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Original Article

Abstract
Background and aims: The imbalance between energy intake and consumption has been recognized as an important factor contributing 
to the gestational weight gain (GWG). Additionally, the determination of the effect of macronutrient composition on GWG has been 
recommended by researchers. Therefore, we examined the effect of nutrition education on weight gain, energy, and energy-adjusted 
macronutrients intake during three trimesters of pregnancy which have not been widely studied.
Methods: This randomized single-blinded clinical trial was performed on 192 primiparous pregnant women in Isfahan, Iran, from May 
2015 to September 2016. Data were collected using a questionnaire completed through interviews with pregnant women and prenatal 
care-related records. We developed an individualized calorie-appropriate diet for each participant at enrollment and then three 45-60 
minute training sessions were held at 6-10, 18, and 26 weeks of pregnancy and the subjects’ weights were measured during these sessions. 
A consecutive 3-day food intake record at 6-10, 18 and 34-36 weeks was obtained from two groups to determine the macronutrients. 
Moreover, physical activity scores were estimated before and after the intervention. 
Results: The mean weights at 18, 26, and 40 weeks of gestation were significantly lower in the intervention group ( P = 0.024,  P = 0.040, 
and  P = 0.015, respectively). The total energy, energy-adjusted carbohydrate and protein intake at 6-10, 18, and 34-36 weeks of gestation 
were not significantly different between the two groups (P   > 0.05). However, the mean energy-adjusted fat intake decreased ( P = 0.043). In 
addition, the mean energy-adjusted dietary fiber intake was significantly higher in the intervention group ( P = 0.001).
Conclusion: In the present individualized calorie-appropriate trial, the mean weights decreased during three trimesters in the intervention 
group. Additionally, calorie, energy-adjusted carbohydrate and protein intake did not change after intervention while energy-adjusted fat 
intake decreased.
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Introduction 
A balanced and varied diet that contains adequate amounts 
of energy and nutrients is essential to maintain good 
maternal health and gestational weight gain (GWG) 
which affect fetal health and birth weight (1). Excessive 
GWG is one of the most common complications with 
an overall prevalence of 18.5-38.3% (2) and a prevalence 
of 20.13%-37.27% in Iranian obese women (3). It 
could result in post-partum weight retention, obesity, 
gestational diabetes, hypertensive disorders of pregnancy, 
cardiometabolic outcomes in women, and obesity in 
children (4). Researchers have recognized the imbalance 
between energy intake and consumption as an important 
factor contributing to the GWG (5). In this regard, the 
determination of the effect of macronutrient composition 
on this problem has been recommended (6). The nutrition 
intervention used by Wolff et al restricted the energy intake 
and the GWG (7). Decreased daily intake of calorie, fat, 
saturated fat, and cholesterol were detected after another 
intervention which reduced EGWG (8). In our trial, we 
prevented GWG by nutrition education (9) which was the 
first nutritional intervention to the best of our knowledge 
since other successful trials included nutrition and physical 
activity trials. In this study, we evaluated the effect of 
nutrition education on weight gain during three trimesters 
of pregnancy. Another aim of the current study was to 
assess the effect of education on the energy and energy-
adjusted macronutrient intake.

Materials and Methods
This randomized clinical trial (identifier: 
IRCT2016012026129N1; https://en.irct.ir/trial/21740) 
was performed among 192 primiparous pregnant women 
in Isfahan, Iran, from May 2015 to September 2016. The 
sample size was calculated by the following formula: 

n = [(Z1-α/2+Z1-β)2 ⋅ 2S2]/ Δ2, based on a significance 
level of 5%, a power of at least 80%, and a standard 
deviation of 7 for at least a 3 kg difference in the gained 
weight between two groups. An attrition rate of 10% was 
considered and 96 participants were determined for each 
group. In this study, 5 hospitals, 15 community health 
centers, and 15 private offices were selected according to 
the stratified sampling. First, Iranian women with 18 years 
of age and older, a body mass index (BMI) of lower than 40 
kg/m2, and a gestational age of 6-10 weeks were included 
in the study. Exclusion criteria were weight-related 
complications (10), anemia, urinary tract complications, 
use of a special regimen (11), a history of diabetes (12), 
mental diseases (13), chronic disease, and addiction (14). 

Gynecologists medically prescreened females and then 
a person in charge explained the study objectives to 
them. After providing the written consent to participate 
in the study, the participants were randomly classified 
into groups. Computer-generated codes were determined 
by random allocation software (version 1.0.0) and then 

sealed in consecutively numbered opaque envelopes. 
The participants were then randomized by opening the 
next sealed envelope to assign them in the intervention 
or control group to complete the sample size. Routine 
prenatal care was provided for all participants. In addition, 
training sessions were held for the intervention group. 
Gynecologists and midwives were blind to the participants 
randomization and the educational content. However, we 
could not blind the instructor and pregnant women due to 
the nature of the study. 

Instrument
Participants’ characteristics were collected by a questionnaire 
completed through interviews with pregnant women 
and prenatal care-related records. Since these records 
were prepared in standardized forms, their reliability had 
already been confirmed. In addition, patient records were 
completed by experts, which ensured their reliability. 
A three-day dietary recall including one weekend day 
(15) was used to measure the food intake at 6-10 and 
35 weeks of gestation. The obtained data were analyzed 
for nutrients using the nutritionist IV software while 
the person in charge was blind to study objectives. The 
Pregnancy Physical Activity Questionnaire was used to 
measure the participants’ physical activity before and after 
the intervention (16). 

Nutrition education intervention
Our intervention was planned for the intervention group 
considering the initial evaluation (15). A nutritionist 
developed an individualized calorie-appropriate diet 
for each participant at enrollment. Three 45-60 minute 
training sessions were then held at 6-10, 18, and 26 weeks 
of pregnancy. In the first session, an educational booklet 
(17) including the benefits of trained items, the barriers 
to using them, and the solutions for overcoming the 
barriers was given to each participant in the intervention 
group. Educational content included the following main 
points: (1) varied and balanced diet according to the five 
food groups of the food pyramid including grain, milk, 
meat, vegetables, and fruit expressed as servings/day; (2) 
GWG according to the IOM guidelines; and (3) healthy 
eating. Pregnant mothers were advised to eat low-fat dairy 
products, high fiber bread instead of white bread, and 
vegetables instead of pickles. Energy intake was estimated 
according to the initial dietary evaluation and 50% to 55% 
of that was allocated to the total carbohydrate intake. The 
participants were advised to take complex carbohydrates 
instead of simple carbohydrates. Approximately 25% to 
30% of energy intake was allocated to the total fat intake 
and 15% to 20% to protein intake. We made any attempts 
to increase the monounsaturated fatty acids and decrease 
the saturated and trans fatty acids. Fluid and micronutrient 
needs were determined according to the national guideline. 
The intervention group recorded their daily food intake for 

https://en.irct.ir/trial/21740
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one month to increase their self-efficacy and to test their 
compliance. In addition, the instructions were explained 
to the mothers in the intervention group in the second 
session in order to increase their self-efficacy (goal-setting 
techniques). We created groups of two to eight persons 
during the second and third sessions to perform group 
discussion, role-playing, and brainstorming strategies. Two 
telephone numbers were also given to participants so that 
they could ask their questions and their potential stress 
could be managed. Computer-based programs were used to 
educate healthy cooking methods during the third session. 
The first author instructed the pregnant mothers. The 
participants’ weights were estimated using a digital scale at 
each session during 34-36 and 40 weeks of pregnancy.   
    
Statistical analysis
Statistical analyses were performed using SPSS version 
18.0 (IBM Company, USA). Independent t test and χ2 
were used to determine the homogeneity of the baseline 
characteristics in two groups. The Kolmogorov-Smirnov 
test was used to analyze the normal distribution of the data, 
and significance level was considered5%. We compared 
the mean weights at 6–10, 18, 26, 34-36, and 40 weeks 
of gestation using repeated measures analysis of variance. 
Macronutrients values and dietary fiber intake were 
adjusted for total energy intake by the residuals method as 
described by Willett and Stampfer (18). The mean values 
of total energy and energy-adjusted macro-nutrients intake 
were compared by repeated measurement ANOVA at 
18, and 34-36 weeks of gestation and over time (during 
pregnancy).

Results
The participants’ demographic characteristics were not 
significantly different between two groups (Table 1). The 
participants’ mean weights were significantly lower at 18, 
26, and 40 weeks of gestation in the intervention group 
(Table 2). The mean value of total GWG was significantly 
lower in intervention group (P = 0.01). Table 3 shows the 
comparison of mean values of energy and energy-adjusted 
macro-nutrient intake between two groups at 6-10, 26, 
and 34-36 weeks of gestation. Moreover, the comparison of 
these variables was done over time (the last column of Table 
3). The results of repeated measures ANOVA showed that 
the fiber intake enhanced after intervention ( P = 0.001).

Discussion
In the present trial, the mean weight gain decreased in 
the intervention group during three trimesters. After 
intervention, total energy, energy-adjusted protein, and 
carbohydrate intake were not different between two groups. 
However, energy-adjusted dietary fiber intake increased 
and energy-adjusted fat intake decreased significantly. 

The mean weights at 18, 26, and 40 weeks of gestation 
decreased in intervention group. There are few studies that 

have reported the weight of pregnant mothers at different 
stages of pregnancy in all BMI groups. For example, the 
intervention used by Wolff et al restricted the GWG in 
obese women who received 10 consultations of 1 hour, 
each with a trained dietitian, during the pregnancy (7). 
Moreover, the intervention used by Sun et al at weeks 
8-12 and every month in the second trimester prevented 
excessive GWG in overweight and obese women (19). In 
another study, obese women received group‐based dietary 
intervention after their second individualized session and 
throughout pregnancy which resulted in lower GWG 
(20). In a report by Robertson and Ladlow, three or more 
interventional sessions were significantly more efficient 
compared with the initial assessment only (21). However, 
Bechtel-Blackwell conducted computer-assisted self-
interview and reported that nutrition education decreased 
GWG in the first trimester while maternal weights were 
significantly greater during the second and third trimesters 
(22). In another dietary intervention, pregnant women 
were provided with recommendations on the basis of 
the Australian guideline by a dietitian (23). Besides that, 
individualized advice regarding weight gain and nutrient 
targets was provided. Diet quality improved in the study, 
while GWG did not change. It seems that training sessions 
during pregnancy along with the strategies used in this 
study and similar surveys were able to control GWG.

In our trial, the mean energy intake at 6-10, 18, and 34-36 
weeks of gestation were not significantly different between 
two groups. However, the intervention used by Hui et 
al (8) decreased energy intake in participants of all BMI 
groups and resulted in a reduction in GWG. Additionally, 
the intervention used by Wolf et al restricted calorie and 
decreased GWG in obese women (7). Consistently, a 
systematic review of observational surveys suggested that 
GWG might be decreased by lower energy intake in 
pregnancy (24). Here we note that  the intervention (8) 
used by Hui et al lasted eight weeks while the intervention 
in the present study lasted 30-34 weeks and reduced energy 

Table 1. Comparison of Participants’ Characteristics and Baseline Values in 
Study Groups (n=192)

Variable
Intervention 

(N=86)
Control 
(N=88)

P-value

Age (years) 26.58 ± 3.80 26.71 ± 4.04 0.83*

Pregravid weight (kg) 63.29 ± 11.85 61.14±10.04 0.17*

Pregravid BMI (kg/m2) 23.70 ± 4.07 22.32 ± 3.91 0.99*

Years of education 14.62 14.15 0.66

Family income (Rials)

<6000000 24 (27.06%) 138 (11.04%)

0.66**6000000-12000000 44.94 (59%) 59 (62.11%)

>12000000 25 (28.09%) 16(16.85%)

Physical activity (met/hour) in 
the first trimester

31.02±11.55 30.01±11.02 0.61*

Physical activity (met/hour) in 
the third trimester

29.92±10.78 27.89±10.50 0.54*

*P-values using independent samples t-tests
**P-values using χ2 analysis
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intake, which could be associated with low birth weight. A 
reduction in energy intake in studies that were conducted 
on overweight and obese women can make sense while our 
participants were selected from all BMI groups. In addition, 
we individualized calorie intake and the reduction in 
energy intake was not our aim. Thomas et al reported that 
their energy-balance model could make predictions about 
the relationship between energy consumption and weight 
gain during pregnancy (25). 

After the intervention, energy-adjusted carbohydrate 
intake was not different between the groups in the present 
study. The findings reported by Guelinckx et al were 
similar to our results (26); however, in a study by Hui et al, 
carbohydrate intake decreased in normal women, but not 
in overweight and obese subjects (8). In a study by Mottola 
et al, the intervention reduced carbohydrate intake in 
overweight and obese participants (27). Although energy-
adjusted carbohydrate intake was not significantly different 
between the two groups in the present study, changes in 
carbohydrate intake might be the reason for weight control 

in the intervention group as energy-adjusted dietary fiber 
intake enhanced significantly after intervention.

Comparison of energy-adjusted protein intake did not 
show a significant difference between two groups which is 
contrary to other studies in overweight and obese women 
(27) or in all BMI groups (8,28). The protein intake 
increased after the intervention in the present study and the 
lack of the significant difference between the two groups 
was due to the education of the control group by their 
health care providers as we observed that both groups had 
enhanced energy-adjusted protein intake.

Energy-adjusted fat intake decreased during pregnancy 
in experimental group which is consistent with the 
study conducted by Hui et al, in which the intervention 
decreased GWG in all BMI groups (8). Reduced fat intake 
in experimental group after these interventions is a logical 
finding as GWG did not decrease in one study in which 
lower fat intake was not observed after intervention (26). 

The strengths of this study are the early enrollment of 
participants, the longitudinal design, repeated measurements 

Table 2. The Comparison of the Participants’ Mean Weights at 6–10, 18, 26, 34-36, and 40 weeks of Gestation by Repeated Measurement ANOVA 

Time Group Mean Std. Error
95% Confidence interval

P-value
Lower bound Upper bound

6-10 week
I 62.45 0.26 61.93 62.97

0.052
C 63.19 0.27 62.66 63.72

18
I 64.70 0.39 63.92 65.47

0.024
C 65.98 0.40 65.19 66.77

26
I 69.19 0.43 68.34 70.03

0.040
C 70.46 0.44 69.59 71.32

34-36
I 73.22 0.46 72.31 74.14

0.050
C 74.53 0.47 73.60 75.46

40
I 74.93 0.49 73.95 75.90

0.015
C 76.65 0.50 75.66 77.64

Time*Group F statistics : 1.44 0.22

I: intervention
C: control

Table 3. The Mean Values of Energy and Energy-adjusted Macronutrients at 18 and 34-36 Weeks of Pregnancy in Two Groups

Variable Time group Mean Std. Error
95% Confidence interval

P-value* P-value**
Lower bound Upper bound

Energy

18	 I
C

1840.57
1859.48

33.46
40.53

1774.18
1779.08

1906.96
1939.89

0.72
0.723

34-36	 I
C

1892.74
1930.58

66.93
81.05

1759.97
1769.77

2025.52
2091.39

0.72

Protein

18	 I
C

69.023
67.273

1.493
1.857

66.063
63.591

71.983
70.956

0.47
0.464

34-36	 I
C

74.949
71.449

2.985
3.714

69.029
64.084

80.869
78.814

0.46

Fat

18	 I
C

52.687
56.755

1.203
1.526

50.301
53.728

55.074
59.782

0.04
0.043

34-36	 I
C

50.631
58.767

2.406
3.051

45.857
52.713

55.404
64.820

0.04

Carbohydrate

18	 I
C

275.497
275.056

5.922
7.273

263.750
260.630

287.244
289.481

0.96
0.963

34-36	 I
C

287.895
287.012

11.845
14.546

264.401
258.160

311.389
315.864

0.90

I: intervention
C: control
P-value*: The comparison of mean values of energy and energy-adjusted macronutrient intake in two groups at 6-10, 26 and 34-36 weeks of gestation using 
repeated measures ANOVA 
P-value**: The comparison of mean values of energy and energy-adjusted macronutrient intake by repeated measures ANOVA over time 
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of the same variables during pregnancy, and measurements 
of macronutrient intake in addition to weight gain. Our 
study showed that continuing nutrition education during 
pregnancy is effective in improving nutrient intake and 
weight control. However, the intervention in the present 
study was performed on a rather small sample of thin 
and obese women. Therefore, the replication of the study 
on thin, normal, overweight, and obese women with an 
adequate sample size is recommended.

Conclusion
In the present individualized calorie-appropriate trial during 
three trimesters, the mean weight decreased in intervention 
group. Moreover, calorie, energy-adjusted carbohydrate, 
and protein intake did not change after intervention while 
energy-adjusted fat intake decreased.
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