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ABSTRACT
Introduction Primary prevention of cardiovascular disease 
(CVD) and stroke often fails due to poor adherence among 
patients to evidence- based prevention recommendations. 
The proper formatting of messages portraying CVD and 
stroke risks and interventional benefits may promote 
individuals’ perception and motivation, adherence to 
healthy plans and eventual success in achieving risk 
control. The main objective of this study is to determine 
whether risk and intervention communication strategies 
(gain- framed vs loss- framed and long- term vs short- term 
contexts) and potential interaction thereof have different 
effects on the optimisation of adherence to clinical 
preventive management for the endpoint of CVD risk 
reduction among subjects with at least one CVD risk factor.
Methods and analysis This trial is designed as a 2×2 
factorial, observer- blinded multicentre randomised 
controlled study with four parallel groups. Trial participants 
are aged 45–80 years and have at least one CVD risk 
factor. Based on sample size calculations for primary 
outcome, we plan to enrol 15 000 participants. Data 
collection will occur at baseline, 6 months and 1 year after 
randomisation. The primary outcomes are changes in the 
estimated 10- year CVD risk, estimated lifetime CVD risk 
and estimated CVD- free life expectancy from baseline to 
the 1- year follow- up.
Ethics and dissemination This study received approval 
from the Ethical Committee of West China Hospital, 
Sichuan University and will be disseminated via peer- 
reviewed publications and conference presentations.
Trial registration number NCT04450888.

INTRODUCTION
Primary prevention of cardiovascular disease 
(CVD) and stroke often fails due to poor 

patient adherence to evidence- based recom-
mendations and interventions, and poor 
motivation to engage in healthy behaviour, 
despite evidence that lifestyle changes and 
pharmacological therapy effectively modify 
risk factors.1–4 Poor adherence is multifacto-
rial, with large contributions from physicians’ 
poor communication about CVD risks and 
individuals’ inaccurate perceptions.5 Many 
proposed means of improving adherence are 
insufficiently effective.5–7

The current approach to CVD risk commu-
nication usually centres on total CVD risk 
scores;8 however, many people incorrectly 

Strengths and limitations of this study

 ► We aim to conduct a well- designed randomised 
controlled trial with large sample size to provide 
evidence that the pattern of a risk communication- 
related message is an important consideration in 
promoting cardiovascular disease (CVD) prevention 
behaviour.

 ► These messaging strategies, taking advantage of 
human cognitive bias, can be leveraged as cost- 
effective tactics for CVD risk communication to im-
prove prevention and produce better outcomes.

 ► Follow- up for this study is limited to 12 months due 
to study budget and timeframe. Ideally longer term 
follow- up would be preferable to allow for the the 
clinical endpoints, such as myocardial infarction, 
stroke and mortality (all- cause and CVD- specific), to 
be assessed.
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interpret statistical information, and poor comprehen-
sion likely limits their ability to make healthier choices.9–11 
Appropriate message design may promote individuals’ 
perception and motivation, adherence to health plans 
and successful CVD risk control,12–15 but this depends on 
many factors (eg, age; risk, socioeconomic and educa-
tional levels; personality and psychological characteris-
tics).16 CVD risk communication could be improved by 
intuitively visualising life expectancy changes or disease- 
free survival losses/gains.17–19

Considering people’s tendency to overweigh losses 
relative to gains,20 loss- framed health messages may be 
more likely to motivate healthy behaviour.20 21 However, 
health behaviour findings on framing impacts are incon-
sistent, and effects may depend on the behaviour in 
question.22–25 In addition, people tend to discount future 
(long- term/lifetime) effects, responding more to imme-
diate (short- term) costs and benefits (time discounting 
or time preference), especially as they age, although this 
tendency varies among individuals.12 16 26–34 Time pref-
erence/discounting is the most common cognitive bias 
affecting intentions to engage in actual behaviour, and it 
may fluctuate asymmetrically for gains versus losses.35–37 
Health behaviour researchers have sought to identify the 
contexts in which gain/loss- framed health messages are 
most likely to motivate healthy behaviour.23 24 Moreover, 
several small trials have investigated the combined effects 
of message framing and time discounting in the promo-
tion of smoking and drinking cessation.38–40 Their find-
ings have not produced consistent conclusions, due in 
part to limitations (ie, small samples, immediate measures 
of attitudes toward health behaviours or intentions to 
engage in behaviours as primary outcomes of interest). 
Few studies have examined actual behavioural changes,23 
which enable better characterisation of the circumstances 
under which cognitive deviation is likely to make practical 
differences in health promotion, and the identification 
of contexts in which health message shaping is likely to 
maximally affect healthy behaviour.

The use of smartphone applications (apps) for disease 
prevention is growing. It enhances CVD risk communi-
cation and intervention delivery, and increases access 
to effective CVD prevention.41–44 Although preliminary 
trials have documented benefits of app use among people 
with CVD, high- quality data are limited and long- term 
outcome data are not available.44 45 Rigorous evidence for 
the clinical validity of mobile healthcare is lacking, raising 
questions such as which app components are likely to 
facilitate behavioural changes and enable individuals to 
adhere to medical advice.41 44

Recently, a competing risk- adjusted lifetime- perspective 
model for CVD (LIFE- CVD) was developed and validated 
to aid survival gain calculation for primary CVD preven-
tion and individuals’ understanding of risks and inter-
ventions.19 46 The model has three types of input data 
(demographic characteristics, existing and anticipated 
risk factors) and provides generic formulas for CVD risk, 
life expectancy and survival gain calculation according to 

individuals’ ethnic backgrounds, facilitating the intuitive 
framing of health communication.17 Gain- framed and 
loss- framed communications can be created by setting 
different reference points (actual and ideal CVD- free 
life expectancy, respectively),47 48 and short- term and 
long- term interventional benefits can be represented 
graphically.

No study to date has investigated the effects of message 
framing and time discounting on CVD prevention adher-
ence with a focus on long- term persistence of healthy 
behavioural changes. Large- scale randomised controlled 
trials (RCTs) assessing the effects of cognitive devia-
tion in CVD risk communication on individuals’ risk 
perceptions, health motivation and sustained healthy 
behaviour changes, as well as on major clinical outcomes, 
should be prioritised. Considering that physician–
patient risk communication time is commonly limited, 
clarity regarding the most effective messaging strategies 
for general and specific populations is valuable. The 
combined application of the LIFE- CVD model, a cogni-
tive bias- based messaging strategy and a health commu-
nication app may optimise primary CVD prevention in 
target populations.

OBJECTIVE
In the Effects of Message Framing and Time Discounting 
on Health Communication for Optimum Cardiovascular 
Disease and Stroke Prevention (EMT- OCSP) Study, we aim 
to determine whether risk/intervention communication 
strategies (gain- framed vs loss- framed, long- term vs short- 
term) and potential interaction thereof have different 
effects on the optimisation of primary prevention adher-
ence among subjects with at least one CVD risk factor 
using a smartphone app based on the LIFE- CVD model. 
We have developed and pre- tested the ‘Health Keeper’ 
(HK) app (under the China National Key Research and 
Development Project), based on the LIFE- CVD model 
(figure 1), and will employ it in this study. Strategic 
message design, taking advantage of cognitive bias, will be 
used to maximise participants’ uptake and engagement 
in primary prevention, and the outcomes of interventions 
will be evaluated according to participants’ sex, age, risk 
level, socioeconomic status and psychological character-
istics. Evidence of variation in preventive effectiveness 
(CVD risk reduction) among study groups, regardless of 
the effect size, will indicate the importance of messaging 
strategy leveraging.

METHODS AND ANALYSES
Study design and setting
The EMT- OCSP trial is designed as a 2×2 factorial, 
observer- blinded multicentre RCT with four parallel 
groups. It will be integrated with the National Basic 
Public Health Service Program (NBPHSP) in China,49–51 
initiated in 2009. NBPHSP activities include the full spec-
trum of population- based essential health services for all 
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urban and rural inhabitants. For the EMT- OCSP Study, 
we will use data from 32 rural and 24 urban primary 
healthcare centres. The study has been registered at the 
trial registration.

The HK app was developed at West China Hospital, 
Sichuan, China, with stroke neurologists and software 
developers following a user- centred, evidence- based 
approach. Based on the LIFE- CVD model, it enables the 
calculation of 10- year and lifetime CVD risks, and risk- 
adjusted gains/losses in life expectancy.19 The app has 
physician and patient portals, and is compatible with 
Apple and Android systems.

Participants register and are given user IDs based on 
their cell phone numbers; they must accept the terms and 
conditions of app use and confirm that they have read 
the brief explanatory introduction. Participants then 
input profile data (birthdate, sex, ethnicity, height and 
weight (the body mass index is then calculated), total and 
high- density lipoprotein (HDL) cholesterol levels (the 
non- HDL cholesterol level is then calculated) and systolic 
blood pressure (BP); pull- down options and definitions 
are provided when applicable), which the participants 

and their physicians check for accuracy before submis-
sion. Referential data rules, valid values, range checks 
and consistency checks for the input data will be pre- 
set according to the LIFE- CVD model and stored in the 
software. After submission, these data (birthdate, sex, 
ethnicity and height) are locked and cannot be modified 
at will to avoid cross- use and contamination. Any neces-
sary data modification will require physician approval.

Users then click ‘next’ to view their estimated baseline 
CVD risk and CVD- free life expectancy in their randomly 
assigned format; these results will be saved. The app’s 
main screen shows estimated CVD- free life expectancy 
(represented as a thermometer) with a brief explana-
tion (figure 1). Participants will be required to click 
the ‘I want to be better’ button to set personal optimal 
values (eg, for BP and cholesterol; the app limits values to 
reasonable ranges) and interventional goals (to achieve 
motivation, these must be better than baseline, eg, lower 
systolic BP and cholesterol level). Possible gains derived 
from anticipated lifestyle and pharmacological interven-
tions, which may decrease with age and increase with risk- 
factor burden, are displayed with brief text descriptions, 

Figure 1 LIFE- CVD models. (A) Model A: total cardiovascular disease (CVD)- free life expectancy gain in one’s remaining 
life. (B) Model B: average CVD- free life expectancy gain per year. (C) Model C: total CVD- free life expectancy loss that can 
be reclaimed in one’s remaining life. (D) Model D: average CVD- free life expectancy loss that can be reclaimed per year. Blue, 
estimated CVD- free life expectancy; orange, CVD- free years gained by the adoption of preventive strategies (eg, smoking 
cessation, systolic blood pressure and low- density lipoprotein cholesterol reduction); grey, shortened life expectancy relative to 
ideal risk factor levels.
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permitting intuitive comparison of baseline and optimised 
CVD- free years (figure 1; models A and C, larger later 
outcomes; models B and D, smaller sooner outcomes). 
The optimised CVD- free life expectancy is saved until 
the next calculation. The user can click a reset button to 
return to baseline, with a pop- up ‘see what doctor says’ 
link. In this section, individuals receive brief individually 
tailored pictorial recommendations (eg, to quit smoking, 
control weight or attain a target BP) according to current 
primary prevention guidelines. This information is sent 
simultaneously to corresponding physicians’ mobile 
terminals.

Individuals are required to use the app for this game- 
like estimation/desired goal setting, and accept the 
motivations for optimised goals, one to three times per 
month (thereafter, the app locks the estimation func-
tion to prevent cross- use). Unless the task has been 
completed, each participant will receive three reminders 
in the last week of each month (on Monday, Tuesday and 
Wednesday; two alarms with text messages sent automat-
ically at 19:00, and a physician phone call). The software 
will record failure to complete this task as a truancy on 
the user’s activity calendar.

The physician portal provides access to data for an 
average of 100 patients per physician. The community 
physicians will uniformly apply pooled cohort equations 
(PCEs) for risk assessment to guide decision making for 
primary prevention52 53; to avoid misunderstanding and 
with recognition of potential inaccuracy,54 PCE results 
will not be presented in the HK app.

Participants
Participants will be aged 45–80 years, personally own 
and use a smartphone (Apple or Android platform) with 
Internet access, and have at least one of the following 
CVD risk factors: history of CVD at age <60 years in a 
first- degree relative, smoking, diabetes, hypertension and 
low- density lipoprotein (LDL) cholesterol ≥4.5 mmol/L. 
Participants with histories of CVD, heart failure or 
chronic kidney disease (estimated glomerular filtration 
rate <30 mL/min/1.73 m2); those with terminal malig-
nancy at baseline and those with severe psychological 
or mental disorders will be excluded. Violation of the 
study protocol, including inadequate informed consent; 
enrollment of subjects not meeting the inclusion/exclu-
sion criteria; improper breaking of the blinding; multiple 
visits missed or outside permissible windows; inadequate 
record- keeping; intentional deviation from the protocol; 
repeated non- compliance by the subject; and falsifica-
tion, and participation in another clinical study during 
follow- up will prompt exclusion.

Enrolment
The research nurses will contact potentially eligible 
participants identified from the NBPHSP database, 
explaining the trial and ascertaining interest. Interested 
patients will be evaluated at their primary healthcare 
centres; those eligible for EMT- OCSP participation will 

be invited to participate during NBPHSP- related visits. 
The research nurses will send invitations for baseline 
visits with available appointment times by message, and 
register all forms documenting NBPHSP baseline visits. 
Reasons for individuals’ refusal to participate in the study 
will be documented.

Randomisation
Using a computer- generated randomisation schedule 
with permuted blocks of random sizes, study participants 
will be assigned to groups A–D (figure 1), representing 
different CVD- free life expectancy formats, and receive 
corresponding smartphone app upgrade packages. 
Random numbers will be generated prior to the study 
by a computerised random number generator. Block 
sizes will not be disclosed until primary endpoint anal-
ysis. Randomisation will be requested by the staff member 
responsible for recruitment and clinical interviewing 
from the Clinical Trial Coordinating Centre. The inter-
vention does not permit participant or provider allocation 
blinding, but providers will be instructed to not disclose 
allocation status at follow- up assessments. Staff respon-
sible for data collection and analysis will be blinded to 
group allocation. At randomisation, participants will be 
assigned unique identification codes.

Procedure
The study flow, schedule and activities are presented in 
figures 2 and 3 and table 1, respectively. The same 12- month 
outcome schedule will be used for all randomised partic-
ipants, regardless of intervention completion/discontin-
uation, except for the adherence assessment. The study 
will be closed on 21 January 2022. Data collection will be 
finalised in January 2022, or on completion of all 1- year 
visits.

Study- related primary healthcare centre visits will be 
conducted using motivational interviewing methodology, 

Figure 2 Flow of the study. CVD, cardiovascular disease.
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with the aim of promoting health and CVD prevention. A 
pictorial depiction of the LIFE- CVD model will be used to 
facilitate individuals’ understanding of how their lifestyles 
and drug therapies are linked to CVD risk. Participants 
will be blinded to study hypotheses and theories under-
lying which interventions are considered to be active.

At baseline visits, in addition to health assessment, 
participants will install and test the HK app, register and 
link their app accounts for this study. Following stan-
dardised, simplified procedures, community physicians 
will teach participants how to use the app calculator and 
communicate about calculation results using the ‘teach- 
back’ method, providing additional information when 
needed. Family members will be permitted to attend base-
line visits.

Participants will use the HK app to set goals, receive 
performance feedback and self- monitor primary CVD 
prevention. Physicians at primary healthcare centres 
will routinely manage participants according to primary 
CVD prevention guidelines.52 53 They will aim to provide 
accurate, accessible and understandable CVD- related 
information and confirm participants’ understanding of 
calculation results and conceptualisation of CVD- free life 
expectancy as dynamic, modifiable by lifestyle changes 
and pharmacological treatment. Participants will also be 
given written guidance on CVD- free life expectancy calcu-
lation. The intervention will be regarded as low intensity 
if fewer than 6 monthly CVD- free life expectancy calcu-
lations per year, or fewer than three calculations in the 

first 6 months, are completed. Using the app, research 
nurses will periodically inform healthcare centre staff 
and participants about CVD prevention, the current trial 
status and plans for the next phase, and acknowledge 
their support. At 9 months, participants will receive a 
message with information about the study proceedings 
and a reminder about the 1- year follow- up visit, irre-
spective of participation status at the 6- month follow- up, 
provided that they have not been excluded or withdrawn 
consent.

At recruitment and 6 months, physicians will indicate 
the importance of following study guidelines (including 
once- monthly calculation) and contacting physicians with 
potentially study- related problems, and explain the app’s 
purpose, use and updating, what to do in the event of 
smartphone/app loss/damage and monthly task counts 
and study visits. Participants will be asked whether they 
are having problems with app use. At follow- up sessions, 
reasons for task non- completion and simple strategies for 
enhancing adherence (eg, linking calculation to normal 
routines) will be discussed briefly.

Follow- up assessments and interviews will be conducted 
at 6 and 12 months after randomisation, within a 28- day 
window extending from 7 days before to 21 days after the 
due date. Research nurses will prompt the healthcare 
centres to invite participants and conduct the 6- month 
and 12- month examinations (ie, risk factor measurement 
and questionnaire administration) at the local primary 
healthcare centres. When appropriate, participants will 
receive recommendations for additional follow- up visits 
and/or referrals to community physicians for pharma-
cological treatment according to CVD prevention guide-
lines. Cross- group contamination will be assessed at 
1 year (have you talked to other participants about your 
LIFE- CVD model, and if yes was your attitude changed? 
Are you aware of the model of a participant in another 
group, or vice versa?). Research nurses will send assess-
ment results to the research centre. All participants will 
be informed about these results.

Figure 3 Study schedule.

Table 1 Study activities

Activity Baseline 6 months 1 year

Informed consent provision X     

Clinical risk markers measurement X X X

Lifestyle habits assessment X X X

Demographic, socioeconomic and psychosocial factors assessment X     

Psychological questionnaires X X X

Self- rated health, risk of CVD and health- specific self- efficacy X X X

Interviews with community physicians X     

Interviews with study participants X   X

Pharmacological treatment X X X

Interviews, contamination assessment     X

CVD, cardiovascular disease.
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Endpoints
The primary endpoints are changes in the estimated 
10- year CVD risk, estimated lifetime CVD risk and esti-
mated CVD- free life expectancy from baseline to the 
1- year follow- up, based on the levels of total, HDL and 
LDL cholesterol; systolic BP; body mass index; history of 
diabetes mellitus and/or early (age <60 years) parental 
myocardial infarction; antithrombotic therapy and high 
BP treatment; diabetes; smoking habit and age. Secondary 
endpoints are changes in CVD risk factors (BP and serum 
cholesterol, LDL, non- HDL, triglycerides and fasting 
glucose levels); lifestyle factors (physical activity, tobacco 
use, alcohol use and dietaryhabits); pharmacological 
treatments for hypertension, dyslipidaemia and diabetes; 
and anti- thrombotic drug prescriptions after 1 year.

Examinations and measurements
From the baseline questionnaire, data on age, sex, civil 
status, education, family histories of premature CVD and 
diabetes, and systolic and diastolic BP will be recorded. 
Socioeconomic status will be classified according to the 
per- capita disposable income of urban households (by 
quintile) and highest attained educational level.

The following data will be collected: self- reported life-
style data (tobacco use; alcohol use (Alcohol Use Disor-
ders Identification Test)55; physical activity and time 
spent sitting; dietary habit (daily fruit, root, legume and 
vegetable consumption); health; diabetes and BP and 
lipid- lowering pharmacological treatments), physical 
measurements (height (in cm), weight (in kg), systolic and 
diastolic BP (in mm Hg)) and blood examination find-
ings (serum total, HDL and LDL cholesterol, triglycerides 
and fasting glucose levels (in mmol/L), determined using 
standard biochemical methods). Height and weight will 
be measured with subjects barefoot in light clothing using 
calibrated scales and stadiometers. Systolic and diastolic 
BP will be measured two times with a calibrated digital 
gauge (2 mm precision) after 5 min rest with subjects 
seated; mean values will be recorded. Blood samples will 
be collected after overnight fasts and sent to the clinical 
chemistry departments of the nearest local hospitals.

Data on prescriptions for antithrombotic medications 
and those used to treat hypertension, dyslipidaemia and 
diabetes will be retrieved from the digital medical records 
of community hospitals. Purchases of pharmacological 
products from community hospitals, registered in partic-
ipants’ medical insurance records, will also be recorded.

Psychological variables will be used as moderators/
mediators of intervention effects on primary and 
secondary outcomes, and as outcomes at 1 year. At base-
line and 1 year, participants’ health literacy, coping strat-
egies (using the Brief Coping Orientation to Problems 
Experienced Instrument), general self- efficacy, anxiety 
and depression (using the Hospital Anxiety and Depres-
sion Scale), and optimism/pessimism (using the Life 
Orientation Test) will be measured. At baseline and 
follow- up visits, participants will be asked to self- rate their 
health (five alternatives), CVD risk and health- specific 

self- efficacy (ability to reduce CVD risk through preven-
tive actions) using a visual analogue scale (0–10).

Training and certification
Before participant recruitment, community physicians 
and key personnel at participating sites will be trained 
and certified. Personnel at each centre will be trained 
centrally, and training session content will be stan-
dardised and presented by members of the study’s exec-
utive team. The beta version of the HK app, operating 
instructions, forms, training manuals and other mate-
rials will be provided. The training session will cover trial 
overview; participant recruitment, eligibility and exclu-
sion criteria; participant visit procedures; app- based data 
entry; data collection; physician–patient health commu-
nication requirements (standardised trial introduction, 
app use instruction, education and counselling for adher-
ence, uniform and reproducible elicitation and explana-
tion of information from the app and data discrepancy 
management) and general information about obtaining 
high- quality research data, intervention providers’ 
responsibilities, workflow and strategies to minimise 
communication bias and cross- group contamination. The 
providers should meet well- defined performance criteria, 
assessed by observation during role play with standardised 
mock participants.

Pilot study
A 1- month pilot study was performed in 2019 to test the 
original HK app with 200 participants from a district 
far from the study region, with different socioeconomic 
statuses and at least one CVD risk factor. The study organi-
sation worked well, and its protocols and procedures were 
developed further and showed good feasibility. Two per 
cent cross- group contamination was detected. Life expec-
tancy and CVD risk information was calibrated according 
to participants’ experiences and suggestions, obtained 
through questionnaires and interviews. Community physi-
cians’ experiences, derived in part from discussions of the 
results with participants, were also considered. Based on 
these findings, and as we expect <20% contamination 
in the EMT- OCSP Study, we chose to use an individually 
randomised design rather than a clustering method.56

Sample size calculation
The sample size needed to detect clinically significant 
between- group differences in baseline–1- year changes 
in primary outcome variables, with sufficient power and 
considering 20% drop- out, was determined to be 15 000 
(table 2). We used a power threshold of 0.9 and signif-
icance level of 0.05. Calculation was based on SD of 
CVD- free life expectancy, CVD risk and conventional risk 
factors derived from the China National Stroke Screening 
Survey and the best available data so far.1 17

Statistical analyses
Data management and statistical analyses will be 
performed using SPSS software (V.20.0; SPSS).
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Analyses will include data from all study participants. 
Data from individuals who do not consent to participa-
tion (sex, age, socioeconomic status, clinical CVD risk 
factors and lifestyle factors) will be included in selection 
bias analysis.

The baseline demographic and clinical characteristics 
of the four parallel groups will be compared. Contin-
uous variables (represented as means and SDs) will 
be compared using analysis of variance (ANOVA) and 
categorical variables (represented by frequencies and 
percentages) will be compared using χ2 tests. Wilcoxon 
test will be used if necessary.

Primary and secondary outcomes will be evaluated 
according to intention- to- treat methodology. The 2×2 
factorial design ANOVA will be used to assess effects 
of message framing and time discounting and interac-
tions between them due to both independent variables 
having two levels. Differences in changes of primary 
outcomes from baseline to 1- year follow- up will be anal-
ysed with regression methods to identify predictors of the 
changes in the endpoints. In subgroup analyses, we will 
estimate the intervention’s effects on primary outcomes 
for different age groups, sexes, CVD risk levels, socioeco-
nomic status and interventional intensities. We will also 
perform Bonferroni correction for multiple comparisons 
in our analysis and sensitivity analyses to assess the robust-
ness of trial results obtained with different methods of 
handling missing data.

Patient and public involvement
No patient involved.

ETHICS AND DISSEMINATION
Funding and approval
The EMT- OCSP Study is supported by the China 
National Key Research and Development Project 
(2018YFC1311406). Funding covers only meetings and 
organisational costs. This funding source had no role in 
the study design and will have no role in study execution, 
data analysis or interpretation or the decision to publish 
results.

The study application was submitted to the institutional 
review board of West China Hospital in 2019. Approval 

to conduct study activities and informed consent forms 
will be obtained from the regional ethics committee over-
seeing the participating healthcare centres, and attached 
to the application to the regional ethics board. The 
study will be conducted according to ethical principles 
based on the Helsinki Declaration, good clinical practice 
(GCP), national regulatory mandatory instructions and 
this protocol.

Informed consent and anonymity
Participants (or representatives) will be required to 
provide informed consent after receipt of written and 
oral study information and before any study procedure 
is performed. The informed consent form will describe 
study monitoring procedures and the handling of access 
to national registry data and participants’ medical 
records. Subjects will be informed verbally and in writing 
that participation is voluntary and can be withdrawn at 
any time, with no consequence for ordinary healthcare. 
District nurses will provide written confirmation that 
study information has been provided, and will collect 
informed consent forms and send them to the research 
nurses. Participant anonymity will be maintained through 
transcript masking and restriction of raw data access to 
the study team.

Fear-arousing communication
As with all screening targeting healthy populations, the 
presentation of CVD risk profiles is of concern. The app’s 
intuitive presentation of CVD- free life expectancy may 
generate more anxiety than would being informed of risk 
marker increases. The risk messages were confirmed in 
the pilot study to be easily understandable and accurately 
interpreted. Any negative reaction (eg, anxiety) that they 
generate will be addressed with individualised supportive 
counselling from research nurses. Participants may 
communicate questions to research nurses at any time.

We expect that effective risk communication will 
increase CVD prevention guideline compliance. We do 
not consider this to be ethically problematic, as message 
shaping has not been demonstrated to improve prognoses 
among CVD- free subjects, and as all communication will 
follow current guidelines. The study will not compro-
mise participants’ receipt of healthcare. On invitation 

Table 2 Sample size calculation data

Variable Precision Power SD

Relevant change 
at population 
level

Sample 
size per 
group

Minimum detectable 
change threshold

CVD- free life expectancy (months) 0.05 0.9 22 4 3750 0.921

CVD risk 0.05 0.9 3% 0.5% 3750 0.126%

Systolic BP (mm Hg) 0.05 0.9 20 2 3750 0.873

Serum cholesterol (mmol/L) 0.05 0.9 1 0.5 3750 0.042

LDL (mmol/L) 0.05 0.9 1 0.5 3750 0.042

BP, blood pressure; CVD, cardiovascular disease; LDL, low- density lipoprotein.
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to NBPHSP participation, individuals are informed that 
health screening will be combined with advice and 
description of measures to improve long- term health. 
The EMT- OCSP Study will adhere fully to all intentions of 
the NBPHSP. The expected improvements in risk stratifi-
cation and communication outweigh any potential nega-
tive effect of the study.

Individualisation and contamination control
As phone numbers in China can be registered only under 
users’ real names and identification card numbers, HK 
app user IDs will be unique login credentials corre-
sponding to individual mobile devices. The activities 
permitted for individual users will be regulated by these 
credentials, preventing unauthorised access to or loss of 
participant data. If a participant’s mobile phone is lost 
or broken, he/she will need to apply for a new account 
through the community physician to the research centre.

Although the intervention will be housed on individuals’ 
smartphones, the EMT- OCSP Study is likely susceptible to 
contamination.57 App messages cannot be fully blinded, 
and friends randomised to different study groups are 
likely to discuss app results. To minimise contamination, 
we will educate physicians in contamination avoidance; 
instruct participants to not transfer, share or exchange 
intervention content; prevent cross- use through app 
design; separate different groups’ follow- up schedules; 
measure contamination at the individual level to permit 
analytical control and increase the sample size to compen-
sate.56–58 If necessary, we will use contamination- adjusted 
intention- to- treat analysis, which employs instrumental 
variables analysis.59

Protocol modification
Any significant protocol modification (eg, of eligibility 
criteria, sample size, outcomes assessed or analyses) will 
require formal approval by the EMT- OCSP research 
group and the institutional review board prior to imple-
mentation. Minor corrections/clarifications that do not 
affect study conduct will be approved by the research 
group and documented in memoranda.

Data storage and access
All data will be entered into the password- protected EMT- 
OCSP research database at the Clinical Research Centre 
of West China Hospital, Sichuan University, managed 
by a trained database manager. Different security levels 
(password access) may be granted to groups and indi-
viduals. To enable external data linkage, participants’ 
identification numbers will be retained in the database. 
The data manager will log study data in access files on 
computers used solely for this purpose, and import these 
files, consent forms and case report forms into the data-
base. All records with participant ID numbers linked to 
other identifying information will be stored in a separate, 
locked file in an area with limited access. Identifying 
information will be redacted from data dispersed to team 
members. The core coordinating centres will have access 

only to their own data. The principal investigator will 
have direct access to datasets from her own site, and to 
data from other sites by request.

The key code will be retained for a maximum of 3 
years. Participant files will be stored for 3 years after study 
completion. All personal data will be processed in accor-
dance with the Cybersecurity Law of People’s Republic of 
China, and will be available annually and free of charge 
to study participants, who can request error correction. 
Participants’ study information will not be released 
outside of the study without their written permission.

Prevention of missing data
We will seek to follow participants for the entire study 
period, regardless of intervention modification/discon-
tinuation, to enable follow- up data collection and prevent 
missing data. The pilot study helped to identify and 
address potential problems to minimise missing data. 
The study’s executive team will set a priori targets for the 
acceptable level of missing data, and on- site data collec-
tion will be monitored and reported monthly. Reasons for 
non- adherence (eg, intervention discontinuation due to 
harms vs inefficacy) and non- retention (ie, consent with-
drawal or loss to follow- up) will be recorded.

Data monitoring and quality assurance
In addition to app- based manual and automatic data 
checks, data quality and completeness will be ensured by 
monthly visual validation at the data coordinating centre 
(DCC) and regular on- site monitoring (at least once 
per participating site). Errors will be recorded in data 
query reports sent to data managers at core coordinating 
centres. The managers will check the original sources 
for inconsistency, check other sources to determine the 
correction required and correct the errors. DCC moni-
tors will review source documents as needed to assess the 
completeness and accuracy of app data (patient initials, 
birthdate, sex, written informed consent provision, eligi-
bility criteria fulfilment, randomisation date and inter-
vention assignment).

Through visits and electronic monitoring, the DCC 
will audit overall data quality and completeness and send 
monthly reports by email with information on missing 
data and missed visits. Personnel at the core coordinating 
centre and participating sites will review these reports for 
accuracy and report any discrepancies to the DCC.

A qualified external monitor from the Clinical Trial 
Unit of West China Hospital, Sichuan University, will 
ensure that the data are reliable, accurate and complete; 
participants’ safety and rights are protected; and the 
study is conducted in accordance with current protocols 
and study agreements, as well as GCP and all applicable 
government requirements. The principal investigator has 
approved the monitor’s direct access to relevant docu-
mentation and will ensure co- investigators’ and depart-
ments’ cooperation with monitoring. He will be notified 
of corrective/preventive measures for any violation or 
negligence.
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Research data requests
Researchers affiliated with the EMT- OCSP Study will have 
access to an internal webpage listing available aggregated 
datasets and variables; they will not have access to indi-
vidual data or the original database. External researchers 
collaborating with at least one steering group member 
may submit standardised applications for data via this 
webpage. On steering group approval, the data manager 
will export anonymised aggregated data to authorised 
researchers.

Publication policy
The scientific integrity of the trial requires that data from 
all participating sites be analysed study- wide. Individual 
centres are not expected to report solely on data collected 
on site. A publications committee will approve all papers 
and abstracts based on study data before submission. The 
study results will be released to participating physicians 
and patients, and to the medical community.
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