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Abstract
Background: Gestational diabetes is one of the most common metabolic dysfunction in pregnancy and
as overweight and obesity are of the major risk factors, this study aimed to determine the effect of
Information-Motivation and Behavioral skills (IMB) model-based counseling on preventing gestational
diabetes in overweight and obese pregnant women.

Methods: A randomised controlled trial (RCT) was conducted involving pregnant women who are
overweight (BMI >25 to 29.9 k/gm2) or obese (BMI >30 k/gm2), at the 12 to 16 weeks gestation and
recruited from the Prenatal Clinic of Rohani Educational Hospital in Babol medical university, Iran, women
in the intervention group will receive a program informed four sessions by the Information-Motivation and
Behavioral skills. The control group received routine care. Blood glucose was measured before and 8
weeks after the intervention. Descriptive and inferential statistics including mean, standard deviation,
frequency, t-test, chi-square and ANCOVA were used.

Results: The prevalence of gestational diabetes was lower in the intervention group than the routine care
group (10% and 29.9%, respectively, RR=0.33, CI 95% (0.15- 0.74)  p=0.004) as well as mean fasting blood
glucose (d=0.28, P=0.07), and glucose tolerance test at the �rst and second hour (d= 0.41 and d=0.73,
respectively, p<0.01).

Conclusions: Our data suggest that women that IMB model-based counseling on self-care in early
pregnancy in overweight and obese pregnant women can be effective in preventing gestational diabetes.
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Name of the registry: Comparison of the effectiveness of counseling based on health
promoting  behaviors on fasting blood glucose and glucose tolerance test in pregnant and overweight
and obese women

IRCT registration number: IRCT20120125008822N3

Registration date: 2018-07-05, 1397/04/14Registration timing: prospective https://en.irct.ir/trial/32150

1. Background
Obesity is a rapidly growing global epidemic that increases the burden of disease and decreases life
expectancy [1, 2]. Iran is no exception with a prevalence of 21.7% among people over 18 [3]. Obesity
contributes to increased morbidity and mortality [4]. Adverse fetal complications, metabolic diseases,
preeclampsia, increased mortality and morbidity, and insulin resistance and diabetes are among adverse
consequences of obesity during pregnancy [5–7].

The constant needs of a fetus for nutrients and oxygen increase insulin demand which, in turn, lead to a
condition, called gestational diabetes, if there is no balance between insulin secretion and resistance [8].
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Gestational diabetes is metabolic dysfunction, which is �rst developed or diagnosed during pregnancy
[9]. It contributes to fetal complications, such as macrosomia, hyperinsulinemia, preterm labor, and
shoulder dystocia, and maternal complications, such as hypertension, increased risk of preeclampsia and
eclampsia, and di�cult birth. However, gestational diabetes can cause long-term complications for
mothers and infants in the future [10–13]. Therefore, gestational diabetes is of particular importance in
pregnant women. As a result, various methods have been studied for preventing gestational diabetes
[14–16]. Obviously, one of the most important preventive strategies is to control overweight and obesity
which are closely connected to diabetes [17]. Diet change, physical activity and exercise [18], mental and
social health [19], lifestyle change [20], and weight loss in a year before pregnancy [21] are among
effective factors in preventing diabetes. Weight loss is one of the most important factors in preventing
gestational diabetes [22]. On the other hand, strengthening motivation is an important factor in weight
loss by encouraging people to continue their weight loss program [23].

IMB is a comprehensive model for promoting health behaviors, especially in chronic diseases [24]. This
model has proved successful in explaining health behaviors over the past ten years [16]. Numerous
studies have demonstrated the positive effect of IMB model-based interventions on improving self-care
behaviors and related health outcomes in patients with diabetes through weight loss and HbA1c
reduction [24, 25].

Considering the background of effective studies on IMB model, the importance of gestational diabetes
and its impact on maternal and fetal health, and the increased prevalence of overweight and obesity,
some methods are needed to reduce the likelihood of obesity in order to reduce the prevalence of
gestational diabetes. Therefore, considering that the IMB model is an easy, inexpensive, accessible and
sustainable method, the aim of this study was to measure the effectiveness of early intensive lifestyle
intervention by the IMB model in preventing the incidence of gestational diabetes in overweight and
obese pregnant women. The hypothesis was that women in the intervention group had fewer diagnoses
of GDM than women in the usual care group on the incidence of GDM in overweight and obese women.

2. Materials And Methods
This randomized controlled trial was approved by the Ethics Committee of Babol University of Medical
Sciences, in 2018, and registered at the Iranian Registry of Clinical Trials (IRCT20120125008822N3). The
study population consisted of all pregnant women at the end of their �rst trimester of pregnancy who
visited the Prenatal Clinic of Rohani Educational Hospital in Babol, Iran. The study will be conducted and
reported using the CONSORT recommendations [26].

2.1. Sample size estimation
The Results of the study by Quinlivan et al. were used to determine the sample size based on the
prevalence of gestational diabetes in the intervention and the usual care groups [27]. In this study, the
overweight women (BMI > 25) received educational intervention about diet, increased physical activity,
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and stress management. The incidence of gestational diabetes mellitus in the 24–28 weeks of gestation
was 29% in the control group and 6% in the intervention group. The sample size was estimated at 110 (55
participants for each group) at a con�dence level of 95%, test power of 80%, a two-tailed test, and using
the formula of comparison between two ratios in G-power. Due to the chance of 20% drop out, the sample
size for each group increased to 74. Finally, the total sample size was 148.

2.2. Randomization procedure
A computer generated randomization sequence will be used to facilitate the permuted block
randomization of participants. Random allocation to the intervention or the usual care group will be
conducted by an individual who is independent to the study by drawing opaque numbered envelopes
consecutively, to reveal the group allocation.

2.3. Participants
Inclusion criteria were pregnant women over 16 years old, a BMI of ≥ 25 Kg/m2, basic literacy, singleton
pregnancy, normal results from the �rst-trimester test for fasting glucose based on the national and
international protocols (maximally, 92 mg/dl [28, 29] and gestational age between 12 weeks and 1 day to
16 weeks and 6 days. Exclusion criteria will include women: with pre-existing diabetes (types 1 and 2), a
past history of gestational diabetes, unable to give informed consent in Persian, currently experiencing
vaginal bleeding or with severe medical conditions preventing them from being able to undertake regular
low impact exercise. Also they were withdrawal from the study at each stage and incomplete
questionnaire completion.

Eligible participants were �rst selected from the medical records of pregnant women who visited the
Prenatal Care Clinic. They were contacted and invited to attend the clinic. Participants were susceptible to
diabetes due to high BMI. After a thorough explanation of the aims of the study and obtaining written and
oral informed consent, the participants were randomly assigned to counseling and the usual care groups.
Before the study, all participants completed the demographic questionnaire and the results of the initial
blood glucose test were recorded from their health records.

2.4. Intervention
Education and counseling included four sessions based on the IMB model. The �rst counseling session
lasted for 90 minutes on the �rst day of the visit. Subsequent 60-90-minute sessions were held in person
(three sessions) each week. Counseling was provided by the researcher using the IMB model during a
four-week period according to the timetable agreed on with the women in the maternal education room of
the clinic. In addition, the participants were provided with a booklet on how to perform appropriate
physical activities during pregnancy. During each session, PowerPoint presentations, image presentation
and question and answer techniques were used. First session: counseling for obesity, nutrition during
pregnancy and the impact of obesity on gestational diabetes; second session: counseling on how to do
physical activities during pregnancy and its bene�ts; third session: counseling for diabetes self-care, how
to manage stress in pregnancy and its effect on gestational diabetes; fourth session: counseling on the
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impact of motivation on mental health and continuity of chronic disease control. Standard maternal care 
was also provided to both groups. Women in the control group will receive usual care. Usual care in this
setting involves initial weighing to calculate BMI [30]. At the end of the counseling sessions, mean
plasma glucose levels were measured for both groups at 24 to 28 weeks of gestation. A two-hour, 75-
gram oral glucose tolerance test (OGTT) was used to measure blood glucose (fasting glucose, and one
hour and two hours later). Whenever one blood glucose test result was higher than or equal to normal
index (92, 180 and 153 mg/dl, respectively) [28, 29] diagnosis of gestational diabetes was made and the
pregnant woman was referred to a gynecologist.

2.5. Blinding
All participating women will provide written consent prior to randomization however women will not be
blinded to allocation. Due to the type of intervention, blinding of the researchers to allocation is also not
realistic. Analysis will be performed by a person independent to the research team to avoid assessment
bias.

2.6. Data Collection Instruments
The data collection instrument was a two-part questionnaire including demographic characteristics and
para-clinical tests reports, which was completed by inquiring the participants and from their medical
records by the author. The �rst part of the questionnaire included demographic, social, reproductive, and
laboratory information with 17 questions about weight, height, age, number of pregnancies, date of the
last menstruation, expected date of delivery, gestational age by week, etc. The second part of the
questionnaire consisted of baseline FBS and the result of re-measuring FBS and OGTT at weeks 24–28
with 75 g glucose according to ADA criteria, the national protocol and the World Health Organization's
protocol [28–29–31]. It should be noted that fasting glucose test and glucose tolerance test were both
performed at the same center.

2.7. Data Analysis
The collected data was inputted into SPSS 21 with an appropriate code. Demographic variables were
reported using descriptive statistics (mean and standard deviation for quantitative variables and
frequency for qualitative variables) and the between-group comparison was one using t-test and chi-
square. An ANCOVA was used to compare blood glucose between groups. Leven test was used to test
homogeneity of variance and homogeneity of regression coe�cients. In addition, the results of the
glucose tolerance test were compared between the two groups by independent t-test. To compare the
incidence of diabetes between the two groups, chi-square and relative risk calculations were used.

2. Results
Of 162 pregnant women evaluated, 148 met the inclusion criteria and agreed to participate in this study.
Others were excluded because of type 2 diabetes, high blood pressure, and thyroid disorders. Finally, 137
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participants were divided into two groups (70 participants in the counseling and 67 participants in the
routine care group) (Flowchart 1).

Comparison of socio-demographic data showed that there was no signi�cant difference between the two
groups (Table 1).
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Table 1
Comparison of demographic and social characteristics of the samples in two groups of counseling

based on motivational model and behavioral and control skills

Variable Intervention group
(N = 70)
Number (Percent)

Routine care group
(N = 67)
Number (Percent)

Age mother (year)* 29.04(5.94) 27.68(5.72)

BMI (Kg/m2) 32.44(3.45) 33.20(4.60)

Education    

Under diploma 11(15.7) 13(19.4)

Diploma 39(55.7) 31(46.3)

More than diploma 20(28.6) 23(34.3)

Job mother    

Housewife 61(87.1) 59(88.1)

Employee 9(12.9) 8(11.9)

Job father    

Employee 11(15.7) 14(20.9)

Worker 12(17.1) 6(9)

Self-employment 47(67.1) 47(70.1)

Income    

Enough 26(37.1) 18(26.9)

Enough to be enough 40(57.1) 44(65.7)

Not enouph 5(7.5) 4(5.7)

Location    

City 48(68.6) 37(55.2)

Rural 22(31.4) 30(44.8)

Gravity    

Noli Par 28(40) 33(49.01)

Molti par 42(60) 34(50.7)

Variables were reported as numbers (%), except for cases * reported as mean (Standard Deviation)
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Variable Intervention group
(N = 70)
Number (Percent)

Routine care group
(N = 67)
Number (Percent)

Type of delivery    

No delivery 28(40) 33(49.3)

NVD 15(21.4) 13(86.7)

C/S 27(38.6) 21(31.3)

Anomaly history 0(0) 1(1.5)

Macrosomal history 4(5.7) 1(1.5)

History of stillbirth 2(2.9) 2(3)

History of preterm labor 2(2.9) 1(1.5)

Variables were reported as numbers (%), except for cases * reported as mean (Standard Deviation)

3.1. Fasting blood glucose
Second-trimester fasting blood glucose was lower in both groups than the �rst trimester, but the mean
difference in the two groups increased in weeks 24–28, with fasting blood glucose level being
signi�cantly lower in the counseling group than the routine care group (Table 2).

Table 2
Comparison of fasting blood sugar levels in routine care and Intervention groups

Variables Intervention group
(N = 70)
Mean(SD)

Routine care group
(N = 67)
Mean(SD)

F Effect size
(Cohen's d)

P value

After Before After Before

FBS 80.50
(8.21)

83.54
(6.43)

83.80
(10.72)

84.86
(7.69)

3.13 0.28 0.07

Comparison between groups using ANCOVA demonstrated that the difference in fasting blood glucose
between the two groups was close to signi�cant level, though it was not statistically signi�cant. The
mean difference between the two groups was d = 0.28, indicating a slight difference (Table 2).

3.2. OGGT test
According to the independent t-test, the mean blood glucose in the �rst-hour and second-hour glucose
tolerance tests was signi�cantly lower in the counseling group. In addition, the mean difference of blood
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glucose level in the �rst-hour screening of the glucose tolerance test was d = 0.41 and in the second hour
of the glucose tolerance test was d = 0.73, which was signi�cantly lower in the counseling group than the
control group (Table 3).

Table 3
Comparison of �rst and second hour glucose tolerance test in routine care and Intervention groups

Glucose tolerance test Intervention group (N = 70)
Mean(SD)

routine care group
(N = 67)
Mean(SD)

Effect size
(Cohen's d)

P value

1 h 126.97
(22.48)

137.62
(28.07)

0.41 0.01>

2 h 100.25 (20.99) 117.05
(24.31)

0.73 0.01>

3.3. Incidence of gestational diabetes
In the follow-up, 80.3% participants did not have gestational diabetes and 19.7% had gestational
diabetes. Chi-square test showed that there was a signi�cant difference between the two groups in the
incidence of diabetes (P = 0.004). The relative risk of gestational diabetes in overweight and obese
women with IMB counseling reduced by 67%, and the relative risk of diabetes in the intervention group
was 0.33, 95% CI 95% =0.15–0.74 (Table 4).

Table 4
Comparison of diabetes frequency (according to national protocol) between counseling and routine care

groups

groups Intervention
group
Number
(Percent)

routine care
group
Number
(Percent)

Total
Number
(Percent)

Chi-
square

DF P-
value

No
diabetes

63
(90.0)

47
(70.1)

110
(80.3)

8.525 1 0.004

Diabetic 7
(10.0)

20
(29.9)

27
(19.7)

Total 70
(51.1)

67
(48.9)

137
(100.0)

4. Discussion
Results of the comparison of mean fasting glucose in overweight and obese pregnant women in both
counseling and routine care groups showed that the variance of blood glucose was similar between
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groups. Intergroup comparison suggested that there was a difference in fasting blood glucose between
the two groups, which was not statistically signi�cant. In addition, the prevalence of gestational diabetes
was signi�cantly lower in the counseling group.

A study by Quinlivan et al., which examined the four-step approach of motivational counseling in prenatal
care in overweight and obese women, found that a signi�cant reduction in the incidence of gestational
diabetes occurs with the application of this protocol [27] which is consistent with the results of the
present study. In a study, Luoto et al. investigated the effect of the IMB model on self-care in people with
type 2 diabetes. During this study, it was observed that using this model signi�cantly controls glycemia
[32], which is consistent with the present study. In our study, using this model also reduced glycemia but
this reduction was not signi�cant. In a study which aimed to evaluate the effect of IMB model on
adherence to recommended treatment regimens in patients with diabetes in Babol, using this model was
effective on improving self-care and quality of life of patients with diabetes [33]. In addition, in the study
by Khosravi et al., which aimed to investigate the effect of IMB model on improving body weight control
and area of the limbs in women undergoing weight loss surgery in Shiraz, the results indicated that this
model has a signi�cant effect on weight control and area of the limbs in women undergoing weight loss
surgery [34], which relatively complies with the present study. In these studies, the effect of the model on
diabetes improvement and weight control was signi�cant. In our study, although there was a difference in
fasting blood glucose between the two groups, this difference was not statistically signi�cant. This may
be due to the difference in the study population because the participants in the present study were
pregnant women and due to pregnancy conditions, diet restriction and weight control were more stringent
than other populations. In a study, the authors suggested that the IMB model may be one of the most
important elements in enhancing physical activity, and fruit and vegetable consumption in adolescents.
IMB could decrease HbA1c levels, weight and blood pressure over the past year [35] which complied with
the present study.

The IMB model is a comprehensive model for promoting health behaviors by encouraging to improve
lifestyle, reduce and maintain weight in an ideal or near-ideal state, and strengthen the will to improve
health behaviors and preventive factors for chronic diseases, including blood glucose control. The most
important strength of this study was the evaluation of the effects of behavioral interventions on
biological variables (fasting glucose assay and glucose tolerance test). Other strengths of this study
included observing the full principles of counseling, random allocation of participants, and the use of
standard questionnaires.

We recognized that there are limitations in our study. First, this research was restricted to the pregnant
women at a single hospital. Thus, the results cannot be generalized to all overweight and obese pregnant
women. it is suggested that subsequent studies be carried out with a larger number of samples and
multicenter. Second, this study might be the lack of blindness due to the nature of the intervention.Third,
clinical information including pre-pregnancy height and weight were self-reported, which tend to be
slightly different from when directly measured; however, these approaches had been used in the literature
[36].
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Conclusion
Although A lifestyle intervention in early pregnancy by IMB counseling in overweight and obese pregnant
women could not signi�cantly decrease fasting blood glucose, there was a signi�cant difference in mean
glucose in the two groups; in addition, we concluded that the lifestyle intervention is clinically e�cacious,
which has decreased the incidence of gestational diabetes in the intervention group, so it could predict
the positive effect of this model on gestational diabetes prevention. It is recommended to investigate the
effect of IMB counseling on other maternal and fetal outcomes in overweight and obese pregnant
women.
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Figure 1

Process of enrollment of participants in the study


