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Abstract

Background: Adequate intake of macro- and micronutrients and adoption of an active lifestyle during pregnancy are essential
for optimum maternal and fetal health and offspring development. Dietary counseling and advice regarding adequate physical
activity are integral components of antenatal care. Personalized coaching through the use of mobile health (mHealth) that supports
behavior modification is an innovative approach that needs exploration.

Objective: Our primary aim is to assess the efficacy of an mHealth program in improving diet, supplement use, and physical
activity during pregnancy. Secondary objectives include evaluation of the program’s effect on maternal and offspring health
outcomes and assessment of its compliance and usability.

Methods: A randomized controlled trial was initiated at the Aga Khan University Hospital in Karachi, Pakistan, in January
2020. We aim to recruit 300 pregnant women in their first trimester who have smartphones, do not have comorbidities, and are
not taking medications. The intervention group will be trained to use an mHealth app called PurUmeed Aaghaz. Through this
app, the subjects will report information about their diet, supplement use, and physical activity and will receive personalized
advice and three push messages as weekly reminders. The research assistant will obtain similar information from the control
group via a paperless questionnaire; this group will receive standard face-to-face counseling regarding diet, supplement use, and
physical activity. Data will be collected at enrollment and during four follow-up sessions scheduled 6 weeks apart. Primary study
outcomes include improvements in diet (ie, change in mean dietary risk score from baseline to each follow-up), supplement use
(ie, changes in mean supplement use score and biochemical levels of folic acid, iron, calcium, and vitamin D on a study subset),
and mean duration of reported physical activity (minutes). Secondary study outcomes relate to maternal health (ie, gestational
diabetes mellitus, gestational hypertension, pre-eclampsia, and gestational weight gain), newborn health (ie, birth weight and
length and gestational age at delivery), and infant health (ie, BMI and blood pressure at 1 year of age). Compliance will be
determined by the proportion of participants who complete the 6-month coaching program. Usability will be assessed based on
features related to design, interface, content, coaching, perception, and personal benefit.

Results: The study was approved by the Ethics Review Committee of the Aga Khan University in 2017. The recruitment of
study participants was completed in September 2021. All follow-ups and outcome assessments are expected to be completed by
March 2023 and analysis is expected to be completed by June 2023. We expect the results to be published by the end of 2023.
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Conclusions: This study will be an important step toward evaluating the role of mHealth in improving behaviors related to a
healthy diet, supplement use, and promotion of physical activity during pregnancy, as well as in influencing maternal and offspring
outcomes. If proven effective, mHealth interventions can be scaled up and included in antenatal care packages at tertiary care
hospitals of low- and middle-income countries.

Trial Registration: ClinicalTrials.gov NCT04216446; https://clinicaltrials.gov/ct2/show/NCT04216446

International Registered Report Identifier (IRRID): DERR1-10.2196/31611

(JMIR Res Protoc 2021;10(11):e31611) doi: 10.2196/31611
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Introduction

Role of Maternal Diet and Micronutrient Supplement
Use
Maternal diet serves as a critical prenatal modifiable factor that
influences fetal growth and development. Inadequate
consumption of macronutrients (ie, proteins, carbohydrates, and
fats) and micronutrients, especially folic acid, iron, calcium,
and vitamin D, may influence the programming of the
offspring’s organs with health consequences during the life
course [1]. Evidence suggests strong associations between
maternal undernutrition and fetal growth restriction [2].
Consumption of a Mediterranean-type diet rich in fruits and
vegetables produces a remarkable decrease in the risk of preterm
birth [3,4], hypertension [5], and gestational diabetes mellitus
[6]. Adequate consumption of fish and folic acid has beneficial
effects on the prevention of pre-eclampsia and gestational
hypertension [7, 8].

Poor nutrition during the sensitive phase of the first trimester
of pregnancy not only affects growth in the later trimesters and
birth weight [9-11] but could also derange epigenetic
programming, resulting in long-lasting health consequences
[12]. Subtle variations in nutrition during pregnancy and lifestyle
factors may influence the risk of noncommunicable diseases
without affecting birth weight [13].

The association of micronutrient deficiencies with unfavorable
maternal and fetal outcomes is well established. Maternal anemia
accounts for low birth weight (12%), preterm births (19%), and
perinatal mortality (18%) [14]. Low serum folate levels and
absence of folic acid supplementation are associated with
preterm births [15]. Similarly, vitamin D and calcium
deficiencies are causally linked to pre-eclampsia, gestational
diabetes mellitus, preterm delivery, and low birth weight [16].

Physical Activity During Pregnancy
In addition to diet and micronutrients, physical activity is also
known to influence maternal and fetal outcomes. Regular
physical activity is recommended during pregnancy for
prevention of gestational diabetes and pre-eclampsia [17,18].
The American College of Obstetricians and Gynecologists
(ACOG) recommends at least 150 minutes of moderate-intensity
aerobic activity every week, or at least 30 minutes on most days
of the week, for pregnant women [17,19]. Aerobic activities
involve rhythmic movement of large body muscles, such as

those in the legs and arms. Moderate intensity refers to moving
enough to raise the heart rate and to sweat while being able to
talk normally but not being able to sing [20].

Maternal Health Status in Pakistan
Women of reproductive age in Pakistan are facing a triple
burden of malnutrition. A significant proportion of them are
underweight (14.4%), overweight (24%), or obese (13.8%) [21].
In addition, there is a high prevalence of micronutrient
deficiency, particularly regarding iron (18.2%), calcium (26.5%),
and vitamin D (79.7%) [21]. There is also a substantial burden
of high-risk pregnancies, causing such complications as
gestational hypertension (6.5%) [22], pre-eclampsia (2.4%)
[22], and gestational diabetes mellitus (3.3%-17.2%) [23,24].
Pakistan ranks 4th among the top 10 countries with regard to
preterm births (16 per 100 live births) [25] and the prevalence
of babies with low birth weight (22%) [26].

Of further concern are the suboptimal nutritional indicators for
women living in urban areas, where only 42.2% of them have
normal BMI compared to 48.5% in rural areas. A significant
proportion of these women suffer from undernutrition (12%),
overweight (26.5%), and obesity (17.2%) [21]. Also, vitamin
D deficiency is more common in urban (83.6%) than in rural
(77.1%) settings [21].

Lately, women in Pakistan, in addition to fulfilling their
reproductive responsibilities, have started participating in
economic activities to support their careers and families. About
17% of women are employed nationwide, and 21% of women
who have ever been married are working in the province of
Sindh [26]. When they enter pregnancy as nutritionally
compromised, these women are found to further neglect their
health due to work and other responsibilities [21]. Further,
interventions for improving maternal nutrition in Pakistan have
been mainly in the form of supplementation of folic acid, iron,
multiple micronutrients, calcium, and iodine, as well as balanced
protein-energy supplementation [27].

Given the significant magnitude of maternal undernutrition and
adverse perinatal outcomes in Pakistan, there is a need to adopt
innovative counseling strategies during the critical antenatal
period that would regularly remind women to pay attention to
their diet and physical activity needs. This would not only reduce
the risk of maternal complications, such as pre-eclampsia,
pregnancy-induced hypertension, and gestational diabetes, but
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would also improve the immediate and long-term health of the
newborn.

mHealth Interventions During Pregnancy
The antenatal period represents a major life event when
self-motivation to improve diet and lifestyle is often high. This
transition to parenthood provides an incredible opportunity,
based on the theory of planned behavior [28], because of the
willingness to adapt, keeping in mind the expected benefit of
having a healthy baby [29]. Hence, communication strategies
using mobile health (mHealth) can serve as an awareness tool
for desired adjustment in diet and physical activity through
positive reinforcement and by offering practical and
evidence-based suggestions.

Smarter Pregnancy is one such mHealth intervention launched
among the Dutch population in their local language [30]. It was
introduced as an online, device-independent, web-based
coaching platform for couples during their periconception and
pregnancy periods for dietary improvement, folic acid use, and
alcohol and smoking cessation [30]. The program consisted of
6 months of interactive coaching through tailored and
personalized short text messages and emails; the program
showed high compliance (65%) and usability (55%), as well as
significant improvement in diet and lifestyle behaviors [30].

Emergence of mHealth in Pakistan
Being home to a population of over 220 million, Pakistan is
experiencing an enormous increase in the digital landscape that
parallels the global increase in internet access (45%) and mobile
phone subscriptions (96%) [31]. Nationwide, the proportion of
internet users has increased by 17% from 2019, reaching 76.38
million in 2020 [32]. According to the recent Digital Pakistan
Policy, the Ministry of National Health Services has received
support for the promotion of telemedicine and disease prevention
information through information and communication tools [33].
With the potential to reach a great proportion of the population
at a low cost [31,34], tailored health promotion messages
through new delivery modes, such as the internet and mobile
phones, have shown promising effects in improving nutrition,
lifestyle, and compliance to medication [34-37].

mHealth-Related Interventions in Pakistan and the
Existing Gap
Recently, a few mHealth initiatives have been introduced, such
as the Baby+ app for pregnant women in urban areas [38]; the
MotherCare app in Swat District [39]; Marham, a private
initiative [40]; and Teeko, an Android-based app for improving
childhood immunization in rural Sindh [41]. However, there
has been no systematic assessment of any locally developed
mHealth apps for pregnant women targeted toward improvement
in diet, supplement use, and physical activity.

Using an mHealth platform, we intend to empower pregnant
women and their health care providers to identify modifiable
dietary and lifestyle inadequacies and to receive personalized
coaching to address them.

Study Objectives

Primary Objective
Our primary objective is to assess the efficacy of an mHealth
coaching intervention compared to standard face-to-face
counseling in improving (1) maternal diet by 30%, (2)
supplement use (ie, iron, folic acid, calcium, and vitamin D) by
30%, and (3) physical activity by 20%.

Secondary Objectives
Our secondary objectives are to conduct the following:

1. Investigate the efficacy of the intervention regarding the
following:
• Reducing incidence of gestational diabetes mellitus,

gestational hypertension, and pre-eclampsia.
• Improving mean gestational weight gain and mean

weight, length, and gestational age at birth.
• Improving mean BMI and blood pressure at 1 year of

age.

2. Evaluate compliance (ie, completion of the 6-month
program) and usability (ie, design and interface, content
and coaching, and perception and personal benefit) of the
mHealth app among women in the intervention group.

Methods

Target Population
Our target population is pregnant women in their first trimester
from the urban area of Karachi, Pakistan.

Study Goal
Our study goal is to assess the role of the mHealth program in
improving the behaviors of pregnant women related to diet,
supplement use, and physical activity. In addition, we are
interested in assessing whether the maternal, newborn, and
infant outcomes differ between those who use the program
compared to those who do not.

Study Hypothesis
We hypothesize that the mHealth coaching program will be
effective in improving diet and supplement use among pregnant
women by 30% and physical activity by 20% during the study
period.

Study Design
This study is a parallel-group, randomized controlled superiority
trial with two groups (ie, intervention and control) having an
allocation ratio of 1:1. The trial was registered at
ClinicalTrials.gov (NCT04216446) on January 2, 2020. The
intervention to be tested is an mHealth program that was
developed locally to collect dietary, supplement use, and
physical activity information from pregnant women and to
provide personalized counseling tailored to the screening
information. The control group will receive standard counseling
with similar content, but the content will not be personalized
and will be delivered through face-to-face sessions.
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Study Setting
The study is taking place at the Aga Khan University Hospital
(AKUH) in Karachi, Pakistan. AKUH is a private, not-for-profit,
tertiary care hospital, recognized for its trained health care
professionals who specialize in providing high-quality
compassionate care and for a full range of specialty services
[42]. It is also certified by the Joint Commission International
Accreditation. The study participants were recruited on a daily
basis from the antenatal clinics that are run by trained
obstetricians. Most obstetricians, on average, see 25 to 30
pregnant women every day in the clinic.

Enrollment Criteria
Pregnant women 18 years or older and in their first trimester
are eligible to participate if they possess a personal smartphone

with internet connection and agree to remain in the study until
1 year following the birth of their baby. Pregnant women on
dietary control secondary to the diagnosis of diabetes mellitus;
taking medications, such as antiplatelet aggregators,
hypoglycemic drugs, or antihypertensive drugs; who have
autoimmune, liver, or kidney disease; or who are unable to read
and write due to a language barrier will be excluded from the
study.

Sampling Strategy and Randomization
Participants were identified using a purposive sampling strategy
and were randomly assigned to the study groups using simple
block randomization (block size of 6). The Clinical Trials Unit
at AKUH facilitated the computer-generated randomization and
provided opaque, sealed envelopes to the research team to ensure
concealment of the assignment (Figure 1).
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Figure 1. CONSORT diagram of the study. AKUH: Aga Khan University Hospital; mHealth: mobile health.

Recruitment
At the antenatal clinics, participants were approached to assess
their eligibility and to obtain written informed consent. The data
collector explained, in detail, the study’s aims and procedures
involved in order to facilitate women’s participation and ensure
compliance in the study. A signed copy of the consent form was
provided to the participants. Enrolled participants were
randomized to one of the two groups (Figure 1).

Web-Based mHealth Program: PurUmeed Aaghaz
The web-based mHealth program, called PurUmeed Aaghaz (a
hopeful beginning), was designed and developed locally with
the assistance of the Digital Health Resource Center (DHRC)
of the Aga Khan Development Network. It is an online,
device-dependent app designed to function on Android and
iPhone operating systems. It was developed based on the
scientific evidence of recommended dietary, supplement use,
and physical activity guidelines during pregnancy. Moreover,
the coaching platform takes into consideration the theory of
planned behavior [43], the theory of self-efficacy [44], the Fogg
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behavior model [45], and the transtheoretical model for behavior
change [46]. Furthermore, the preference, availability, and
consumption of locally available items from all the major food
groups; supplement use (ie, folic acid, iron, calcium, and vitamin
D); and physical activity were taken into account during the
development of the app. Based on the participants’ data, the
app will generate tailored and personalized counseling messages

and recommendations for the pregnant women regarding diet,
supplement use, and physical activity. This app will be available
to the participants who are randomized to the intervention group
as a free subscription, starting from enrollment during their first
trimester and for the entire duration of their pregnancy (Figure
2).

Figure 2. Screenshots of the PurUmeed Aaghaz app.

Features of the mHealth Program
The mHealth program has three main features, as discussed in
the following three sections.

Personalized Recommendations and Dietary Risk Scores
Submission of completed questionnaires by the participants in
the first trimester will generate recommendations based on an
algorithm. This algorithm will compare participants’ information
with the recommended dietary [47], supplement use [48-50],
and physical activity guidelines [19] for pregnant women as
described in the Counseling for Diet, Supplement Use, and
Physical Activity section below. In addition, individualized
dietary risk scores for food quantity and diversity in diet will
also be generated.

Push Messages
Content from the individual coaching sessions will be delivered
three times a week in the form of short push messages containing
tips and recommendations for diet, supplement use, and physical
activity. These messages will be short, simple, and easy to
comprehend. Women will be alerted to these messages through
notifications on their phones, and these will be available in the
app under the “advice” option.

Food Record Diary
A built-in food record diary will be available to document
information about the food items consumed in a day for
breakfast, lunch, dinner, and snacks, along with their portions.

Women will be asked to complete the food record diary in their
smartphones for a week before their next follow-up, so as to
reduce the chance of recall bias. On the follow-up day, the diary
will be synced with the data collection tool. Any missing
information will be added during the interview.

Counseling for Diet, Supplement Use, and Physical
Activity

Diet
Women randomized to the intervention group will receive
dietary advice based on the World Health Organization (WHO)
guidelines for healthy eating during pregnancy and breastfeeding
[47]. We have also consulted guidelines by the WHO for healthy
diet [51], the ACOG for nutrition during pregnancy [52], and
the Food and Agriculture Organization of the United Nations
[53] for the development of content for the push messages. In
these messages, consumption of food from six main food groups
will be encouraged as follows: bread, cereals, rice, and potato
group (6-11 portions per day); vegetable group (at least 3
portions per day); fruit group (at least 2 portions per day); milk
and dairy products group (3 portions per day); fish, poultry,
meat, and beans group (2 portions per day); and butter,
margarine, and oil group (less than 30% of total calories,
preferably as unsaturated fats) [51]. In addition, women will be
advised to consume three meals and two snacks per day to avoid
prolonged periods of fasting and to consume monounsaturated
fats, adequate protein, fiber-rich carbohydrates, and at least two
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servings of omega-3–rich fish per week. Consumption of vitamin
A will be encouraged from plant sources as beta carotene.
Further, advice will be given to limit intake of carbohydrates
with a high glycemic index (eg, fruit juices and sodas).

Supplement Use
WHO guidelines for micronutrient supplements during
pregnancy will be used to counsel women. These will include
daily oral supplements of folic acid (0.4 mg) [48], iron (30-60
mg) [49], calcium (1500-2000 mg) [49], and vitamin D (200
IU) [50].

Physical Activity
Based on ACOG guidelines [19], women will be advised to
engage in moderate-intensity aerobic physical activity for at
least 150 minutes over the week or 30 minutes on most days of
the week. Moreover, they will be encouraged to limit prolonged
periods of being sedentary [54].

Control Group
Women randomized to the control group will provide their
dietary, supplement use, and physical activity information on
a paperless questionnaire administered by the research assistant.
Face-to-face counseling will follow, using the bilingual
educational brochure from the AKUH on diet during pregnancy
and ACOG guidelines for physical activity [19]. A copy of the
educational brochure and a paper-based food record diary to be
filled in a week prior to their next follow-up will also be
provided to women in the comparison group.

Follow-Up
Follow-ups will be done four times, every 6 weeks: 6, 12, 18,
and 24 weeks from the time of enrollment in the first trimester
to monitor improvement, if any. For the intervention group,
results of each follow-up and their comparison with the earlier
one will be displayed on each participant’s personal page of the
app. A summary of the individual results will be able to be
viewed at any moment by the participant and handed over or
shared with their obstetrician by email for further assessment
and care. The control group will receive face-to-face counseling
at each follow-up.

Data Collection Tools

Screening Questionnaire
A comprehensive questionnaire has been developed to collect
data from the participants on sociodemographic characteristics,

general food information, anthropometric and blood pressure
measurements, biochemical assessments, obstetrics history and
supplement use, dietary consumption for the past 7 days
recorded as quantity and quality of each food group, and
physical activity history for the past 7 days. In addition, intake
of savory and fast food, water, tea, coffee, carbonated beverages,
and substances such as smoked and smokeless tobacco will be
recorded. The questionnaire has been developed after consulting
experts and reviewing various dietary assessment tools and
programs, such as the 24-hour dietary recall [55], food frequency
questionnaires [55], and the Smarter Pregnancy program [56].
The questionnaire has been pretested on 5% of the sample and
has been further improved.

Food Record Diary
Information about the frequency and portions of food consumed
from different food groups over 7 days before the participants’
next follow-up will be collected in the food record diary. The
intervention group will report this information in the PurUmeed
Aaghaz app, while the control group will be required to record
this information in a paper-based diary.

Biochemical Assessment of Micronutrient Status
In order to validate the information related to dietary intake,
every 5th woman enrolled in the intervention and control
groups—a subset of 30 women from each group—will undergo
a free biochemical assessment of serum iron, ferritin, calcium,
and vitamin D at baseline and at the end of the study at the
AKUH laboratory. The specimens will be discarded once
analyzed by the laboratory.

Outcome Assessment Questionnaire
A brief questionnaire has been developed to record information
about the study outcomes. The data about maternal and newborn
outcomes will be obtained from the medical records, while
infant height, weight, and blood pressure will be measured by
the trained research assistant.

Usability Assessment Questionnaire
A questionnaire containing 26 questions has been developed to
assess the experience of using the mHealth program based on
six domains: design, interface, content, coaching, perception,
and personal benefit (Figure 3) [36].
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Figure 3. Components of the usability assessment of the mobile health (mHealth) app.

Sample Size Calculation
Sample size has been calculated using OpenEpi (version 3.01).
Based on assumptions of an α error of .05, a β error of .2, a 1:1
ratio of exposed to intervention to unexposed to intervention,
and improvement in dietary intake and supplement use by 30%
in the intervention group from a baseline of 20% [36], a sample
size of 45 women in each group will be required. Based on the
hypothesized 20% improvement in physical activity from a
baseline of 36% [57], our sample size requirement increased to
107 women in each group. To reach 65% compliance [36],
approximately 300 women will be needed for this study.

Expected Primary Outcomes

Dietary Intake: Quantity and Quality
Change in dietary intake between baseline and four subsequent
follow-up visits 6 weeks apart will be assessed through a

questionnaire. Based on consumption recorded in the food diary,
data will be collected on the frequency and amount of all kinds
of food consumed at each meal, including fruits and vegetables,
red meat, white meat, legumes, nuts, eggs, dairy products, added
table salt, and drinks (eg, carbonated drinks, fresh juices, and
prepared juices). Averages will be calculated to determine the
daily intake. Food sizes and amounts will be explained with the
help of model utensils (ie, plate, bowl, and glass).

Dietary risk scores, ranging from 0 to 18, will be calculated
based on the consumption of food items from six main food
groups. Based on portions and diet quality, the score for each
food group will be 0, 1.5, or 3 (Table 1) [58]. The total score
will be the sum of individual food group scores. The higher the
aggregate score, the poorer the dietary quantity and quality, and
vice versa. Hence, a score of 18 indicates a highly inadequate
dietary intake, a score of 9 indicates a nearly adequate dietary
intake, and a score of 0 indicates an adequate diet [58].
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Table 1. Dietary risk score for six food groups.

Dietary risk scoreFood group and characteristicsa

31.50

Bread, cereals, rice, and potato

<3 portions3 to <6 portions6 portionsQuantity

<25% of whole grains25% to <50% of whole grains≥50% of whole grainsQuality

Fruits

<1 portion1 portion≥2 portionsQuantity

Juices and/or shakes only<50% of whole fruits and >50%
shakes or fruit juices

Whole fruit consumptionQuality

Vegetables

<1.5 portions1.5 to <3 portions≥3 portionsQuantity

Only in one form<1/3 raw and >2/3 cooked>1/3 raw and <2/3 cookedQuality

Fish, poultry, meat, and beans

<1 portion1 portion2 portionsQuantity

No fish, no plant-based protein, only
meat

Fish >2 or <1 times/week; meat >2
or <1 times/week; plant-based pro-
tein 2 to <4 times/week

All sources (fish and meat 2
times/week; plant-based protein ≥4
times/week)

Quality

Milk and dairy products

<1.5 portions1.5 to <3 portions3 portionsQuantity

NoneMilk or dairy productsMilk and dairy productsQuality

Oils and fats

>35% of total calories30% to 35% of total calories25% to 30% of total caloriesQuantity

SaturatedMonounsaturatedPolyunsaturatedQuality

aThe quantity and quality refer to the daily consumption.

Supplement Use
Supplement use will be assessed by recording the frequency of
consumption of folic acid, iron, calcium, and vitamin D in the
questionnaire. The frequency will be categorized as daily (7
days per week), often (4-6 days per week), and sometimes (1-3

days per week). Also, a total score ranging from 0 to 12 will be
assigned, where use of each supplement will be scored 0 for
daily use, 1.5 for less than daily use, and 3 for no consumption
(Table 2). The total score will be the sum of each supplement
use score and will be monitored at each follow-up.

Table 2. Scoring for use of each supplement.

Frequency of use by scoreMicronutrient supplement

Inadequate (3)In between adequate and inadequate (1.5)Adequate (0)

Not consumedOften or sometimesDailyCalcium (1.5-2 g)

Not consumedOften or sometimesDailyFolic acid (0.4 mg)

Not consumedOften or sometimesDailyIron (30-60 mg)

Not consumedOften or sometimesDailyVitamin D (200 IU)

Physical Activity
Intensity and duration (minutes) of physical activity will be
assessed through the questionnaire at baseline and at each
follow-up. Walking slowly and household tasks, such as
cooking, ironing, light physical work, driving, and washing
dishes, will be categorized as mild-intensity activities [59].
Brisk walking; gardening; household chores, such as sweeping,
washing, vacuuming, and mopping; actively playing with
children; and carrying loads under 20 kg will be classified as

moderate-intensity activities [60,61]. On the other hand,
vigorous-intensity activities will include running, fast cycling,
aerobics, swimming, sports games, or carrying loads over 20
kg [60,61].

Expected Secondary Outcomes

Maternal Health
The following four maternal conditions will be identified
through the medical records.
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Pre-eclampsia will be defined as new onset of hypertension
after 20 weeks of gestation along with proteinuria (ie, a spot
urine protein to creatinine ratio of ≥30 mg/mmol) and/or
evidence of maternal acute kidney injury, liver dysfunction,
neurological features, hemolysis or thrombocytopenia, and/or
fetal growth restriction [62].

Gestational hypertension will be defined as new onset of
hypertension (ie, blood pressure of ≥140 mm Hg systolic or ≥90
mm Hg diastolic at or after 20 weeks’ gestation) [62].

Gestational diabetes will be defined as diagnosis made by a
single-step 75-g oral glucose tolerance test conducted between
24 and 28 weeks of gestation or at any other time, with one or
more of the following results: (1) fasting plasma glucose of 5.1
to 6.9 mmol/L (92-125 mg/dL), (2) 1-hour post–75-g oral
glucose load of ≥10 mmol/L (180 mg/dL), and (3) 2-hour
post–75-g oral glucose load of 8.5 to 11.0 mmol/L (153-199
mg/dL) [63].

Due to the expected low incidence of these conditions and given
our small sample size, we shall pool these conditions as adverse
maternal outcomes.

Gestational weight gain will be determined from weights
recorded during the first, second, and third trimesters. Centiles
and z scores will be assessed using the international gestational
weight gain calculator based on the INTERGROWTH-21st
(International Fetal and Newborn Growth Consortium for the
21st Century) Project standards for gestational weight gain
[64,65].

Newborn Health
At birth, weight, height, and gestational age will be determined
from medical records. Birth weight (in grams) will be the first
weight of an infant measured soon after birth, ideally within
the first hours before significant postnatal weight loss has
occurred [66]. Length at birth will be measured from head to
toe (in cm). Both weight and length will be adjusted for sex and
gestational age at birth and compared with the
INTERGROWTH-21st Project reference [67]. Preterm birth
will be defined as spontaneous birth before completion of 37
weeks of gestation [68].

Infant Health
BMI will be assessed by measuring the weight and length of
the infant at their first birthday using standardized equipment
(seca 417 length scale and LAICA weight scale, model No.
PS3001W1). BMI will be compared with the sex- and
age-adjusted INTERGROWTH-21st reference [67]. At the same
visit, resting blood pressure will be assessed using the Dinamap
VS-900 vital signs monitor (Mindray), with an appropriate
infant-sized cuff while the infant is in a state of calm. Two
readings will be taken from the left arm, and an average will be
calculated [69]. Mean systolic and diastolic blood pressure that
is more than the height- and gender-based 90th centile will be
considered high risk [70].

mHealth Outcomes
Compliance with the intervention will be defined by the
percentage of participants who complete the 6-month program

[36]. Usability of the mHealth program will be assessed through
a usability questionnaire, where items are rated on a 5-point
Likert scale with the following responses: 1 (always), 2 (often),
3 (sometimes), 4 (rarely), and 5 (never), or 1 (strongly agree),
2 (agree), 3 (neutral), 4 (disagree), and 5 (strongly disagree).

Type of Analysis
The data for the study participants will be analyzed based on
the group to which they were initially assigned, irrespective of
the intervention they received using the intention-to-treat
approach [71]. This will preserve the benefits of randomization
and will allow us to draw inferences regarding the efficacy of
the intervention [71].

Statistical Analysis
Data will be entered and analyzed using Stata software (version
12; StataCorp LP). Data from the intervention group will be
digitalized and uploaded to the app. Categorical variables will
be reported as frequencies and percentages. Continuous variables
will be reported as means and SDs or medians and IQRs, as
appropriate. General characteristics, nutritional change in the
form of dietary risk score, supplement use, maternal outcomes,
gestational weight gain, birth weight and length, BMI, and blood
pressure will be compared using chi-square tests for proportions
and t tests and Mann-Whitney U tests for continuous variables.
A mixed-model method will be used to take into account the
repeated measurements and correlation while modeling the
fraction that scores adequately at each of the follow-up time
points. In order to minimize selection bias, we will use multiple
imputation models to handle missing data from participants
who prematurely leave the study. Possible confounding
variables, such as age, BMI, parity, previous history of
miscarriage, socioeconomic status, educational status of the
women, and occupation, will be assessed and adjusted.
Moreover, interactions will be reported if present in the model.

Data Management, Confidentiality, and Privacy
Protection
The intervention group will add data via their smartphones to
the mHealth app, which will be protected by log-in ID and
password. The data from the program will be uploaded to the
web server in real time. The server will be managed by the
DHRC team, with access available to the primary person
responsible for management of the mHealth program. The data
will be handed over to the principal investigator (PI) when
requested or upon study completion.

The data from the control group will be gathered on a database
built using Microsoft Access. The file will be password
protected and access will be limited to the PI and research
assistant. The consent forms and the completed food record
diaries will be saved in a locker, which will be secured by a
lock and key.

Quality Assurance
To ensure the validity and accuracy of the trial implementation,
hands-on training has been given to the research assistant for
data collection and for use of the mobile app over the 5 training
days using the manual of operations for data collection.
Refresher trainings will be conducted every 3 months and as
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needed. The data collected will be checked every day for
possible errors and rectification will be made on the spot. In
order to promote participant retention, they will be encouraged
to ask any questions. The project PI will closely monitor the
study and oversee its smooth implementation. Moreover, regular
project meetings will be held for progress monitoring and
troubleshooting. Since we do not anticipate changes in the
indicators at interim periods of the trial, we intend to conduct
intention-to-treat and full analyses at the end of the trial. No
adverse events related to the intervention are anticipated.

Ethical Considerations
Approval for this study has been received from the Clinical
Trials Unit and the Ethics Review Committee of the Aga Khan
University. Written informed consent will be collected from
the study subjects at recruitment. All data collected will be kept
strictly confidential and analyzed anonymously. The data shall
be used only for research purposes. In case of any changes to
the protocol, the Ethics Review Committee will be notified and
approval will be sought for amendments.

Limitations
There are few anticipated limitations of the study. Firstly, the
randomization ensures that unknown variables and confounders

are randomly distributed among the two groups; however, there
could exist residual confounding if not enough data are collected
for the confounder in question or if the categories formed are
too broad or narrow. Secondly, there could be information bias
given that the assessment of behaviors during pregnancy is
subjective and, therefore, could lead to differential or
nondifferential misclassification. For factors such as substance
use and smoking, underreporting can be experienced since these
are not socially desirable behaviors. Thirdly, participants may
experience recall limitations during the assessment of diet,
supplement use, and physical activity. However, in order to
minimize the chances of recall bias, a food record diary will be
provided to women to document accurate information. Fourthly,
the study could experience attrition bias, due to multiple
follow-ups and long duration. Fifthly, blinding was not possible
owing to the behavioral nature of the intervention. Lastly, as
the study will assess the efficacy of the intervention,
generalizability will be limited.

Study Duration and Timeline
We have completed the recruitment and allocation of the
participants. Each woman, once enrolled, is expected to remain
in the study for a period of 18 months (Table 3).
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Table 3. Study timeline.

Study period and time pointStudy steps, assessments, and out-
comes

PostallocationAllocationEnrollment

1 year of birthDelivery24 weeks18 weeks12 weeks6 weeksBaselineBaseline

Enrollment and allocation

XaEligibility screen

XInformed consent

XRandomization

XAllocation

Allocated interventions

XXXXXmHealthb coachingc

XXXXXStandard face-to-face counsel-
ing

Assessment of independent variables

XSociodemographics, general
food information, and obstet-
rics history

XXXXXBiochemical assessment infor-
mation

XXXXXDiet, supplement use, and
physical activity

Measurement of outcomes

XXXXXDiet: dietary risk score

XXSupplement use: biochemical
assessment

XXXXXPhysical activity: change in
duration

XXXXMaternal gestational diabetes

XXXXMaternal gestational hyperten-
sion

XXXXMaternal pre-eclampsia

XXXMaternal weight gain

XNewborn preterm birth

XNewborn birth weight and
length

XInfant BMI and blood pres-
sure

XmHealth program compliance
and usability

aX indicates that the item took place or was measured at this time point.
bmHealth: mobile health.
cThe mHealth coaching intervention occurs continuously over the study period and not just at the specific time points.

Results

The screening questionnaire was pretested in 2020 on 15
pregnant women (5% of the sample). We completed the study
recruitment in September 2021. Of the 300 recruited
participants, 22.0% (n=66) were lost to follow-up due to

miscarriage, change of hospital, refusal by family to continue,
or migration to another part of the country. Of these 66
participants, 64% (n=42) belonged to the intervention group.
Of the 234 participants who remained in the study, 72.6%
(n=170) have completed their four follow-up sessions. The
maternal and newborn outcomes have been assessed for 64.1%
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(n=150) of the participants, and the infant assessment has been
conducted for 2.6% (n=6) of the participants. We plan to
complete all follow-ups and outcome assessments by March
2023 and analysis by June 2023. Results are expected to be
published by the end of 2023. Trial results will be disseminated
through publications and conference proceedings.

Discussion

Maternal undernutrition and inadequate physical activity in
Pakistan pose a serious public health threat. Pregnancy is a
critical period when these behaviors directly affect fetal growth
and development and influence maternal health in terms of
pregnancy-related complications. Considering pregnancy as a

window of opportunity, identification and rectification of dietary
and lifestyle risk factors could not only provide awareness to
women but could also lead to self-actualization leading to
behavior change. Addressing dietary insufficiencies is significant
not only during pregnancy but also for the health of the offspring
throughout the life course. Dietary, supplement use, and physical
activity counseling through mHealth has the potential to change
behavior by providing tailored and personalized advice. This
study will provide the opportunity to test the influence of
cost-effective and rapidly evolving mHealth technology on
maternal and offspring health in the local context. If proven
effective, mHealth will open avenues for improving maternal
and child health in Pakistan.

Acknowledgments
We thank Dr Ayesha Malik for her support during project execution. We also thank Ms Shelina Aamir for providing advice on
the nutritional component of the project. We thank the members of the Digital Health Resource Center team, in particular Ms
Fabiha Zaidi and Mr Abdul Muqeet, who assisted during the development and implementation of the mHealth app. Funding for
this study was provided by the University Research Council (URC) of the Aga Khan University, Pakistan (URC project ID:
L64003CHS). This funding source had no role in the design of this study and will not have any role during its execution, analyses,
interpretation of the data, or decision to submit results for publication. The views expressed in this protocol are those of the
authors and do not constitute an official position of the institution or funder.

Authors' Contributions
RN contributed to the conceptualization and design of the project and is currently supervising the project execution. KBAV
contributed to the design of the project and project execution. NM contributed to the conceptualization and design of the project.
SS contributed to the development of the mHealth app. All authors participated in the manuscript preparation and approved the
final document for publication.

Conflicts of Interest
None declared.

Multimedia Appendix 1
Peer review comments from the funding source.
[PDF File (Adobe PDF File), 236 KB-Multimedia Appendix 1]

References

1. Barger MK. Maternal nutrition and perinatal outcomes. J Midwifery Womens Health 2010;55(6):502-511. [doi:
10.1016/j.jmwh.2010.02.017] [Medline: 20974412]

2. Wu G, Bazer FW, Cudd TA, Meininger CJ, Spencer TE. Maternal nutrition and fetal development. J Nutr 2004
Sep;134(9):2169-2172. [doi: 10.1093/jn/134.9.2169] [Medline: 15333699]

3. Khoury J, Henriksen T, Christophersen B, Tonstad S. Effect of a cholesterol-lowering diet on maternal, cord, and neonatal
lipids, and pregnancy outcome: A randomized clinical trial. Am J Obstet Gynecol 2005 Oct;193(4):1292-1301. [doi:
10.1016/j.ajog.2005.05.016] [Medline: 16202717]

4. Mikkelsen TB, Osterdal ML, Knudsen VK, Haugen M, Meltzer HM, Bakketeig L, et al. Association between a
Mediterranean-type diet and risk of preterm birth among Danish women: A prospective cohort study. Acta Obstet Gynecol
Scand 2008;87(3):325-330 [FREE Full text] [doi: 10.1080/00016340801899347] [Medline: 18307073]

5. Timmermans S, Steegers-Theunissen RPM, Vujkovic M, Bakker R, den Breeijen H, Raat H, et al. Major dietary patterns
and blood pressure patterns during pregnancy: The Generation R Study. Am J Obstet Gynecol 2011 Oct;205(4):337.e1-337312
[FREE Full text] [doi: 10.1016/j.ajog.2011.05.013] [Medline: 21855845]

6. Schoenaker DAJM, Mishra GD, Callaway LK, Soedamah-Muthu SS. The role of energy, nutrients, foods, and dietary
patterns in the development of gestational diabetes mellitus: A systematic review of observational studies. Diabetes Care
2016 Jan;39(1):16-23. [doi: 10.2337/dc15-0540] [Medline: 26696657]

7. Wang Y, Zhao N, Qiu J, He X, Zhou M, Cui H, et al. Folic acid supplementation and dietary folate intake, and risk of
preeclampsia. Eur J Clin Nutr 2015 Oct;69(10):1145-1150 [FREE Full text] [doi: 10.1038/ejcn.2014.295] [Medline:
25626412]

JMIR Res Protoc 2021 | vol. 10 | iss. 11 | e31611 | p. 13https://www.researchprotocols.org/2021/11/e31611
(page number not for citation purposes)

Nuruddin et alJMIR RESEARCH PROTOCOLS

XSL•FO
RenderX

https://jmir.org/api/download?alt_name=resprot_v10i11e31611_app1.pdf&filename=b99c0f04a7ebfab84b56a90e960fecde.pdf
https://jmir.org/api/download?alt_name=resprot_v10i11e31611_app1.pdf&filename=b99c0f04a7ebfab84b56a90e960fecde.pdf
http://dx.doi.org/10.1016/j.jmwh.2010.02.017
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=20974412&dopt=Abstract
http://dx.doi.org/10.1093/jn/134.9.2169
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=15333699&dopt=Abstract
http://dx.doi.org/10.1016/j.ajog.2005.05.016
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=16202717&dopt=Abstract
https://doi.org/10.1080/00016340801899347
http://dx.doi.org/10.1080/00016340801899347
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=18307073&dopt=Abstract
https://linkinghub.elsevier.com/retrieve/pii/S0002-9378(11)00606-5
http://dx.doi.org/10.1016/j.ajog.2011.05.013
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=21855845&dopt=Abstract
http://dx.doi.org/10.2337/dc15-0540
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=26696657&dopt=Abstract
http://europepmc.org/abstract/MED/25626412
http://dx.doi.org/10.1038/ejcn.2014.295
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=25626412&dopt=Abstract
http://www.w3.org/Style/XSL
http://www.renderx.com/


8. Ikem E, Halldorsson TI, Birgisdóttir BE, Rasmussen MA, Olsen SF, Maslova E. Dietary patterns and the risk of
pregnancy-associated hypertension in the Danish National Birth Cohort: a prospective longitudinal study. BJOG 2019
Apr;126(5):663-673. [doi: 10.1111/1471-0528.15593] [Medline: 30675768]

9. Jaddoe VWV, de Jonge LL, Hofman A, Franco OH, Steegers EAP, Gaillard R. First trimester fetal growth restriction and
cardiovascular risk factors in school age children: Population based cohort study. BMJ 2014 Jan 23;348:g14 [FREE Full
text] [doi: 10.1136/bmj.g14] [Medline: 24458585]

10. Mook-Kanamori DO, Steegers EAP, Eilers PH, Raat H, Hofman A, Jaddoe VWV. Risk factors and outcomes associated
with first-trimester fetal growth restriction. JAMA 2010 Feb 10;303(6):527-534. [doi: 10.1001/jama.2010.78] [Medline:
20145229]

11. van Uitert EM, Exalto N, Burton GJ, Willemsen SP, Koning AHJ, Eilers PHC, et al. Human embryonic growth trajectories
and associations with fetal growth and birthweight. Hum Reprod 2013 Jul;28(7):1753-1761. [doi: 10.1093/humrep/det115]
[Medline: 23569080]

12. Crispi F, Bijnens B, Figueras F, Bartrons J, Eixarch E, Le Noble F, et al. Fetal growth restriction results in remodeled and
less efficient hearts in children. Circulation 2010 Jun 08;121(22):2427-2436. [doi: 10.1161/CIRCULATIONAHA.110.937995]
[Medline: 20497977]

13. Gale CR, Jiang B, Robinson SM, Godfrey KM, Law CM, Martyn CN. Maternal diet during pregnancy and carotid
intima-media thickness in children. Arterioscler Thromb Vasc Biol 2006 Aug;26(8):1877-1882. [doi:
10.1161/01.ATV.0000228819.13039.b8] [Medline: 16728657]

14. Rahman MM, Abe SK, Rahman MS, Kanda M, Narita S, Bilano V, et al. Maternal anemia and risk of adverse birth and
health outcomes in low- and middle-income countries: Systematic review and meta-analysis. Am J Clin Nutr 2016
Feb;103(2):495-504. [doi: 10.3945/ajcn.115.107896] [Medline: 26739036]

15. Greenberg JA, Bell SJ, Guan Y, Yu Y. Folic acid supplementation and pregnancy: More than just neural tube defect
prevention. Rev Obstet Gynecol 2011;4(2):52-59. [Medline: 22102928]

16. Hacker AN, Fung EB, King JC. Role of calcium during pregnancy: Maternal and fetal needs. Nutr Rev 2012
Jul;70(7):397-409. [doi: 10.1111/j.1753-4887.2012.00491.x] [Medline: 22747842]

17. Borodulin KM, Evenson KR, Wen F, Herring AH, Benson AM. Physical activity patterns during pregnancy. Med Sci Sports
Exerc 2008 Nov;40(11):1901-1908 [FREE Full text] [doi: 10.1249/MSS.0b013e31817f1957] [Medline: 18845974]

18. Nascimento SL, Surita FG, Cecatti JG. Physical exercise during pregnancy: A systematic review. Curr Opin Obstet Gynecol
2012 Dec;24(6):387-394. [doi: 10.1097/GCO.0b013e328359f131] [Medline: 23014142]

19. Committee on Obstetric Practice. Physical activity and exercise during pregnancy and the postpartum period: ACOG
Committee Opinion, Number 804. Obstet Gynecol 2020 Apr;135(4):e178-e188 [FREE Full text] [doi:
10.1097/AOG.0000000000003772] [Medline: 32217980]

20. American College of Obstetricians and Gynecologist. Exercise during pregnancy. American College of Obstetricians and
Gynecologists. 2019. URL: https://www.acog.org/patient-resources/faqs/pregnancy/exercise-during-pregnancy [accessed
2021-10-16]

21. National Nutrition Survey 2018 - Key Findings Report. Islamabad, Pakistan: UNICEF Pakistan; 2019. URL: https://www.
unicef.org/pakistan/media/1951/file/Final%20Key%20Findings%20Report%202019.pdf [accessed 2021-10-16]

22. Magee LA, Sharma S, Nathan HL, Adetoro OO, Bellad MB, Goudar S, CLIP Study Group. The incidence of pregnancy
hypertension in India, Pakistan, Mozambique, and Nigeria: A prospective population-level analysis. PLoS Med 2019
Apr;16(4):e1002783 [FREE Full text] [doi: 10.1371/journal.pmed.1002783] [Medline: 30978179]

23. Riaz M, Nawaz A, Masood S, Fawwad A, Basit A, Shera A. Frequency of gestational diabetes mellitus using DIPSI criteria,
a study from Pakistan. Clin Epidemiol Glob Health 2019 Jun;7(2):218-221. [doi: 10.1016/j.cegh.2018.06.003]

24. Fatima SS, Rehman R, Alam F, Madhani S, Chaudhry B, Khan TA. Gestational diabetes mellitus and the predisposing
factors. J Pak Med Assoc 2017 Feb;67(2):261-265 [FREE Full text] [Medline: 28138182]

25. Maternal and Newborn Health Disparities: Pakistan. New York, NY: UNICEF; 2019. URL: https://data.unicef.org/resources/
maternal-newborn-health-disparities-country-profiles/ [accessed 2021-10-16]

26. National Institute of Population Studies - NIPS/Pakistan and ICF. Pakistan Demographic and Health Survey 2017-18.
Islamabad, Pakistan, and Rockville, MD: NIPS and ICF; 2019. URL: https://dhsprogram.com/publications/
publication-fr354-dhs-final-reports.cfm [accessed 2021-10-15]

27. Bhutta ZA, Das JK, Rizvi A, Gaffey MF, Walker N, Horton S, Lancet Nutrition Interventions Review Group‚ the Maternal
and Child Nutrition Study Group. Evidence-based interventions for improvement of maternal and child nutrition: What
can be done and at what cost? Lancet 2013 Aug 03;382(9890):452-477. [doi: 10.1016/S0140-6736(13)60996-4] [Medline:
23746776]

28. Ajzen I. The theory of planned behavior. Organ Behav Hum Decis Process 1991 Dec;50(2):179-211. [doi:
10.1016/0749-5978(91)90020-T]

29. Bassett-Gunter RL, Levy-Milne R, Naylor PJ, Symons Downs D, Benoit C, Warburton DER, et al. Oh baby! Motivation
for healthy eating during parenthood transitions: A longitudinal examination with a theory of planned behavior perspective.
Int J Behav Nutr Phys Act 2013 Jul 06;10:88 [FREE Full text] [doi: 10.1186/1479-5868-10-88] [Medline: 23829582]

JMIR Res Protoc 2021 | vol. 10 | iss. 11 | e31611 | p. 14https://www.researchprotocols.org/2021/11/e31611
(page number not for citation purposes)

Nuruddin et alJMIR RESEARCH PROTOCOLS

XSL•FO
RenderX

http://dx.doi.org/10.1111/1471-0528.15593
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=30675768&dopt=Abstract
http://www.bmj.com/lookup/pmidlookup?view=long&pmid=24458585
http://www.bmj.com/lookup/pmidlookup?view=long&pmid=24458585
http://dx.doi.org/10.1136/bmj.g14
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=24458585&dopt=Abstract
http://dx.doi.org/10.1001/jama.2010.78
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=20145229&dopt=Abstract
http://dx.doi.org/10.1093/humrep/det115
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=23569080&dopt=Abstract
http://dx.doi.org/10.1161/CIRCULATIONAHA.110.937995
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=20497977&dopt=Abstract
http://dx.doi.org/10.1161/01.ATV.0000228819.13039.b8
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=16728657&dopt=Abstract
http://dx.doi.org/10.3945/ajcn.115.107896
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=26739036&dopt=Abstract
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=22102928&dopt=Abstract
http://dx.doi.org/10.1111/j.1753-4887.2012.00491.x
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=22747842&dopt=Abstract
http://europepmc.org/abstract/MED/18845974
http://dx.doi.org/10.1249/MSS.0b013e31817f1957
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=18845974&dopt=Abstract
http://dx.doi.org/10.1097/GCO.0b013e328359f131
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=23014142&dopt=Abstract
https://journals.lww.com/greenjournal/Fulltext/2020/04000/Physical_Activity_and_Exercise_During_Pregnancy.61.aspx
http://dx.doi.org/10.1097/AOG.0000000000003772
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=32217980&dopt=Abstract
https://www.acog.org/patient-resources/faqs/pregnancy/exercise-during-pregnancy
https://www.unicef.org/pakistan/media/1951/file/Final%20Key%20Findings%20Report%202019.pdf
https://www.unicef.org/pakistan/media/1951/file/Final%20Key%20Findings%20Report%202019.pdf
https://dx.plos.org/10.1371/journal.pmed.1002783
http://dx.doi.org/10.1371/journal.pmed.1002783
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=30978179&dopt=Abstract
http://dx.doi.org/10.1016/j.cegh.2018.06.003
http://jpma.org.pk/full_article-text.php?article_id=8088
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=28138182&dopt=Abstract
https://data.unicef.org/resources/maternal-newborn-health-disparities-country-profiles/
https://data.unicef.org/resources/maternal-newborn-health-disparities-country-profiles/
https://dhsprogram.com/publications/publication-fr354-dhs-final-reports.cfm
https://dhsprogram.com/publications/publication-fr354-dhs-final-reports.cfm
http://dx.doi.org/10.1016/S0140-6736(13)60996-4
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=23746776&dopt=Abstract
http://dx.doi.org/10.1016/0749-5978(91)90020-T
https://ijbnpa.biomedcentral.com/articles/10.1186/1479-5868-10-88
http://dx.doi.org/10.1186/1479-5868-10-88
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=23829582&dopt=Abstract
http://www.w3.org/Style/XSL
http://www.renderx.com/


30. van Dijk MR, Oostingh EC, Koster MPH, Willemsen SP, Laven JSE, Steegers-Theunissen RPM. The use of the mHealth
program Smarter Pregnancy in preconception care: Rationale, study design and data collection of a randomized controlled
trial. BMC Pregnancy Childbirth 2017 Jan 26;17(1):46 [FREE Full text] [doi: 10.1186/s12884-017-1228-5] [Medline:
28125970]

31. The World in 2013: ICT Facts and Figures. Geneva Switzerland: International Telecommunication Union; 2013. URL:
https://www.itu.int/en/ITU-D/statistics/Documents/facts/ICTFactsFigures2013-e.pdf [accessed 2021-10-16]

32. Kemp S. Digital 2020: Pakistan. DataReportal. 2020 Feb 18. URL: https://datareportal.com/reports/digital-2020-pakistan
[accessed 2021-10-16]

33. Digital Pakistan Policy. Islamabad, Pakistan: Ministry of IT & Telecom; 2019. URL: https://phkh.nhsrc.pk/sites/default/
files/2019-06/Digital%20Pakistan%20Policy%20MoIT.pdf [accessed 2021-10-27]

34. Free C, Phillips G, Watson L, Galli L, Felix L, Edwards P, et al. The effectiveness of mobile-health technologies to improve
health care service delivery processes: A systematic review and meta-analysis. PLoS Med 2013;10(1):e1001363 [FREE
Full text] [doi: 10.1371/journal.pmed.1001363] [Medline: 23458994]

35. Bennett GG, Glasgow RE. The delivery of public health interventions via the internet: Actualizing their potential. Annu
Rev Public Health 2009;30:273-292. [doi: 10.1146/annurev.publhealth.031308.100235] [Medline: 19296777]

36. Van Dijk MR, Huijgen NA, Willemsen SP, Laven JS, Steegers EA, Steegers-Theunissen RP. Impact of an mHealth platform
for pregnancy on nutrition and lifestyle of the reproductive population: A survey. JMIR Mhealth Uhealth 2016 May
27;4(2):e53 [FREE Full text] [doi: 10.2196/mhealth.5197] [Medline: 27234926]

37. Free C, Phillips G, Galli L, Watson L, Felix L, Edwards P, et al. The effectiveness of mobile-health technology-based health
behaviour change or disease management interventions for health care consumers: A systematic review. PLoS Med
2013;10(1):e1001362 [FREE Full text] [doi: 10.1371/journal.pmed.1001362] [Medline: 23349621]

38. Sajjad U, Shahid S. Baby+: A mobile application to support pregnant women in Pakistan. In: Proceedings of the 18th
International Conference on Human-Computer Interaction with Mobile Devices and Services Adjunct. 2016 Presented at:
18th International Conference on Human-Computer Interaction with Mobile Devices and Services Adjunct; September
6-9, 2016; Florence, Italy p. 667-674. [doi: https://doi.org/10.1145/2957265.2961856]

39. Khalil MAT, Jan S, Ali W, Khan A. MotherCare app for expectant mothers in interior parts of Pakistan. In: Umair S, Shah
MY, editors. Mobile Devices and Smart Gadgets in Human Rights. Hershey, PA: IGI Global; 2019:132-152.

40. Ittefaq M, Iqbal A. Digitization of the health sector in Pakistan: Challenges and opportunities to online health communication:
A case study of MARHAM social and mobile media. Digit Health 2018;4:1-13 [FREE Full text] [doi:
10.1177/2055207618789281] [Medline: 30057774]

41. Zaidi S, Shaikh SA, Sayani S, Kazi AM, Khoja A, Hussain SS, et al. Operability, acceptability, and usefulness of a mobile
app to track routine immunization performance in rural Pakistan: Interview study among vaccinators and key informants.
JMIR Mhealth Uhealth 2020 Feb 13;8(2):e16081 [FREE Full text] [doi: 10.2196/16081] [Medline: 32053115]

42. Main Campus, Karachi. The Aga Khan University Hospital. URL: https://hospitals.aku.edu/pakistan/karachi/pages/default.
aspx [accessed 2021-10-15]

43. Conner M. Theory of planned behavior. In: Tenenbaum G, Eklund RC, editors. Handbook of Sport Psychology. 4th edition.
Hoboken, NJ: John Wiley & Sons, Inc; 2020:1-18.

44. Bandura A. Self-efficacy. In: The Corsini Encyclopedia of Psychology. Hoboken, NJ: John Wiley & Sons, Inc; 2010:1-3.
45. Fogg BJ. A behavior model for persuasive design. In: Proceedings of the 4th International Conference on Persuasive

Technology. 2009 Presented at: 4th International Conference on Persuasive Technology; April 26-29, 2009; Claremont,
CA p. 1-7. [doi: 10.1145/1541948.1541999]

46. Velicer W, Prochaska J, Fava J, Norman G, Redding C. Smoking cessation and stress management: Applications of the
transtheoretical model of behavior change. Homeost Health Dis 1998;38(5-6):216-233 [FREE Full text]

47. Healthy Eating During Pregnancy and Breastfeeding: Booklet for Mothers. Geneva, Switzerland: World Health Organization;
2001. URL: https://apps.who.int/iris/bitstream/handle/10665/108425/E73182.pdf?sequence=1&isAllowed=y [accessed
2021-10-15]

48. Daily iron and folic acid supplementation during pregnancy. World Health Organization. 2018. URL: https://www.who.int/
elena/titles/guidance_summaries/daily_iron_pregnancy/en/ [accessed 2021-10-16]

49. WHO Recommendations on Antenatal Care for a Positive Pregnancy Experience. Geneva, Switzerland: World Health
Organization; 2016 Nov 28. URL: https://www.who.int/publications/i/item/9789241549912 [accessed 2021-10-27]

50. WHO Antenatal Care Recommendations for a Positive Pregnancy Experience: Nutritional Interventions Update: Vitamin
D Supplements During Pregnancy. Geneva, Switzerland: World Health Organization; 2020 Jul 29. URL: https://www.
who.int/publications/i/item/9789240008120 [accessed 2021-10-27]

51. Healthy Diet. Cairo, Egypt: WHO Regional Office for the Eastern Mediterranean; 2019. URL: https://apps.who.int/iris/
bitstream/handle/10665/325828/EMROPUB_2019_en_23536.pdf?sequence=1&isAllowed=y [accessed 2021-10-16]

52. FAQs: Nutrition during pregnancy. American College of Obstetricians and Gynecologists. 2020. URL: https://www.acog.org/
womens-health/faqs/nutrition-during-pregnancy [accessed 2021-10-16]

JMIR Res Protoc 2021 | vol. 10 | iss. 11 | e31611 | p. 15https://www.researchprotocols.org/2021/11/e31611
(page number not for citation purposes)

Nuruddin et alJMIR RESEARCH PROTOCOLS

XSL•FO
RenderX

https://bmcpregnancychildbirth.biomedcentral.com/articles/10.1186/s12884-017-1228-5
http://dx.doi.org/10.1186/s12884-017-1228-5
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=28125970&dopt=Abstract
https://www.itu.int/en/ITU-D/statistics/Documents/facts/ICTFactsFigures2013-e.pdf
https://datareportal.com/reports/digital-2020-pakistan
https://phkh.nhsrc.pk/sites/default/files/2019-06/Digital%20Pakistan%20Policy%20MoIT.pdf
https://phkh.nhsrc.pk/sites/default/files/2019-06/Digital%20Pakistan%20Policy%20MoIT.pdf
https://dx.plos.org/10.1371/journal.pmed.1001363
https://dx.plos.org/10.1371/journal.pmed.1001363
http://dx.doi.org/10.1371/journal.pmed.1001363
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=23458994&dopt=Abstract
http://dx.doi.org/10.1146/annurev.publhealth.031308.100235
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=19296777&dopt=Abstract
https://mhealth.jmir.org/2016/2/e53/
http://dx.doi.org/10.2196/mhealth.5197
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=27234926&dopt=Abstract
https://dx.plos.org/10.1371/journal.pmed.1001362
http://dx.doi.org/10.1371/journal.pmed.1001362
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=23349621&dopt=Abstract
http://dx.doi.org/https://doi.org/10.1145/2957265.2961856
https://journals.sagepub.com/doi/10.1177/2055207618789281?url_ver=Z39.88-2003&rfr_id=ori:rid:crossref.org&rfr_dat=cr_pub%3dpubmed
http://dx.doi.org/10.1177/2055207618789281
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=30057774&dopt=Abstract
https://mhealth.jmir.org/2020/2/e16081/
http://dx.doi.org/10.2196/16081
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=32053115&dopt=Abstract
https://hospitals.aku.edu/pakistan/karachi/pages/default.aspx
https://hospitals.aku.edu/pakistan/karachi/pages/default.aspx
http://dx.doi.org/10.1145/1541948.1541999
https://www.researchgate.net/profile/Wayne-Velicer/publication/232550193_Smoking_cessation_and_stress_management_Applications_of_the_Transtheoretical_Model_of_behavior_change/links/0fcfd50b6759dc0e3c000000/Smoking-cessation-and-stress-management-Applications-of-the-Transtheoretical-Model-of-behavior-change.pdf
https://apps.who.int/iris/bitstream/handle/10665/108425/E73182.pdf?sequence=1&isAllowed=y
https://www.who.int/elena/titles/guidance_summaries/daily_iron_pregnancy/en/
https://www.who.int/elena/titles/guidance_summaries/daily_iron_pregnancy/en/
https://www.who.int/publications/i/item/9789241549912
https://www.who.int/publications/i/item/9789240008120
https://www.who.int/publications/i/item/9789240008120
https://apps.who.int/iris/bitstream/handle/10665/325828/EMROPUB_2019_en_23536.pdf?sequence=1&isAllowed=y
https://apps.who.int/iris/bitstream/handle/10665/325828/EMROPUB_2019_en_23536.pdf?sequence=1&isAllowed=y
https://www.acog.org/womens-health/faqs/nutrition-during-pregnancy
https://www.acog.org/womens-health/faqs/nutrition-during-pregnancy
http://www.w3.org/Style/XSL
http://www.renderx.com/


53. Paracha PI, Anis N. Pakistan Dietary Guidelines for Better Nutrition. Rome, Italy, and Islamabad, Pakistan: Food and
Agriculture Organization of the United Nations and Ministry of Planning Development and Reform, Government of Pakistan;
2018. URL: https://www.fao.org/documents/card/en/c/CA1868EN/ [accessed 2021-10-27]

54. Physical activity. World Health Organization. 2020 Nov 26. URL: https://www.who.int/news-room/fact-sheets/detail/
physical-activity [accessed 2021-10-16]

55. Dietary Assessment: A Resource Guide to Method Selection and Application in Low Resource Settings. Rome, Italy: Food
and Agriculture Organization of the United Nations; 2018. URL: https://www.fao.org/3/i9940en/I9940EN.pdf [accessed
2021-10-27]

56. Smarter Pregnancy: For couples who are or wish to get pregnant. Slimmer Zwanger. Rotterdam, the Netherlands: Erasmus
MC; 2019. URL: https://www.slimmerzwanger.nl/ [accessed 2021-10-16]

57. Hoodbhoy Z, Qureshi RN, Iqbal R, Muhabat Q. Household chores as the main source of physical activity: Perspectives of
pregnant Pakistani women. J Pak Med Assoc 2018 Apr;68(4):565-569 [FREE Full text] [Medline: 29808046]

58. van Dijk MR, Koster MPH, Oostingh EC, Willemsen SP, Steegers EAP, Steegers-Theunissen RPM. A mobile app lifestyle
intervention to improve healthy nutrition in women before and during early pregnancy: Single-center randomized controlled
trial. J Med Internet Res 2020 May 15;22(5):e15773 [FREE Full text] [doi: 10.2196/15773] [Medline: 32412417]

59. Examples of moderate and vigorous physical activity. Harvard TH Chan School of Public Health. 2021. URL: https://www.
hsph.harvard.edu/obesity-prevention-source/moderate-and-vigorous-physical-activity/ [accessed 2021-10-27]

60. Prosch N. Light, moderate, and vigorous activity. South Dakota State University Extension. 2019 Dec 18. URL: https:/
/extension.sdstate.edu/light-moderate-and-vigorous-activity [accessed 2021-10-27]

61. General physical activities defined by level of intensity. Centers for Disease Control and Prevention. URL: https://www.
cdc.gov/nccdphp/dnpa/physical/pdf/pa_intensity_table_2_1.pdf [accessed 2021-10-27]

62. Brown MA, Magee LA, Kenny LC, Karumanchi SA, McCarthy FP, Saito S, International Society for the Study of
Hypertension in Pregnancy (ISSHP). Hypertensive disorders of pregnancy: ISSHP classification, diagnosis, and management
recommendations for international practice. Hypertension 2018 Jul;72(1):24-43. [doi:
10.1161/HYPERTENSIONAHA.117.10803] [Medline: 29899139]

63. Hod M, Kapur A, Sacks DA, Hadar E, Agarwal M, Di Renzo GC, et al. The International Federation of Gynecology and
Obstetrics (FIGO) Initiative on gestational diabetes mellitus: A pragmatic guide for diagnosis, management, and care. Int
J Gynaecol Obstet 2015 Oct 08;131:S173-S211. [doi: 10.1016/s0020-7292(15)30033-3]

64. Cheikh Ismail L, Bishop DC, Pang R, Ohuma EO, Kac G, Abrams B, et al. Gestational weight gain standards based on
women enrolled in the Fetal Growth Longitudinal Study of the INTERGROWTH-21st Project: A prospective longitudinal
cohort study. BMJ 2016 Feb 29;352:i555 [FREE Full text] [doi: 10.1136/bmj.i555] [Medline: 26926301]

65. Ohadike C, Cheikh-Ismail L, Ohuma E, Giuliani F, Bishop D, Kac G, et al. Systematic review of the methodological quality
of studies aimed at creating gestational weight gain charts. Adv Nutr 2016 Mar;7(2):313-322 [FREE Full text] [doi:
10.3945/an.115.010413] [Medline: 26980814]

66. Cutland CL, Lackritz EM, Mallett-Moore T, Bardají A, Chandrasekaran R, Lahariya C, Brighton Collaboration Low Birth
Weight Working Group. Low birth weight: Case definition & guidelines for data collection, analysis, and presentation of
maternal immunization safety data. Vaccine 2017 Dec 04;35(48 Pt A):6492-6500 [FREE Full text] [doi:
10.1016/j.vaccine.2017.01.049] [Medline: 29150054]

67. Villar J, Cheikh Ismail L, Victora CG, Ohuma EO, Bertino E, Altman DG, International Fetal and Newborn Growth
Consortium for the 21st Century (INTERGROWTH-21st). International standards for newborn weight, length, and head
circumference by gestational age and sex: The Newborn Cross-Sectional Study of the INTERGROWTH-21st Project.
Lancet 2014 Sep 06;384(9946):857-868. [doi: 10.1016/S0140-6736(14)60932-6] [Medline: 25209487]

68. Preterm birth. World Health Organization. 2018 Feb 19. URL: https://www.who.int/news-room/fact-sheets/detail/preterm-birth
[accessed 2021-10-16]

69. Bansal NA, Ayoola OO, Gemmell I, Vyas A, Koudsi A, Oldroyd J, et al. Effects of early growth on blood pressure of
infants of British European and South Asian origin at one year of age: The Manchester children's growth and vascular
health study. J Hypertens 2008 Mar;26(3):412-418. [doi: 10.1097/HJH.0b013e3282f3168e] [Medline: 18300849]

70. Expert Panel on Integrated Guidelines for Cardiovascular Health and Risk Reduction in Children and Adolescents, National
Heart‚ Lung‚ and Blood Institute. Expert panel on integrated guidelines for cardiovascular health and risk reduction in
children and adolescents: Summary report. Pediatrics 2011 Dec;128 Suppl 5:S213-S256 [FREE Full text] [doi:
10.1542/peds.2009-2107C] [Medline: 22084329]

71. McCoy E. Understanding the intention-to-treat principle in randomized controlled trials. West J Emerg Med 2017
Oct;18(6):1075-1078 [FREE Full text] [doi: 10.5811/westjem.2017.8.35985] [Medline: 29085540]

Abbreviations
ACOG: American College of Obstetricians and Gynecologists
AKUH: Aga Khan University Hospital
DHRC: Digital Health Resource Center

JMIR Res Protoc 2021 | vol. 10 | iss. 11 | e31611 | p. 16https://www.researchprotocols.org/2021/11/e31611
(page number not for citation purposes)

Nuruddin et alJMIR RESEARCH PROTOCOLS

XSL•FO
RenderX

https://www.fao.org/documents/card/en/c/CA1868EN/
https://www.who.int/news-room/fact-sheets/detail/physical-activity
https://www.who.int/news-room/fact-sheets/detail/physical-activity
https://www.fao.org/3/i9940en/I9940EN.pdf
https://www.slimmerzwanger.nl/
http://jpma.org.pk/full_article-text.php?article_id=8645
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=29808046&dopt=Abstract
https://www.jmir.org/2020/5/e15773/
http://dx.doi.org/10.2196/15773
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=32412417&dopt=Abstract
https://www.hsph.harvard.edu/obesity-prevention-source/moderate-and-vigorous-physical-activity/
https://www.hsph.harvard.edu/obesity-prevention-source/moderate-and-vigorous-physical-activity/
https://extension.sdstate.edu/light-moderate-and-vigorous-activity
https://extension.sdstate.edu/light-moderate-and-vigorous-activity
https://www.cdc.gov/nccdphp/dnpa/physical/pdf/pa_intensity_table_2_1.pdf
https://www.cdc.gov/nccdphp/dnpa/physical/pdf/pa_intensity_table_2_1.pdf
http://dx.doi.org/10.1161/HYPERTENSIONAHA.117.10803
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=29899139&dopt=Abstract
http://dx.doi.org/10.1016/s0020-7292(15)30033-3
http://www.bmj.com/lookup/pmidlookup?view=long&pmid=26926301
http://dx.doi.org/10.1136/bmj.i555
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=26926301&dopt=Abstract
http://europepmc.org/abstract/MED/26980814
http://dx.doi.org/10.3945/an.115.010413
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=26980814&dopt=Abstract
https://linkinghub.elsevier.com/retrieve/pii/S0264-410X(17)30114-7
http://dx.doi.org/10.1016/j.vaccine.2017.01.049
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=29150054&dopt=Abstract
http://dx.doi.org/10.1016/S0140-6736(14)60932-6
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=25209487&dopt=Abstract
https://www.who.int/news-room/fact-sheets/detail/preterm-birth
http://dx.doi.org/10.1097/HJH.0b013e3282f3168e
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=18300849&dopt=Abstract
http://europepmc.org/abstract/MED/22084329
http://dx.doi.org/10.1542/peds.2009-2107C
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=22084329&dopt=Abstract
http://europepmc.org/abstract/MED/29085540
http://dx.doi.org/10.5811/westjem.2017.8.35985
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=29085540&dopt=Abstract
http://www.w3.org/Style/XSL
http://www.renderx.com/


INTERGROWTH-21st: International Fetal and Newborn Growth Consortium for the 21st Century
mHealth: mobile health
PI: principal investigator
URC: University Research Council
WHO: World Health Organization

Edited by T Derrick; This paper was peer reviewed by the Department of Community Health Sciences, Aga Khan University. See the
Multimedia Appendix for the peer-review report; Submitted 28.06.21; accepted 21.09.21; published 16.11.21.

Please cite as:
Nuruddin R, Vadsaria K, Mohammed N, Sayani S
The Efficacy of a Personalized mHealth Coaching Program During Pregnancy on Maternal Diet, Supplement Use, and Physical
Activity: Protocol for a Parallel-Group Randomized Controlled Trial
JMIR Res Protoc 2021;10(11):e31611
URL: https://www.researchprotocols.org/2021/11/e31611
doi: 10.2196/31611
PMID:

©Rozina Nuruddin, Khadija Vadsaria, Nuruddin Mohammed, Saleem Sayani. Originally published in JMIR Research Protocols
(https://www.researchprotocols.org), 16.11.2021. This is an open-access article distributed under the terms of the Creative
Commons Attribution License (https://creativecommons.org/licenses/by/4.0/), which permits unrestricted use, distribution, and
reproduction in any medium, provided the original work, first published in JMIR Research Protocols, is properly cited. The
complete bibliographic information, a link to the original publication on https://www.researchprotocols.org, as well as this
copyright and license information must be included.

JMIR Res Protoc 2021 | vol. 10 | iss. 11 | e31611 | p. 17https://www.researchprotocols.org/2021/11/e31611
(page number not for citation purposes)

Nuruddin et alJMIR RESEARCH PROTOCOLS

XSL•FO
RenderX

https://www.researchprotocols.org/2021/11/e31611
http://dx.doi.org/10.2196/31611
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=&dopt=Abstract
http://www.w3.org/Style/XSL
http://www.renderx.com/

