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Abstract

Background: Gestational diabetes mellitus is one of the most common complications of pregnancy. Physical activity is associated
with a lower risk of type 2 diabetes mellitus. A recent meta-analysis study suggested that more research is needed to investigate the
type, duration and intensity of physical activity that can help to reduce the risk of gestational diabetes mellitus.
Objectives: The present study aimed to understand the association between physical activity and gestational diabetes mellitus
through comparing the type and intensity of physical activity performed by pregnant females with gestational diabetes and healthy
pregnant females in the first 20 weeks of their pregnancy.
Patients andMethods: In the current case-control study, 100 pregnant females with gestational diabetes mellitus as the case group
and 100 pregnant females as the non-diabetic control group were recruited. The age range of the participants was 18 - 40 years with
the gestation of 20 - 28 weeks. To diagnose gestational diabetes mellitus using the criteria introduced by carpenter and coustan
females with abnormal glucose challenge test (> 140 mg/dL) were asked to perform the three-hour 100 g oral glucose tolerance test.
The details of physical activity were collected by a modified version of the pregnancy physical activity questionnaire. Anthropomet-
ric and relevant data were recorded for all of the participants. Data were analyzed by SPSS version 21. Risk estimates were obtained
by logistic regression and adjusted for confounders.
Results: Females who had low total physical activity according to the pregnancy physical activity questionnaire during early preg-
nancy were at a significantly higher risk of developing gestational diabetes mellitus (OR = 4.12, 95% CI (2.28 - 7.43), P = 0.001) com-
pared to the ones who reported higher levels of physical activity. Moreover, after adjusting for age, body mass index (BMI), gravidity
and a family history of diabetes, females with low physical activity in the domain of transportation activity during 20 weeks of preg-
nancy were at a significantly higher risk of developing gestational diabetes mellitus. The statistical findings indicate that females
with the low intensity of sedentary, light and moderate physical activity are at a higher risk of developing gestational diabetes mel-
litus (OR 2.32; 95% CI 1.21-4.43, P = 0.010, OR 6.26; 95% CI 2.95 - 13.30, P = 0.001 and OR 6.73; 95% CI 3.15 - 14.38, P = 0.001) compared to
females with a higher intensity of sedentary, light and moderate physical activity.
Conclusions: The amount and intensity of physical activity during pregnancy is associated with a lower risk of gestational diabetes
mellitus. As a result, the pregnant Iranian females have to be encouraged to do regular daily physical activity during pregnancy, if
there is no specific contraindication to it.
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1. Background

Gestational diabetes mellitus (GDM) is one of the most
common complications of pregnancy (1) and its preva-
lence widely varies worldwide. According to the study
population and the diagnostic test used, the prevalence
may range from 2.4% to 21% of all pregnancies (2). Cun-
ningham defined GDM as any degree of glucose intoler-
ance with onset or first recognition during pregnancy (3).
The prevalence of GDM is about 14% in the United States

(4) and In Iran it was 4.7% (95% CI, 3.91 - 5.64%) using car-
penter and coustan criteria, and 3.97% using national di-
abetes data group (NDDG) criteria (5). The incidence is
not the same in different regions of the country; for ex-
ample, this is higher in southern parts of Iran (8.9%) (6).
Increasing incidence of gestational diabetes causes seri-
ous concerns for health systems worldwide (7). GDM is be-
lieved to be related to short and long-term morbidity of
both mother and child. Adverse infant outcomes include
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macrosomia, hypoglycaemia, erythema, hypocalcaemia,
jaundice and birth trauma. Such infants are more likely to
become obese, have impaired glucose tolerance or develop
diabetes in adolescence or early adulthood, compared to
offspring of normoglycaemic females (8, 9). There is a high
risk of future diabetes mellitus among females diagnosed
with GDM. More than 50% of such females will have type II
diabetes within the next 20 years of their lives (3). In addi-
tion, there is a high probability that they display features of
insulin resistance syndrome, which can lead to cardiovas-
cular diseases (10). As a result, this population needs spe-
cial attention, particularly in the developing countries.

Wang et al. (11) concluded that there is a relationship
between physical activity (PA) and reduced risk of type 2
diabetes mellitus. Therefore, inactivity, especially watch-
ing television for long durations, increases the risk of di-
abetes (12). Recently, an attention is drawn to the relation-
ship between PA and gestational diabetes mellitus. Since in
type 2 diabetes, peripheral insulin resistance contributes
to the hyperglycemia in gestational diabetes mellitus. Ac-
cording to the studies conducted on animals, the basic lo-
cation of maternal insulin resistance is the skeletal mus-
cles (13), which is the place for increased uptake and usage
of glucose during exercise (14). Moreover, previous studies
on pregnant females suggest that there is a reverse asso-
ciation between PA and the risk of developing GDM (1, 8,
15). However, not all studies have shown that physical ac-
tivity can prevent the onset of GDM; for example, a review
of five randomized controlled trials reported limited evi-
dence available on the effect of exercise during pregnancy
to prevent GDM (16, 17).

In a recent meta-analysis study, Russo et al. suggested
that more research was needed to evaluate which type,
duration, and intensity of physical activity are associated
with the reduced risk of GDM and assess the effectiveness
of various intervention models (18).

2. Objectives

The current study aimed to determine and compare
the type and intensity of PA performed by pregnant fe-
males with gestational diabetes and healthy pregnant fe-
males in the first 20 weeks of pregnancy.

3. Patients andMethods

3.1. Participants and Data Collection

The current case-control study was conducted on 100
pregnant females with GDM diagnosed by impaired oral
glucose tolerance test (OGTT) based on carpenter and cous-
tan criteria (3) after 20 weeks of pregnancy admitted to

high-risk pregnancy unit of Ayatollah Rohani Hospital af-
filiated to Babol University of Medical Sciences (North of
Iran). The control group including 100 healthy pregnant
females who had no GDM were randomly selected in pre-
natal clinics of the same center, matched to cases on ges-
tational age. The study was approved by the ethical com-
mittee of Babol University of Medical Sciences. Informed
written consent was obtained from all eligible females.

Regarding the existing analytical studies in this field,
with 95% confidence interval, 80% statistical test power
and 15% difference between case and control exposure, the
study samples were decided to be 200 (100 participants in
each group). Subjects of the analysis were recruited from
September 2012 to February 2015. The inclusion criteria for
the present study were: age 18 - 40 years old, pregnancy
at the gestation of 20 to 28 weeks and completing the in-
terviews. On the other hand, the exclusion criteria were:
A history of gestational diabetes, pre-existing diabetes, re-
current miscarriages (three consecutive abortions), hav-
ing child with congenital abnormalities or neonatal mor-
tality in previous pregnancies, smoking before and during
pregnancy, multiple gestation and known chronic disor-
ders (cardiovascular diseases, hypertension, anemia, renal
diseases, thyroid and autoimmune diseases).

The study team registered 218 pregnant females who
referred the Ayatolla Rohani hospital during the study pe-
riod. Of those invited to participate, 18 females refused to
take part in the study. Thus, the refusal rate for the study
was 8.25% and the major reason for refusal was time con-
straints. Females who studied written consent were re-
cruited for the study and interview. Before sampling, writ-
ten informed consent was obtained from all participants.
The sampling was done by a trained midwife and contin-
ued reaching the required sample size reaching.

3.2. Measurements and Laboratory Data

Anthropometric characteristics including height (us-
ing stadiometer) and weight (using Seca scale) were mea-
sured. Thereafter, BMI was calculated for all the cases. Ges-
tational age was calculated according to the first day of
their last menstrual cycle (LMP) (for females with regular
cycles) and/or ultrasonography for those with irregular cy-
cles or those who could not remember their LMP. Every fe-
male attending the antenatal clinic was screened for 20th

to 28th weeks of pregnancy. As part of a universal screen-
ing program, the participants took a 1-hour, 50 g glucose
challenge test (GCT). Females with abnormal plasma glu-
cose concentrations on the GCT (higher than the threshold
of 140 mg/dL) received the 3-hour 100 g oral glucose toler-
ance test (OGTT) to diagnose if they were with GDM using
criteria proposed by carpenter and coustan: fasting ≥ 95
mg/dL; 1-hour ≥ 180 mg/dL; 2-hour ≥ 155 mg/dL; 3-hour ≥
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140 mg/dL (19). Based on the results of a two-step screen-
ing approach, females with a positive GCT test and two or
more abnormal OGTT readings were diagnosed with GDM.
Normal glycaemia was defined as glucose concentrations
< 140mg/dL on the GCT. Females with an abnormal GCT but
a normal OGTT and females with a single abnormal OGTT
were excluded from the study. All laboratory tests were
performed at the Ayatollah Rouhani hospital lab. Measure-
ment was made by the glucose oxidase method, using a Hi-
tachi 704 autoanalyzer.

3.3. Definitions of the Study Variables

The following instruments were used for data collec-
tion in the study: Form 1 for entry criteria and plasma
glucose check-list, form 2 containing demographic, med-
ical and reproductive details, and form 3 containing phys-
ical activity details drafted using a modified version of the
pregnancy physical activity questionnaire (PPAQ), which
is a semi quantitative questionnaire validated to be used
during pregnancy (20). The data were collected by a
trained midwife in a private room, in the prenatal clinics
of Ayatolla Rohani hospital in Babol, Iran. Maternal pre-
pregnancy body mass index (BMI) (kg/m2) was calculated
using self-reported pre-pregnancy weight and measured
height collected during the prenatal examination. To en-
sure the quality of data, weight measurements taken at
the first prenatal clinic visit (within 12 weeks of gestation)
were compared to self-reported pre pregnancy weights.
Moreover, the gestational age was estimated from the last
menstrual period and was confirmed or corrected by ultra-
sonography.

The physical activity performed by the participants
during their first 20 weeks of pregnancy was assessed at
the time of enrollment, from 20th to 28th weeks of gesta-
tion. The PPAQ evaluates participation in four domains of
activities: household/caregiving, occupational, sports/ ex-
ercise and transportation. The duration of each activity
was summed and multiplied by its intensity as defined by
the compendium of physical activities (21).

The intensity of physical activity is measured in
metabolic equivalent test (MET). To calculate the intensity
of activity, value of MET is multiplied by duration of activ-
ity in every day of the weeks. The activity rate, based on
the type of activity, is the sum of intensity per day or per
week. In the present study, four categories are constructed
for maximal intensity: Activity with MET value ≤ 1.5 is con-
sidered as sedentary, from 1.5 to ≤ 3 as light, from three
to six as moderate and MET scores ≥ 6 as vigorous inten-
sity. Total physical activity (total MET hours/day) across all
activity domains was also calculated. To estimate hours
per week of sedentary behavior, participants were asked
to report the amount of time they spent watching TV or

videos or sitting or standing at home, at work or during
transportation. Each physical activity variable was then
divided into two with the median (low and high). Since
there were few pregnant working women among the par-
ticipants, occupational activity was divided into two: un-
employed (none), employed females (any).

The PPAQ was originally developed in English by
Chasan-Taber et al. (2004), and Cronbach’s alpha assessed
the reliability of the total scale as 0.78 and ranging from
0.78 to 0.93 for each subscale (20). Moreover, in a study
conducted by Morkrid et al., its reliability was confirmed
by Cronbach’s alpha of 0.85% in Iran (22)

In order to apply the PPAQ in the present study, it was
translated into Persian and then translated back into En-
glish and was reviewed independently by two bilingual
(Persian and English) researchers to ensure that the trans-
lations were accurate, reflected local terminology and
were appropriate to be used in the field. The face valid-
ity of questionnaire was pilot-tested with 10 pregnant fe-
males (six with GDM and four without GDM). The pre-test
revealed the need for modifications in a few of the items
which had to be more simplified for respondents. Accord-
ingly, the research team revised the questionnaire after
careful consultations to ensure that the wording of each
question could be easily understood by the respondents.

3.4. Statistical Analysis

The data were coded and analyzed using the statistical
package for social sciences (SPSS) software version 21, and
descriptive analysis was performed using standard statis-
tical methods. In addition, inferential statistical methods
including the Chi-square and/or the Fisher exact and inde-
pendent T-tests were used to ascertain the associations be-
tween the variables. Logistic regression procedures were
used to estimate the relative risks (odds ratios) of GDM re-
garding variable levels of different aspects of the examined
physical activity (e.g. time, intensity and energy expendi-
ture). To assess confounding, covariates were inserted into
a logistic regression model one at a time and then com-
pared the adjusted and unadjusted odds ratios. P≤0.05
was considered as the cutoff value for statistical signifi-
cance.

3.5. Ethics Statement

The study protocol was approved by the research ethics
committee of Babol University of Medical Sciences. After
explaining the objectives of the study, all participants gave
verbal and written consent when the study objectives were
explained to them and then they were requested to com-
plete the questionnaires.
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4. Results

The demographic and reproductive characteristics of
the participants are demonstrated in Table 1. The mean
age of the participants was 27.61 ± 6.30 years. All females
lived with their husbands and none of them were divorced
or widowed; 92% were unemployed and 47% were nulli-
parous. Almost more than half of the participants were
overweight or obese prior to pregnancy (35.5% overweight
and 26% obese). The age, pre-pregnancy BMI, gravidity and
a family history of diabetes were all significantly higher in
females with GDM compared to healthy pregnant females.
Females with GDM had significantly multi gravidity and
were older and heavier than the subjects in the control
cases (P < 0.001). The mean age of the females with GDM
and the healthy pregnant ones were 30.58± 5.97 and 24.64
± 5.13, respectively (P < 0.001). Moreover, the mean pre-
pregnancy BMI was 29.01 ± 5.10 for pregnant females with
GDM and 25.22 ± 4.69 for healthy ones (P < 0.001). There
was no association between GDM and educational level, oc-
cupation and permanent residences.

The association between physical activity during the
first 20 weeks of pregnancy and GDM was assessed in the
present study using different variables. By the binary lo-
gistic regression model in an unadjusted analysis, females
who had a low total physical activity during their first 20
weeks of pregnancy based on the PPAQ, had a higher odd
ratio to develop GDM (OR = 4.12, 95% CI (2.28 - 7.43), P =
0.001) compared to those with a high total physical activ-
ity. On the other hand, after adjusting for age, BMI, gravid-
ity and a family history of diabetes, females who had a low
total physical activity (PPAQ) during their first 20 weeks of
pregnancy had a 9% higher risk of developing GDM (OR =
1.09, 95% CI (0.30 - 3.96), P = 0.894) compared to those with
a high total physical activity. However, this correlation was
not significant.

The adjusted odd ratios for factors that were signifi-
cantly associated with the risk of GDM are summarized in
Table 2. Females with 1ower BMI (< 25kg/m2) before preg-
nancy (OR 0.23; 95% CI 0.08 - 0.64, P = 0.001) were at nearly
84% lower risk of developing GDM compared to those with
a BMI higher than or equal to 30 kg/m2. Females who were
younger than 25 years old during pregnancy (OR 0.05; 95%
CI 10.01 - 0.23, P = 0.001) were at a lower risk of develop-
ing GDM. Compared to females without a family history
of diabetes, those with a positive family history were at a
higher risk of developing GDM (OR 6.22; 95% CI 2.68 - 14.41,
P = 0.001) (Table 2).

The present findings showed the association between
the type of physical activity (i e, household/care giving, oc-
cupational and transportation) and the risk of GDM (Table
2). There were statistically significant findings for reduced

risk of GDM in all types of physical activities except the oc-
cupational. The crude and adjusted odd ratios and P values
are demonstrated in Table 2. Since the pregnant females in
both case and control groups rarely had sports/exercise or
physical activity, this type of physical activity was omitted
from the analysis.

The present study findings showed that the association
between the intensity of each activity (i e, sedentary, light,
moderate, and vigorous) and the risk of GDM were eval-
uated in the study (Table 3). The low intensity of seden-
tary, light and moderate physical activity had a statistically
significant relationship with increased risk of developing
GDM (OR 2.32; 95% CI 1.21 - 4.43, P = 0.010, OR 6.26; 95% CI
2.95 - 13.30, P = 0.001 and 6.73 (3.15 - 14.38) respectively, P =
0.001) compared to females with a high intensity of seden-
tary, light and moderate physical activity. The odd ratios
and P-values are demonstrated in Table 3. Since the preg-
nant females in both case and control groups rarely had
vigorous physical activity, this intensity of physical activity
was omitted from the analysis.

5. Discussion

The current study aimed to assess the association be-
tween the levels of physical activity during early 20 weeks
of pregnancy and the risk of GDM. It was found that fe-
males with low total physical activity during early preg-
nancy, according to PPAQ, were at a four times higher risk
of developing GDM compared to those who reported a
high level of physical activity. Moreover, after adjusting for
age, BMI, gravidity and a family history of diabetes, females
with lower physical activity (PPAQ) in the domain of trans-
portation activity during the first 20 weeks of pregnancy
were at a significantly higher risk of developing GDM.

In accordance with previous reports (9, 23), it was also
found that some factors such as increased pre-pregnancy
BMI, maternal age and family history of diabetes were
strongly independent predictors of developing GDM. But
early pregnancy physical activity was also associated with
a statistically significant 25% lower risk for females partic-
ipating in high levels of physical activity.

Holloszy stated that: regular physical activity is known
to improve peripheral insulin sensitivity (24). Beneficial ef-
fect of physical activity on glucose metabolism and insulin
sensitivity are well documented in non-pregnant popula-
tions. Participation in physical activity decreases blood
glucose concentration, increases insulin sensitivity, im-
proves cardiovascular fitness and leads to a lower body fat
(25). Evidence indicates the existence of these beneficial ef-
fects during pregnancy, with respect to insulin sensitivity
and B cell response (26, 27). Han et al. did not observe any
overall benefit of exercise during pregnancy (16). However,
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Table 1. Demographic and Reproductive Characteristics of Gestational Diabetes Mellitus and Control Cases (N = 200)a

Variables Total GDM Control Cases P-Value

Age Group (year) 0.001

< 25 69 (34.5) 15 (21.7) 54 (78.3)

25 - 34 99 (49.5) 58 (58.6) 41 ( 41.4)

> 35 32 (16.0) 27 (84.4) 5 (15.6)

Pre-Pregnancy BMI (Kg/m2) 0.001

< 25 77 (38.5) 21 (27.3 ) 56 ( 72.7)

25 - 29.9 71 (35.5) 43 (60.6 ) 28 (39.4)

≥ 30 52 (26.0) 36 (69.2 ) 16 (30.8)

Family History of Diabetes 0.001

Yes 75 (37.5) 59 (78.7) 16 (21.3)

No 125 (62.5) 41 (32.8) 84 (67.2)

Gravidity 0.002

G1 94 (47.0) 36 (36.3) 58 (61.7)

≥ G2 106 (53) 64 (60.4) 42 (39.6)

Education 0.777

Less than high school 98 (49.0) 50 (51.0) 48 (49.0)

High school or more 102 (51.0) 50 (49.0) 52 (51.0)

Occupation 0.118

Jobless 184 (92.0) 95 (51.6) 89 (48.4)

In-paid job 16 (8.0) 5 (31.3) 11 (68.8)

Permanent Residences 0.313

Urban 81 (40.5) 44 (54.3) 37 (45.7)

Rural 119 (59.5) 56 (47.1) 63 ( 52.9)

Abbreviation: BMI, body mass index.
aValues are expressed as No. (%).

in that study physical activity throughout pregnancy was
assessed after delivery, which might have led to some dif-
ferential misclassification because females with GDM may
have initiated exercise after their diagnoses.

The association between the levels of physical activity
during pregnancy and risk of GDM in the present study was
consistent with the published literature (28, 29). In con-
trast to the current study results, both Dempsey et al. (8)
and Oken et al. (30) found that physical activities during
pregnancy were associated with reduction in risks of GDM
ranging from approximately 10% - 40%; however, none of
the estimations reached statistical significance in the ad-
justed models. However, the present study demonstrated
that after adjusting for age, BMI, gravidity and a family
history of diabetes, females with low PA in the domain of
transportation activity during the first 20 weeks of preg-
nancy were at a significantly higher risk of developing

GDM. In addition, Chasen-Taber et al. reported an 80% - 90%
lower risk of GDM for females with the highest quartiles
of household/caregiving and sports or exercises at the 28th

week of gestation compared to those with the lowest quar-
tile (28).

The findings of the present study showed a statistically
significant relationship between the intensity of seden-
tary, light, and moderate physical activity and a lower risk
of developing GDM. Previous studies found that light to
moderate intensity of PA in early gestation is associated
with a lower risk of developing GDM (1, 22). Oken et al. re-
ported that light to moderate activity during pregnancy
may reduce the risk of abnormal glucose tolerance and
GDM (30). Furthermore, Harizopoulou et al. found that fe-
males who were inactive during early pregnancy had an OR
1.3 (95% CI 1.2 - 1.4) of developing GDM, compared to mini-
mally active or active females. However, the physical activ-
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Table 2. The Association Type of Physical Activity During the First 20 Weeks of Pregnancy and GDM With the Variables in Study (N = 200)

Variables Unadjusted OR (95% CI) P-Value Adjusted OR (95% CI) P-Value

Age Group

< 25 0.05 (0.02 - 0.15) 0.001 0.05 (0.01 - 0.23) 0.001

25 - 34 0.26 (0.09 - 0.73) 0.011 0.26 (0.07 - 0.96) 0.044

≥ 35 Reference 1.00

Pre-Pregnancy BMI

< 25 0.16 (0.07 - 0.36) 0.001 0.23 (0.08 - 0.64) 0.005

25 - 29.9 0.68 (0.32 - 1.45) 0.323 0.86 (0.31 - 2.35) 0.772

≥ 30 Reference 1.00

Family history of diabetes 0.001

Yes 7.55 (3.87 - 14.71) 0.001 6.22 (2.68 - 14.41)

No Reference 1.00

Gravidity 0.783

G1 0.40 (0.23 - 0.72) 0.002 1.14 (0.43 - 3.00)

≥ G2 Reference 1.00

Total Physical Activity 0.894

Low 4.12 (2.28 - 7.43) 0.001 1.09 (0.30 - 3.96)

High Reference 1.00

Physical activity At home 0.223

Low 3.91 (2.10 - 7.28) 0.001 2.17 (0.62 - 7.59)

High Reference 1.00

Transportation physical activity 0.008

Low 6.79 (3.63 - 12.69) 0.001 3.85 (1.41 - 10.49)

High Reference 1.00

Occupational physical activity 0.504

Low 2.06 (0.96 - 4.45) 0.063 1.45 (0.48 - 4.41)

High Reference 1.00

Abbreviation: BMI, body mass index; GDM, gestational diabetes mellitus.

ity during early pregnancy, failed to reach statistical signif-
icance in the binary logistic regression model (P = 0.998)
(23). The findings of the present study were entirely consis-
tent with the results of the two above mentioned studies.

One of the strengths of the present study was the use
of a physical activity questionnaire validated for pregnant
females. Nevertheless, some limitations need to be consid-
ered. First of all, the data were strongly dependent on par-
ticipants’ self-reports which were prone to recall bias due
to complexity of PA and sedentary behavior; however, re-
call bias is unlikely because authors collected exposure in-
formation before females knew their glucose test results,
and the questionnaire was not validated locally against ob-
jective methods such as pedometers or accelerometer (31,

32). Secondly, PA was restricted to the first 20 weeks of preg-
nancy. The present study did not assess activities during
the later period of pregnancy. This is while the previous
studies indicated that PA decreased in the third trimester
(33).

Finally, the clinical interpretation of the present study
was that pregnant Iranian females should be encouraged
to have regular daily physical activity during pregnancy, if
there is no specific contraindication to do it. These find-
ings send a hopeful message to pregnant females that pro-
moting an active lifestyle may lower the risk of GDM. How-
ever, the findings of the study should be confirmed by ap-
propriate randomized controlled trials.
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Table 3. The Association Between the Intensity of Physical Activity During the First
20 Weeks of Pregnancy and GDM, and the Variables in Study (N = 200)

Physical Activity by
Intensity

B (SE) OR (95% CI) P-Value

Sedentary

Low 0.84 (0.33) 2.32 (1.21 - 4.43) 0.010

Moderate 0.53 (0.37) 1.70 (0.81 - 3.57) 0.155

High Reference 1.00

Light

Low 1.83 (0.38) 6.26 (2.95 - 13.30) 0.001

Moderate 1.07 (0.36) 2.91 (1.41 - 6.01) 0.004

High Reference 1.00

Moderate

Low 1.90 (0.38) 6.73 (3.15 - 14.38) 0.001

Moderate 0.81 (0.36) 2.26 (1.10 - 4.63) 0.026

High Reference 1.00

Acknowledgments

Authors are indebted to each of the study participants
for the substantial time and effort contributed to this
study. Authors also acknowledge their gratitude to Mr.
Hossain Ali Nikbakht for critical editing of the analyses and
interpretation of data.

Footnotes

Authors’ Contribution: Fatemeh Nasiri Amiri, study con-
ception and design, acquisition of data, analysis and in-
terpretation of data and drafting of manuscript; Afsaneh
Bakhtiari, study conception, design, analysis and interpre-
tation of data and critical revision; Mahbobeh Faramarzi,
study conception and design, analysis and interpretation
of data and critical revision; Hajar Adib Rad, study concep-
tion and design, interpretation of data and critical revi-
sion; Hajar Pasha, study conception and design, interpre-
tation of data and critical revision.

Financial Disclosure: Authors had no financial interests
related to the material in the manuscript.

Funding/Support: This study was funded by Babol Univer-
sity of Medical Sciences (grant number: 8930216), Babol,
Iran.

References

1. Tobias DK, Zhang C, van Dam RM, Bowers K, Hu FB. Physical activity be-
fore and during pregnancy and risk of gestational diabetes mellitus:

a meta-analysis. Diabetes Care. 2011;34(1):223–9. doi: 10.2337/dc10-1368.
[PubMed: 20876206].

2. Rajput R, Yadav Y, Nanda S, Rajput M. Prevalence of gestational dia-
betes mellitus & associated risk factors at a tertiary care hospital in
Haryana. Indian J Med Res. 2013;137(4):728–33. [PubMed: 23703340].

3. Cunningham FG, Leveno KJ, Bloom SL, Spong CY, Dashe JS, Hoffman
BL, et al. Diabetes melitus williams obstetrics. New York: Mc Graw Hill;
2014.

4. Metzger BE, Buchanan TA, Coustan DR, de Leiva A, Dunger DB, Had-
den DR, et al. Summary and recommendations of the Fifth Interna-
tional Workshop-Conference on Gestational Diabetes Mellitus. Dia-
betes Care. 2007;30 Suppl 2:S251–60. doi: 10.2337/dc07-s225. [PubMed:
17596481].

5. Dyck R, Klomp H, Tan LK, Turnell RW, Boctor MA. A comparison of
rates, risk factors, and outcomes of gestational diabetes between abo-
riginal and non-aboriginal women in the Saskatoon health district.
Diabetes Care. 2002;25(3):487–93. [PubMed: 11874935].

6. Hadaegh F, Tohidi M, Harati H, Kheirandish M, Rahimi S. Prevalence
of gestational diabetes mellitus in southern Iran (Bandar Abbas
City). Endocr Pract. 2005;11(5):313–8. doi: 10.4158/EP.11.5.313. [PubMed:
16191491].

7. Ferrara A. Increasing prevalence of gestational diabetes mellitus: a
public health perspective. Diabetes Care. 2007;30 Suppl 2:S141–6. doi:
10.2337/dc07-s206. [PubMed: 17596462].

8. Dempsey JC, Sorensen TK, Williams MA, Lee IM, Miller RS, Dashow EE,
et al. Prospective study of gestational diabetes mellitus risk in re-
lation to maternal recreational physical activity before and during
pregnancy. Am J Epidemiol. 2004;159(7):663–70. [PubMed: 15033644].

9. Deierlein AL, Siega-Riz AM, Evenson KR. Physical activity during
pregnancy and risk of hyperglycemia. J Womens Health (Larchmt).
2012;21(7):769–75. doi: 10.1089/jwh.2011.3361. [PubMed: 22537020].

10. Chasan-Taber L, Marcus BH, Stanek E, Ciccolo JT, Marquez DX, Solomon
CG, et al. A randomized controlled trial of prenatal physical activity to
prevent gestational diabetes: design and methods. J Womens Health
(Larchmt). 2009;18(6):851–9. doi: 10.1089/jwh.2008.1006. [PubMed:
19514827].

11. Wang L, Yamaguchi T, Yoshimine T, Katagiri A, Shirogane K, Ohashi
Y. A case-control study of risk factors for development of type 2 dia-
betes: emphasis on physical activity. J Epidemiol. 2002;12(6):424–30.
[PubMed: 12462277].

12. Hu FB, Li TY, Colditz GA, Willett WC, Manson JE. Television watch-
ing and other sedentary behaviors in relation to risk of obesity and
type 2 diabetes mellitus in women. JAMA. 2003;289(14):1785–91. doi:
10.1001/jama.289.14.1785. [PubMed: 12684356].

13. Leturque A, Burnol AF, Ferre P, Girard J. Pregnancy-induced insulin re-
sistance in the rat: assessment by glucose clamp technique. Am J Phys-
iol. 1984;246(1 Pt 1):E25–31. [PubMed: 6364830].

14. Harding AH, Williams DE, Hennings SH, Mitchell J, Wareham NJ. Is
the association between dietary fat intake and insulin resistance
modified by physical activity?. Metabolism. 2001;50(10):1186–92. doi:
10.1053/meta.2001.26702. [PubMed: 11586491].

15. Zhang C, Solomon CG, Manson JE, Hu FB. A prospective study of pre-
gravid physical activity and sedentary behaviors in relation to the risk
for gestational diabetes mellitus. Arch Intern Med. 2006;166(5):543–8.
doi: 10.1001/archinte.166.5.543. [PubMed: 16534041].

16. Han S, Middleton P, Crowther CA. Exercise for pregnant women for
preventing gestational diabetes mellitus. Cochrane Database Syst Rev.
2012(7):CD009021. doi: 10.1002/14651858.CD009021.pub2. [PubMed:
22786521].

17. Stafne SN, Salvesen KA, Romundstad PR, Eggebo TM, Carlsen SM,
Morkved S. Regular exercise during pregnancy to prevent ges-
tational diabetes: a randomized controlled trial. Obstet Gynecol.
2012;119(1):29–36. doi: 10.1097/AOG.0b013e3182393f86. [PubMed:
22183208].

Int J Endocrinol Metab. 2016; 14(3):e37123. 7

http://dx.doi.org/10.2337/dc10-1368
http://www.ncbi.nlm.nih.gov/pubmed/20876206
http://www.ncbi.nlm.nih.gov/pubmed/23703340
http://dx.doi.org/10.2337/dc07-s225
http://www.ncbi.nlm.nih.gov/pubmed/17596481
http://www.ncbi.nlm.nih.gov/pubmed/11874935
http://dx.doi.org/10.4158/EP.11.5.313
http://www.ncbi.nlm.nih.gov/pubmed/16191491
http://dx.doi.org/10.2337/dc07-s206
http://www.ncbi.nlm.nih.gov/pubmed/17596462
http://www.ncbi.nlm.nih.gov/pubmed/15033644
http://dx.doi.org/10.1089/jwh.2011.3361
http://www.ncbi.nlm.nih.gov/pubmed/22537020
http://dx.doi.org/10.1089/jwh.2008.1006
http://www.ncbi.nlm.nih.gov/pubmed/19514827
http://www.ncbi.nlm.nih.gov/pubmed/12462277
http://dx.doi.org/10.1001/jama.289.14.1785
http://www.ncbi.nlm.nih.gov/pubmed/12684356
http://www.ncbi.nlm.nih.gov/pubmed/6364830
http://dx.doi.org/10.1053/meta.2001.26702
http://www.ncbi.nlm.nih.gov/pubmed/11586491
http://dx.doi.org/10.1001/archinte.166.5.543
http://www.ncbi.nlm.nih.gov/pubmed/16534041
http://dx.doi.org/10.1002/14651858.CD009021.pub2
http://www.ncbi.nlm.nih.gov/pubmed/22786521
http://dx.doi.org/10.1097/AOG.0b013e3182393f86
http://www.ncbi.nlm.nih.gov/pubmed/22183208
http://endometabol.com/


Nasiri-Amiri F et al.

18. Russo LM, Nobles C, Ertel KA, Chasan-Taber L, Whitcomb BW. Phys-
ical activity interventions in pregnancy and risk of gestational dia-
betes mellitus: a systematic review and meta-analysis. Obstet Gynecol.
2015;125(3):576–82. doi: 10.1097/AOG.0000000000000691. [PubMed:
25730218].

19. Carpenter MW, Coustan DR. Criteria for screening tests for gesta-
tional diabetes. Am J Obstet Gynecol. 1982;144(7):768–73. [PubMed:
7148898].

20. Chasan-Taber L, Schmidt MD, Roberts DE, Hosmer D, Markenson G,
Freedson PS. Development and validation of a Pregnancy Physical
Activity Questionnaire. Med Sci Sports Exerc. 2004;36(10):1750–60.
[PubMed: 15595297].

21. Ainsworth BE, Haskell WL, Whitt MC, Irwin ML, Swartz AM, Strath SJ,
et al. Compendium of physical activities: an update of activity codes
and MET intensities. Med Sci Sports Exerc. 2000;32(9 Suppl):S498–504.
[PubMed: 10993420].

22. Morkrid K, Jenum AK, Sletner L, Vardal MH, Waage CW, Nakstad B, et
al. Failure to increase insulin secretory capacity during pregnancy-
induced insulin resistance is associated with ethnicity and gesta-
tional diabetes. Eur J Endocrinol. 2012;167(4):579–88. doi: 10.1530/EJE-
12-0452. [PubMed: 22889687].

23. Harizopoulou VC, Kritikos A, Papanikolaou Z, Saranti E, Vavilis D,
Klonos E, et al. Maternal physical activity before and during early
pregnancy as a risk factor for gestational diabetes mellitus. Acta Dia-
betol. 2010;47 Suppl 1:83–9. doi: 10.1007/s00592-009-0136-1. [PubMed:
19618102].

24. Holloszy JO. Exercise-induced increase in muscle insulin sensitiv-
ity. J Appl Physiol (1985). 2005;99(1):338–43. doi: 10.1152/japplphys-
iol.00123.2005. [PubMed: 16036907].

25. Colberg SR, Sigal RJ, Fernhall B, Regensteiner JG, Blissmer BJ, Ru-
bin RR, et al. Exercise and type 2 diabetes: the American College of
Sports Medicine and the American Diabetes Association: joint posi-
tion statement. Diabetes Care. 2010;33(12):e147–67. doi: 10.2337/dc10-
9990. [PubMed: 21115758].

26. Gradmark A, Pomeroy J, Renstrom F, Steiginga S, Persson M, Wright
A, et al. Physical activity, sedentary behaviors, and estimated insulin
sensitivity and secretion in pregnant and non-pregnant women. BMC
Pregnancy Childbirth. 2011;11:44. doi: 10.1186/1471-2393-11-44. [PubMed:
21679399].

27. Hawkins M, Chasan-Taber L, Marcus B, Stanek E, Braun B, Ciccolo J,
et al. Impact of an exercise intervention on physical activity during
pregnancy: the behaviors affecting baby and you study. Am J Public
Health. 2014;104(10):e74–81. doi: 10.2105/AJPH.2014.302072. [PubMed:
25122031].

28. Chasan-Taber L, Schmidt MD, Pekow P, Sternfeld B, Manson JE,
Solomon CG, et al. Physical activity and gestational diabetes mellitus
among Hispanic women. J Womens Health (Larchmt). 2008;17(6):999–
1008. doi: 10.1089/jwh.2007.0560. [PubMed: 18582171].

29. Dempsey JC, Butler CL, Sorensen TK, Lee IM, Thompson ML, Miller
RS, et al. A case-control study of maternal recreational physical ac-
tivity and risk of gestational diabetes mellitus. Diabetes Metab Rev.
2004;66(2):203–15. doi: 10.1016/j.diabres.2004.03.010..

30. Oken E, Ning Y, Rifas-Shiman SL, Radesky JS, Rich-Edwards JW, Gillman
MW. Associations of physical activity and inactivity before and during
pregnancy with glucose tolerance. Obstet Gynecol. 2006;108(5):1200–
7. doi: 10.1097/01.AOG.0000241088.60745.70. [PubMed: 17077243].

31. Connolly Christopher P. Accuracy of Physical Activity Monitors in
Pregnant Women. University of Tennessee; 2010.

32. Chandonnet N, Saey D, Almeras N, Marc I. French Pregnancy Physi-
cal Activity Questionnaire compared with an accelerometer cut point
to classify physical activity among pregnant obese women. PLoS
One. 2012;7(6):ee38818. doi: 10.1371/journal.pone.0038818. [PubMed:
22701717].

33. Schmidt MD, Pekow P, Freedson PS, Markenson G, Chasan-Taber L.
Physical activity patterns during pregnancy in a diverse popula-
tion of women. J Womens Health (Larchmt). 2006;15(8):909–18. doi:
10.1089/jwh.2006.15.909. [PubMed: 17087614].

8 Int J Endocrinol Metab. 2016; 14(3):e37123.

http://dx.doi.org/10.1097/AOG.0000000000000691
http://www.ncbi.nlm.nih.gov/pubmed/25730218
http://www.ncbi.nlm.nih.gov/pubmed/7148898
http://www.ncbi.nlm.nih.gov/pubmed/15595297
http://www.ncbi.nlm.nih.gov/pubmed/10993420
http://dx.doi.org/10.1530/EJE-12-0452
http://dx.doi.org/10.1530/EJE-12-0452
http://www.ncbi.nlm.nih.gov/pubmed/22889687
http://dx.doi.org/10.1007/s00592-009-0136-1
http://www.ncbi.nlm.nih.gov/pubmed/19618102
http://dx.doi.org/10.1152/japplphysiol.00123.2005
http://dx.doi.org/10.1152/japplphysiol.00123.2005
http://www.ncbi.nlm.nih.gov/pubmed/16036907
http://dx.doi.org/10.2337/dc10-9990
http://dx.doi.org/10.2337/dc10-9990
http://www.ncbi.nlm.nih.gov/pubmed/21115758
http://dx.doi.org/10.1186/1471-2393-11-44
http://www.ncbi.nlm.nih.gov/pubmed/21679399
http://dx.doi.org/10.2105/AJPH.2014.302072
http://www.ncbi.nlm.nih.gov/pubmed/25122031
http://dx.doi.org/10.1089/jwh.2007.0560
http://www.ncbi.nlm.nih.gov/pubmed/18582171
http://dx.doi.org/10.1016/j.diabres.2004.03.010.
http://dx.doi.org/10.1097/01.AOG.0000241088.60745.70
http://www.ncbi.nlm.nih.gov/pubmed/17077243
http://dx.doi.org/10.1371/journal.pone.0038818
http://www.ncbi.nlm.nih.gov/pubmed/22701717
http://dx.doi.org/10.1089/jwh.2006.15.909
http://www.ncbi.nlm.nih.gov/pubmed/17087614
http://endometabol.com/

	Abstract
	1. Background
	2. Objectives
	3. Patients and Methods
	3.1. Participants and Data Collection
	3.2. Measurements and Laboratory Data
	3.3. Definitions of the Study Variables
	3.4. Statistical Analysis
	3.5. Ethics Statement

	4. Results
	Table 1
	Table 2
	Table 3

	5. Discussion
	Acknowledgments
	Footnotes
	Authors' Contribution
	Financial Disclosure
	Funding/Support

	References

