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The effect of Internet‑based nutrition 
education according to Pender’s health 
promotion model on gestational weight 
gain: Study protocol for a randomized 
controlled clinical trial
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Abstract:
BACKGROUND: Gestational weight gain (GWG) should be managed appropriately because both 
inadequate and excessive weight gain have negative health consequences for mother and child. 
Therefore, we report the study design for investigating the effect of nutrition education based on 
Pender’s health promotion model (HPM) through the smartphone app on GWG.
MATERIALS AND METHODS: This randomized controlled trial (RCT) will be performed on the 
Internet for intervention by uploading text messages, audio, images, and portable document 
format  (PDF)  files  via  a  group  in  one of  the  virtual messenger  networks with  the  title  “Nutrition 
education research plan.” After random allocation, both control and intervention groups will receive 
the routine prenatal care including dietary recommendations. The data will be collected using a 
multipart researcher‑made questionnaire containing 33 questions including demographic information 
and Pender’s construct parts. The evaluation is performed with pretest, posttest, and measurement 
of the obtained weight. Paired and independent samples t‑tests and analysis of variance (ANOVA) 
with repeated measurements will be applied to compare mean scores of constructs of Pender’s 
HPM and gained weights.
RESULTS: The results of this study will clarify whether the present intervention will be effective on 
the total gestational weight gain and the weight gained in different weeks of pregnancy compared 
to the control group.
CONCLUSION:  The  obtained  findings  of  this  study might  be  useful  for managing GWG and 
consequently maternal and neonatal outcomes.
Keywords:
Diet, food, and nutrition, health education, health promotion, Internet‑based intervention, pregnancy 
weight gain

Introduction

Gestational weight gain (GWG) is 
controlled during pregnancy and 

refers to the difference between the 
last recorded weight (usually between 
37 and 40 weeks of gestation) and the 
pre‑pregnancy weight.[1] Both inadequate 

and excessive weight gain have negative 
health consequences; therefore, weight gain 
should be managed appropriately during 
pregnancy.[2,3] Pender’s health promotion 
model (HPM) is an attempt that has been 
used in changing the unhealthy nutritional 
behaviors, considering that it focuses on 
personal experiences and characteristics, 
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behavior‑specific cognitions and affect, and behavioral 
outcomes.[4] As previous studies have shown that 
nutrition education based on the Pender model has made 
it possible to follow the food pyramid and weight correctly 
according to the limits recommended by the Medical 
Institute of Medicine (IOM).[5,6] However, problems such 
as distance, fear of getting infected with coronavirus 
disease 2019 (COVID‑19), pregnancy complaints such as 
pica and bed rest, and exposure to heat and cold make it 
difficult to hold training sessions. Therefore, nutritional 
interventions using mobile health applications with 
different goals were designed for pregnant women,[7,8] 
which are available anytime and anywhere, and provide 
online consultation, user interaction, and easy access 
regardless of personal characteristics.[9] However, there 
are very few interventions that use apps to control GWG 
following IOM guidelines and promote data‑based 
healthy weight‑related behaviors during pregnancy.[10] 
Similarly, a systematic review reported that no published 
report used smartphone apps to manage GWG.[11] 
Oppositely, Koeryaman et al.[7] indicated that education 
through web‑based applications was effective in 
healthy gestational weight gain. Moreover, we found 
no Pender‑based trials that addressed pregnancy weight 
management via mobile apps, while there are reports of 
educational interventions using other models to promote 
maternal health behaviors.[12,13] Therefore, according to 
the above‑mentioned issues and our previous effective 
study on web‑based education,[14] we decided to 
conduct a study design for investigating the effect of 
nutrition education based on Pender’s HPM through the 
smartphone app on GWG in all body mass index (BMI) 
groups.

Materials and Methods

Study participants and sampling
T h i s  r a n d o m i z e d  c o n t r o l l e d  t r i a l  ( R C T ) 
[IRCT20160120026129N2] will be conducted in 
accordance with the Consolidated Standards of 
Reporting Trials (CONSORT) checklist in Isfahan, 
Iran. Originally, Iranian primiparous women aged 
18–40 years old after a single pregnancy will be recruited 
at 6–10th weeks of gestation between May 22, 2022, and 
July 21, 2023. Participants will be excluded if they suffer 
from medical problems affecting body weight (untreated 
thyroid disease), type 1 or 2 diabetes mellitus, specific 
mental illness, smoking and drug addiction, nutritional 
deficiencies and problems, chronic disease, usage of 
drugs that interfere with the study goals, kidney disease, 
all anemias including thalassemia minor, having a 
special diet, BMI greater than 35, and problems such 
as hyperemesis gravidarum. According to stratified 
sampling, 15 community health centers will be selected to 
introduce pregnant women. Using the following formula 
and counting affiliation rate of 20%, the significance 

level of 0.05 (α), the required power of 0.90 (1‑β), and 
to achieve a weight difference of at least 2.9 kilograms 
between the two groups (d) whose standard deviation 
values (Ϭ1 and Ϭ2) are estimated to be 7.3 and 7 kg, 
respectively,[15] at least 160 samples of pregnant women 
will be considered in each group. In such a way that 
at least 40 women for each BMI group (underweight, 
normal, overweight, and obese) will be selected for both 
intervention and control groups.

n = (Z 1‑α/2 + Z 1‑β) 2 (Ϭ12+ Ϭ22)/d2

Study design and setting
A responsible person who will not participate in any of 
the research phases will use stratified randomization 
to reduce the possibility of heterogeneity due to 
pre‑pregnancy BMI in the intervention and control 
groups. In such a way, four categories will be determined 
based on pre‑pregnancy BMI (underweight, normal, 
overweight, and obese) which includes at least 80 
participants (40 in the intervention and 40 in the control). 
Therefore, the mentioned person will have 20 blocks 
of four, which is the most common block size, and the 
number of participants in them is 6, and the devoted 
number to the sequence of each block is from 1 to 6. 
Then, using R[16] software, that person chooses a group 
of random numbers and the first number with the same 
sequence number is assigned to the first block, and 
based on the specific order of the block, the participants 
in each category are assigned to the intervention or 
control group.

At the beginning of the intervention, the first author 
will carefully explain the study goals for the willing 
women who have been introduced to 15 community 
health centers. The selection of primiparous women will 
homogenize the study population, as well as eliminate 
the confounding effects caused by the parity on the 
pregnancy outcome. After taking the written consent, the 
participants will open the next closed letters to determine 
the assigned number in intervention or control. It should 
be noted that they will receive the routine prenatal care 
including dietary recommendations; also, fetal health 
will be checked according to routine pregnancy care. 
Furthermore, a group will be created in one of the virtual 
messenger networks for the intervention with the title 
“Nutrition education research plan” to offer educational 
content for the experiment group. Because of the nature 
of the intervention, participants will not be blinded, but 
healthcare providers and data analysts will be blinded.

Data collection tool and technique
The data will  be collected using a multipart 
researcher‑made questionnaire containing 33 questions. 
The demographic information part will include 11 
questions related to age, education level, occupation, 
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spouse’s characteristics (age, education, and occupation), 
desired or unplanned pregnancy, the housing conditions, 
having or not a having car, monthly household income, 
and pre‑pregnancy BMI.

Perceived benefits based on the association between 
healthy nutrition and the prevention of maternal and 
child obesity, the possibility of having healthy nutrition 
considering the costs, the correlation between healthy 
nutrition and reducing pregnancy, and childbirth 
complications will be asked by asking four questions with 
a range of 0–16 scores. Perceived barriers will include 
time, deprivation of pleasure, fatigue, expenses, wife’s 
taste, pica, or other pregnancy complaints (six questions). 
Three questions about following the food pyramid, 
obedience of healthy eating habits in all situations, and 
compliance with healthy cooking method with a score 
of 1–10 will form self‑efficacy questions. Activity‑related 
affects will be related to nutritional behavior in the case 
of feelings of happiness and unhappiness due to the 
obedience of educational tips (two cases). Questions of 
interpersonal influences will include one question about 
spouse support and one question about family support, 
each of their scores ranging from 0 to 4. The construct 
of situational influences with two questions about 
the importance of physical appearance and reading 
educational messages will be measured (ranging from 
0 to 4). The structure of immediate competing demands 
and preferences will be assessed based on three questions 
that for them a 5‑choice scale with scores from 0 to 4 
and, totally, 0–12 will be considered. Those included the 
following: 1) It is more convenient to eat family’s food 
with parents’ or spouses’ parents; 2) cooking methods 
such as frying make food tastier; and 3) spouse or other 
family members will be preferred unhealthy foods 
and snacks. The structure of commitment to nutrition 
education (three questions based on a 5‑option scale) 
will be evaluated via providing a daily schedule for 
preparing food, buying healthy food as the first source 
of spending money, following training recommendations 
in any situations, and study of educational messages.[5,6] 
Ten specialists in health education and health promotion, 
nutrition, and obstetrics verified the content validity of 
educational contents. Also, they commented on the level 
of difficulty, the degree of relevance, and ambiguity 
considering the main purposes of the study. In the next 
step, the item impact score index of each structure will 
be estimated to determine the appropriateness of each 
case for subsequent analysis, and all the structures got an 
impact factor of more than 1.5.[17] To check the reliability 
and in order to ensure that the items are correct and being 
designed in the best way, the content validity ratio (CVR) 
and content validity index (CVI) were calculated, which 
were more than 0.71 and 0.79, respectively. The internal 
stability of the instrument was checked by determining 
Cronbach’s alpha coefficient. It was 0.784 for the construct 

of perceived benefits, 0.809 for perceived barriers, 0.824 
for perceived self‑efficacy, 0.840 for activity‑related 
affects, 0.904 and 0.924 for interpersonal influences, 0.708 
for situational influences, 0.770 for immediate competing 
demands and preferences, and 0.790 for commitment to 
education.

Educational intervention: Due to the distance, fear of 
being infected by COVID‑19, hot and cold weather, and 
pregnancy complaints, the educational intervention was 
conducted on the Internet by uploading text messages, 
audio, images, and portable document format (PDF) files. 
First, the study goals will be explained to participants at 
6–10 weeks of gestation, who will be recruited gradually 
in the virtual group. To manage stress, they will be told 
to put their questions in the group in the last 2 days, and 
if they are urgent, they should raise them in the private 
files. Next, the educational content will be adjusted based 
on the national comprehensive guideline for mothers,[18] 
the book on food safety, health nutrition,[19] and pretest 
results. Also, the desired content will be offered in 
accordance with Pender’s HPM. We will try to devote 
55% of total energy intake to carbohydrates (especially 
complex carbohydrate), 25–30% to fat (preferably 
unsaturated fats instead of saturated), and 15–20% to 
protein (contains plant and animal protein) until the 
end of pregnancy. Also, the principles of education 
will consist of obedience of balance and diversity by 
considering food groups, weighing correctly according 
to the IOM charts, healthy dietary habits, and healthy 
cooking methods. In the next stage, we will emphasize 
on limiting the consumption of fried foods, unhealthy 
snacks, and high‑fat dairy products, and, moreover, using 
whole grain bread instead of white bread and vegetables 
instead of pickles. Then, the pre‑pregnancy BMI of the 
participants will be calculated and each subject with her 
special code will be placed in one of the four groups of 
BMI to teach the distinct recommendations of each BMI 
group. The images containing these codes, key points of 
each BMI group, and weighing charts of each BMI group 
will be displayed on the virtual group. Also, participants 
will be told that if they are not able to copy the charts 
and draw their weight, declare their obtained weights in 
two different measurements in a private file, so that the 
special chart of each person will be drawn and displayed 
by her code in the group. Then, the explanations related 
to these charts will be described to the participants in 
the form of short text files to improve their self‑efficacy. 
The pretest will be administered on Pender’s HPM 
constructs over the phone via questionnaire. To measure 
the prior related behavior of participants, three 24‑hour 
dietary recalls will be collected by responsible person 
through the virtual group. At first, the strategies used 
for perceived benefits will be to state the benefits of 
preventing excessive GWG for the mother and child,[6] 
in the form of various scientific texts. Also, the results 
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of our previous study based on the lack of correct and 
standard receipt of 40 nutrients will be displayed to 
the participants.[20,21] Another strategy used to increase 
self‑efficacy included teaching the food pyramid with 
pictures and simple text files.[5,18]

Then, ways to increase protein intake and reduce 
fat, sugar, bread, and grain group will be described 
in the text messages as easy and applicable tips to 
reduce perceived benefits.[18] In order to improve the 
commitment construct, subjects will be asked to provide 
the daily intake of food portions. Considering the results 
of the pretest and the fact that reading the educational 
messages is one of the two items to measure the structure 
of situational influences,[6] we will try to carefully prepare 
the messages for all tastes. For example, messages with 
mechanism of action and expression of biochemical 
and physiological properties will be presented for those 
interested in scientific material, messages with beautiful 
images for artists, and simple and short messages 
for women with a lower literacy level. It will also be 
tried to provide messages containing practical tips to 
increase compliance or sometimes attractive messages 
for everyone will also be presented among the messages, 
for example, messages that contain tips that affect the 
beauty of the fetus.

The next steps will be reviewing the self‑efficacy 
promotion strategies, getting to know psychological 
factors and feelings related to nutritional behavior, and 
getting social support from others. The strategy used 
for activity‑related affects will be group discussion and 
brainstorming to express emotions (feelings), which 
will help to facilitate the evaluation of these emotions. 
Also, participants will be instructed on how to deal 
with negative emotions and how to care for and deal 
with a baby in various aspects of nutrition, hygiene, 
clothing, and other matters, to strengthen positive 
feelings.[22] In this regard, the group will be opened 
on the weekends and participants will be guided to 
share their experiences and obstacles to receive the 
correct portions of food groups with each other and to 
discuss the obstacles on the way to proper nutrition and 
overcome unhealthy eating, similar to the method of 
brainstorming and role‑playing. Also, the learners will 
be asked to explain how to deal with negative emotions 
and to discuss their own and others’ emotions about the 
points taught.[6] Due to the limitations of using the virtual 
group and lack of experience, we cannot train husbands, 
mothers, or mothers‑in‑law, but it will be emphasized 
to the participants that it is necessary to follow the tips 
instructed at different times and places for the prevention 
of gestational diabetes, gestational hypertension, 
pre‑eclampsia, and low birth weight. Also, it is 
necessary to take the support of the husbands, mothers, 
or mothers‑in‑law (if they eat at their parents’ house). 

Again, the obstacles and problems will be discussed 
with participants in group, and they were also asked to 
discuss the influence of others on nutritional self‑care. 
In order to improve the commitment to nutritional 
behaviors, participants will be asked to prepare a daily 
schedule in order to record the number of food portions 
they receive and also write a letter to their child and 
promise that they will use recommended points as much 
as possible. About 16–20 weeks of gestation, pretesting 
of baking methods will be conducted. Furthermore, the 
considered strategy to reduce the perceived barriers will 
be to recommend the consumption of fresh vegetables 
and fruits to increase the nutritional value of the portions 
received and reduce costs. Moreover, obstacles to 
reduce the intake of fat, carbohydrates, and sugars, as 
well as increase protein intake, will be explained.[18] In 
order to increase the structural score of preferences and 
immediate demands, how to prepare several healthy 
foods with good flavor will be presented using videos. 
In addition, proper cooking methods, proper cooking 
dishes, storage, and packaging of food[19] will be taught 
through videos, voice messages, PDFs, images, and Word 
files because the practical demonstration of cooking and 
providing the possibility of tasting healthy food will not 
be practical in terms of facilities, space, and budget. At 
31–34 weeks of gestation, the tables of daily received 
food portions will be checked to evaluate the used 
strategy, especially the commitment to implementation. 
Also, educational content will be provided through the 
mentioned strategies.

At 35–37 weeks of gestation, the posttest will be 
administered on Pender’s HPM constructs over the 
phone through questionnaire for both groups, while 
the control group will receive nutrition training on the 
Internet by forming a group under the title “Nutrition 
training during breastfeeding.” Also, a 3‑day dietary 
record will be taken from the participants in two groups.

Ethical consideration
The Research Ethics Committee of Isfahan University 
of Medical Sciences approved this RCT (IR.MUI.MED.
REC.1400.206). Also, the study goals will be explained 
to the participants, and they will be assured that 
their information will remain confidential. Moreover, 
intervention will be initiated after a written agreement.

Discussion

Previously published studies including nutrition 
education based on the Pender model demonstrated 
significant improvement in adherence to the food 
pyramid[5] and the recommendations of the IOM to 
prevent excessive weight gain during pregnancy.[6] This 
study describes the study protocol of a RCT investigating 
the effectiveness of nutrition education based on Pender’s 
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HPM through the smartphone app on GWG in all BMI 
groups. We did not find any other virtual nutrition 
education based on Pender’s model but Moshki et al.’s[23] 
findings indicated that both multimedia package and 
group discussion approaches enhanced lifestyle scores in 
pregnant women. Likewise, Bijani et al.’s[24] educational 
program based on Pender’s model included face‑to‑face 
and online training that showed significant differences 
between the intervention and control groups in terms 
of self‑efficacy, stress management, and quality‑of‑life 
scores among patients with multiple sclerosis. Sabooteh 
et al.’s[25] web‑based trial and educational software 
offering tailored message based on Pender’s constructs 
enhanced students’ physical activity scores compared to 
control which did not take any intervention.

This study protocol reports the need to survey the impact 
of new instructive methods to provide a comprehensive 
and consistent pregnancy self‑management package, 
which can be used on a wide scale. We hypothesized 
that participants in the experimental arm will show 
improvements in maternal and child outcomes in 
comparison with the controls, which will also result in 
valuable effect on participants’ long‑term consequences.

This protocol provides a cost‑effective intervention 
with easy access regardless of personal characteristics 
that can be implemented in anytime and anywhere. 
Also, considering the use of Pender’s HPM, it will have 
large impacts on maternal and child health outcomes, 
especially the investigation in this field is still in its 
initial stages.

Limitation and recommendation
Not being use of mobile during pregnancy, lack of 
patience to follow the training points due to complaints 
of pregnancy, education, or work may limit the 
implementation of the protocol. Therefore, it is suggested 
that training tips be presented in the form of short video 
or audio messages, clear and vivid images, and very 
short videos. Also, daily training tips should be provided 
for less than 15 minutes so that pregnant mothers do not 
get tired and can follow the training despite pregnancy 
problems. Also, women who do not use the phone also 
devote a few minutes to study the educational material.

Conclusion

The constructs of Pender’s model may provide a 
suitable approach for nutrition education to follow 
comprehensive nutrition guide and gain weight within 
the IOM range among pregnant women in such a 
way that higher scores of some constructs and lower 
scores of other constructs were most likely to manage 
GWG. Furthermore, in the training based on the model 
via Internet, researchers can design more effective 

educational programs that are available anytime and 
anywhere, and provide online consultation and easy 
access regardless of personal characteristics.
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