callaway et a*’ 22.7 (5/22) 15.8 (3/19) 0.57
Barakat et al*® 0 (0/72) 0 (0/70) Not estimated
Barakat et a/?® 0 (0/40) 7.0 (3/43) >0.05
Rakhshani et a/*° 3.4 (1/29) 20.0 (6/30) 0.05

Price et al*® 9.6(3/31) 12.9 (4/31) 0.66

GDM, gestational diabetes mellitus.

judged to be moderate. The methods of generating random
sequence and allocation concealment were unclear in two trials
(Barakat?®; Price®). Risk of performance bias is not easy to
avoid since behavioural interventions cannot easily be blinded
from participants or investigators. This was seen in Callaway*’
and Stafne,”® where it was noted that women in the control
group voluntarily increased the amount of physical activity they
undertook. In Barakat®® and Stafne,?® baseline imbalances were
noted in maternal education level, parity, exercise habits before
gestation and insulin resistance between the two study groups.

Implications
An increasing amount of evidence has been found to support
the beneficial effects that improved muscular strength has on the
prevention of chronic diseases and on the ability to cope with
daily living activities in healthy and diseased people.*® **
Investigators have reported that physical exercise was effective
in preventing and managing T2DM by reducing insulin resist-
ance in men and non-pregnant women.*~** Clapp* found that
the effect of decreasing circulating glucose and insulin concen-
tration was greatest with low-intensity prolonged exercise that
utilises a large muscle mass in late pregnancy shortly (less than
2 h) after food intake. The potential benefits of resistance train-
ing during pregnancy include decreased risk of insulin depend-
ence in overweight women with GDM,* reduction of
depression symptoms, prevention of gestational low back pain
and strengthening of the pelvic floor.”® ! These research find-
ings all suggest that physical exercise during normal pregnancy
may be effective in preventing GDM. Nevertheless, Oostdam
et al®* found that it was not cost-effective to perform a twice
weekly exercise programme for pregnant women at risk for
GDM compared to standard care, because there were no statis-
tically significant differences in outcome measure, such as mater-
nal fasting blood glucose levels, insulin sensitivity and infant
birth weight. These contradictory findings suggest that more evi-
dence should be provided and caution should be taken when
considering the effect and cost-effectiveness of physical exercise
during pregnancy in future research.

During pregnancy, an increase in insulin resistance occurs sec-
ondary to the diabetogenic effect of one or more of the

Yin Y-nan, et al. Br J Sports Med 2013;0:1-7. doi:10.1136/bjsports-2013-092596
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Figure 3 Relative risk in physical
exercise between exercise and control

groups, calculated by a fixed-effects Barakat 2011 0
model. The square represents the point Callaway 2010 5
estimate of each study; the horizontal Price 2011 3
lines depict the respective 95% Cl. The Rakhshani 2012 I
diamond represents the overall pooled Stafhe 2012 2%
estimate of the treatment effect.

Total (95% Cl)

Total events M

Heterogeneity. Chi*= 5.40, df= 4 (P = 0.25); F= 26%
Test for overall effiect. 2= 0.41 (P = 0.68)

gestational hormones secreted by the placenta,>® and an increase
in lipid and glucose homeostasis metabolic stress disturbance in
the third trimester.’* *> Oken et al°® showed that vigorous phys-
ical activity before pregnancy and continuation of activity into
early pregnancy may reduce a woman’s risk for development of
abnormal glucose tolerance and gestational diabetes. This may be
one of the reasons why these trials found no significant differ-
ence between the intervention and control groups. In the six
included trials in this study, only one trial began interventions in
the first trimester”® while all the other five started in the second
trimester.”>>” 2% 3% This may mean that the effect of physical
exercise to lower the incidence of GDM is possibly better before
pregnancy and in early pregnancy than during the second and
third trimesters. Because chronic changes in the regulation of
skeletal muscle glucose uptake are adapted, women may be
better able to handle the metabolic stress of a pregnancy.®®
Another reason could be that the exercise plans in each interven-
tion treatment were too modest to have an effect on the inci-
dence of developing GDM compared to the vigorous physical
activity before pregnancy. Therefore, on the premise of ensuring
the safety of mothers and infants, the investigators can try to
increase the energy expenditure goal properly in future studies.
Another hypothesis is that the effect of physical exercise on
glucose metabolism differs in pregnant and non-pregnant
women mainly, because adherence to physical exercise varies
from person to person in the intervention groups. For instance,
Stafne et al*® noted that adherence to protocol (exercising
3 days/week or more at moderate to high intensity) was 55% in
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the intervention group and only 10% in the control group
(exercised 3 days/ or more at moderate to high intensity at
follow-up), which showed that women in the control group vol-
untarily increased the amount of physical activity. Barakat
et al®® found that compliance in the intervention group was
85%. Pregnant women were less likely to incorporate exercise
into their daily routine usually due to pregnancy symptoms,
child care and work commitments.?” These reasons made it dif-
ficult for us to conclude what possible direct effects physical
exercise might have had on glucose metabolism. It is therefore
even more difficult to implement a physical exercise programme
with moderate to high intensity 3 times/week for pregnant
women as suggested in the general recommendations.”® We
think that pregnant women should adhere to the physical exer-
cise protocol in future studies.

One strength of the present study is a broad search strategy
including three Chinese databases. In addition, unlike previous
observational meta-analysis,?! the articles included in our study
were all randomised controlled trials, which could provide more
robust evidence to confirm the association between physical
exercise and the prevalence of GDM.

CONCLUSION

In summary, this systematic review on interventional trials sug-
gests that the evidence is not enough to prove the effect of phys-
ical exercise on lowering GDM incidence between women
receiving an additional exercise intervention and those receiving
routine care.

Given the limited number of randomised controlled trials
included in the analysis, the findings from our meta-analysis
should be confirmed in future research. Larger, well-designed
randomised trials with standardised behavioural interventions
are needed to assess the effects of physical exercise on lowering
the risk of developing GDM.

The new findings

» We found that the evidence was insufficient to suggest that
physical activity during pregnancy might be effective to
lower the risk of developing gestational diabetes mellitus
(GDM).

» We concluded that to lower the incidence of GDM it is
better to perform physical exercise before pregnancy or in
early pregnancy than during the second and third trimesters.

» We believed that the effect of physical exercise on glucose
metabolism is different in pregnant and non-pregnant
women.

Yin Y-nan, et al. Br J Sports Med 2013;0:1-7. doi:10.1136/bjsports-2013-092596


http://bjsm.bmj.com/
http://group.bmj.com

Downloaded from http://bjsm.bmj.com/ on September 18, 2016 - Published by group.bmj.com

Acknowledgements The authors would like to thank Mr Wang Hai-ging from
Sichuan University for his assistance in data collection. We also thank Professor Lin
Dong-tao from Sichuan University, who is specialised in biomedical editing, for
copyediting the manuscript.

Contributors YY-n was involved in the literature review, meta-analysis and was
the principal author of the manuscript. LX-l was involved in statistical analysis and
contributed to the first draft of the manuscript. TT-j and LS-j were involved in the
literature review and contributed to the final draft of the manuscript. LB-r was
involved in the conception of the research questionnaire and contributed to the final
draft of the manuscript.

Competing interests None.

Provenance and peer review Not commissioned; externally peer reviewed.

REFERENCES

1 American Diabetes Association. Gestational diabetes mellitus. Diabetes Care
2004;27(Suppl 1):588-90.

2 Snapp GA, Donaldson SK. Gestational diabetes mellitus: physical exercise and

health outcomes. Biol Res Nurs 2008;10:145-55.

Jovanovic L, Pettitt DJ. Gestational diabetes mellitus. JAMA 2001;286:2516—18.

4 Yajnik CS, Fall CH, Coyaji KJ, et al. Neonatal anthropometry: the thin-fat Indian
baby. The Pune Maternal Nutrition Study. /nt J Obes Relat Metab Disord
2003;27:173-80.

5 Landon MB, Spong CY, Thom E, et al. A multicenter, randomized trial of treatment
for mild gestational diabetes. N Engl J Med 2009;361:1339-48.

6  Crowther CA, Hiller JE, Moss JR, et al. Australian Carbohydrate Intolerance Study in
Pregnant Women (ACHOIS) Trial Group. Effect of treatment of gestational diabetes
mellitus on pregnancy outcomes. N Engl/ Med 2005;352:2477-86.

7 Bellamy L, Casas JP, Hingorani AD, et al. Type 2 diabetes mellitus after gestational
diabetes: a systematic review and meta-analysis. Lancet 2009;373:1773-9.

8 Harder T, Roepke K, Diller N, et al. Birth weight, early weight gain, and subsequent
risk of type 1 diabetes: systematic review and meta-analysis. Am J Epidemiol
2009;169:1428-36.

9  Mulla WR, Henry TQ, Homko CJ. Gestational diabetes screening after HAPO: has
anything changed? Curr Diabetes Rep 2010;10:224-8.

10 Whincup PH, Kaye SJ, Owen CG, et al. Birth weight and risk of type 2 diabetes: a
systematic review. JAMA 2008;300:2886-97.

11 Cypryk K, Szymczak W, Czupryniak L, et al. Gestational diabetes mellitus—an
analysis of risk factors. Endokrynol Pol 2008;59:393-7.

12 Petry CJ. Gestational diabetes: risk factors and recent advances in its genetics and
treatment. Br J Nutr 2010;104:775-87.

13 Solomon CG, Willett WC, Carey VJ, et al. A prospective study of pregravid
determinants of gestational diabetes mellitus. JAMA 1997;278:1078-83.

14 Chasan-Taber L, Schmidt MD, Pekow P, et al. Physical activity and gestational
diabetes mellitus among Hispanic women. J Womens Health 2008;17:999-1008.

15 Mottola MF. The role of exercise in the prevention and treatment of gestational
diabetes mellitus. Curr Diabetes Rep 2008;8:299-304.

16 Colley RC, Hills AP, 0'Moore-Sullivan TM, et al. Variability in adherence to an
unsupervised exercise prescription in obese women. Int J Obes (Lond)
2008;32:837-44.

17 Lindstrdm J, Louheranta A, Mannelin M, et al. Finnish Diabetes Prevention Study
Group. The Finnish Diabetes Prevention Study (DPS): lifestyle intervention and
3-year results on diet and physical activity. Diabetes Care 2003;26:3230-6.

18  Colberg SR, Albright AL, Blissmer BJ, et al. Exercise and type 2 diabetes: American
College of Sports Medicine and the American Diabetes Association: joint position
statement. Exercise and type 2 diabetes. Med Sci Sports Exerc 2010;42:2282—-303.

19 Hawley JA, Lessard SJ. Exercise training-induced improvements in insulin action.
Acta Physiol 2008;192:127-35.

20 American College of Obstetricians and Gynecologists. ACOG Committee Opinion
#267: exercise during pregnancy and the postpartum period. Obstet Gynecol
2002;99:171-3.

21 Tobias DK, Zhang C, Van Dam RM, et al. Physical activity before and during
pregnancy and risk of gestational diabetes mellitus: a meta-analysis. Diabetes Care
2011,;34:223-9.

22 Higgins JPT, Green S. ed Cochrane handbook for systematic reviews of interventions
version 5.0.2 [updated September 2009]. The Cochrane Collaboration, 2009. http:/
www.cochranehandbook.org

23 Moher D, Schulz KF, Altman D. The CONSORT statement: revised recommendations
for improving the quality of reports of parallel group randomized trials. JAMA
2001;285:1987-91.

24 Ainsworth BE, Haskel W, Leon AS, et al. Compendium of physical activities:
classification of energy costs of human physical activities. Med Sci Sports Exerc
1993;25:71-80.

25 Price BB, Amini SB, Kappeler K. Exercise in pregnancy: effect on fitness and
obstetric outcomes—a randomized trial. Med Sci Sports Exerc 2012;44:2263-9.

w

26

27

28

29

30

31

32

33

34

35

36

37

38

39

40

4

)

43

44

45

46

47

43

49

50

51

52

Stafne SN, Salvesen KA, Romundstad PR, et al. Regular exercise during pregnancy
to prevent gestational diabetes: a randomized controlled trial. Obstet Gynecol
2012;119:29-36.

Callaway LK, Colditz PB, Byrne NM, et al. Prevention of gestational diabetes:
feasibility issues for an exercise intervention in obese pregnant women. Diabetes
Care 2010;33:1457-9.

Barakat R, Cordero Y, Coteron J, et al. Exercise during pregnancy improves maternal
glucose screen at 24-28 weeks: a randomised controlled trial. Br J Sports Med
2011;46:656-61.

Barakat R, Ruiz JR, Stirling JR, et al. Type of delivery is not affected by light
resistance and toning exercise training during pregnancy: a randomized controlled
trial. Am J Obstet Gynecol 2009;201:509.e1-6.

Rakhshani A, Nagarathna R, Mhaskar R, et al. The effects of yoga in prevention of
pregnancy complications in high-risk pregnancies: a randomized controlled trial.
Prev Med 2012;55:333-40.

Chasan-Taber L, Marcus BH, Stanek E, et al. A randomized controlled trial of
prenatal physical activity to prevent gestational diabetes: design and methods.

J Womens Health (Larchmt) 2009;18:851-9.

Chasan-Taber L, Silveira M, Marcus BH, et al. Feasibility and efficacy of a physical
activity intervention among pregnant women: the behaviors affecting baby and you
(B.A.B.Y.) study. J Phys Act Health 2011;2(8 Suppl):5228-38.

Hopkins SA, Baldi JC, Cutfield WS, et al. Exercise training in pregnancy reduces
offspring size without changes in maternal insulin sensitivity. J Clin Endocrinol
Metab 2010;95:2080-8.

Korpi-Hyovalti E, Laaksonen DE, Schwab US, et al. Effect of intensive counselling on
physical activity in pregnant women at high risk for gestational diabetes mellitus.
A clinical study in primary care. Prim Care Diabetes 2012;6:261-8.

Ong MJ, Guelfi KJ, Hunter T, et al. Supervised home-based exercise may attenuate
the decline of glucose tolerance in obese pregnant women. Diabetes Metab
2009;35:418-21.

Oostdam N, Poppel MNM, Eekhoff E, et al. Design of FitFor2 study: the

effects of an exercise program on insulin sensitivity and plasma glucose levels in
pregnant women at high risk for gestational diabetes. BMC Pregnancy Childbirth
2009;9:1.

Stutzman SS, Brown CA, Hains SM, et al. The effects of exercise conditioning in
normal and overweight pregnant women on blood pressure and heart rate
variability. Biol Res Nurs 2010;12:137-48.

Yeo S. A randomized comparative trial of the efficacy and safety of exercise during
pregnancy: design and methods. Contemp Clin Trials 2006;27:531-40.

Santos IA, Stein R, Fuchs SC, et al. Aerobic exercise and submaximal functional
capacity in overweight pregnant women: a randomized trial. Obstet Gynecol
2005;106:243-9.

Redden SL, LaMonte MJ, Freudenheim JL, et al. The association between
gestational diabetes mellitus and recreational physical activity. Matern Child Health J
2011;15:514-19.

Nascimento SL, Surita FG, Parpinelli MA, et al. The effect of an antenatal physical
exercise programme on maternal/perinatal outcomes and quality of life in
overweight and obese pregnant women: a randomised clinical trial. B/0G
2011;118:1455-63.

Cheung NW. The management of gestational diabetes. Vasc Health Risk Manag
2009;5:153-64.

Stump CS, Henriksen EJ, Wei Y, et al. The metabolic syndrome: role of skeletal
muscle metabolism. Ann Med 2006:38:389-402.

Wolfe RR. The underappreciated role of muscle in health and disease. Am J Clin
Nutr 2006;84:475-82.

Clapp JF. Effects of diet and exercise on insulin resistance during pregnancy. Metab
Syndr Relat Disord 2006;4:84-90.

Knowler WC, Barrett-Connor E, Fowler SE, et al. Reduction in the incidence of type
2 diabetes with lifestyle intervention or metformin. N Engl J Med
2002;346:393-403.

Oken E, Ning Y, Rifas-Shiman SL, et al. Associations of physical activity and
inactivity before and during pregnancy with glucose tolerance. Obstet Gynecol
2006;108:1200-7.

Redden SL, Lamonte MJ, Freudenheim JL, et al. The association between
gestational diabetes mellitus and recreational physical activity. Matern Child Health J
2011;15:514-19.

Brankston GN, Mitchell BF, Ryan EA, et al. Resistance exercise decreases the need
for insulin in overweight women with gestational diabetes mellitus. Am J Obstet
Gynecol 2004;190:188-93.

De Oliveira C, Lopes MA, Carla Longo e Pereira L, et al. Effects of pelvic floor
muscle training during pregnancy. Clinics 2007;62:439-46.

Eliasson K, Nordlander I, Larson B, et al. Influence of physical activity

on urinary leakage in primiparous women. Scand J Med Sci Sports 2005;
15:87-94.

Oostdam N, Bosmans J, Wouters MGAJ, et al. Cost-effectiveness of an exercise
program during pregnancy to prevent gestational diabetes: results of an economic
evaluation alongside a randomized controlled trial. BMC Pregnancy Childbirth
2012;12:64.

Yin Y-nan, et al. Br J Sports Med 2013;0:1-7. doi:10.1136/bjsports-2013-092596


http://www.cochranehandbook.org
http://www.cochranehandbook.org
http://www.cochranehandbook.org
http://bjsm.bmj.com/
http://group.bmj.com

Downloaded from http://bjsm.bmj.com/ on September 18, 2016 - Published by group.bmj.com

53  Artal R. Exercise: the alternative therapeutic intervention for gestational diabetes. 55 Metzger BE, Buchanan TA, Coustan DR, et al. Summary and recommendations of
Clin Obstet Gynecol 2003;46:479-87. the Fifth International Workshop-Conference on Gestational Diabetes Mellitus.

54 Knopp RH, Warth MR, Charles D, et al. Lipoprotein metabolism in pregnancy, Diabetes Care 2007;30(Suppl 2):5251-60.
fat transport to the fetus, and the effects of diabetes. Bio/ Neonate 1986; 56  Oken E, Taveras EM, Popoola FA, et al. Television, walking, and diet: associations
50:297-317. with postpartum weight retention. Am J Prev Med 2007;32:305-11.

Yin Y-nan, et al. Br J Sports Med 2013;0:1-7. doi:10.1136/bjsports-2013-092596 7


http://bjsm.bmj.com/
http://group.bmj.com

Downloaded from http://bjsm.bmj.com/ on September 18, 2016 - Published by group.bmj.com

Physical activity during pregnancy and the
risk of gestational diabetes mellitus: a
systematic review and meta-analysis of
randomised controlled trials

Ya-nan Yin, Xiang-lian Li, Tie-jun Tao, Bi-ru Luo and Shu-juan Liao

Br J Sports Med published online September 13, 2013

Updated information and services can be found at:
http://bjsm.bmj.com/content/early/2013/09/13/bjsports-2013-092596

These include:

References This article cites 54 articles, 8 of which you can access for free at:
http://bjsm.bmj.com/content/early/2013/09/13/bjsports-2013-092596
#BIBL

Email alerting Receive free email alerts when new articles cite this article. Sign up in the
service box at the top right corner of the online article.

Topic Articles on similar topics can be found in the following collections

Collections BJSM Reviews with MCQs (173)

Notes

To request permissions go to:
http://group.bmj.com/group/rights-licensing/permissions

To order reprints go to:
http://journals.omj.com/cgi/reprintform

To subscribe to BMJ go to:
http://group.bmj.com/subscribe/


http://bjsm.bmj.com/content/early/2013/09/13/bjsports-2013-092596
http://bjsm.bmj.com/content/early/2013/09/13/bjsports-2013-092596#BIBL
http://bjsm.bmj.com/content/early/2013/09/13/bjsports-2013-092596#BIBL
http://bjsm.bmj.com//cgi/collection/bjsm_education
http://group.bmj.com/group/rights-licensing/permissions
http://journals.bmj.com/cgi/reprintform
http://group.bmj.com/subscribe/
http://bjsm.bmj.com/
http://group.bmj.com

