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Abstract Gestational diabetes is associated with adverse
pregnancy outcomes, increased costs, and long-term risk of
type 2 diabetes mellitus (T2DM) in the mother. Observational
data have shown an association between reduced weight gain,
healthy eating, and physical activity and reduced rates of
gestational diabetes mellitus (GDM). Despite this, most ran-
domized controlled trials of lifestyle interventions to prevent
GDM have been negative. Dietary approaches appear to be
more successful than exercise or a combination of diet and
exercise at decreasing GDM. Reasons for negative studies
may include lack of power, lack of intervention uptake, and
severity of placenta mediated insulin resistance. Future studies
should be powered for a reduction in GDM, monitor lifestyle
changes closely, and include a psychological component in
the intervention.
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Introduction

Gestational diabetes mellitus (GDM) refers to the recognition
of hyperglycemia for the first time during pregnancy. The

reported prevalence has ranged from 8 %–16 % of pregnan-
cies depending on the population studied and the use of
different diagnostic criteria [1]. There is a continuous relation-
ship between hyperglycemia and adverse pregnancy out-
comes including birth weight over the 90th percentile, primary
caesarean section, neonatal hypoglycaemia, premature deliv-
ery (before 37 weeks), shoulder dystocia or birth injury,
hyperbilirubinemia, and pre-eclampsia [2]. Treatment of hy-
perglycemia in pregnancy in women with GDM results in a
significant reduction inmacrosomia and shoulder dystocia [3].
The diagnosis of GDM also has significant long-term impli-
cations for women’s health, with 20 % of women developing
type 2 diabetes (T2DM) by 10 years postpartum [4]. There
also appears to be an increased risk for childhood obesity and
subsequent development of T2DM in offspring of women
with GDM [5]. In addition, treatment costs are not insignifi-
cant. The cost of treating 1 case of GDM is estimated to be
/817/patient for diet-treated patients and up /3000 for women
treated with insulin [6, 7]. This does not take into account the
costs of GDM complications such as cesarean section and
neonatal intensive care admission, which in Ontario, Canada
cost on average /4000 and /7000, respectively [8, 9].

Prepregnancy overweight, and obesity and excessive ges-
tational weight gain are 2 modifiable risk factors for gesta-
tional diabetes and other adverse pregnancy outcomes [10,
11]. Pregnancy represents an opportunity for prevention for
women at risk for GDM and subsequent T2DM because
women may bemore likely to prioritize their own health when
it can affect their unborn child. Prevention of GDM with
lifestyle modification is attractive as the benefits may extend
beyond the pregnancy to help reduce the risk of T2DM and
cardiovascular disease in the long term. In this review, we will
first examine the epidemiologic data linking healthy lifestyle
choices to reduced risk of GDM and then compare this with
the interventional trials of diet and exercise to prevent GDM.
We will offer explanations for the discordant results of
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observational and interventional data and make recommenda-
tions for future study.

The Link between Weight, Diet, Exercise, and GDM:
Observational Studies

The presence of overweight or obesity is a well-accepted risk
factor for insulin resistance and dysglycemia. A case control
study examined the effects of prepregnancy body mass index
(BMI) on incident GDM and found that for each 1 kg/m2

increase of BMI the odds ratio (OR) of developing GDM was
1.08 (95 % confidence interval [CI] 1.08–1.09) and for each
5 kg/m2 increase, the OR was 1.48 (95 % CI 1.45–1.51) [12].
In examining the risk of repeat GDM in a second pregnancy in
women who were overweight or obese in their first pregnancy,
the loss of more than 2 BMI points (approximately 6 pounds
for the average height of 5 foot 4) decreased subsequent GDM
risk by 74 % (OR 0.26 95 % CI 0.14–0.47); and increases in
the BMI by 2 units resulted in a doubling of the risk of GDM
(OR 2.11 95 % CI 2.11–2.84) [13]. A study from Korea
retrospectively examined weight gain in women with GDM
according to the institute of medicine gestational weight gain
guidelines. In those with inadequate weight gain based on the
guidelines (average 2.4 kg), there was significantly fewer
women needing insulin treatment (P=0.032) and lower rates
of macrosomia (P=0.005) compared with those who had
excessive weight gain (average 13.8 kg) [14].

Using data from the Nurses Health Study II cohort (1991–
2001), researchers have shown that higher prepregnancy in-
takes of animal fat and cholesterol were associated with ele-
vated GDM risk (RR 1.88 95 % CI 1.36, 2.60) [15]. Healthy
eating patterns including the alternate Mediterranean Diet
(aMED), Dietary Approaches to Stop Hypertension
(DASH), and alternate Healthy Eating Index (aHEI), have
been inversely associated with type 2 diabetes risk among
nonpregnant individuals. Using the same Nurses Health
Study cohort, these healthy eating patterns were shown to be
protective for GDM (aMED RR: 0.76; 95 % CI 0.60, 0.95,
DASH RR: 0.66; 95 % CI 0.53, 0.82, and aHEI RR: 0.54;
95 % CI 0.43, 0.68) [16]. In these studies, the relative risk was
adjusted for pre-pregnancy BMI.

In a systematic review and meta-analysis of observational
studies prepregnancy physical activity was associated with a
lower risk of GDM;OR of 0.45 (95%CI 0.28–0.75) when the
highest vs lowest levels of activity were compared. Exercise in
early pregnancy was also associated with a lower risk of
GDM, and was also significantly protective (OR 0.76 [95 %
CI 0.70–0.83]) [17]. There was significant heterogeneity with-
in the pooled studies (Cochrane Q=32.6, P <0.001).
Exercise was based on self-report, and there was no adjust-
ment for BMI as a possible confounder, limiting the validity of
these results.

Lifestyle Based Interventions for the Prevention of GDM

Exercise in Pregnancy

A 2012 Cochrane meta-analysis of 5 randomized controlled
trials with a total of 1115 women assessed the impact of
exercise during pregnancy on insulin resistance and GDM
[18•]. All 5 trials were deemed to be at moderate risk of bias.
When comparing women receiving exercise interventions
with those having routine antenatal care, there was no signif-
icant difference in GDM incidence (3 trials, 826 women, risk
ratio (RR) 1.10, 95 CI 0.66 to 1.84). Of note the types of
exercise programs, adherence, and baseline BMIs were quite
variable across the studies (Table 1). Four of the studies
looked at various measures of insulin resistance [19–22],
and none showed a significant improvement in those exposed
to exercise in pregnancy.

Nutritional Interventions in Pregnancy

There have been many recent meta-analyses of RCTs
assessing the impact of lifestyle interventions in pregnancy
on gestational weight gain (GWG) and obstetrical outcomes
[23•, 24•, 25•, 26•]. We included meta-analyses of excess
GWG as it has been linked to GDM in observational studies;
it was hypothesized that studies aimed at decreasing GWG
may show an impact on GDM incidence. The sample sizes,
baseline BMIs, types of interventions, definitions of GDM,
and reporting of GDM varied significantly across the primary
studies. Table 2 outlines the 13 studies of diet and physical
activity in pregnancy used in the 4 systematic reviews. Three
studies were included in all 4 meta-analyses [27–29]; 2 studies
were included in 3 of the meta-analyses [30, 31]; and1 study
was included twice [32••]. The variation in included studies is
because the systematic reviews had different inclusion criteria
and were published over a few years; only 1 of the 5 meta-
analyses had GDM as its primary outcome [26•].

Thangaratinam et al. [24•] performed a meta-analysis of 44
RCTs assessed the impact of lifestyle interventions in preg-
nancy on maternal weight gain and an array of obstetric
outcomes. The authors classified the interventions as being
diet alone; physical activity alone, or mixed. Three eligible
studies [28, 29, 32••] of diet alone reported on GDM. For 409
overweight or obese pregnant women, a dietary intervention
resulted in a pooled OR of 0.39 (95%CI 0.23–069, P=0.001)
for developing GDM. Six studies of multicomponent diet and
physical activity based interventions were pooled for a total of
1233 women of various weight categories. The pooled OR for
GDM was 1.18 (95 % CI 0.78–1.77). In these studies adher-
ence with the intervention was not explicitly stated; however,
in 4 of the studies [27, 30, 31, 33] GWG was not significantly
reduced in the intervention groups indicating poor fidelity of
the intervention.
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Tanentsapf et al. [23•] pooled 13 randomized controlled
trials of nutritional interventions to prevent excessive GWG to
normal, overweight, and obese pregnant women. The inter-
ventions themselves were heterogeneous with some including
both nutritional counseling and physical activity; some includ-
ing amotivational component and others focusing only on total
calories consumed. Overall, there was a significant decrease
in GWG (n =1434; WMD=−1.92 kg; 95 % CI −3.65/-0.19;
P=0.03); however, in the 6 studies that assessed the incidence
of GDM, there was no significant reduction (n =886; WMD=
0.74 95 % CI 0.52–1.06).

The meta-analysis conducted by Oteng-Ntim et al. [25•]
included only studies in overweight and obese women; it con-
cluded that antenatal dietary and lifestyle intervention reduced
maternal pregnancy weight gain (10 RCTs, n=1228; -2.21 kg
(95 % CI −2.86 kg to −1.59 kg)) and showed a trend toward a
reduction in the prevalence of gestational diabetes (6 RCTs;
n =1011; odds ratio 0.80 (95 % CI 0.58–1.10)) [25•].

Oostdam et al. [26•] designed a meta-analysis to look at all
interventions (diet, metformin, and exercise) for preventing
GDM. Seven pooled studies showed that dietary counseling
is more effective than usual care in reducing the risk of GDM
(n =813, risk difference −0.05, 95 % CI −0.1 to 0.01).
However, the authors cautioned that the evidence was
of low quality and none of the studies independently
showed a significant reduction of GDM. In this study,
metformin and exercise showed no significant reduction in
GDM incidence.

The meta-analyses by Thangaratinam and Oteng-Ntim
[24•, 25•], both included the only RCT to show a significant
reduction in GDM incidence. Women attended a study- spe-
cific antenatal clinic providing continuity of care, weight on
arrival, brief dietary intervention by food technologist, and
psychological assessment and intervention if indicated. This
study of 132 women showed a 50 % reduction in GWG in the
intervention group (7.0 vs 13.8 kg (P <0.0001) and statistical-
ly significant reduction in GDM incidence (6 % vs 29 %, OR
0.17 (95 % CI 0.03–0.95, P=0.04) [32••].

Explanation for Poor Results of RCTs to Prevent GDM

The observational literature supports a positive relationship
between prepregnancy BMI, excess gestational weight gain,
and GDM [12–14]; however, the RCTs that aimed to decrease
GWG had conflicting results. Even in those that managed to
have a significant impact on GWG, only1 showed a signifi-
cant decrease in incident GDM [34]. The meta-analysis of
physical exercise RCTs failed to show an association between
physical activity and GDM [18•]. Themeta-analysis of dietary
interventions showed a small improvement in GDM incidence
[24•, 26•]; however, those of mixed diet and exercise inter-
ventions did not show a significant improvement in GDM
incidence [23•, 24•, 25•]. There are a few possible explana-
tions for the conflicting results of observational data, individ-
ual RCTs, and meta-analyses.

Table 1 Randomized controlled trials of exercise in pregnancy

Trial
N

Gestational
age at
enrolment
(wk)

BMI (Inclusion
criteria if
supplied or
average BMI at
recruitment)

Exercise prescription % Adherence
in intervention
group

Primary outcome GDM
(Intervention
vs control)

Callaway et al. [19]
N =50

12 >30 kg/m2 Individualized exercise
program with an energy
expenditure (EE) goal
of 900 kcal/ wk

73 % Insulin resistance: HOMA
IR- no difference.

23 % vs 16 %
P=0.57

Barakat et al. [40]
N =100

Not Reported <25 kg/m2 3 supervised 40 min
sessions/wk

85 % Value on 50 g glucose
challenge- significantly
lower in intervention group
P<0.001

3 cases vs no
cases P >0.05

Hopkins et al. [21]
N =84

18 25–30 kg/m2 Home based stationary
cycling with goal
65 %-75 % max heart
rate

75 %±17 % Insulin resistance: IV glucose
tolerance test- no difference

Not reported

Ong et al. [20]
N =12

18 >35 kg/m2/ 10 wks of home based
stationary cycling

94 % Insulin resistance: using 75 g
OGTT- no difference

Not reported

Stafne et al. [22]
N =855

18–22 25 kg/ m2 60 min group exercise
program with physio
therapy once per wk
and a 45 min home
based program 2x/wk

55 % GDM and insulin resistance-
no difference

7 % vs 6 %
P=0.52

wk week; BMI body mass index; HOMA IR homeostatic model assessment of insulin resistance; IV intravenous
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The first possible explanation for the negative trials is that
there is a confounding factor in the observational literature
that is accounted for by randomization. The most likely con-
founding factor in studies of weight gain and exercise in
pregnancy is that of BMI. That is, women who exercise less
and gain more weight in pregnancy are more likely to be
overweight to begin with and, thus, have an increased risk of
GDM. Through randomization and stratification the preva-
lence of overweight and obesity is split evenly in the control
and intervention group, thereby accounting for this confound-
ing variable.

The second possible explanation is that the studies were
underpowered to detect changes in GDM. The majority of
these studies had sample sizes of 50–100 and if a sample size
calculation was done at all, it was done for the primary
outcome of GWG. The meta-analysis by Oostdam was able
to overcome the sample size limitation by pooling 7 small
studies of dietary intervention and show a significant, al-
though clinically small, risk reduction in GDM [26•].

A third possible explanation is poor adherence with the
intervention. Uptake of lifestyle interventions is usually low,
as behavioral modification is much more difficult than merely
taking a pill. In pregnancy, women face additional barriers to
physical activity and healthy eating including physical dis-
comfort from nausea, fatigue, shortness of breath, heartburn,
leg cramps, and body soreness. Another commonly reported
prenatal barrier to behavioural modification is a perceived lack
of time, especially due to childcare commitments [34]. In the
studies focused on physical activity, adherence with the inter-
vention was on average 76 % (range 55 %–94 %); however,
exercise alone is not likely enough to alter the profound
insulin resistance of pregnancy. In fact, the sub-division of
studies based on exercise, diet, or mixed intervention showed
that diet alone was most effective at limiting GWG and
preventing obstetrical complications [24•, 26•].

The studies that reported on diet and activity based inter-
ventions did not explicitly report adherence with the interven-
tion, likely because they were not able to accurately track
women’s compliance with dietary advice. In these studies,
however, GWGwas almost always reported and this is a good
surrogate for uptake of the intervention. Many of the studies
were not able to limit GWG and in some, there was even a
paradoxical excessive weight gain in the overweight and
obese groups [27, 30]. In the studies that did limit GWG
[28, 29, 34, 37–39] the differences in GDM between inter-
vention and control groups ranged from −1 %–25 %. The
Oostdam meta-analysis that showed a significant decreased in
GDM incidence and included diet only interventions included
some studies that showed a decreases in GWG [28, 29, 31];
some that did not show an improvement in GWG [27, 35]; and
some that did not report GWG [36, 37]. Thus, the evidence to
date challenges the notion that limiting GWG will reliably
decrease incident GDM.

The fourth possible explanation for poor outcomes with
lifestyle interventions is that placenta mediated insulin resis-
tance is too severe to overcome with lifestyle interventions
alone. Most of the physical activity intervention trials have
looked at impact of exercise on insulin resistance using vari-
ous techniques (HOMA-IR, IV Glucose Tolerance Test,
75gOGTT with area under the curve (AUC) for glucose and
insulin). Regardless of the type of technique used none of the
studies showed a significant difference in insulin resistance in
those exposed to an exercise intervention [19–22]. It is likely
that diet is more effective than physical activity at managing
the insulin resistance of pregnancy as 2 meta-analysis of
dietary interventions did show a reduction in GDM [24•,
26•], but across all the studies the effect of limiting GWG on
incident GDM was inconsistent.

Suggestions for Future Research

Despite well-described interventions, it is difficult to tease out
what the “active” ingredients of a successful lifestyle program
in pregnancy should include. Some, but not all, of the previous
research has shown that lifestyle interventions can minimize
gestational weight gain. A search of clinicaltrials.gov revealed
14 studies of lifestyle interventions in pregnancies that are
currently recruiting. In all 14 studies, the primary outcome is
GWG; none have been powered to detect incidence of GDM.
It is likely the results of these studies will be similar to those
already published, providing little additional knowledge on
how best to prevent GDM.

Future research should be directed at replicating the inter-
vention in Quinliavan et al. [32••] that included a specific
antenatal clinic for women who were overweight and obese
with dietician and psychology support. The study should be
large enough to have the power to show a difference in the
incidence of GDM. In addition, more attention should be paid
to monitoring adherence with the intervention. If this inter-
vention is successful in different environments and different
populations of patients then guideline developers and policy
makers could make evidence based recommendations in sup-
port of specialized clinics for the management of obesity in
pregnancy.

Conclusions

Obesity is a rising concern in women of reproductive age.
Lifestyle interventions introduced in pregnancy have the po-
tential to prevent the development of GDM and other compli-
cations. The observational literature supports a link between
unhealthy lifestyle habits, obesity, and GDM. Thus far, most
trials of lifestyle interventions to prevent GDM have been
negative. However, these trials were not powered to detect
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difference in GDM. Physicians should continue to recom-
mend against excessive weight gain in pregnancy as it has
been associated with large for gestational age neonates, non-
elective Cesarean section, and post-partum weight retention
[38, 39]. At this time, however, there is insufficient evidence
to recommend for a specific lifestyle program to prevent
GDM.
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