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Abstract

Background: Obese and overweight females require proper programs for moderating and regulating their weight gain during
pregnancy and preventing gestational diabetes.
Objectives: This study aimed to determine the effect of a lifestyle-based training package on weight gain and frequency of gesta-
tional diabetes in obese and overweight pregnant females.
Methods: This randomized controlled trial was conducted on 140 obese and overweight pregnant females in Tehran, Iran. The
training program administered to the intervention group consisted of a 60- to 90-minute session of group training using lectures,
booklets, and text messages. A 2-hour 75 g oral glucose tolerance test (OGTT) was performed to screen for gestational diabetes at 24
to 28 weeks of gestation, and gestational diabetes was diagnosed based on the obtained results. The weight increase was calculated
8 weeks after the intervention compared to the beginning of the study.
Results: The test results of fasting blood sugar (FBS) and glucose tolerance test (GTT) showed 15 cases of gestational diabetes in
the intervention group and 17 in the controls after the intervention, suggesting no statistically significant differences between the 2
groups (P = 0.687). Moreover, based on analysis of covariance (ANCOVA) and with adjusting the baseline values, the mean weight gain
was found to be 3.4 kg in the intervention group and 3.8 kg in the control group, suggesting no statistically significant differences
between the 2 groups after the intervention (P = 0.634).
Conclusions: Although the frequency of gestational diabetes was found to be higher in the intervention group than in the con-
trols, the difference was insignificant possibly due to use of a small sample size. Further studies are therefore recommended to be
conducted using larger sample sizes.
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1. Background

Obesity constitutes a major health concern in coun-
tries across the world, including Iran (1). Recently, con-
ducted studies have shown that growth in the prevalence
of obesity and overweight has reached an alarming level
(2), such that almost 50% of females, who become preg-
nant have an abnormal weight (3). In 2013, the prevalence
of obesity and overweight in 20- to 84-year-old Iranian ur-
ban females was reported as 36.9% and 20.6%, respectively
(4). Undesirable outcomes become more prevalent in the
mother and infant with an increase in maternal Body Mass

Index (BMI) (5, 6).

Maternal complications caused by obesity and over-
weight include increased risk of gestational hyperten-
sion and preeclampsia, gestational diabetes, the need for
induced labor, perinatal mortality, thromboembolic dis-
eases, intrauterine fetal death, increased rate of cesarean,
increased rate of miscarriage, increased rate postpartum
hemorrhage and infections, etc. (7-9). It has further been
proposed that congenital anomalies, such as spina-bifida,
cardiovascular abnormalities, cleft lip and palate and fin-
ger anomalies, are more likely in females with an abnor-
mal BMI compared to females with a normal weight, and

Copyright © 2018, Iranian Red Crescent Medical Journal. This is an open-access article distributed under the terms of the Creative Commons Attribution-NonCommercial
4.0 International License (http://creativecommons.org/licenses/by-nc/4.0/) which permits copy and redistribute the material just in noncommercial usages, provided the
original work is properly cited

http://ircmj.com
http://dx.doi.org/10.5812/ircmj.62576
https://crossmark.crossref.org/dialog/?doi=10.5812/ircmj.62576&domain=pdf


Eslami E et al.

the likelihood of delayed onset of spontaneous breath-
ing, increased need for invasive neonatal care, treatment
of jaundice and hypoglycemia and increased frequency of
birth weight over 4 kg is greater in infants born to mothers
with an abnormal BMI (1, 6, 10, 11).

Maternal weight gain during pregnancy is a valid in-
dicator for controlling the mother’s nutrition status (12).
In 2009, the American Academy of Medicine’s recommen-
dation for a standard pregnancy weight gain based on the
mother’s BMI was 7 kg to 11.5 kg for overweight females
and 5 kg to 9 kg for obese females (13). A standard weight
gain during pregnancy is one of the main factors associ-
ated with pregnancy and delivery outcomes (14, 15). Some
studies have demonstrated a relationship between nutri-
tion factors and gestational weight gain (16), whereas most
studies have emphasized on the relationship between nu-
trition factors and pregnancy outcomes (17, 18). Recent re-
view articles showed that gestational weight gain as per
the American Medical Institute is associated with the best
outcomes in mothers and infants, and that this weight
gain does not harm the mother or infant in any way (13).
Excessive gestational weight gain is associated with several
neonatal complications, such as a lower 5-minute Apgar
score, hypoglycemia, polycythemia, meconium aspiration
syndrome, increased rate of cesarean, hemorrhage during
labor, and labor and childbirth complications (11, 19-21).

Gestational diabetes is a major complication of obe-
sity and overweight in pregnant females, which is defined
as impaired glucose tolerance and develops or is first di-
agnosed during pregnancy. This condition can cause un-
favorable outcomes in mothers and infants during preg-
nancy, childbirth, and the postpartum period (22). The
prevalence of gestational diabetes has been significantly
growing in both developed and developing countries and
reported to range between 1% and 14% across the world
(23). The results of a systematic review and meta-analysis
from Iran estimated its prevalence at 3.4% (24). The ma-
ternal complications include increased risk of contracting
type 2 diabetes, hypertensive disorders, infectious compli-
cations, metabolic syndrome, cardiovascular diseases, and
increased frequency of C-section and labor induction (25-
28). The newborns of these mothers are at risk of macro-
somia, shoulder dystocia, birth injury, hypoglycemia and
prematurity, and at older ages, they are at risk of over-
weight, impaired glucose tolerance, and obesity (29-31).
Overweight and obese mothers, therefore, require to be
taken care of more intensely and their weight gain should
be controlled during pregnancy, and their risk of gesta-
tional diabetes must be prevented (32, 33).

Lifestyle interventions for obese and overweight preg-
nant females to prevent excessive gestational weight gain
and gestational diabetes could involve nutritional behav-

ior modification through calorie limitation and the perfor-
mance of regular physical activities, such as walking (3).
Furthermore, physical exercise can significantly reduce
the risk of macrosomia and gestational diabetes. Obese
and overweight females require specific planning to regu-
late their gestational weight gain (34). Health education is
communicated in different ways in the modern age. Group
training classes are considered one of the most effective
and accessible methods for pregnant females. Educational
booklets also offer an effective educational tool for preg-
nant females in line with the society’s culture and the avail-
able facilities. Cellphone services, such as text messaging
(SMS) can also offer a pleasant and low-cost health promo-
tion method that can help prevent unhealthy behaviors
(35).

Previous studies have revealed greater care that should
be considered in providing prenatal care to obese and over-
weight females and a systematic review also stressed the
need for further studies on health-related behaviors. In
view of these findings and given the adverse pregnancy,
childbirth, and neonatal outcomes caused by overweight
and obesity (11), and also since the review of literature
showed no studies in Iran on the effect of lifestyle training
interventions on obese and overweight pregnant females,
the present study was conducted to determine the effect
of lifestyle training on weight gain and frequency of gesta-
tional diabetes in obese and overweight pregnant females.

2. Methods

2.1. Study Type and Participants

The present study was part of a randomized controlled
clinical trial with a secondary objective of investigating
weight gain and the frequency of gestational diabetes. This
study was conducted on 140 obese and overweight preg-
nant females, who visited health centers of Tehran, Iran.

The inclusion criteria were age of 18 and older, gesta-
tional age of 16 to 20 weeks, minimum secondary school
education, singleton pregnancy without complications,
the pregnancy being the female’s first, second or third, BMI
over 25 based on the prenatal care records or according to
the first trimester’s weighing, willingness to participate in
the study, and owning a cellphone. The study exclusion cri-
teria were a diagnosis of physical or mental illness in the
mother, maternal diabetes, following a specific dietary reg-
imen, history of hospitalization in the current pregnancy,
change of residence over the course of the study, separa-
tion from the spouse, being at risk of preterm childbirth,
addiction or habitual use of drugs and alcohol, a history of
infertility and the use of assisted reproduction techniques,
and the death of close relatives, divorce or other acute emo-
tional problems over the past month.
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The sample size was calculated as 70 for each group us-
ing the G-Power software and based on a study by Shakeri
et al. (36). Considering m1 = 12.76, assuming a 20% increase
in physical activity following the intervention (m2 = 15.31,
sd1 = sd2 = 4.37), and considering a 95% confidence inter-
val and a 90% test power, the minimum sample size was
estimated as 63 per group, which was increased to 70 per
group considering a potential attrition of 10%.

2.2. Sampling

Sampling was conducted from July 2016 to Decem-
ber 2017 after obtaining approval from the ethics com-
mittee of the research and technology deputy of Tabriz
University of Medical Sciences with the following code
IR.TBZMED.1385.70; the trial was registered in the Iranian
registry of clinical trials (IRCT) website under the code
IRCT2016041210324N31.

Sampling was conducted at 12 health centers of Tehran
that covered at least 12 eligible females. A list was pre-
pared at each center of 16- to 20-week pregnant females
with a BMI > 25, based on their prenatal care records or ac-
cording to the first trimester’s weighing. These eligible fe-
males were contacted and those willing to participate were
briefed on the study and invited to take part. They were
ensured of the voluntary nature of participation before
submitting their informed written consents. At the begin-
ning of the study, all the participants in the control and in-
tervention groups were weighed using the same standard
scale (Seca, Germany). All the participants were weighed
with bare feet and the least clothing. The scale accuracy
was confirmed in every instance of weight measurement
using a 500-g weight. The height of the participants was
also measured using a tapeline (Laica, Italy) with an accu-
racy of 1 cm, while standing beside the wall with bare feet
and normal shoulder positions, and their BMI was also cal-
culated. Based on the inclusion criteria, none of the par-
ticipants in the intervention and control groups had di-
abetes. Socio-demographic and obstetrics questionnaires
were then completed by the participants.

2.3. Randomization

Participants were assigned to the intervention (receiv-
ing lifestyle training offered by the researcher) or the con-
trol group, using randomized blocks with block sizes of 4
and 6 and allocation ratio of 1:1 and stratification by health
centers. Both groups received routine pregnancy care pro-
vided by the health centers’ medical personnel, which in-
cluded supplementation, nutrition, routine tests, weigh-
ing, risk assessment, and education and other pregnancy
care services. Blocking was carried out by someone not
involved in the sampling process and the type of inter-
vention given was written on pieces of paper, placed in

opaque envelopes, and numbered consecutively (alloca-
tion concealment). Since the intervention was training-
based, blinding the researcher and participants was not
possible, and only the data analyzer was blinded.

2.4. Intervention

Relevant topics were taught to the females in the inter-
vention group in the form of a 60- to 90-minute group ses-
sion, and a half-hour question and answer (Q and A) session
was held after the training. The participants were given
2 phone numbers to contact if they had any questions. A
booklet was also distributed among the females in the in-
tervention group after the training session was over, and
the booklet was also given to the control group once the
intervention was over and the results had been assessed.
The content of this educational booklet was developed fol-
lowing a review of the literature on nutrition and physi-
cal activity in obese and overweight females and also ac-
cording to the world health organization (WHO) recom-
mendations and the ministry of health advices. In the 4
weeks following the training session, educational text mes-
sages were sent to the mothers in the intervention group
every other day. Eight weeks following the beginning of the
intervention, necessary arrangements were made with all
the participants through phone calls and their weight was
measured again. After interpreting the results of the fast-
ing blood sugar (FBS) test and glucose tolerance test (GTT)
conducted in all the participants at 24 to 28 weeks of gesta-
tion, their diabetes status was determined.

2.5. Data Collection Tools

Data were collected using socio-demographic and ob-
stetric questionnaire, standard scale (Seca, Germany),
tapeline (Laica, Italy), and test results of FBS and GTT.

The socio-demographic and obstetric questionnaire
contained items on the mother’s age, age at marriage,
weight, height, diabetes status, own and spouse’s educa-
tion, own and spouse’s occupation, adequacy of income
and housing status, gravidity and parity, history of mis-
carriage and stillbirth, history of fetal death, history of
preterm childbirth, and history of abnormal birth.

To determine reliability of the FBS and GTT tests, 2
blood samples were obtained from 10 pregnant females
and both samples were labeled differently. Results were as-
sessed based on Pearson’s correlation coefficient and a cor-
relation of 1 was calculated. The content validity method
was used to confirm the validity of this questionnaire. For
this purpose, after developing the final questionnaire, the
comments of 10 faculty members of the Nursing and Mid-
wifery school were used to modify the questionnaire.
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2.6. Data Analysis

Data were analyzed using the IBM SPSS Statistics for
Windows, version 24.0 (IBM Corp., Armonk, N.Y., USA). Nor-
mality of the quantitative data was confirmed using the K-
S test. The Chi-square test and analysis of covariance (AN-
COVA) test was used to compare frequency of gestational
diabetes and weight gain between the 2 groups. All anal-
ysis were done based on intention-to-treat. P values of <
0.05 were considered as the level of statistical significance.

3. Results

Participant recruitment and follow-up were conducted
from April 6th, 2016 to February 21st, 2017. A total of 650 fe-
males were assessed in terms of their eligibility and 480 of
them did not meet the inclusion criteria; 140 females were
ultimately included in the study and assigned to the inter-
vention and control groups. No attrition was observed in
any of the groups (Figure 1).

The mean (SD) age was 25.27 (4.67) years in the interven-
tion group and 28.88 (5.58) years in the control group. The
mean (standard deviation) BMI of the subjects was 28.72
(2.97) in the intervention group and 28.27 (3.42) in the con-
trol group. The majority of mothers in both the education
group (94.3%) and the control group (95.7%) were house-
wives. Almost one-third of the females and their spouses
had only a high school diploma in both groups. With the
exception of the spouse’s job (P = 0.027), gravidity (P =
0.036), and the pre-intervention BMI (P = 0.003), there were
no significant differences between the 2 groups in terms of
their other demographic details (P > 0.05) (Table 1).

According to the independent t-test, no statistically sig-
nificant differences were observed between the 2 groups in
terms of FBS (P = 0.505), 1-hour GTT (P = 0.605) and 2-hour
GTT (P = 0.903). The test results of FBS and GTT showed 15
cases of gestational diabetes in the intervention group and
17 in the controls after the intervention, suggesting no sta-
tistically significant differences between the 2 groups (P =
0.678) (Table 2).

Before the intervention, the mean weight was found
to be 76.7 kg in the intervention group and 71.5 kg in the
control group (mean difference: 5.24; confidence interval
95%: 1.8 to 8.6; P = 0.003). After the intervention, the mean
weight was found to be 80.1 kg in the intervention group
and 75.3 kg in the controls (adjusted mean difference: -
0.20; confidence interval 95%: -0.1 to 0.6; P = 0.634). More-
over, based on ANCOVA and weight control before the in-
tervention, the mean weight gain was found to be 3.4 kg
in the intervention group and 3.8 kg in the control group,
suggesting no statistically significant differences between
the 2 groups after the intervention (Table 3 and Figure 2).

Table 1. Socio-Demographic and Obstetric Characteristics of Participants by Study
Groups (N = 70)a

Characteristics Education Control P Value

Mother’s age, y 0.081b

< 20 7 (10.0) 4 (5.7)

20 - 30 46 (65.7) 39 (55.7)

> 30 17 (24.3) 27 (38.6)

Mother’s occupation 1.000c

Housewife 66 (94.3) 67 (95.7)

Employed 4 (5.7) 3 (4.3)

Mother’s education 0.152d

Illiterate 2 (2.9) 0 (0.0)

Elementary school 5 (7.1) 17 (24.3)

Secondary school 12 (17.1) 11 (15.7)

High school 10 (14.3) 5 (7.1)

Diploma 26 (37.1) 26 (37.1)

University 15 (21.4) 11 (15.7)

BMI, kg/m2 1.000b

25 - 30 51 (72.9) 51 (72.9)

≥ 30 19 (27.1) 19 (27.1)

Spouse’s education 0.072d

Illiterate 1 (1.4) 5 (7.1)

Elementary school 10 (14.3) 15 (21.4)

Secondary school 18 (25.7) 16 (22.9)

High school 6 (8.6) 6 (8.6)

Diploma 21 (30.0) 20 (28.6)

University 14 (20.0) 8 (11.4)

Weight before intervention, mean
(SD)

76.77 (10.9) 71.52 (9.5) 0.003

Spouse’s occupation 0.027e

Unemployed 1 (1.4) 3 (4.3)

Employee 17 (24.3) 9 (12.9)

Worker 22 (31.4) 37 (52.9)

Shopkeeper 3 (4.3) 5 (7.1)

Other 27 (38.6) 16 (22.9)

Adequacy of income 0.067d

Completely enough 14 (20.0) 8 (11.4)

Somewhat enough 49 (70.0) 48 (68.6)

Not enough 7 (10.0) 14 (20.0)

Housing status 0.741e

householder 26 (37.1) 24 (34.3)

Rental house 41 (58.6) 45 (64.3)

Parent house 3 (4.3) 1 (1.4)

Gravidity 0.036d

First 32 (45.7) 27 (38.6)

Second 25 (35.7) 13 (18.6)

Third 13 (18.6) 30 (42.9)

aValues are expressed as No. (%).
bIndependent T-test.
cFisher’s exact test.
dLinear- by- Linear Chi-square.
eChi- Square.
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Figure 1. Flowchart of Study
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Figure 2. Trend in the Mean Weight in Obese and Overweight Pregnant Females by
Study Groups

4. Discussion

Education is a process that provides knowledge and
motivation for people to adopt and maintain healthy be-

haviors and correct lifestyles (37). Previous studies have
revealed that according to adverse pregnancy, childbirth,
and neonatal outcomes caused by overweight and obesity,
greater care should be taken of these females (38, 39).

The results of the present study showed that no sta-
tistically significant differences are observed between the
2 groups in terms of developing gestational diabetes
and mean gestational weight gain after the intervention.
Guelinckx et al. found that training does not affect the
mean post-intervention weight gain in mothers (40). Dodd
et al., who investigated the effect of teaching lifestyle to
obese and overweight mothers, found that the training
program does not affect the overall weight gain of the
mothers (6). Similarly, Asbee et al. showed that lifestyle
and nutrition training programs do not reduce the preva-
lence of gestational diabetes in the intervention group (41).
The results of studies are consistent with the present study
results, indicating the ineffectiveness of lifestyle training
programs in reducing the prevalence of gestational dia-
betes and weight gain.
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Table 2. Comparison of FBS, GTT1h , GTT2h and Frequency of Gestational Diabetes of Obese and Overweight Pregnant Females Eight Weeks After the Intervention Between the
Two Study Groups (8 Weeks After Intervention) (N = 70)a

Variables Education Control MD (95% CI)b P Value

FBS 83.0 (8.5) 81.9 (10.8) 1.1 (-2.1 to 4.3) 0.505c

GTT1h 162.7 (17.1) 161.2 (16.8) 1.5 (-4.2 to 7.1) 0.605c

GTT2h 124.8 (15.8) 124.5 (18.6) 0.3 (-5.4 to 6.1) 0.903c

Gestational diabetes 15 (21.4) 17 (24.3) 0.8 (0.4 to 1.9) 0.687d

Abbreviations: FBS, fasting blood sugar; GTT, glucose tolerance test.
aValues are expressed as mean (SD).
bMean difference (95% confidence interval).
cIndependent t-test.
dChi-square.

Table 3. Comparison of Gestational Weight Gain of Obese and Overweight Pregnant Females in the Two Groups (N = 70)a

Mother’s Weight Education Control MD (95% CI)b P Value

Before intervention (10.9) 76.7 71.5 (9.5) 5.24 (1.8 to 8.6) 0.003c

8 weeks after intervention 80.1 (11.1) 75.3 (8.9) ( 0.6 to (-0.1 -0.20 0.634d

aValues are expressed as mean (SD).
bMean difference (95% confidence interval).
cIndependent T-test was used for comparison of the groups before intervention.
dANCOVA test was used for comparison of the group after intervention with adjusting the baseline values.

The results of a study conducted by Zandinava et al.
showed that self-care education improved self-care behav-
ior in females with gestational diabetes and it was also ef-
fective in impaired glucose tolerance (42). The results of
Zandinava et al.’s study is inconsistent with the results of
the present study. This discrepancy may be due to the dif-
ference of samples and educational contents among the 2
study.

Garnaes et al., who investigated the effect of sports
training and weight gain on obese pregnant females, made
evaluations in 3 stages, including 12 to 18 weeks of gesta-
tion, 34 to 37 weeks of gestation, and upon childbirth. They
showed that the mean weight gained from the basic as-
sessment to childbirth was significantly lower in the in-
tervention group compared to the control group. They
also reported significantly lower prevalence of gestational
diabetes in the intervention group compared with the
controls (43). Asci et al. revealed that lifestyle interven-
tions during pregnancy significantly increase the likeli-
hood of weight gain being standard, proportional with the
mother’s BMI (44). Wang et al. (2017) investigated the ef-
fect of regular exercise in early pregnancy to prevent ges-
tational diabetes in Chinese overweight/obese pregnant fe-
males. The results showed that females in the interven-
tion group had significantly less gestational weight gain
by 25 gestational weeks and at the end of pregnancy, and
reduced insulin resistance levels at 25 gestational weeks
(45). The results of the above-mentioned studies are incon-
sistent with the results of the present study. This discrep-

ancy may be due to the difference of intervention type and
duration.

Given the short duration of the training intervention
and the need for more prolonged assessments, the present
results could be used to assess the study outcomes up to
the end of pregnancy. Moreover, despite holding the train-
ing programs, fear and anxiety in the pregnant females
caused by the complications of physical exercise and other
teachings during pregnancy, including abortion, preterm
delivery, and its associated difficulties, could be considered
a reason for the ineffectiveness of the intervention.

The strengths of the present study include its compli-
ance with all the principles of clinical trials, such as ran-
dom allocation and allocation concealment, and also the
lack of attrition, the outcomes being objective and visible,
and the data analyzer having been blinded. The limitations
of the study include the small sample size and the study
of only low-risk obese and overweight pregnant females,
which limits the generalization of the results to high-risk
obese and overweight pregnant females. Further studies
are recommended to be conducted on this subject with
larger sample sizes.

4.1. Conclusion

Although the frequency of gestational diabetes cases
and weight gain were found to be higher in the interven-
tion group than in the controls, the difference was insignif-
icant, possibly due to using a small sample size. Further
studies are therefore recommended to be conducted using
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larger sample sizes. Furthermore, given that the training
program covers only 4 weeks of pregnancy, training asso-
ciated with proper nutrition and the necessity of physical
exercise in obese and overweight pregnant females are rec-
ommended to be presented with the onset of pregnancy
and continued for longer durations to prevent gestational
diabetes and control weight gain.
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