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A B S T R A C T

Objective: To compare physical activity (PA) patterns in pregnant woman with and without

gestational diabetes (GDM) and to assess the effects of an exercise intervention on change

in PA patterns, blood glucose levels and pregnancy outcomes in GDM women.

Methods: For the first objective, PA patterns were studied in 795 pregnant women with and

without GDM. For the second objective, the Women in India with Gestational Diabetes

Strategy-Model of Care (WINGS-MOC) intervention were evaluated in 151 women out of

189 with GDM. PAwas assessed using a validated questionnaire and a pedometer. Changes

in PA patterns, glycemic parameters and neonatal outcomes were evaluated.

Results: Overall, only 10% of pregnant women performed recommended levels of PA.

Women with GDM were significantly more sedentary compared to those without GDM

(86.2 vs. 61.2%, p < 0.001). After the MOC was implemented in women with GDM, there

was a significant improvement in PA and a decrease in sedentary behaviour amongst

women (before MOC, moderate activity: 15.2%, sedentary: 84.8% vs. after MOC-moderate:

26.5%, sedentary: 73.5%; p < 0.001), and an increase in their daily step count from

2206/day to 2476/day (p < 0.001). Fasting 1 and 2-h postprandial glucose values significantly

decreased (p < 0.001 for all). Sedentary behaviour was associated with a fourfold higher risk

(p = 0.02), and recreational walking with 70% decreased risk, of adverse neonatal outcomes

(p = 0.04) after adjusting for potential confounders.

Conclusions: PA levels are inadequate amongst this group of pregnant women studied i.e.

those with and without GDM. However, a low-cost, culturally appropriate MOC can bring

about significant improvements in PA in women with GDM. These changes are associated

with improved glycemic control and reduction in adverse neonatal outcomes.
� 2016 The Author(s). Published by Elsevier Ireland Ltd. This is an open access article under

the CC BY-NC-ND license (http://creativecommons.org/licenses/by-nc-nd/4.0/).
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1. Introduction

Gestational diabetes mellitus (GDM) has emerged as a global

public health problem, with nearly one in seven live births

worldwide being complicated by hyperglycemia [1]. Untreated

hyperglycemia in pregnancy is associated with several

adverse maternal and neonatal outcomes, many of which

can be prevented with prompt diagnosis and appropriate

management [2]. Therapeutic lifestyle change, comprising

dietary modifications and encouragement of physical activity

(PA), forms the first line of therapy for GDM. Indeed, there is

sufficient data now to show that increasing PA prior to con-

ception and in the early stages of pregnancy can prevent

development of GDM [3–5]. However, there is little informa-

tion as to whether PA can improve glycemic control or reduce

adverse neonatal outcomes in women already diagnosed with

GDM.

Sedentary behaviour (SB), defined as ‘‘any waking beha-

viour characterised by an energy expenditure 61.5 metabolic

equivalents (METs) while in a sitting or reclining posture” has

been shown to be an important risk factor for adverse health

outcomes in the non-pregnant population, irrespective of PA

[6,7]. However, there is little data on the prevalence and

patterns of sedentary behaviour in pregnancy and whether

it is associated with adverse pregnancy outcomes. This

assumes significance as earlier studies have shown

an increase in sedentary behaviour as pregnancy progresses

[8–10].

Guidelines from the American College of Obstetrics and

Gynaecology (ACOG) recommend that healthy pregnant and

postpartum women perform at least 20–30 min of moderate-

intensity exercise on most days of the week [11]. However,

PA patterns in pregnant women vary widely depending on

ethnicity, geography, socio-economic status, literacy and reli-

gious and cultural factors. There is virtually no data on PA

patterns in pregnant women in South East Asia and particu-

larly in India in many parts of which PA levels are extremely

low even amongst the general population [12].

The present paper has two aims: firstly, we attempted to

evaluate the PA patterns of pregnant women, specifically

looking at the differences between women with and without

GDM. Secondly, in women with GDM, we aimed to assess the

effects of the Women in India with Gestational Diabetes

Strategy Model of Care (WINGS-MOC), a standardised

approach to GDM care on change in PA patterns and blood

glucose levels as well as pregnancy outcomes.

2. Materials and methods

2.1. Women in India with GDM Strategy (WINGS) Model
of Care

The Women in India with GDM Strategy (WINGS) project was

developed to address the challenges in effective care for GDM,

utilising a multidisciplinary approach designed to be feasible

for implementation in low resource settings. The WINGS

Model of Care (MOC) was developed based on global aspects

of best practice and detailed research into local conditions.
TheWINGSMOC is a standardised, context-adapted approach

to care, consisting of a lifestyle intervention (diet and physical

activity) along with pharmacotherapy whenever indicated as

per a standardised algorithm, aimed at improvement of

maternal and neonatal outcomes in women with GDM [13].

2.2. Study population

The study included 1086 consecutive pregnant women with

gestational age less than 28 weeks attending six maternity

clinics located in Chennai, southern India, between Novem-

ber 2013 and December 2014. Women with pre-existing dia-

betes and those with multiple pregnancies or assisted

pregnancies were excluded.

In all study participants, clinical information including

obstetric history, family history of diabetes and previous his-

tory of GDM were collected using a structured questionnaire.

Height and weight were measured using standardised tech-

niques [14] and the body mass index (BMI) calculated, as

weight (kg) divided by height (in metres) squared. The Inter-

national Association of Diabetes in Pregnancy Study Groups

(IADPSG) criteria were used for the diagnosis of GDM [15,16].

A detailed physical activity questionnaire was used to collect

data on pregnant women with and without GDM (see below

Section 2.4.1).

2.3. Intervention – the WINGS Model of Care

Women with GDM were enroled into the MOC during their

antenatal visits to the maternity clinics. The ‘‘Before MOC”

visit was the baseline visit at which questionnaires were

administered and anthropometric and biochemical data col-

lected. As part of the MOC, women received in-depth educa-

tion about GDM and its implications for both themselves

and their babies. They were instructed on dietary principles,

monitoring and pharmacotherapy for management of GDM.

They were also provided a booklet called ‘‘Having a Baby”

which not only reinforced facts about GDM but also had sam-

ple meal plates, details about insulin injections, etc. The

WINGS Intervention materials can be accessed at the IDF

website.http://www.idf.org/women-and-diabetes/resource-

centre [17].

As part of the PA component of the MOC, all women

with GDM were offered individualised one-on-one coun-

selling about the importance and benefits of PA in preg-

nancy. Women were encouraged to meet the PA

guidelines at every antenatal visit. The booklet also had

illustrations of exercises which are safe to perform in preg-

nancy. A pedometer was provided to all women with GDM

to encourage them to increase their daily step count and to

record this in the booklet. The intervention was provided by

trained nutritionists and health care professionals for a

mean duration of 12 weeks. Women were followed through-

out their pregnancy and the intervention was reinforced at

every antenatal visit in their respective maternity clinics. At

the ‘‘After MOC” visit (between 30 and 35 weeks), the ques-

tionnaires, anthropometry and biochemical investigations

were repeated.

http://www.idf.org/women-and-diabetes/resource-centre
http://www.idf.org/women-and-diabetes/resource-centre
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2.4. Outcomes

The outcomes assessed for the MOC were the following.

(1) Changes in PA patterns.

(2) Changes in glycemic parameters.

(3) Neonatal outcomes.

2.4.1. Measurement of physical activity
PA measurement was done using a validated, locally relevant

PA questionnaire for India called the Madras Diabetes

Research Foundation – Physical Activity Questionnaire

(MPAQ) [18]. The MPAQ measures PA in four main domains

viz. work, transport, recreational and the general (activities

of daily living) domain. Frequency, intensity, type and dura-

tion of activities were calculated in the various domains.

Physical Activity Level (PAL) scores were then computed to

determine whether the woman had a sedentary, moderate

or vigorously active lifestyle. The MPAQ-Pregnancy version

was adapted from the main MPAQ by deleting questions

which were not relevant to pregnant women and adding a

question on prenatal exercises. The reproducibility of the

MPAQ-Pregnancy version was tested in a random subset of

56 women within a period of 2 weeks. The overall repro-

ducibility of the MPAQwas good (Spearman’s correlation coef-

ficient r = 0.60, varying from 0.40 in the recreational domain

to 0.60 in the work domain). Criterion validity of the question-

naire was tested against the pedometer in a random subset of

76 women. We found that 15% of the participants were mis-

classified in the active group while 30% were misclassified

in the inactive group suggesting an overall fair agreement of

the MPAQ with the pedometer.

In women with GDM, under the MOC-PA was measured

twice-once before and once after the MOC to assess changes

in PA patterns. The MPAQ was administered by well-trained

interviewers and the inter – rater agreement was 95%.

2.4.2. Glycemic parameters
Plasma glucose (PG) was estimated by the glucose

oxidase–peroxidase method using auto-analyser AU2700

(Beckman, Fullerton, CA). Glycated haemoglobin (HbA1c)

was measured using high performance liquid chromatogra-

phy (HPLC) using Variant machine (BIORAD, Hercules, CA).

The intra and inter-assay coefficients of variation (CV) for

the glucose and HbA1c ranged from 0.78–1.68% to

0.59–1.97%, respectively. All samples were processed in a lab-

oratory certified by the College of American Pathologists (CAP)

and by the National Accreditation Board for Testing and

Calibration Laboratories (NABL), Government of India.

2.4.3. Neonatal outcomes
The neonatal outcomes of interest included macrosomia

(birth weight > 3.5 kg) [19], shoulder dystocia, neonatal hypo-

glycaemia (blood glucose < 30 mg/dl in the first 24 h of life)

[20], polycythemia, congenital anomalies, hyperbilirubine-

mia, fetoscopic tracheal occlusion and admission to neonatal

ICU. These were retrieved from the obstetric records at the

maternity clinics.
The study was approved by the Institutional Ethics Com-

mittee of the Madras Diabetes Research Foundation (MDRF)

and informed consent obtained from all study participants.

All procedures followed were in accordance with the ethical

standards and in keeping with the Declaration of Helsinki

1975, as revised in 2008.

2.5. Statistical analysis

Statistical analyses were performed using SAS (Statistical

Analysis System) package (version 9.2; SAS Institute Inc.,

Cary, NC). Estimates were expressed as median and

interquartile range (IQR) for data that were not normally dis-

tributed and as frequencies (n) and percentages (%) for cate-

gorical data. The MPAQ captured data on the frequency

(daily/weekly/never), duration (in hours and minutes) and

intensity [Physical Activity Ratio (PAR) cost] of reported activ-

ities. These were considered for calculation of the total PAR

and further divided by 24 h to assess the PAL of the study par-

ticipants. PAL-based cut offs were used to group the women

as sedentary (PAL cut off: 1.40–1.69), moderately active

(PAL – 1.70–1.99) and vigorously active (PAL 2.0–2.40).

Mann–Whitney U and chi-square tests were used to compare

continuous variables and categorical variables, respectively,

between women with and without GDM. The Wilcoxon

signed rank test was used for continuous variables to com-

pare ‘‘before” and ‘‘after MOC” while McNemar’s test was

used for categorical variables. Multivariate logistic regression

was used to estimate the adjusted odds ratio (OR) and 95%

confidence intervals (CI). The dependent variable was a com-

posite of all the neonatal outcomes, while the independent

variables were sedentary behaviour and recreational walking.

The lowest tertile of time spent (minutes/day) in sedentary

behaviour was considered as reference and the risk variable

was the upper two tertiles combined. The inverse association

of recreational walking to neonatal outcomes was evaluated

by taking the lowest tertile of walking (minutes/day) as refer-

ence. The analyses were adjusted for age, BMI, previous his-

tory of GDM, gestational age and use of insulin. A p

value < 0.05 was considered as statistically significant.

3. Results

Out of the 1086 pregnant women with available glucose val-

ues at the first visit, 247 met the diagnostic criteria for GDM

(Fig. 1). PA data was available in 917 of the pregnant women

(response rate 84.4%). There were no significant differences

in age, gestational age, BMI, fasting, 1-h and 2-h glucose val-

ues and HbA1c between the responders and the non-

responders (Data not shown).After removing implausible

and missing data and over- and under-reporters data from

795 women was available for PA pattern analysis, of whom

189 had GDM. We were able to complete the second adminis-

tration of the PAQ after MOC in 151 out of 189 women with

GDM.

Table 1 describes the baseline characteristics of women

with and without GDM and the time they spent in various

domains of activity. Women with GDM were significantly

older, had a higher BMI, and were more likely to have a family



Fig. 1 – Flowchart depicting study design.
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history of diabetes and previous history of GDM compared to

those without. Amongst the 189 women with GDM, 20 were

on insulin (10.6%). Women with GDM were significantly more

sedentary compared to those without (86.2% vs. 61.2%) and

spent significantly more time sleeping. They were signifi-

cantly more sedentary in the transport and general domains,

but there were no differences in the work and recreational

domains. Although moderate activity was notably higher in

women without GDM, none of the study participants reported

any vigorous activity.

Overall, only 10.7% of pregnant women met the recom-

mended guidelines for PA (8.7% amongst women without

GDM and 16.9% amongst women with GDM; p = 0.001). The

most common types of activities reported by pregnant

women included household activities like cooking and non-

mechanized domestic chores. This was followed by walking

as exercise and going to places of worship. Overall, women

spent 23% of their day (median, 375 min) at work, 33%

(539 min) in sleep, 21% (340 min) in the general domain (activ-

ities of daily living), 2% (34 min) in the transport domain, 11%

(182 min) in the recreational domain and 11% (180 min)

watching TV. There were no significant differences in time

spent in various domains between women with and without

GDM (data not shown).

After the MOC, there was a significant improvement in

activity and a decrease in sedentary behaviour amongst

women with GDM (before MOC, moderate activity: 15.2%,

sedentary: 84.8% vs. after MOC – moderate: 26.5%, sedentary:

73.5%; p < 0.001). This increase in activity came primarily from

the recreational and general domains, with a significant

increase in active minutes in these domains (Fig. 2a).

Although there was a significant increase in time spent view-

ing TV, overall sedentary behaviour was significantly lower
after the MOC compared to before. There were no significant

differences noted in the work domain, although the number

of women working came down from 27% to 17%. After the

MOC, there was a significant (302%) increase in time spent

performing non-mechanized domestic chores (Fig. 2b) and a

20% increase in walking as exercise (recreational walking)

(Fig. 2c), with a 26% decrease in overall sedentary behaviour

(Fig. 2d). The daily step count measured using the pedometer,

increased significantly from 2206/day to 2476/day (p < 0.001)

in a subset of 91 women who had noted down the pedometer

steps in their booklets. Although a greater proportion of

women met the recommendations for PA after the MOC as

compared to before (23.2% vs. 18.5%), this difference was

not statistically significant.

Table 2 shows the maternal and neonatal outcomes after

the MOC and odds for adverse neonatal outcomes associated

with sedentary behaviour and recreational walking. Fasting,

1-h and 2-h postprandial glucose values significantly

decreased after the MOC [Median (IQR) fasting blood glucose

before MOC: 89 (17.0) mg/dl vs. after MOC: 85 (13.0) mg/dl;

p < 0.001, 1-h postprandial blood glucose before MOC: 170

(44) mg/dl vs. after MOC: 124 (34) mg/dl; p < 0.001, and 2-h

postprandial blood glucose before MOC: 148 (21) mg/dl vs.

after MOC: 111 (35.5) mg/dl; p < 0.001], but there was no

change in HbA1c before and after MOC.

The median gestational age at delivery was 38 ± 2 weeks

and the median gestational weight gain was 7 ± 5 kg. The cae-

sarean section rate was 60.9% (42.3% emergency), while 32.5%

had a normal delivery and 6.6% had an instrumental delivery.

The majority of babies (94%) were born at term. The overall

occurrence of all adverse neonatal outcomes was 19.2%

(13.2% macrosomia, 3.3% admission to NICU, 1.3% neonatal

hypoglycaemia and others, 1.4). When looking at the odds



Table 1 – Baseline characteristics and time spent in various domains by pregnant women with and without GDM (n = 795).

Variables GDM (n = 189) Non GDM (n = 606) p Value
Median (IQR) Median (IQR)

Demographic details
Age (years)a 29.0 (6.0) 27.0 (5.0) <0.001
Height (cm) 156.0 (8.0) 156.0 (9.0) 0.41
Weight (kg)a 61.0 (17.8) 58.6 (17.0) 0.05
BMI (kg/m2)a 24.9 (6.4) 24.2 (6.0) 0.01
Family history of diabetes mellitus yes n (%)b 87.0 (46.0) 214 (35.3) 0.01
Previous history of GDM yes n (%)b 14 (7.4) 9 (1.5) <0.001
Gestational age (weeks) 14.0 (12.0) 16.0 (10.0) 0.27

Clinical parameters
HbA1c (%) a 5.1 (0.5) 4.8 (0.6) <0.001
HbA1c (mmol/mol) a 32 29 <0.001
Fasting blood glucose (mg/dl) a 91.0 (17.0) 78.0 (9.0) <0.001
OGTT 1 h blood glucose (mg/dl) a 169.0 (48.5) 121.0 (27.0) <0.001
OGTT 2 h blood glucose (mg/dl) a 146.0 (33.0) 111.0 (28.0) <0.001
Nulliparous n (%) 86 (45.5) 320 (52.8) 0.08
Treated with insulin n (%) 20 (10.6) – –

Physical activity

Physical Activity Level (PAL) score based
Sedentary n (%)b 163 (86.2) 371 (61.2) <0.001
Moderate n (%)b 26 (13.8) 235 (38.7)

Domain wise time spent in min/day
Work
Active 83.3 (125.0) 83.3 (108.3) 0.35
Sedentary 291.8 (166.7) 291.8 (114.6) 0.49

General activities
Active 153.0 (104.8) 239.7 (197.2) <0.001
Sedentary 119.8 (59.9) 119.8 (69.9) 0.78

Transport
Active 29.9 (44.9) 29.9 (44.9) 0.33
Sedentary 16.6 (45.5) 8.3 (26.0) 0.02

Recreation
Active 29.9 (49.9) 29.9 (47.6) 0.88
Sedentary 145.3 (152.3) 149.8 (164.7) 0.88
Sleep 581.6 (124.0) 539.3 (119.8) <0.001
Watching TV 179.7 (179.7) 179.0 (119.8) 0.31
a p value < 0.05 considered as significant. Mann–Whitney U test used for comparison of the study participants.
b p value < 0.05 considered as significant. Chi-square test used for comparison of the study participants.
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of developing adverse neonatal outcomes, those in the upper

tertiles of sedentary behaviour (minutes/day) had 3.8 times

higher risk of adverse outcomes (95% CI 1.2–12.2; p = 0.02)

compared to the lowest tertile after adjusting for age, BMI,

previous history of GDM, gestational age at study entry and

cereal staple intake. Conversely, recreational walking showed

a 70% decreased risk for adverse neonatal outcomes (p = 0.04)

even after adjusting for the confounding variables.

4. Discussion

Our study shows that the majority of pregnant women-

studied at Tamil Nadu in Southern India (both GDM and

non-GDM) are sedentary with only a very small percentage

of women meeting the recommendations for PA. Most of

the activity was derived from household chores, followed by

recreational walking. We also show that sedentary behaviour

was more common in women with GDM compared to those
without. Women with GDM also tended to sleep longer than

those without, which probably reflected their more sedentary

behaviour. The WINGS MOC helped to significantly improve

activity and reduce sedentary behaviour in women with

GDM, with more women meeting the PA recommendations.

Recreational walking was associated with better neonatal

outcomes.

Our findings indicate that only around 10% of women ful-

filled the recommendations for PA in pregnancy, perhaps

reflecting the overall low levels of PA in the general popula-

tion [12]. The low prevalence of PA in our study population

contrasts directly with the situation in western countries,

where studies have shown that a substantial proportion of

women are physically active during pregnancy. In the

National Maternal and Infant Health Survey, 42% of women

reported exercising during pregnancy and half of these exer-

cised for more than 6 months into the pregnancy [21]. Recre-

ational walking, swimming and aerobics were the most



Fig. 2 – Effect of WINGS MOC on physical activity patterns (n = 151). (a) Effect of WINGS MOC on time spent (mins/d) in various

domains. (b) Effect of WINGS MOC on non-mechanized domestic chores. (c) Effect of WINGS MOC on recreational walking. (d)

Effect of WINGS MOC on the time spent in sedentary behaviour (mins/d). Legend: Before MOC, After MOC.
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frequent activities reported. In another study of 386 women,

61% of pregnant women participated in some form of regular

PA [22]. In the Avon Longitudinal Study of Parents and Chil-

dren, 48.8% of pregnant women engaged in strenuous PA in

the first trimester, with the most common activities reported

being brisk walking, swimming and antenatal exercises [23].

Pregnant women in our study derived most of their daily

PA from household work such as cooking and non-

mechanized domestic chores, perhaps indicating that these

activities are deemed culturally appropriate and safe for

women to perform during pregnancy. Household activities
were also reported as significant contributors to total PA in

the Pregnancy, Infection and Nutrition Study conducted in

1482 pregnant women in the United States [24] and in a

racially and economically diverse sample of 233 pregnant

women from Australia and the US [9]. Studies from western

populations have also reported high prevalence of recre-

ational walking during pregnancy [20,21,25], although partic-

ipation in sports was relatively low.

Sedentary time has emerged as an independent risk factor

for obesity and several other non-communicable diseases

(NCDs) [7]. It is important to note that even those who



Table 2 – Maternal and neonatal outcomes after MOC and odds for adverse neonatal outcomes (n = 151).

Variables Median (IQR)

Fasting blood glucose delta �3.0 (�3.0) $,*

One hour postprandial delta � 43 (�23.9)$, *

Two hour postprandial delta �37.5 (�26.1) $,*

Gestational weight gain (kg) 7.0 (5.0)
Gestational age at delivery (weeks) 38.0 (2.0)

Maternal outcomes N (%)

Normal delivery n (%) 49 (32.5)
Instrumental delivery n (%) 10 (6.6)
Caesarean section n (%) 28 (18.6)
Emergency Caesarean section n (%) 64 (42.3)

Neonatal outcomes N (%)

Term birth n (%) 142 (94.0)
Preterm birth n (%) 9 (6.0)
Adverse neonatal outcomes n (%) 29 (19.2)
Macrosomia n (%) 20 (13.2)
Congenital anomalies n (%) 1 (0.7)
Hyperbilirubinemia n (%) 1 (0.7)
Neonatal hypoglycaemia n (%) 2 (1.3)
Neonatal ICU admission n (%) 5 (3.3)

Odds for adverse neonatal outcomes OR (95%CI)

Sedentary behaviour (min/day)
Lowest tertile (Range: 3.0–275.6) Ref OR 1.0
Upper tertiles (Range: 282.6–754.0) OR (95% CI) 3.8# (1.2–12.2) p = 0.02

Recreational walking
Lowest tertile (NO) Ref OR 1.0
Upper tertiles (YES) [Range OR (95% CI)] 0.3# (0.07–1.0) p = 0.04
$ %change = after minus before MOC.
* p value < 0.001 changes between after and before MOC was tested by Wilcoxon signed rank test.
# Odds adjusted for age (yrs), BMI (kg/m2), previous history of GDM (yes/no) and gestational age (weeks), main cereal staple.
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exercise regularly are prone to long bouts of sedentary beha-

viour during the remainder of the day. In pregnancy, several

studies have shown a tendency towards increasing sedentary

behaviour, particularly in the third trimester [8], and even

amongst hitherto active women. This has also been shown

to be associated with a dip in energy expenditure, and decline

in recreational and occupational PA [9]. In a study on Chinese,

Malay and Indian women in Singapore, sitting time and tele-

vision viewing time were found to increase during pregnancy

[10]. Sedentary behaviour was significantly prevalent even

amongst women who meet the PA recommendations [26].

Increases in sedentary behaviour during pregnancy have been

shown to be associated with adverse perinatal outcomes and

abnormal glucose tolerance [27]. Our results indicate that

women with GDM who accumulate the greatest magnitude

of sedentary time have a nearly fourfold higher risk of

adverse neonatal outcomes compared towomen in the lowest

tertile of sedentary time.

It is therefore noteworthy that, in our study population,

the application of the WINGS-MOC was able to reverse the

trend of declining physical activity associated with progres-

sion of pregnancy, with significantly more women reporting

active lifestyles during later pregnancy (after MOC) than ear-

lier (before MOC). Our participants also reported a significant

decrease in sedentary behaviour towards the last trimester, in

addition to improving activity levels. Socio-cultural practices
encouraging increased participation in non-mechanised

domestic chores as a means to ensure easier labour and deliv-

ery, could perhaps have helped to make the recommenda-

tions in our MOC more acceptable to pregnant women and

their families. Following the MOC, there was also a significant

increase in the daily step count as measured by the pedome-

ter. However, this finding should be considered in its proper

context. The pedometer readings were available only in a sub-

sample of women who were motivated to record their daily

steps, thereby introducing an element of bias in the results.

Even so, the daily step count, even after the MOC, remained

considerably lower than that reported amongst women of

child-bearing age from other countries (2476 steps/day in

our study as compared to 5800 steps/day in the United States

and 9000 steps/day in Canada) [28], probably reflecting overall

lower levels of activity in our population.

The effects of regular aerobic exercise on blood glucose

levels in non-pregnant individuals have been well charac-

terised and involve improvement in both hepatic and periph-

eral (skeletal muscle) insulin sensitivity [29]. In GDM, a total

of 7 trials (5 randomized) have been published on the effects

of exercise on glycemic parameters, involving a total of 304

women. Intervention was institutedmostly in the third trime-

ster and lasted for a mean of 6 weeks. In most trials, there

was a significant decrease in glycemic parameters and in

the need for insulin [30]. For instance, ergometer training
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for 6 weeks was shown to lower fasting and 1-h postprandial

glucose and HbA1c levels [31]. Similarly, a low intensity walk-

ing programme in women with GDM was found to lower fast-

ing and 1-h postmeal glucose values in the intervention group

compared to controls [32]. While a recent Cochrane review

evaluating the effect of exercise on glycemic parameters

and maternal and perinatal morbidity concluded that there

was insufficient evidence to recommend or advise against

exercise programmes in pregnant women with diabetes, the

authors concluded that there was a need for further studies

in women with GDM and type 2 diabetes to evaluate the

effects of exercise interventions [33]. In our study, we found

that women who were physically active had lower fasting,

1-h and 2-h PG values; however, the HbA1c levels did not

change, perhaps reflecting the relatively short duration of

the intervention and other fallacies associated with HbA1c

estimation in pregnancy, such as anaemia.

There is little data on the effect of exercise on neonatal

outcomes in women with GDM. A few studies have shown

no increase in adverse neonatal outcomes due to exercise;

however, these were performed in women without GDM

[34]. Bung et al. showed that there was no difference in mater-

nal and foetal complications in women who exercised, com-

pared to those who did not [35]. Conversely, a retrospective

analysis of records of Chinese women with GDM showed that

women who exercised had lower rates of preterm birth, low

birth weight and macrosomia compared to those who did

not exercise [36]. This is similar to our results which indicate

that recreational walking helps prevent adverse neonatal

outcomes.

Our study is unique in that it is one of the first to have

looked at maternal and foetal outcomes of women with

GDM after an exercise intervention. In addition, the MOC

tested was a low-cost intervention that was easily adapted

into routine clinical care and was easy to administer. This is

also one of the few studies to have looked at the effects of

sedentary time separately. Other strengths of the study

include adequate sample size and good response and

follow-up rates. The study is first of its kind in Asian Indian

women.

The main limitation of the study is the absence of a com-

parator group, so that we were unable to compare outcomes

for women without GDM. Also as this study was done in

selected ante – natal centres in urban Chennai its generalisa-

tion to the whole of India cannot be done and this a limitation

of the study. Assessment of PA was performed using a ques-

tionnaire, with the inherent element of recall bias. The

pedometer data was available only in a subset of women

who were motivated to write down the results introducing

an element of bias towards a higher step count. As the life-

style intervention consisted of both dietary and exercise com-

ponents, it is difficult to tease out the effects of PA vs. diet on

the observed outcomes. It is encouraging to note that, the

beneficial effect of PA persisted even after adjusting for the

potential confounding effect of staple cereal intake, suggest-

ing that it has possible independent benefits on neonatal out-

comes. However, the confounding effects of other lifestyle

factors cannot be ruled out.
5. Conclusions

To conclude, our results show that in urban South Indian

pregnant women included in this study, the PA levels are

inadequate both in those with and without GDM. However,

we have also shown that implementation of a low-cost, cul-

turally appropriate MOC can bring about positive behavioural

change in the form of improved PA and reduction of

sedentary time amongst women with GDM. Our outcome

data suggest that these changes may be associated with

improved glycemic control and lower incidence of neonatal

complications, which may contribute significantly to the

morbidity associated with GDM. Larger randomised studies

are necessary to elucidate whether our findings are applicable

to the multitudes of women with GDM not only in India, but

also in other low and middle-income countries across the

world. Further research also needs to be done to better

understand the mechanisms of the apparent benefits of PA

in GDM, and to evaluate the long-term benefits of such

interventions.
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