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A B S T R A C T

Mobile phone-based health interventions (mHealth) are viewed as an attractive approach to foster behaviour
change, and found to be effective in promoting physical activity and healthy diets. The present study aims to
investigate whether mHealth with advice for dietary and lifestyle modifications would reduce 10-year cardio
vascular disease (CVD) risk among overweight or obese adults aged 35–64 years in Sri Lanka. A two-group
parallel-arm randomized controlled trial (RCT) was conducted in Colombo district, recruiting 1200 individuals
aged 35–64 years with a body mass index (BMI) of ≥25 kgm−2. Participants were randomly assigned either to
mHealth package (intervention arm, n=600) or usual care (control arm, n= 600). The intervention package
contains a series of dietary and lifestyle improvement messages, a mobile application to register participants, and
a web application to deliver these messages. Participants in the intervention arm receive 2 voice and 2 text
messages per week to their mobile phones for a period of 12 months. The primary outcome (10-year CVD risk)
will be assessed according to sex, age, smoking status, blood pressure, serum cholesterol and glycaemic status.
Data are collected at enrollment and after 12 months of intervention on: dietary practices, physical activity,
smoking, anthropometry, body composition, blood pressure, fasting plasma glucose, HbA1c and lipid profile.
Analysis of effect will be performed by intention-to-treat principle, comparing the outcomes between inter-
vention and control arms. The study resulted in a comprehensive mHealth nutrition and lifestyle package
(mHENAL) and successfully completed recruitment and baseline assessment of participants. The message de-
livery is in progress.

1. Introduction

Cardiovascular disease (CVD) is the leading cause of death world-
wide, and the number of deaths due to CVD is increasing every year [1].
Globally, there were 17.3 million estimated deaths due to cardiovas-
cular diseases in 2013, with age-standardized mortality rate of 293 per
100,000 population [2]. Hospital statistics in Sri Lanka indicated a
rapid rise in morbidity and mortality due to CVD during the past 2
decades [3], and this would cause a significant impact on quality of life
of individuals and country's economic growth. There is no national level
estimate of prevalence of CVD, however, a prevalence of 6.9% in adults

aged 30 years and above was reported in a sub-urban area [4]. The 10-
year CVD risk is a measure of an individual's risk based on a combi-
nation of risk factors, and the proportion at high risk has been reported
in the Sri Lanka non-communicable disease risk factor survey (STEPS
2015) and in a cohort study [5,6].

Abnormal lipids, smoking, hypertension, diabetes, abdominal obe-
sity, psychosocial factors, low consumption of fruits and vegetables,
alcohol, and physical inactivity account for most of the CVD risk
worldwide [7,8]. Sri Lanka diabetes and cardiovascular study has re-
ported high prevalence of diabetes (10.3%), pre-diabetes (11.5%), hy-
pertension (23.7%), dyslipidaemia (77.4%) and metabolic syndrome
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(24.3%) in adults [9–12]. According to STEPS 2015, 25% of men and
34% of women aged 18–69 years were either overweight or obese [5],
and evidence shows that there a rapid increase in obesity in Sri Lanka
[13]. Adoption of a healthy diet is preferable or complementary to long-
term medication in the general population in order to prevent or delay
the onset of CVD and to reduce the burden on health services [7]. With
the evolution of mobile phone technology and its wider usage, mobile
health (mHealth) is viewed as an attractive and promising approach to
foster behaviour change [14,15]. mHealth is defined as medical and
public health practice supported by mobile devices, such as mobile
phones, patient monitoring devices, personal digital assistants and
other wireless devices [16]. Effects of mHealth on illness have been
demonstrated through randomized controlled trials (RCT) with various
outcomes such as diabetes [14], hypertension [15], weight gain [17],
physical activity [18] and diet [14,15,17,18]. For example, a RCT
conducted in Latin America found that a mHealth intervention with
monthly motivational counseling calls and weekly personalized text
messages for 12 months was associated with a small reduction in
bodyweight and an improvement in dietary habits [15]. In a systematic
review of trials from developing countries, it was revealed that e− and
mHealth interventions were effective in promoting physical activity
and healthy diet [19]. The review recommended the need of more
rigorous study designs in future interventional studies.

A gap of knowledge exists with respect to evidence on effective
interventions that would address dietary and lifestyle causes, and
thereby reduce CVD risk specially in targeted individuals in the com-
munity. Our primary research question is to examine whether a nutri-
tion and lifestyle improvement intervention based on mobile phones
would be effective in reducing CVD risk. In this study, we aim to in-
vestigate whether mHealth that included voice and text messages
containing advice for dietary and lifestyle modifications for 12-month
period would reduce 10-year cardiovascular disease risk among over-
weight or obese adults aged 35–64 years in a predominantly urban Sri
Lankan population. The study also aims to evaluate the effects of the
mHealth intervention on body mass index, dietary practices and phy-
sical activity.

2. Materials and methods

2.1. Overview

The study design followed an established process for development
and testing of mHealth interventions as illustrated in Fig. 1 [20]. The
steps in this process are: A formative research, compiling and pretesting
the content, development of mHealth application and a pilot study, a
RCT, and further qualitative research.

Formative research was carried out at the inception to obtain views
from a wide range of stakeholders through focus groups discussions
(FGD) and in-depth interviews (IDI). The formative study explored

contextual information required to plan, develop and implement the
intervention. Twelve FGD comprising 6–8 persons aged 35–64 years in
each were conducted in different socio-economic strata and occupa-
tional settings. Both male and female were included as participants in
each FGD. Of the 12 FGDs, 7 were conducted among persons from the
middle socio-economic class, while 3 from the lower and 2 from the
upper. The participants included both employed and unemployed per-
sons, and covered a spectrum of occupations such as casual workers,
factory workers, teachers, health care providers, managerial staff, en-
trepreneurs and professionals. Twenty IDI were conducted under three
categories of stakeholders namely, medical professionals, paramedical
professionals, and information and communication technology experts.
Nutrition experts were present under the medical and paramedical
professional categories.

2.2. Compiling and pre-testing the content

The intervention package contained a series of messages on nutri-
tion and lifestyle practices aiming a change participants’ behaviour.
These contents were prepared conforming to the best scientific evidence
in principles and practice of nutrition and healthy lifestyles, including
food based dietary guidelines [21], my plate model [22,23] and global
recommendations on physical activity for health [24]. The content and
expression of messages were underpinned by relevant theories for be-
haviour change applicable for m-health interventions [25]. The mes-
sages cover healthy dietary practices (e.g., Serve one-half your plate with
vegetables, one quarter with rice or other starchy food, and the remaining
quarter with proteins such as fish, meat, egg or dhal; Avoid eating processed
meats such as sausages, ham, bacon, and meat balls; Minimize the amount
of salt you add to your food, and especially do not add salt to rice; Limit to 1
tea spoon of sugar per cup of tea or drink tea without sugar; Drink at least
eight glasses of water a day) and heathy lifestyles (e.g., Engage in physical
exercise at least 30 minutes a day; Sleep at least 7 hours in the night; Stop
smoking, and; Cut down amount of alcohol intake). The messages were
concise, simple and easy to comprehend by the target audience. Each
message was available in local languages (Sinhalese and Tamil), and
pretested among a sample of 30 individuals including linguistic and
communication experts. Following appropriate corrections, the mes-
sages were sequenced in a meaningful order.

2.3. Developing mHealth application and pilot study

The same messages were developed both in voice and text form. The
voice messages were recorded in male and female voices alternately in
MP3 format, and the text messages in Unicode text. Some massages
were made interactive by including questions for the participant to
respond via SMS with yes/no options or values such as body weight and
number of days engaged in exercise.

In order to operationalize message delivery, two interlinked appli-
cations, a mobile and a web application, were developed by a software
development company (Data Management Systems Ltd.) in consultation
with the investigators. The mobile application was designed to register
participants for the m-health at enrollment to the trial in the commu-
nity. The web application was designed to run an online system to
administer the m-health package. The web application has facilities to
assign users (Project Assistants) who would subsequently register par-
ticipants using the mobile application, and schedule text and voice
message delivery for participants through a mobile network. The web
application also has the facility to generate reports such as participant
details, message delivery status, participant's receipt of these messages,
and user replies. Both mobile and web applications were password
protected, and accessible by the investigators only through user ac-
counts. The package was tailor made to suit any type of mobile phone of
the end-user, either feature phone or smart phone.

A leading mobile company (Mobitel Private Ltd.) was engaged as
the mobile network provider to host and deliver the mHealth

Fig. 1. Steps in the process for mHealth intervention development and testing
Adapted with permission from Whittaker et al. 2012 [20].
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intervention according to an automated schedule. Connectivity services
and gateway facilities were set up by the network provider to facilitate
sending of domestic Short Message Services (SMS) and Out Bound
Dialing (OBD) to the study participants of the intervention arm. A
survey platform was established and hosted in a dedicated server fa-
cility connected to the mobile network.

A pilot study was carried-out using few mock participants, as well as
a sample (n=20) of eligible participants for 6 weeks. Following the
pilot testing, updates were done by rectifying the shortcomings.

2.4. The randomized controlled trial (RCT)

2.4.1. Study design and setting
The RCT is based on the hypothesis that the “mHealth intervention”

compared to “usual care” would reduce cardiovascular disease risk by
one-third among overweight or obese individuals in the age group
35–64 years. The RCT is a two-group, parallel-arm, superiority trial
with an allocation ratio of 1:1 for intervention and control groups, re-
spectively. The RCT is conducted in Colombo district which has a po-
pulation of 2,324,349, almost 11% of the country's total population. It
is the most urban district in Sri Lanka, with 78% of its residents living in
urban areas [26]. The community health services in the district are
provided through 15 Medical Officer of Health (MOH) areas under the
provincial health services and 05 MOH areas under the Colombo Mu-
nicipal Council. The latter was excluded due to its complexity, het-
erogeneity and different organizational structure for community health
services. Potential participants for RCT were identified from the com-
munities in the aforementioned 15 MOH areas.

2.4.2. Participants
The eligible participants fulfilled the following inclusion criteria:

35–64 years of age; body mass index (BMI) of 25 kgm−2 or above; and
no intention to move out from area in the succeeding two years.
Individuals having a history of any cardiovascular event (myocardial
infarction, unstable angina or stable angina, past coronary artery pro-
cedure, stroke or transient ischaemic attack), renal artery or kidney
disease, peripheral vascular disease, congestive heart failure, and
cancer or treatment for cancer in the last 2 years were excluded.
Currently pregnant or breastfeeding mothers and anyone who has a
recent weight loss at least 5% in the preceding 6 months, muscu-
loskeletal conditions that precluded walking for 30min, and using
medication or other active lifestyle interventions known to affect body
weight were also excluded. Absence of a mobile phone for personal use
was not a reason for exclusion since those individuals would be pro-
vided a mobile phone for the purpose of the study.

2.4.3. Intervention
The eligible participants were assigned either to mHealth nutrition

and lifestyle package (the intervention) or routine care (the control)
after obtaining informed consent. The field investigators using the
mobile application registered participants for the intervention. Upon
registration, a welcome message is sent to participant's mobile phone.
Since then, automated messages are delivered at a frequency of 2 voice
and 2 text messages per week for 12 months. The option for direct
calling from participant to investigator or vice-versa is available
through a dedicated hotline for any assistance or clarification. The flow
diagram of the communication pathways is illustrated in Appendix A.

If a participant does not wish to follow the intervention with or
without a valid reason, he or she is allowed to discontinue it. The
message delivery will be discontinued temporarily if a participant tra-
vels abroad, but resumed if she or he returns within a month.
Intervention will be discontinued, if the data monitoring committee
(DMC) recommends termination of trial.

Participants in both arms were not prevented attending any ongoing
health promotional activities including any nutrition and healthy life-
style interventions. However, they were advised not to follow any

mHealth or eHealth interventions related to nutrition and healthy
lifestyle or share the messages with others. The participants, irrespec-
tive of the arm, were instructed to continue their ongoing medical
therapies if any, or to seek medical advice if any medical condition was
detected during the baseline assessment.

2.4.4. Outcomes
The primary outcome is 10-year CVD risk, which is based on sex,

age, smoking status, blood pressure, serum cholesterol (lipid profile),
and glycaemic status. The 10-year CVD risk will be calculated and
classified according to National Cholesterol Education Program Adult
Treatment Panel-III (NECP-ATP-III) [27], and World Health Organiza-
tion/International Society of Hypertension (WHO/ISH) [28] risk pre-
diction tools. These global CVD risk scores are known to predict the
likelihood of CVD events with reasonable predictive validity in the
population [6,29,30]. The secondary outcomes are body weight, body
mass index, waist circumference, abdominal obesity, waist-hip ratio,
body composition (i.e., body fat percentage and fat free mass), dietary
intake and physical activity. Median estimated 10-year CVD risk will be
compared between the intervention and control arms on enrollment at
the baseline and on completion of the 12-month intervention.

2.4.5. Sample size
Sample size was calculated using the primary outcome measure, the

10-year CVD risk using the formula described by Machin and Fayers
[31] (Appendix B). The prevalence of 10-year CVD risk of 30% or above
was approximately 14% in adults 35–64 years of age according to a
previous study in a sub-urban area [6]. The present trial is primarily
expected to recognize a reduction of 10-year CVD risk by one-third from
its current value, from 14% to 8.5% as clinically significant following
the intervention. A total sample size of 1200 is required to detect a
difference at least of this size in 10-year CVD risk prevalence in the
intervention group compared to the control, with a two-sided α-error of
0.05, a power of 80%, and an anticipated loss-to-follow up of 14%.

This sample size would also allow the study to detect a difference in
the following secondary outcomes between the control and intervention
arms respectively: Obesity (30% vs 20%); ‘unhealthy’ diet (50% vs
40%) and physical inactivity (33% vs 25%).

2.4.6. Recruitment
Participants were selected in two stages from the 15 MOH areas: In

the first stage, 5 to 6 sub-divisions within each MOH area were selected.
In the second stage, about 30–35 participants from each sub-division
were identified and screened for eligibility. Only one eligible partici-
pant was chosen from a given family. As illustrated in the trial profile in
Fig. 2, of the 2518 participants screened for eligibility, 1318 were ex-
cluded due to the reasons given in the text box.

2.4.7. Assignment of intervention/randomization
Each participant was randomized either to intervention or control

arm, using stratified block randomization method. Stratification was
based on sex (female or male), age category (35–49 years or 50–64
years) and BMI category (overweight or obese). Allocation sequence
was generated in blocks of 2 for 600 blocks in total. This process would
ensure almost equal number of participants between the 2 arms within
each stratum. Block randomization is a commonly used technique in
clinical trial design to reduce bias and achieve balance in the allocation
of participants to treatment arms, especially when the sample size is
small [32]. A web-based application, Research Randomizer (www.
randomizer.org), was used to generate a random set of sequencing
blocks [33].

2.4.8. Implementation of RCT
Those assigned to intervention arm were registered for the m-health

nutrition and lifestyle intervention package by a field investigator using
the mobile application. During registration, basic socio-demographic
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data (date of birth and sex), anthropometric data (weight and height),
smoking and alcohol habits, mobile phone number of the participant,
and the preferred language and time of the day to receive messages
were recorded. These details were submitted via internet to the web
application to synchronize the automated message delivery. The ex-
isting mobile phone connection of the participants was used to deliver
the intervention. Those participants who did not possess a personal
mobile phone were provided with a basic mobile phone (feature phone)
and a new mobile connection for the purpose of the study.

Individuals in the control group are expected to continue their usual
care/practices without any active intervention or interruption by the
study. The usual care may include: visits to healthy lifestyle centre,
nutrition clinics or any other health professionals, and following
available information, education and communication material. There is
no active promotion of the IEC material or clinic follow-up for the
participants in the control group.

There is no blinding of participants about the assignment of inter-
vention since the intervention occurs with their knowledge. Data col-
lectors, except those who will be performing post-intervention quali-
tative inquiry, are unaware of the trial arm of the participants.

2.5. Data collection, management and analysis

2.5.1. Data collection methods
Data collection is done at the enrollment and after 12 months of

intervention. Data collectors were graduates in Sociology or Health
Promotion, and appropriately trained on administering questionnaire,
anthropometry and ethical standards. Multiple data collection methods

were used to gather necessary information including a face-to-face
questionnaire-based interview, anthropometry, body composition as-
sessment, examination for blood pressure and investigation of blood
samples. Data collection at baseline was performed in two steps: firstly,
a face-to-face questionnaire-based interview, and subsequently, an-
thropometric measurements, examination for blood pressure and col-
lection of blood sample for biochemical investigations.

The timeline of RCT as per Standard Protocol Items:
Recommendations for Interventional Trials (SPIRIT) template is given
in Appendix C. Enrollment of participants and baseline assessments
took place simultaneously, during the first 6 months. The intervention
duration of 12 months was based on the potential time period for CVD
risk reduction [15,18,34,35].

2.5.2. Questionnaire
A structured questionnaire was designed to obtain data on socio-

demographics, smoking habits, alcohol consumption, chronic illness,
dietary practices, dietary intake and physical activity. The survey
questionnaire was pretested and modified accordingly. Certain sections
of the questionnaire were adapted from the standard surveys or pre-
viously validated tools as described below.

Questions related to tobacco use, alcohol consumption, chronic ill-
ness and dietary practices were derived from the WHO STEPS instru-
ment used in Sri Lanka non-communicable disease risk factor survey
[5]. Dietary intake was assessed using food frequency questionnaire
(FFQ) which was validated for Sri Lanka by Jayawardena et al. [36,37],
with permission from the author. The FFQ consisted of 8 food groups
containing the main foods comprising Sri Lankan adult diet, a total of

Fig. 2. mHealth nutrition and lifestyle intervention (mHENAL) trial profile.
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85 items and 12 color photographs to identify serving size. The FFQ has
been validated against 7-day weighed-intake dietary records with sig-
nificant positive correlations (p < 0.05) between the two methods for
energy, carbohydrate, protein, fat and dietary fiber intake [37].

Physical activity was assessed by a short version of Physical Activity
Questionnaire, which had been validated for urban settings in Sri Lanka
by Arambepola et al. [38], with permission from the author. The tool
comprises 16 questions and collects information on physical activity
participation in three circumstances: activity at work, travel to and
from places, and recreational activities as well as sedentary behaviour.

Participants in batches of 20–30 were requested to attend a pre-
arranged location (a clinic centre, primary health care facility, com-
munity centre, office of a government organization or a community-
based organization) in 12-hour overnight fasting state for subsequent
assessments.

During the follow up of participants in the intervention arm, user
dynamics and responses are extracted via monthly reports generated
through the web application. On completion, a qualitative feedback will
be obtained from participants about their experiences, strengths and
areas for further improvement.

2.5.3. Anthropometry, body composition and blood pressure
Weight, height, waist circumference and hip circumference were

measured by trained data collectors following standard procedure for
anthropometric measurements [39]. Digital weighing scale (Seca 813,
Hamburg, Germany), stadiometer (Seca 213, Hamburg, Germany), and
ergonomic circumference measuring tape (Seca 201, Hamburg, Ger-
many) were used. Body composition was assessed by 4-point, bio im-
pedance analyzer (Omron HBF 375, Kyoto, Japan). The values given by
the body composition analyzer for fat mass and fat free mass for the
whole body and its regions were recorded. The measurements were
made between 8.00 and 10.00 a.m., under uniform conditions re-
garding food and fluids of the subjects. Blood pressure was checked by a
medically qualified investigator using digital blood pressure apparatus
(Omron HEM 7320, Kyoto, Japan), as per the recommended procedure
by the manufacturer. Measurements were validated against standard
mercury sphygmomanometer, in every 10th participant to ensure re-
liability.

2.5.4. Biochemical investigations
Blood samples (6ml of blood per person) were drawn in 12-hour

fasting state using sterile venipuncture procedure by a phlebotomist.
Blood samples were tested in 2 accredited laboratories using the re-
commended methods: HbA1c using high-performance liquid chroma-
tographic assay (Bio-Rad D10, USA); fasting plasma glucose using
glucose oxidase method (Randox Imola, UK); total cholesterol using
cholesterol oxidase method (Randox Imola, UK); HDL cholesterol by
direct clearance method (Randox Imola, UK) and triglycerides by GPO-
PAP method (Randox Imola, UK). LDL cholesterol was calculated using
Friedewald equation in samples with triglyceride less than 400mg/dL
[40]. All biochemical investigations were performed under direct su-
pervision of a Chemical Pathologist.

2.5.5. Measures to enhance compliance and retention
The strategies adopted to enhance adherence to protocol included

the options for participants to choose their preferred language and time
slot, and monthly messages sent in question form requesting the par-
ticipant to reply. Quarterly (once in 3 months) reminders by direct
calling would also enhance the compliance. Individual compliance is
monitored by automated status reports generated via web application
every month.

Each participant was provided with his or her baseline report con-
sisting of anthropometry, body composition, blood pressure, blood
glucose, HbA1c and lipid profile, and informed the status by the prin-
cipal investigator or a medically qualified research assistant. A referral
letter was given for further medical care as required. All participants

will be called individually to attend the endline assessment. Deviations
from the protocol will be assessed in the final survey. Those who dis-
continue the trial will be interviewed over the phone for reasons for
discontinuation.

2.6. Data management

2.6.1. Data entry
Data will be eneterd in SPSS software (Version 19.0). Food fre-

quency data will be entered in a MS Excel spreadsheet designed to
quantify the daily intake of food items, which will eventually be
transferred to NutriSurvey (2007) software to generate nutrient profile.
NutriSurvey is a free software for non-commercial use, which had been
customized previously for Sri Lankan food by Jayawardena et al.
[36,41].

Double entry will be performed for 20% of the data sheets in order
to assess the reliability of data entry, which will be verified by simple
cross-tabulations and appropriate statistical tests. Cronbach's alpha will
be used to assess the internal consistency of the food frequency and
physical activity questionnaire. Validity checks for key variables will be
carried out by generating frequency distributions, cross-tabulations,
correlations and Q-Q plots.

2.6.2. Statistical methods
Baseline characteristics (sex, age, BMI, smoking status, systolic and

diastolic blood pressure, fasting plasma glucose, HbA1c, total choles-
terol, HDL, LDL, VLDL and triglycerides) will be categorized according
to standard cut-off values.

The primary outcome measure, the 10-year CVD risk, is calculated
using WHO/ISH risk prediction charts, Framingham risk equation and
NCEP-ATP-III tool [6,27,28]. The secondary outcomes include intake of
‘healthy’ diet, physical activity, waist-hip ratio, body fat percentage and
fat fee mass etc.

Statistical significance for the difference of baseline characteristics
and primary and secondary outcomes between the 2 arms will be ex-
amined by independent samples t-test (numeric data) and chi-square
test (categorical data). Furthermore, baseline and endline comparison
of the outcomes within the same arm will be tested for significance
using paired t-test and Mc-Nemar test.

The analysis will be extended to estimate the relative risk ratio of
12-month to baseline 10-year CVD risk to compare the intervention arm
with the control arm. Regression analyses will be performed using the
endline 10-year CVD risk as the dependent variable, and the treatment
arm (intervention or control) as the main predictor variable. Both
binary logistic regression (having 10-year CVD risk of ≥30% in con-
trast to< 30%) and linear regression (10-year CVD risk in a con-
tinuum) analyses will be performed. The potential covariates include
education level, employment status, urbanicity of living area, body
mass index, waist-hip ratio, dietary intake and physical activity. We
would use constrained longitudinal data analysis (cLDA) model for
analysis of treatment effects on 10-year CVD risk. In the cLDA model
the baseline value as well as the post-randomization values are modeled
as dependent variables [42].

Possible sub-group analyses by age, sex and BMI, mobile phone
usage, and illness categories will be carried out to examine whether
effects are modified by such parameters.

Analysis of effect will be based on intention-to-treat principle which
would include all randomly assigned participants to address the issues
due to non-compliance and missing outcome data. A modified approach
described by Gupta [43] would be followed to include all randomized
subjects only if complete outcome data are available at the follow-up
assessment at 12 months, despite protocol deviations.

Statistical analyses will be guided by analytical procedure described
in the Randomized Clinical Trials: Design, Practice and Reporting [31].
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2.6.3. Data monitoring
A four-member DMC comprising a medical specialist, biostatisti-

cian, monitoring and evaluation expert, and representative of an ethics
review committee was established. The DMC is independent of the
sponsors and investigators and has no competing interests. The in-
vestigators are obliged to report any adverse outcome of the trial to the
DMC immediately, and a regular summary of data in a prescribed
format, every 3 months during implementation phase of the trial. The
report structure includes the enrollment status (number of participants
screened, eligible, consented, and randomized), subject status (number
continued, completed or discontinued trial), stopping rules, safety
concerns, protocol deviations and maintenance of quality of data.

An interim analysis report will be sent every 3 months to the DMC.
The DMC is vested with the authority to recommend termination of trial
based on its evaluation of these reports. The trial can be terminated due
to safety concerns, outstanding benefit, or futility. In the case of major
adverse events occurring among one or more participants the study
would be terminated immediately pending further investigation. The
anticipated major adverse events include any accident while receiving a
voice message or reading a text message, a cardiac event or accident
while engaging in physical exercise; a sickness attributed to dietary
modification that required medical attention. The statistical criteria for
outstanding benefit will consider a low p value (p < 0.001) as the
threshold, a minimum sample size of 600 and a margin of 15% re-
duction in 10-year CVD risk, in an interim analysis. The study has not
defined any statistical criteria for futility, but as a general rule, it is
considered if the participation in the mHealth intervention drops below
33% in the intervention arm.

There is no separate auditing process of the trial. The study progress
is reviewed by the following organizations via regular progress reports
as part of their project monitoring process: National Research Council;
Research and Higher Degrees Committee and Ethics Review Committee
of the Faculty of Medicine, University of Colombo; and Sri Lanka
Clinical Trials registry.

2.7. Ethics and dissemination

2.7.1. Ethics
The study is conducted conforming to standards of involving human

subjects in research. Ethics clearance was obtained from the Ethics
Review Committee of the Faculty of Medicine, University of Colombo
(Ref No: EC-16-061). The trial has been registered in the Sri Lanka
Clinical Trials Registry hosted by the Sri Lanka Medical Association
(SLCTR/2016/018). Administrative clearance was obtained from the
Ministry of Health, Nutrition and Indigenous Medicine, and stakeholder
briefings were held with the MOH staff prior to the enrollment. So far
there were no deviations from the protocol, however a mechanism is in
place to report any deviations.

Informed written consent was obtained from the potential trial
participants at enrollment before randomization. The participants were
informed regarding the purpose and potential benefits and risks of the
study, both verbally and through an information sheet. The contact
details of the PI have been provided to inform any unintended effects of
trial interventions or any behaviour change as a consequence of it.

Biological specimens will not be used in ancillary studies. The
identification details such as name, address and contact number is de-
tached from the main questionnaire and kept separately, and a specific
identification number is used to link up the two. Strict confidentiality of
data is assured, and no information will be revealed in a manner that
participants’ identity could be found. None of the contractual agree-
ments with funders or other parties has requested access to data. Paper
based data records will be destroyed after 5 years. All identification
details of electronic data will be deleted permanently after 5 years.

There are no anticipated risks to participants by engaging in the
intervention. The participants have freedom to withdraw even without
prior notice or without any reason. Participants have been advised to

continue their regular medication or health care irrespective of the
intervention arm. Any individuals detected with health issues which
have not been paid medical attention are referred for appropriate
medical/health care through a referral letter. Medical treatment or
advise is not provided by the investigators.

2.7.2. Dissemination
All participants were informed the results of the investigations

performed at the enrollment, and will be given the corresponding fig-
ures after one year. The proposed research will result in a mHealth
nutrition and lifestyle improvement package, and policy relevant evi-
dence regarding its feasibility and effectiveness. The outcome of re-
search will be disseminated at a seminar for national level stakeholders
with the aim of providing policy relevant evidence to scale up the above
package in the health system. Publications in indexed journals and
presentations at international conferences will be made to inform the
wider scientific community. Web-based and mass media-based com-
munications will also be made for the benefit of the public.

Essential details of the protocol are available in Sri Lanka clinical
trials registry (https://slctr.lk/trials/slctr-2016-018). The full protocol
will not be made available to the public since it has personal data of
participants. Additional details such as questionnaire and code books
will be shared on request for non-commercial purposes.

3. Discussion

According to literature, the evidence on the effects of mHealth on
cardiometabolic conditions and other non-communicable diseases
within the heath care systems is limited in low- and middle income
countries due to lack of methodological rigor despite several mHealth
projects [19,44,45]. Our study will be an innovative approach since
mHealth has not been previously tested for CVD risk reduction in Sri
Lanka. If the mHealth nutrition and lifestyle improvement package is
proven to be effective, then there is a great potential for integration it
into the existing health system and scaling up for other parts of the
country. Eventually, this would contribute to a slowdown in the rapidly
increasing disease burden and mortality due to cardio-vascular disease.

We selected Colombo district as the study setting, since it is the most
urban district with the highest burden of non-communicable disease in
the country [5,46]. The inclusion criteria of middle-aged individuals
who are overweight or obese, capture the most vulnerable group for
CVD. Although the proposed study is a population-based trial, the in-
tervention is delivered at individual level. Thus, we designed and
conducted an individually randomized trial as opposed to a cluster
randomized trial which is common in community-based interventions.
One advantage of individually randomized trial over the cluster ran-
domized trial is the smaller sample size for the same statistical power
since there is no clustering effect. Further, there is a higher possibility
to equalize distribution of background characteristics and certain con-
founding variables between the 2 arms through stratification by age
groups, sex and BMI categories before random allocation of interven-
tion. Since these 3 factors are key predictors of CVD risk we assume that
the primary and secondary outcomes are also equally distributed be-
tween the 2 arms at the baseline.

The methods of this study followed an established process for de-
velopment and testing of mHealth interventions, that has been de-
scribed previously by the Clinical Trial Research Unit, University of
Auckland, New Zealand [20]. The trial was preceded by a formative
study including stakeholders from different capacities and levels. En-
gagement of target population and key stakeholders in formative re-
search is a strength of the proposed trial to develop a tailor-made in-
tervention that will enhance acceptability, in addition to the scientific
rigor of the RCT design. The formative study helped us to identify and
understand the community attitudes, interests and behaviour, as well as
needs of the individuals. Furthermore, formative study led the in-
vestigators to find the best technological solution for the mHealth
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application and its integration to a mobile network. Formative study is
an integral part of large-scale community trials [20].

The proposed design, i.e., the two-arm, parallel-group RCT is con-
sistent with many other mHealth trials. Larger sample size of the pre-
sent RCT (n= 1200) in contrast to many previous RCT on mHealth is a
strength. In consistent with many previous trials, the outcomes will be
evaluated after 12 months of intervention [15,17].

The messages were carefully developed through a series of discus-
sions with nutrition experts, clinical specialists and behavioral scien-
tists. The intervention package was underpinned by appropriate health
behavioral change theories or models. The investigators considered
some of the influential theories/models such as health belief model
(HBF), social cognitive theory (SCT), information-motivation-beha-
vioral skills model (IMB), and tailored health communications (THC)
[25]. Use of both voice and text messages has added benefit than a
single mode, since the participants can read the text messages in a se-
quence later on. Almost all messages are applicable to general middle-
aged population irrespective of their disease status other than those
excluded on enrollment. Customization the programme to a certain
level, i.e., preferred language, time of the day, and smoking and
drinking status would lead to a more personalized intervention.

The risk of bias in this trial has been minimized by taking adequate
precautions, as per criteria described in the Cochrane Risk of Bias
Assessment Tool [47]. The precautions to minimize biases include
random sequence generation (selection bias), blinding of the outcome
assessment (detection bias), and use of standardized tools and proce-
dure (measurement bias).

There was no restriction for any participant to attend healthy life-
style centers (HLC) or similar facilities that are being implemented
currently by the Ministry of Health. Based on the low utilization of HLC
at present [48], we anticipated a small number of trial participants who
would be attending such centers during the trial period. Even that
number will be equally distributed due to randomization, so that con-
founding effect would be minimal. Information about their engagement
in such activities will be obtained at the endline survey, in order to
make adjustment in the analysis of effectiveness of the m-Health in-
tervention.

Intention-to-treat analysis would avoid problems due to non-com-
pliance and missing outcome data, and provide a more conservative
estimate of the treatment effect. We would attempt an updated ap-
proach as described by Gupta (2011) to include all randomized subjects
only if outcome data are available, while making an attempt to assess
these participants at the endline despite their protocol non-adherence
[43].

The constrained longitudinal data analysis (cLDA) model proposed
for analysis of treatment effects on 10-year CVD risk provides fairly
robust results in the presence of missing data. Another benefit is that it
assumes no differences of 10-year CVD risk between two arms, there-
fore can remedy the missing data issue at baseline to some point [49].
In addition, a mixed-effects model comprising time effect (12 month
follow-up compared with baseline), group effect (intervention vs con-
trol), and group-by-time interaction will be tried out to examine such
effects.

The present mHealth trial is simple, low-cost and compatible with
any type of mobile phones either feature phones or smart phones,
therefore, is more likely to be integrated into existing health-care sys-
tems in a low- and middle-income country including Sri Lanka. The
trial, if found effective, would offer a feasible and scalable solution to
reduce cardiovascular disease risk among middle-aged adults who are
overweight or obese, through improving their nutrition and healthy
lifestyle behaviour.

Trial status

All participants have being recruited, and the intervention is in
progress.

Clinical trial registration

The trial was registered in the Sri Lanka Clinical Trials Registry
(SLCTR/2016/018). Available at https://slctr.lk/trials/slctr-2016-018.

Ethics approval and consent to participate

Ethics clearance has been obtained from the Ethics Review
Committee of the Faculty of Medicine, University of Colombo (Ref No:
EC-16-061). Informed written consent was obtained by the data col-
lectors from the potential trial participants at enrollment before ran-
domization to assign the intervention.
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