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Abstract

Background

Although older adults are at an increased risk of atherosclerotic cardiovascular disease
(ASCVD), the effect of an integrated exercise and cardiovascular health education pro-
gramme based on self-efficacy theory has not been well investigated among older adults.
This study aims at examining the effect of this programme on community-dwelling older
adults at risk of ASCVD concerning physical activity level, exercise self-efficacy and
ASCVD risk profile.

Methods

A parallel two-arm randomised controlled trial with pretest-posttest design will be performed
among 190 Chinese community-dwelling adults aged 60 or above in elderly community cen-
tres of the Guangdong-Hong Kong-Macao Greater Bay Area. Eligible participants will be
randomised by computerised generation. Experimental group will receive a 12-week inte-
grated exercise and cardiovascular health education programme, which comprises a one-
hour group-based health education talk conducted at Week 1, a booklet, a lecture video, a
tailor-made exercise video, and a booster intervention by text messaging starting from
Week 1 to Week 12. Control group will receive placebo intervention including a talk on basic
health issues, a lecture video and corresponding leaflet. The outcomes will be investigated
through self-report questionnaires and physiological evaluations at baseline, Week 12,
Week 24, and Week 36. Physical activity level, exercise self-efficacy and ASCVD risk profile
will be assessed, with physical activity level at Week 24 considered the primary outcome.
The main intervention effect (group differences on continuous outcome variables) will be
examined via Generalized Estimating Equations with identity link.
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Discussion

This study findings will provide clues to the effect of the integrated exercise and cardiovas-
cular health education programme, which is theoretically underpinned with self-efficacy the-
ory, in older adults at risk of ASCVD. It will also enhance the quality of community health
education by providing insight into the effective teaching strategies targeting older adults.

Trial registration
This study has been registered on ChinicalTrial.gov (Trial ID: NCT05434273).

Introduction

Atherosclerotic cardiovascular diseases (ASCVDs), which are cardiovascular diseases caused
by plague formation in the arteries, represent approximately 85% of global cardiovascular
mortality in 2016 [1]. ASCVDs mainly include coronary heart disease and stroke as they share
common aetiologies and risk-enhancing factors including type II diabetes, hypertension, dysli-
pidaemia, unhealthy diet, physical inactivity, smoking, obesity, and family history [2, 3].

Older adults are exposed to an increased ASCVD risk. Approximately 80% of coronary
heart disease mortality in America are older adults while 17% of stroke patients are aged over
85 years [4, 5]. In China, the 10-year ASCVD predicted risk for older adults was projected to
be ranged from 5% to 20%, and higher risk was indicated in those with hypertension, diabetes,
or smoking habit [6]. Physical activity (PA) is effective in preventing ASCVDs via constraining
its risk-enhancing factors including hypertension, diabetes, and obesity [7]. Nonetheless, older
adults are the least physically active [7, 8], with less than 60% of them meet the PA recommen-
dation suggested by the World Health Organisation [9]. Hence, it is crucial for healthcare pro-
fessionals to promote the PA levels of older adults with an ultimate goal to prevent them from
developing ASCVDs.

A review of literature identified several studies which examined the effect of various health
education programmes in promoting PA among older adults who were at risk of ASCVDs. In
these programmes, health information was mostly delivered in a lecture format, accompanied
with written materials, i.e. booklet. PA components were also included in previous studies, in
which two provided PA advice [10, 11] and six incorporated exercise class in their pro-
grammes [12-17]. Supporting strategies such as cardiovascular risk evaluations, motivational
strategies or goal setting were also employed [10-14, 16, 17]. These studies had demonstrated
positive effects in reducing within-group blood pressure (BP). However, their overall results
were not promising as the programme effects on PA level, between-group BP, Body Mass
Index (BMI), weight, and waist circumference remained inconclusive [10-13, 15-17]. More-
over, suboptimal attendance rates were common in most studies with exercise classes [12, 13,
15-17]. Resnick et al. [17] revealed that participants were relatively non-adherent to the pro-
gramme, with merely 33% of participants joined 90% of sessions. For exercise class, the atten-
dance rate for each session was only 60%. Likewise, Amundson et al. [12] and Brokaw et al.
[13] demonstrated relatively low attendance rates (14.5 and 13.7 sessions out of 22 sessions
respectively). The suboptimal exercise adherence was echoed in a systematic review by Picor-
elli et al. [18], which indicated that the attendance rates of exercise sessions among older adults
ranged from 58% to 77% in five included studies.
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A possible reason for the suboptimal exercise adherence is the lack of motivation among
older adults. A systematic review by Room et al. [19] revealed that exercise adherence of older
adults could be adversely affected by low self-efficacy. Such inference was consistent with
another review by Rivera-Torres et al. [20], which stated that self-efficacy played a crucial role
in exercise adherence among older adults and suggested to embed the concept of self-efficacy
in the design of intervention programmes. However, most existing health education pro-
grammes did not aim to enhance the exercise self-efficacy of older adults and did not incorpo-
rate self-efficacy theory in the programme development [12, 13, 15, 16]. In fact, increasing
number of studies have shown that self-efficacy is a core motivator of PA among older adults
[21,22].

According to Bandura and Adams [23], self-efficacy is defined as a person’s perception in
his/her own capability of attaining something successfully [24]. It is postulated that a person
with stronger perceived self-efficacy is more likely to perform behaviours needed in attaining
specific objectives, and inclines to be more persistent and proactive in overcoming challenges
[23]. This concept has been widely applied in studies on cardiac rehabilitation and self-man-
agement. The results from these studies have indicated that health education programme
based on self-efficacy concept could greatly improve lifestyle and self-care behaviours in older
adults [25-27].

Apart from the aforementioned issue, there are several limitations in the existing studies on
the health education programme in PA for older adults at risk for ASCVDs. Firstly, these stud-
ies were exploratory in nature, with most using either a quasi-experimental or a one group
study design [10-14,16, 17]. Secondly, most of them were small-scale, with their sample size
ranging from 11 to 46 [10, 14, 17]. Thirdly and perhaps most importantly, some studies only
targeted on few risk factors of ASCVDs, for instance, nutrition or PA, and overlooked the fact
that the aetiology of ASCVDs is multifactorial [14, 16]. Given the above issues, an integrated
exercise and cardiovascular health education programme targeting multiple risk factors,
together with increased PA levels based on self-efficacy concept seems to offer a better out-
come for older adults at risk of ASCVDs [28]. However, to the best of our knowledge, there are
limited studies which examine the effect of such an integrated programme among older adults
in terms of their PA levels, self-efficacy, and ASCVD-related outcomes. Hence, more empirical
studies are required.

Theoretical framework

The integrated exercise and cardiovascular health education programme is guided by the self-
efficacy theory advocated by Bandura and Adams [23]. In this theory, self-efficacy is a core
which affects choice of activities, effort, persistence, and achievement. It is postulated that peo-
ple with high self-efficacy opt to participate in activities more readily, with greater efforts and
longer duration. Four factors are shown to be able to increase self-efficacy: mastering experi-
ence, vicarious experience, verbal persuasion, and emotional states [24]. Mastering experience
refers to the experience a person attains when taking on a new activity and successfully manag-
ing it; while vicarious experience means that observing people similar to oneself succeed
strengthens the observer’s beliefs that he or she gets the same capability to master similar activ-
ities. In addition, social persuasion emphasizes on positive feedbacks received from others to
enhance one’s own belief of success. Emotional states mean that a person experiences sensa-
tional change regarding his or her body, and the way this emotional arousal is perceived can
influence his or her self-efficacy. Based on this theory, we will incorporate these four compo-
nents in our integrated exercise and cardiovascular health education programme, thus enhanc-
ing older adults’ self-efficacy in engaging in PA (details are shown in the “Materials and
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methods” section). It is hypothesised that older adults will eventually adopt, maintain, and
adhere to PA and other healthier lifestyle behaviours, thereby lowering ASCVD risks.

Materials and methods
Study aims

This randomised controlled trial aims to examine the effect of the integrated exercise and car-
diovascular health education programme for community-dwelling older adults at risk of
ASCVD on PA level, exercise self-efficacy, and ASCVD-related outcomes.

Study design and setting

The protocol will be reported following the SPIRIT reporting guideline [29]. We will adopt a
randomised controlled trial design. This trial will be conducted in urban elderly community

centres in the Guangdong-Hong Kong-Macao Greater Bay Area. Fig 1 shows the schedule of
enrolment, interventions, and assessments.

Participants

Community dwelling adults will be eligible if they fulfil these inclusion criteria: (1) aged 60
years old or above [30-32]; (2) having at least one ASCVD risk factor, including current smok-
ing, excessive alcohol consumption (daily intake of more than one drink for women and more
than two drinks for men), being diagnosed with hypertension, diabetes mellitus or hyperlipi-
daemia, overweight (BMI which is equal or greater than 25 kg/m?), family history of coronary
heart disease/stroke or anticoagulant use for ASCVD prevention [1, 33-36]; (3) passing the
cardiovascular fitness test; (4) having a mobile and able to read text messages, and (5) able to
read Chinese and communicate in Cantonese. However, we will exclude older adults who (1)
are visually impaired, hearing impaired, or suffering from any cognitive, psychiatric, or mus-
culoskeletal disorder; (2) have a history of attending any cardiovascular education programme;
or (3) have a medical diagnosis of coronary heart disease or stroke.

Sample size

Taking PA level as the primary outcome, with reference to a meta-analysis by Conn et al. [37],
the overall mean weighted effect size of patient education on PA level among 17147 patients
with chronically diseases is 0.45. The sample size of the proposed study is calculated via
G*Power calculator [38]. For a two-tailed test, with the desired statistical power of 0.80 and
significance level of 0.05, the estimated sample size is 158. Although the attrition rates of five
related studies were less than 20% [11, 12, 14, 15, 17], for conservative reason, an attrition rate
of 20% is assumed. Hence, a total of 190 participants (95 participants per group) will be
recruited in the study.

Randomisation, blinding, and concealment

Following the completion of informed consent and baseline data collection, eligible partici-
pants will be allocated into either experimental or control group with 1:1 allocation ratio by a
computerised random number generator (Fig 2). The random allocation sequences will be
generated by a research assistant not engaging in recruitment. The sequences will be put in
sequentially numbered, opaque, sealed envelopes [39, 40]. Research assistants will draw the
envelopes in sequence to determine participants’ group allocation. To minimise performance
bias, research assistants will not acknowledge participants their group assignment. To avoid
contamination, the two groups will receive their corresponding treatments at different times
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STUDY PERIOD
Allocation
Enrolment Baseline Post-allocation Close-out
assessment
T: 17 T
LSO s 4 Week 1 Week 12 Week 24 | Week 36
ENROLMENT:
Eligibility screen X
Informed consent X
Randomisation X
INTERVENTIONS:
Experimental group ¢ "
Placebo control & "
ASSESSMENTS:
X
Demographic data
X X X X
PASE-C
IPAQ-C X X X X
(Short form)
X X X X
SEE-C
BMI, weight, waist X X X X
circumference,
X X X X
2-MWT
X X X X
BP, heart rate
X X X
Blood glucose
X X X
Blood lipids

Fig 1. Schedule of enrolment, interventions, and assessments. Abbreviations: Two-Minute Walk Test (2-MWT),
Body Mass Index (BMI), blood pressure (BP), Chinese version of International Physical Activity Questionnaire (short
form) (IPAQ-G, short form), Chinese version of Physical Activity Scale for the Elderly (PASE-C), Chinese version of
Self-Efficacy for Exercise (SEE-C).

https://doi.org/10.1371/journal.pone.0286181.g001

in a private room. In addition, the two groups will undergo data collections at different times.
Participants will be instructed not to share their education materials to others following the
intervention. To avoid detection bias, the research assistant who performs data collection will
be blinded to the group assignment. Since the principal investigator (a nurse) is responsible
for conducting the lecture of the experimental group, she is unlikely to be blinded.

Intervention

(1) Experimental group. A systematic review by Peiris et al. includes 11 studies which
examined the effect of lifestyle intervention programme integrated with education and unsu-
pervised PA among adults with metabolic syndrome [41]. The intervention period of these
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[ Enrollment J Assessed for eligibility by completing a screening questionnaire (-T1)

Excluded (not meeting the eligibility criteria;
declined to participate)

e Obtain informed consent

e Perform baseline data collection (To) (PASE-C, IPAQ-C (short form), SEE-C, ASCVD risk profile (BP, heart rate, 2-
MWT, fasting blood glucose, fasting blood lipids (LDL, HDL, and triglycerides), cardiac endurance and anthropometric
outcomes including weight, BMI & waist circumference

v

[ Randomisation (N=190) ]
[

l l

Allocated to the experimental group (n=95) Allocated to the control group (n=95)
e Received an integrated exercise and cardiovascular health e Received placebo intervention (n=95)
education programme (n= 95) e Education on basic health issue + leaflet (from
e Cardiovascular health education + tailor-made booklet + the Health Bureau) + lecture video + SMS
lecture video + tailor-made exercise video + SMS messages reminders
& reminders

v I N v
l Follow-ups J

e Week 12 (T)) (Fasting blood glucose and fasting blood lipids will not be measured while other outcome measures will be
identical to baseline)

Week 24 (T,) (Outcome measures identical to baseline)

Week 36 (T3) (Outcome measures identical to baseline)

[ Analysis ]

Analysed (n=95) Analysed (n=95)

Fig 2. Flow diagram of the study. Abbreviations: Two-Minute Walk Test (2-MWT), atherosclerotic cardiovascular
disease (ASCVD), Body Mass Index (BMI), blood pressure (BP), Chinese version of International Physical Activity
Questionnaire (short form) (IPAQ-C, short form), Chinese version of Physical Activity Scale for the Elderly (PASE-C),
Chinese version of Self-Efficacy for Exercise (SEE-C), high-density lipoprotein (HDL), low-density lipoprotein (LDL),
short message service (SMS).

https://doi.org/10.1371/journal.pone.0286181.9002

studies ranged from 12 to 144 weeks and the duration of at least three months enhanced the
outcomes significantly. Hence, the intervention period will last 12 weeks. Participants in the
experimental group will receive a self-efficacy-based, integrated exercise and cardiovascular
health education programme conducted by the primary research nurse for 12 weeks. The
intervention comprising a health education talk, a booklet, a tailor-made exercise video, a lec-
ture video, and a set of one-way text messages is designed based on the self-efficacy theory and
is validated by an expert panel which contains two associate professors, one assistant professor,
one physiotherapist, one cardiac nurse specialist, one cardiologist and one registered dietitian,
with all of whom having considerable experience in conducting studies on lifestyle modifica-
tion. Contents of the talk are derived from regional and international guidelines on PA recom-
mendation and ASCVD prevention [34, 35, 42-46]. The components of ASCVD prevention
are based on the seven predictors of cardiovascular health included in the Life’s Simple 7, a
prescription for health formulated by the American Heart Association [42]. While PA will be
emphasised in the talk, other elements of ASCVD prevention such as healthy diet, smoking
cessation, as well as management on weight, BP, cholesterol, and blood glucose will also be
introduced. In Week 1, a nurse will deliver a 60-minute face-to-face health education talk to a
group of four to six participants. During the talk, the nurse will educate the participants about
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the risk factors of ASCVD. Apart from that, each participant will be invited to share his or her
experience of performing PA and offer comments to other participants (vicarious experience).
During the discussion, the nurse will offer positive feedbacks based on their sharing (verbal
persuasion). If the participants raise some negative experience or feelings in relation to PA,
suggestions on how they can do PA better will be provided to change their perceptions and
feelings (emotional states). In the end, the nurse will demonstrate a set of exercises tailor-made
for the elderly and ask the participants to do the return demonstration (mastery experience).
These simple exercises are at moderate-intensity and involve an integration of balance train-
ing, aerobic and muscle-strengthening activities using a chair and a towel. To fulfil the PA rec-
ommendations suggested by the World Health Organisation (a minimum of either
150-minute aerobic PA with moderate intensity or 75-minute aerobic PA with vigorous inten-
sity or a proportional combination of both every week) [7], participants will be encouraged to
perform these exercises twice a day, 25 minutes each time in which 5-minute warm-up and
5-minute cool down exercises will be included. To enhance the standardisation of intervention
delivery, a tailor-made exercise video, in which a nurse and two elders taking the lead in per-
forming the aforementioned exercises, will be displayed during exercise demonstration (mas-
tery experience and vicarious experience). The exercise video begins with a series of mobility
and stretching exercises as warm-up, followed by a series of fitness exercises, including chair
aerobics (e.g. hip marching, arm raises, arm swings, and chest expansions), balance exercises
(e.g. single-leg stance, and single-leg swings), muscle-strengthening exercises (e.g. sit to stand,
calf raises, and leg extension) and towel exercises. The video ends with cool-down exercises
which comprise breathing and stretching exercises. To facilitate participants to revise the edu-
cation materials and practice the exercises at home, each of them will receive a 17-inch porta-
ble video player which contains a pre-recorded lecture video (containing the same content as
the health education talk) and an exercise video following the talk (mastery experience). On
the other hand, a booklet which contains the key points of the health education talk will be
provided for the participants as reference (mastery experience). A telephone number will also
be provided for the participants in case they have any question or worry regarding the pro-
gramme (emotional states). To improve exercise adherence, experimental group will be
required to document their PA patterns in an exercise log daily.

After the health education talk, a booster intervention will be provided for the participants
via short message service (SMS) for 12 weeks to sustain older adults’ motivation in engaging in
PA across the study period. Text messaging was adopted in previous behavioural interventions
targeting older adults and was shown to have positive outcomes in terms of increased PA and
better medical compliance [47, 48]. The SMS we used is one-way as older adults generally con-
sider this communication method to be encouraging and able to remind them important mes-
sages [47-49]. As comparable benefits were demonstrated between high-frequency (more than
one message per day) and low-frequency messaging (three to five messages per week) [50], it
will be appropriate to adopt three messages per week to maintain participants’ motivation
while minimising the annoyance of receiving excessive messages. Hence, a total of 36 SMS
messages (one message on every Monday, Wednesday, and Friday) will be delivered in the
daytime (from 9am to 5pm), according to the participants’ preference. The content of the mes-
sages is modified from the study by Miiller et al. [47], and will include greeting, instruction/
encouragement section and closing. Meanwhile, the message theme is derived from the com-
ponents of self-efficacy theory including mastering experience, verbal persuasion, and emo-
tional states, with each being used rotationally in each message. The message covers key points
of the education talk, encouraging words, reminders, and potential barriers of performing PA
and corresponding coping strategies. At Week 7, the participants will receive a SMS message
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which contains a progress report regarding their interim performance on PA with correspond-
ing advice and feedback (verbal persuasion and emotional states).

(2) Control group. A placebo-controlled intervention will be provided to participants in
the control group. Particularly, they will receive a 60-minute face-to-face health education talk
on basic health issues. Information regarding PA and cardiovascular health education will not
be provided during the talk. A 17-inch portable video player which contains a pre-recorded
lecture video regarding the placebo health education talk and a corresponding governmental
leaflet will be delivered as reference. Aside from receiving SMS reminder messages on attend-
ing the talk and data collection, no other SMS messages will be sent.

The primary research nurse will be responsible for preparing the education materials for
both groups. Also, the health education talk of the experimental group will be conducted by
the primary research nurse. For the control group, the talk will be conducted by another regis-
tered nurse. To ensure standardised lecture delivery, a training session will be provided to the
nurse who engages in lecture delivery of the control group. Also, 10% of the intervention will
be audio-recorded for quality control. To reduce subject contamination, the talk will be con-
ducted in a private room and the two groups will receive their session at separate times.

Data collection

For the consideration of data collection period, the systematic review by Peiris et al. indicated
that the timing of outcome measurement among 11 included studies regarding lifestyle modi-
fication ranged from 12 to 144 weeks, with 24 weeks being mostly adopted in the effective
studies [41]. Hence, in this study, the outcomes will be measured at baseline and Week 24,
with extra measures at Week 12 and Week 36 added to serve as the interim and follow-up eval-
uations respectively. Convenience sampling will be employed for subject recruitment. A
recruitment poster will be displayed in the elderly community centres. Older adults who are
interested to join the study can contact the staff at the centres who will subsequently make
referral to the research team. In case of having activities in which many older adults will be
involved, the principal investigator will be present at the elderly centres to promote the pro-
gramme. Potential participants will be approached by a research assistant face-to-face and par-
ticipant eligibility will be screened via completing a structured eligibility checklist in the
elderly community centres (-T;). After confirming the eligibility and providing the study’s
details, written consent will be obtained and baseline data (T,) will be collected. After that, par-
ticipants will be randomly assigned to either experimental or control group and will subse-
quently receive corresponding treatments. Participants will complete three follow-ups face-to-
face at the elderly community centres at Week 12 (T;), Week 24 (T,), and Week 36 (T3). To
ensure data reliability, research assistants who engage in data collection will receive a training
session on the entire data collection procedure, procedures of physiological assessments and
ways of assisting participants in completing questionnaires. Training PowerPoint slides will be
provided to outcome assessors after the training session for reference.

Outcomes

The effects of the integrated health education programme on PA level, exercise self-efficacy,
and ASCVD-related outcomes will be examined. PA level throughout 24 weeks, which is mea-
sured with the Chinese version of the Physical Activity Scale for the Elderly, will be the primary
outcome while others will be secondary outcomes.

(1) The Chinese version of the Physical Activity Scale for the Elderly (PASE-C). The
participants’ total PA level will be quantified with the PASE-C because of its comprehensive-
ness in measuring PA in various settings and its specificity for the elderly. This questionnaire
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will ask the participants to report the leisure, physical, household, and work-associated activi-
ties in the past seven days [51]. The PASE-C has been used in Asian populations aged 60 or
above [52, 53] and possesses satisfactory test-retest reliability [54].

(2) The Chinese version of the International Physical Activity Questionnaire (short
form) (IPAQ-C). This questionnaire will document self-reported physical activity in the last
seven days. Based on the collected data, participants can be classified into “inactive”, “minimally
active” or “health enhancing physical activity active” via calculating the number of days and the
total volume of PA by intensity. This questionnaire is widely used, cost-effective, possesses satis-
factory reliability and comparable psychometric properties with the long form [55-57].

(3) The Chinese version of Self-Efficacy for Exercise (SEE-C). This scale will be used to
assess the participants’ self-efficacy to perform PA. The psychometrics of the SEE-C has been
assessed in Chinese populations, with satisfactory internal consistency [58, 59].

(4) ASCVD-related outcomes. We will assess the following ASCVD-related outcomes:
BP, fasting blood glucose, fasting blood lipids (low-density lipoprotein cholesterol, high-den-
sity lipoprotein cholesterol, and triglycerides), weight, BMI, waist circumference, and cardiac
endurance. BP will be measured in a sitting position using calibrated, automatic BP monitor
for two times. Participants will take a 5-minute rest prior to the measurement and 1-minute
interval will be provided between each measurement [60]. Average of two measurements will
be reported [11, 16]. Height will be recorded using a stadiometer while weight will be assessed
using a calibrated scale, with results corrected to the nearest 1 cm and 0.1 kg respectively.
Waist circumference will be measured two times in a standing position at the midpoint
between the upper point of the iliac crest and the bottom of the last rib using a soft measuring
tape [61]. Average of two measurements will be reported and corrected to the nearest 0.1 cm.
Blood glucose and blood lipids will be measured via obtaining finger-prick blood samples
using an auto-analyser. Participants are required to fast 8 hours before obtaining blood sam-
ples. A Two-Minute Walk Test will be used to assess the participants’ cardiac endurance. We
will record the maximum distance that the participants can cover in two minutes [62]. This
test is easy to implement and possesses satisfactory and comparable psychometric properties
with a Six-Minute Walk Test, Timed Up and Go Test and Berg Balance Scale among older
adults [63-65].

The evaluation results of BP, heart rate, Two-Minute Walk Test, BMI, weight, and waist cir-
cumference assessed at the screening stage will be included as the baseline data. As the system-
atic review by Peiris et al. [41] revealed that it took more than 3 months for lifestyle
modification programmes integrated with unsupervised PA to cause significant impacts on
fasting blood glucose, while another systematic review by Aucott et al. [66] indicated that life-
style modification programmes targeted at weight loss might have positive impacts on long-
term lipid profile, these two outcomes will be both measured at baseline (T,), Week 24 (T,),
and Week 36 (T5) only.

Data analysis

The data collected will be primarily analysed by SPSS version 26. The baseline demographic
and clinical characteristics of the participants in the experimental and control groups will be
presented in a table. For continuous variables with normal distribution, the data will be sum-
marised by mean and standard deviation whereas median and interquartile range will be used
in the report of continuous data with non-normal distribution. Meanwhile, categorical vari-
ables will be summarised for each group by proportion and frequency. With reference to exist-
ing studies, age was suggested to be a prognostic factor of PA level, lipid level, weight, and BMI
[12-14] while gender might have prognostic importance on PA and lipid levels [12, 14]. Also,
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hypertension was suggested to be influential to weight [12]. These baseline variables will be
regarded as covariates and will be adjusted in the analysis. Meanwhile, as multiple community
elderly centres will be involved in the study, centre will also be regarded as a covariate owing
to the variations in contextual factors [10].

Generalised estimating equations (GEE), which is an extension of the generalised linear
models, is prevalently used in studies with repeated measurements. This semi-parametric
method is comparatively flexible in a way that it works with different kinds of data (such as
continuous, binary and count data) by applying different link functions [67]. Also, GEE is
relatively robust regardless of the choice of working correlation matrix [67]. In this study,
for comparing group differences on continuous outcome variables (PA score quantified
with PASE-C, exercise self-efficacy score, BP, weight, BMI, waist circumference, fasting glu-
cose, fasting blood lipids, and distance walked), GEE with identity link will be used. For
ordinal outcome variables (PA level quantified with IPAQ-C), GEE with cumulative logit
link will be used. P-value of less than 0.05 will be regarded as statistically significant. The
selection of working correlation matrix will depend on the correlation structure of the
observed data. The Quasi-likelihood under Independence Model Criterion (QIC) for the
model with each working correlation matrix will be compared and the matrix with the
smallest QIC will be preferred [68].

In case a continuous outcome variable appears to be skewed and is defined on a positive
support, suitable Generalized Additive Models for Location, Scale and Shape (GAMLSS) will
be built using the gamlss package in R (version 4.1.0.) to explore the programme effectiveness
on this variable. GAMLSS are convenient, flexible statistical models that can be used to deal
with data with numerous types of distributions, including those with highly skewed or/and
kurtotic distributions [69]. In this case, a suitable distribution for the outcome variable will be
selected by comparing different positively skewed continuous distributions in R+, while taking
kurtosis into consideration. A suitable GAMLSS model will be chosen through making com-
parisons between numerous competing models derived from various combinations of their
components [69]. The diagnostics for GAMLSS models will be carried out by means of diag-
nostic plots (including worm-plots and residual plots).

As the study will last 36 weeks and will involve four data collection timepoints, it is possi-
ble that the absence rate may increase in subsequent post-tests. Also, dropout owing to
scheduling conflict, change in health status or loss to follow-up may be another concern.
These situations result in the occurrence of missing data which may further threaten the
validity of the study. The most essential way of minimising the effect of missing data is to
ensure participants remain in the study until all outcome data are collected [70]. In the
study, a reminder message will be sent to remind participants the evaluation arrangement.
Additionally, the primary research nurse will maintain close contact with the centre staft to
ensure that the participants can be contacted if they move out. Reasons for dropout will also
be recorded. Meanwhile, intention-to-treat analysis will be used to reduce bias related to the
non-random loss of participants. Missing data owing to dropouts or incomplete measure-
ments will be treated as missing and analysed via missing value analysis. Little’s Missing
Completely at Random (MCAR) test will be conducted to provide clues as to whether the
data are MCAR. Meanwhile, the relationship between the missingness on one variable and
the values of other variables will be examined to see if the data are potentially missing at ran-
dom (MAR). Also, the reasons for dropout will be investigated. The aforementioned GEE
analysis will be adopted under MCAR assumption whereas weighted GEE analysis will be
employed when data are MAR [70]. For the data which are missing not at random (MNAR),
controlled imputation methods will be used [70].
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Ethics and dissemination

The study has been registered on the ChinicalTrial.gov (NCT05434273) and has obtained the
ethical approval from the Human Subjects Ethics Sub-committee of the Hong Kong Polytech-
nic University (HSEARS20220728001). Eligible participants will be acknowledged about the
research safety and their rights of participations, withdrawals, and refusals in providing infor-
mation. They will be given research information sheets and sufficient time for consideration
before signing written consents. All participant-related information, questionnaires and con-
sent forms will be kept in locked cabinets with limited access. Participants’ identity will be con-
cealed via coded identification numbers. Meanwhile, databases will be encrypted and only
research team has granted the access right.

Discussion

This study will provide clues regarding the effect of an integrated exercise and cardiovascular
health education programme guided by self-efficacy theory on exercise self-efficacy, PA levels
and ASCVD-related outcomes among community-dwelling older adults at risk of ASCVD. In
fact, the healthcare burden associated with ASCVDs is enormous and long-term. Health edu-
cation is always regarded as one of the most cost-effective ways for prevention of ASCVDs
among older adults in the community. If our self-efficacy-based intervention is proven to be
effective in promoting PA for older adults, this can inform healthcare professionals the more
effective teaching strategy when compared to the traditional approach. This teaching strategy
can subsequently be applied to other health education programmes for older adults, thus moti-
vating them to adopt a healthy lifestyle, with an ultimate goal of preventing ASCVDs among
this cohort in the long-run.

Despite the programme being evidence-based and theory-driven, three limitations may
likely arise. First, as the programme is conducted in Cantonese and Chinese, study applicabil-
ity may be limited as foreign participants are excluded. Second, as participants need to
undergo multiple data collection procedures, a higher absence rate may exist in the post-tests.
Hence, a reminder message will be sent to remind participants the evaluation arrangement.
Third, although several precautions have been made to prevent contamination, there is a
potential risk that participants may know other group’s allocated treatment as they may be
from the same centre.

Supporting information

S1 File. SPIRIT checklist.
(DOCX)

S2 File. Study protocol.
(DOCX)

Author Contributions

Conceptualization: Flora M. W. Lo, Eliza M. L. Wong, Ka Yan Ho.
Investigation: Flora M. W. Lo.

Methodology: Flora M. W. Lo, Eliza M. L. Wong, Ka Yan Ho.
Project administration: Flora M. W. Lo.

Supervision: Eliza M. L. Wong, Ka Yan Ho.

PLOS ONE | https://doi.org/10.1371/journal.pone.0286181 May 24, 2023 11/15


http://www.plosone.org/article/fetchSingleRepresentation.action?uri=info:doi/10.1371/journal.pone.0286181.s001
http://www.plosone.org/article/fetchSingleRepresentation.action?uri=info:doi/10.1371/journal.pone.0286181.s002
https://doi.org/10.1371/journal.pone.0286181

PLOS ONE

Integrated exercise and cardiovascular health education programme on older adults at risk of ASCVD

Writing - original draft: Flora M. W. Lo, Eliza M. L. Wong, Ka Yan Ho.

Writing - review & editing: Eliza M. L. Wong, Ka Yan Ho.

References

1.

10.

11.

12

13.

14.

15.

16.

17.

World Health Organization. Cardiovascular diseases (CVDs). 2021 June 11 [cited 02 July 2021]. Avail-
able from: https://www.who.int/en/news-room/fact-sheets/detail/cardiovascular-diseases-(cvds)).

Consult ARUP. Atherosclerotic cardiovascular disease risk markers. 2019 October [cited 28 August
2020]. Available from: https://arupconsult.com/content/cardiovascular-disease-traditional-risk-markers.

Zhao D, Liu J, Wang M, Zhang X, Zhou M. Epidemiology of cardiovascular disease in China: current
features and implications. Nat Rev Cardiol. 2019 Apr; 16(4):203-212. https://doi.org/10.1038/s41569-
018-0119-4 PMID: 30467329

Benjamin EJ, Muntner P, Alonso A, Bittencourt MS, Callaway CW, Carson AP, et al. Heart disease and
stroke statistics-2019 update: a report from the American Heart Association. Circulation. 2019 Mar 5;
139(10):e56—e528. https://doi.org/10.1161/CIR.0000000000000659 PMID: 30700139

Mozaffarian D, Benjamin EJ, Go AS, Arnett DK, Blaha MJ, Cushman M, et al. Heart disease and stroke
statistics-2016 update: a report from the American Heart Association. Circulation. 2016 Jan 26; 133(4):
€38-360. https://doi.org/10.1161/CIR.0000000000000350 Epub 2015 Dec 16. Erratum in: Circulation.

2016 Apr 12;133(15):€599. PMID: 26673558

World Health Organization. WHO cardiovascular disease risk laboratory-based charts. [cited 10 Janu-
ary 2021]. Available from: https://www.who.int/docs/default-source/ncds/cvd-risk-laboratory-based-
charts.pdf?sfvrsn=e2943d98_2.

World Health Organization. WHO guidelines on physical activity and sedentary behaviour. 2020
November 25 [cited 10 February 2021]. Available from: https://www.who.int/publications/i/item/
9789240015128.

Bull FC, Armstrong TP, Dixon T, Ham S, Neiman A, Pratt M. Physical inactivity. In: Ezzati M, Lopez AD,
Rodgers A, Murray CJL, editors. Comparative quantification of health risks: global and regional burden
of disease attributable to selected major risk factors. Vol. 1. Geneva: World Health Organization;
2004. pp.729-881.

Sun F, Norman IJ, While AE. Physical activity in older people: a systematic review. BMC Public Health.
2013 May 6; 13:449. https://doi.org/10.1186/1471-2458-13-449 PMID: 23648225

Murphy MP, Coke L, Staffileno BA, Robinson JD, Tillotson R. Improving cardiovascular health of under-
served populations in the community with Life’s Simple 7. J Am Assoc Nurse Pract. 2015 Nov; 27
(11):615-28. https://doi.org/10.1002/2327-6924.12231 PMID: 25776437

Yang SO, Kim SJ, Lee SH. Effects of a South Korean community-based cardiovascular disease preven-
tion program for low-income elderly with hypertension. J Community Health Nurs. 2016 Jul-Sep; 33
(3):154—67. https://doi.org/10.1080/07370016.2016.1191872 PMID: 27383779

Amundson HA, Butcher MK, Gohdes D, Hall TO, Harwell TS, Helgerson SD, et al. Translating the dia-
betes prevention program into practice in the general community: findings from the Montana Cardiovas-
cular Disease and Diabetes Prevention Program. Diabetes Educ. 2009 Mar-Apr; 35(2):209-10, 2134,
21620 passim. https://doi.org/10.1177/0145721709333269 PMID: 19321807

Brokaw SM, Carpenedo D, Campbell P, Butcher MK, Furshong G, Helgerson SD, et al. Effect of an
adapted diabetes prevention program lifestyle intervention in older and younger adults. J Am Geriatr
Soc. 2015 Jun; 63(6):1067—74. https://doi.org/10.1111/jgs.13428 PMID: 26031428

Fox AA, Thompson JL, Butterfield GE, Gylfadottir U, Moynihan S, Spiller G. Effects of diet and exercise
on common cardiovascular disease risk factors in moderately obese older women. Am J Clin Nutr. 1996
Feb; 63(2):225-33. https://doi.org/10.1093/ajcn/63.2.225 PMID: 8561064.

Park YH, Song M, Cho BL, Lim JY, Song W, Kim SH. The effects of an integrated health education and
exercise program in community-dwelling older adults with hypertension: a randomized controlled trial.
Patient Educ Couns. 2011 Jan; 82(1):133-7. https://doi.org/10.1016/j.pec.2010.04.002 PMID:
20434864

Xu F, Letendre J, Bekke J, Beebe N, Mahler L, Lofgren IE, et al. Impact of a program of Tai Chi plus
behaviorally based dietary weight loss on physical functioning and coronary heart disease risk factors: a
community-based study in obese older women. J Nutr Gerontol Geriatr. 2015; 34(1):50-65. https://doi.
org/10.1080/21551197.2014.1003672 PMID: 25803604

Resnick B, Shaughnessy M, Galik E, Scheve A, Fitten R, Morrison T, et al. Pilot testing of the PRAI-
SEDD intervention among African American and low-income older adults. J Cardiovasc Nurs. 2009
Sep-Oct; 24(5):352—-61. https://doi.org/10.1097/JCN.0b013e3181ac0301 PMID: 19652618

PLOS ONE | https://doi.org/10.1371/journal.pone.0286181 May 24, 2023 12/15


https://www.who.int/en/news-room/fact-sheets/detail/cardiovascular-diseases-(cvds
https://arupconsult.com/content/cardiovascular-disease-traditional-risk-markers
https://doi.org/10.1038/s41569-018-0119-4
https://doi.org/10.1038/s41569-018-0119-4
http://www.ncbi.nlm.nih.gov/pubmed/30467329
https://doi.org/10.1161/CIR.0000000000000659
http://www.ncbi.nlm.nih.gov/pubmed/30700139
https://doi.org/10.1161/CIR.0000000000000350
http://www.ncbi.nlm.nih.gov/pubmed/26673558
https://www.who.int/docs/default-source/ncds/cvd-risk-laboratory-based-charts.pdf?sfvrsn=e2943d98_2
https://www.who.int/docs/default-source/ncds/cvd-risk-laboratory-based-charts.pdf?sfvrsn=e2943d98_2
https://www.who.int/publications/i/item/9789240015128
https://www.who.int/publications/i/item/9789240015128
https://doi.org/10.1186/1471-2458-13-449
http://www.ncbi.nlm.nih.gov/pubmed/23648225
https://doi.org/10.1002/2327-6924.12231
http://www.ncbi.nlm.nih.gov/pubmed/25776437
https://doi.org/10.1080/07370016.2016.1191872
http://www.ncbi.nlm.nih.gov/pubmed/27383779
https://doi.org/10.1177/0145721709333269
http://www.ncbi.nlm.nih.gov/pubmed/19321807
https://doi.org/10.1111/jgs.13428
http://www.ncbi.nlm.nih.gov/pubmed/26031428
https://doi.org/10.1093/ajcn/63.2.225
http://www.ncbi.nlm.nih.gov/pubmed/8561064
https://doi.org/10.1016/j.pec.2010.04.002
http://www.ncbi.nlm.nih.gov/pubmed/20434864
https://doi.org/10.1080/21551197.2014.1003672
https://doi.org/10.1080/21551197.2014.1003672
http://www.ncbi.nlm.nih.gov/pubmed/25803604
https://doi.org/10.1097/JCN.0b013e3181ac0301
http://www.ncbi.nlm.nih.gov/pubmed/19652618
https://doi.org/10.1371/journal.pone.0286181

PLOS ONE

Integrated exercise and cardiovascular health education programme on older adults at risk of ASCVD

18.

19.

20.

21.

22,

23.

24,

25.

26.

27.

28.

29.

30.

31.

32.

33.

34.

35.

36.

37.

38.

39.

Picorelli AM, Pereira LS, Pereira DS, Felicio D, Sherrington C. Adherence to exercise programs for
older people is influenced by program characteristics and personal factors: a systematic review. J Phy-
siother. 2014 Sep; 60(3):151-6. https://doi.org/10.1016/j.jphys.2014.06.012 PMID: 25092418

Room J, Hannink E, Dawes H, Barker K. What interventions are used to improve exercise adherence in
older people and what behavioural techniques are they based on? A systematic review. BMJ Open.
2017 Dec 14; 7(12):e019221. https://doi.org/10.1136/bmjopen-2017-019221 PMID: 29247111

Rivera-Torres S, Fahey TD, Rivera MA. Adherence to exercise programs in older adults: informative
report. Gerontol Geriatr Med. 2019 Jan 22; 5:2333721418823604. https://doi.org/10.1177/
2333721418823604 PMID: 30733977

Cavill NA, Foster CEM. Enablers and barriers to older people’s participation in strength and balance
activities: A review of reviews. J Frailty Sarcopenia Falls. 2018 Jun 1; 3(2):105-113. https://doi.org/10.
22540/JFSF-03-105 PMID: 32300698

McAuley E, Szabo A, Gothe N, Olson EA. Self-efficacy: implications for physical activity, function, and
functional limitations in older adults. Am J Lifestyle Med. 2011 Jul; 5(4):10.1177/1559827610392704.
https://doi.org/10.1177/1559827610392704 PMID: 24353482

Bandura A, Adams NE. Analysis of self-efficacy theory of behavioral change. Cognit Ther Res. 1977; 1
(4):287-310.

Brown LJ, Malouff JM, Schutte NS. Self-efficacy theory. In: Hayden J, editor. Introduction to health
behavior theory. 2nd ed. Burlington: Jones & Bartlett Learning; 2013. pp. 13-38.

Jeng C, Braun LT. Bandura’s self-efficacy theory: a guide for cardiac rehabilitation nursing practice. J
Holist Nurs. 1994 Dec; 12(4):425-36. https://doi.org/10.1177/089801019401200411 PMID: 7722281

Peyman N, Shahedi F, Abdollahi M, Doosti H, Zadehahmad Z. Impact of self-efficacy strategies educa-
tion on self-care behaviors among heart failure patients. J Tehran Heart Cent. 2020 Jan; 15(1):6-11.
PMID: 32742286

Wu CJ, Chang AM. Application of a theoretical framework to foster a cardiac-diabetes self-management
programme. Int Nurs Rev. 2014 Sep; 61(3):336—43. https://doi.org/10.1111/inr.12104 PMID: 24847741

Han C, Liu F, Yang X, Chen J, Li J, Cao J, et al. Ideal cardiovascular health and incidence of atheroscle-
rotic cardiovascular disease among Chinese adults: the China-PAR project. Sci China Life Sci. 2018
May; 61(5):504-514. https://doi.org/10.1007/s11427-018-9281-6 PMID: 29721777

Chan AW, Tetzlaff JM, Gatzsche PC, Altman DG, Mann H, Berlin JA, et al. SPIRIT 2013 explanation
and elaboration: guidance for protocols of clinical trials. BMJ. 2013 Jan 8; 346:e7586. https://doi.org/10.
1136/bmj.e7586 PMID: 23303884

United Nations, Department of Economic and Social Affairs, Population Division. World population age-
ing 2017-Highlights (ST/ESA/SER.A/397). 2017 [cited 24 August 2020]. Available from: https:/www.un.
org/en/development/desa/population/publications/pdf/ageing/WPA2017_Highlights.pdf.

World Health Organization. Ageing and health. Updated 2022 October 01 [cited 4 March 2023]. Avail-
able from: https://www.who.int/news-room/fact-sheets/detail/ageing-and-health.

The Chinese University of Hong Kong Jockey Club Institute of Ageing. AgeWatch Index for Hong Kong:
topical report on capability. 2020 [24 August 2020]. Available from: https://www.jcafc.hk/uploads/docs/
Topical-Report-Capability_final.pdf.

American Heart Association. Family history and heart disease, stroke. Updated 2015 July 31 [cited 13
October 2020]. Available from: https://www.heart.org/en/health-topics/consumer-healthcare/what-is-
cardiovascular-disease/family-history-and-heart-disease-stroke.

Centers for Disease Control and Prevention. Know your risk for heart disease. Updated 2019 December
09 [cited 13 October 2020]. Available from: https://www.cdc.gov/heartdisease/risk_factors.htm.

Centers for Disease Control and Prevention. Heart disease and stroke. Updated 2020 April 28 [cited 13
October 2020]. Available from: https://www.cdc.gov/tobacco/basic_information/health_effects/heart_
disease/index.htm.

World Health Organization. Global atlas on cardiovascular disease prevention and control. 2011 [cited
10 October 2020]. Available from: https://apps.who.int/iris/rest/bitstreams/53236/retrieve. Published
2011.

Conn VS, Hafdahl AR, Brown SA, Brown LM. Meta-analysis of patient education interventions to
increase physical activity among chronically ill adults. Patient Educ Couns. 2008 Feb; 70(2):157-72.
https://doi.org/10.1016/j.pec.2007.10.004 PMID: 18023128

Faul F, Erdfelder E, Lang AG, Buchner A. G*Power 3: a flexible statistical power analysis program for
the social, behavioral, and biomedical sciences. Behav Res Methods. 2007 May; 39(2):175-91. https://
doi.org/10.3758/bf03193146 PMID: 17695343

Dettori J. The random allocation process: two things you need to know. Evid Based Spine Care J. 2010
Dec; 1(3):7-9. https://doi.org/10.1055/s-0030-1267062 PMID: 22956922

PLOS ONE | https://doi.org/10.1371/journal.pone.0286181 May 24, 2023 13/15


https://doi.org/10.1016/j.jphys.2014.06.012
http://www.ncbi.nlm.nih.gov/pubmed/25092418
https://doi.org/10.1136/bmjopen-2017-019221
http://www.ncbi.nlm.nih.gov/pubmed/29247111
https://doi.org/10.1177/2333721418823604
https://doi.org/10.1177/2333721418823604
http://www.ncbi.nlm.nih.gov/pubmed/30733977
https://doi.org/10.22540/JFSF-03-105
https://doi.org/10.22540/JFSF-03-105
http://www.ncbi.nlm.nih.gov/pubmed/32300698
https://doi.org/10.1177/1559827610392704
http://www.ncbi.nlm.nih.gov/pubmed/24353482
https://doi.org/10.1177/089801019401200411
http://www.ncbi.nlm.nih.gov/pubmed/7722281
http://www.ncbi.nlm.nih.gov/pubmed/32742286
https://doi.org/10.1111/inr.12104
http://www.ncbi.nlm.nih.gov/pubmed/24847741
https://doi.org/10.1007/s11427-018-9281-6
http://www.ncbi.nlm.nih.gov/pubmed/29721777
https://doi.org/10.1136/bmj.e7586
https://doi.org/10.1136/bmj.e7586
http://www.ncbi.nlm.nih.gov/pubmed/23303884
https://www.un.org/en/development/desa/population/publications/pdf/ageing/WPA2017_Highlights.pdf
https://www.un.org/en/development/desa/population/publications/pdf/ageing/WPA2017_Highlights.pdf
https://www.who.int/news-room/fact-sheets/detail/ageing-and-health
https://www.jcafc.hk/uploads/docs/Topical-Report-Capability_final.pdf
https://www.jcafc.hk/uploads/docs/Topical-Report-Capability_final.pdf
https://www.heart.org/en/health-topics/consumer-healthcare/what-is-cardiovascular-disease/family-history-and-heart-disease-stroke
https://www.heart.org/en/health-topics/consumer-healthcare/what-is-cardiovascular-disease/family-history-and-heart-disease-stroke
https://www.cdc.gov/heartdisease/risk_factors.htm
https://www.cdc.gov/tobacco/basic_information/health_effects/heart_disease/index.htm
https://www.cdc.gov/tobacco/basic_information/health_effects/heart_disease/index.htm
https://apps.who.int/iris/rest/bitstreams/53236/retrieve
https://doi.org/10.1016/j.pec.2007.10.004
http://www.ncbi.nlm.nih.gov/pubmed/18023128
https://doi.org/10.3758/bf03193146
https://doi.org/10.3758/bf03193146
http://www.ncbi.nlm.nih.gov/pubmed/17695343
https://doi.org/10.1055/s-0030-1267062
http://www.ncbi.nlm.nih.gov/pubmed/22956922
https://doi.org/10.1371/journal.pone.0286181

PLOS ONE

Integrated exercise and cardiovascular health education programme on older adults at risk of ASCVD

40.

41.

42,

43.

44.

45.

46.

47.

48.

49.

50.

51.

52.

53.

54.

55.

56.

57.

58.

Polit DF, Beck CT. Nursing research: generating and assessing evidence for nursing practice. 9th ed.
Philadelphia: Wolters Kluwer Health/Lippincott Williams & Wilkins; 2012.

Peiris CL, van Namen M, O’'Donoghue G. Education-based, lifestyle intervention programs with unsu-
pervised exercise improve outcomes in adults with metabolic syndrome. A systematic review and meta-
analysis. Rev Endocr Metab Disord. 2021 Dec; 22(4):877-890. https://doi.org/10.1007/s11154-021-
09644-2 PMID: 33730230

American Heart Association. Life’s simple 7. 2019 [cited 20 January 2023]. Available from: https:/
playbook.heart.org/lifes-simple-7/.

U.S. Department of Health and Human Services. The physical activity guidelines for Americans. 2nd
ed. 2018 [cited 20 January 2023]. Available from: https://health.gov/sites/default/files/2019-09/
Physical_Activity_Guidelines_2nd_edition.pdf.

Joint Task Force for Guideline on the Assessment and Management of Cardiovascular Risk in China.
Guideline on the assessment and management of cardiovascular risk in China. Zhonghua Yu Fang Yi
Xue Za Zhi. 2019 Jan 6; 53(1):13-35. Chinese. https://doi.org/10.3760/cma.j.issn.0253-9624.2019.01.
004

World Health Organization. WHO package of essential noncommunicable (PEN) disease interventions
for primary health care. 2020 [cited 15 January 2023]. Available from: https://apps.who.int/iris/rest/
bitstreams/1301957/retrieve.

World Health Organization. Physical activity. 2022 October 5 [cited 20 January 2023]. Available from:
https://www.who.int/news-room/fact-sheets/detail/physical-activity.

Miller AM, Khoo S, Morris T. Text messaging for exercise promotion in older adults from an upper-mid-
dle-income country: randomized controlled trial. J Med Internet Res. 2016 Jan 7; 18(1):e5. https://doi.
org/10.2196/jmir.5235 PMID: 26742999

Schwebel FJ, Larimer ME. Using text message reminders in health care services: a narrative literature
review. Internet Interv. 2018 Jun 21; 13:82—104. https://doi.org/10.1016/j.invent.2018.06.002 PMID:
30206523

Lilie SC, Olander E, Berglund J, Skillgate E, Anderberg P. Experiences of older adults with mobile
phone text messaging as reminders of home exercises after specialized manual therapy for recurrent
low back pain: a qualitative study. JMIR Mhealth Uhealth. 2017 Mar 30; 5(3):e39. https://doi.org/10.
2196/mhealth.7184 PMID: 28360026

Whittaker R, McRobbie H, Bullen C, Rodgers A, Gu Y, Dobson R. Mobile phone text messaging and
app-based interventions for smoking cessation. Cochrane Database Syst Rev. 2019 Oct 22; 10(10):
CD006611. https://doi.org/10.1002/14651858.CD006611.pub5 PMID: 31638271

Washburn RA, Smith KW, Jette AM, Janney CA. The Physical Activity Scale for the Elderly (PASE):
development and evaluation. J Clin Epidemiol. 1993 Feb; 46(2):153-62. https://doi.org/10.1016/0895-
4356(93)90053-4 PMID: 8437031

Kwan RY, Lee D, Lee PH, Tse M, Cheung DS, Thiamwong L, et al. Effects of an mHealth brisk walking
intervention on increasing physical activity in older people with cognitive frailty: pilot randomized con-
trolled trial. JMIR Mhealth Uhealth. 2020 Jul 31; 8(7):e16596. https://doi.org/10.2196/16596 PMID:
32735218

Ng LP, Koh YLE, Tan NC. Physical activity and sedentary behaviour of ambulatory older adults in a
developed Asian community: a cross-sectional study. Singapore Med J. 2020 May; 61(5):266—-271.
https://doi.org/10.11622/smedj.2020022 PMID: 32147738

Ngai SP, Cheung RT, Lam PL, Chiu JK, Fung EY. Validation and reliability of the Physical Activity Scale
for the Elderly in Chinese population. J Rehabil Med. 2012 May; 44(5):462-5. https://doi.org/10.2340/
16501977-0953 PMID: 22549657

Craig CL, Marshall AL, Sjéstrom M, Bauman AE, Booth ML, Ainsworth BE, et al. International Physical
Activity Questionnaire: 12-country reliability and validity. Med Sci Sports Exerc. 2003 Aug; 35(8):1381—
95. https://doi.org/10.1249/01.MSS.0000078924.61453.FB PMID: 12900694

Deng HB, Macfarlane DJ, Thomas GN, Lao XQ, Jiang CQ, Cheng KK, et al. Reliability and validity of
the IPAQ-Chinese: the Guangzhou Biobank Cohort study. Med Sci Sports Exerc. 2008 Feb; 40(2):303—
7. https://doi.org/10.1249/mss.0b013e31815b0db5 PMID: 18202571

van Poppel MN, Chinapaw MJ, Mokkink LB, van Mechelen W, Terwee CB. Physical activity question-
naires for adults: a systematic review of measurement properties. Sports Med. 2010 Jul 1; 40(7):565-
600. https://doi.org/10.2165/11531930-000000000-00000 PMID: 20545381

Lee LL, Perng SJ, Ho CC, Hsu HM, Lau SC, Arthur A. A preliminary reliability and validity study of the
Chinese version of the self-efficacy for exercise scale for older adults. Int J Nurs Stud. 2009 Feb; 46
(2):230-8. https://doi.org/10.1016/}.ijnurstu.2008.09.003 PMID: 18950769

PLOS ONE | https://doi.org/10.1371/journal.pone.0286181 May 24, 2023 14/15


https://doi.org/10.1007/s11154-021-09644-2
https://doi.org/10.1007/s11154-021-09644-2
http://www.ncbi.nlm.nih.gov/pubmed/33730230
https://playbook.heart.org/lifes-simple-7/
https://playbook.heart.org/lifes-simple-7/
https://health.gov/sites/default/files/2019-09/Physical_Activity_Guidelines_2nd_edition.pdf
https://health.gov/sites/default/files/2019-09/Physical_Activity_Guidelines_2nd_edition.pdf
https://doi.org/10.3760/cma.j.issn.0253-9624.2019.01.004
https://doi.org/10.3760/cma.j.issn.0253-9624.2019.01.004
https://apps.who.int/iris/rest/bitstreams/1301957/retrieve
https://apps.who.int/iris/rest/bitstreams/1301957/retrieve
https://www.who.int/news-room/fact-sheets/detail/physical-activity
https://doi.org/10.2196/jmir.5235
https://doi.org/10.2196/jmir.5235
http://www.ncbi.nlm.nih.gov/pubmed/26742999
https://doi.org/10.1016/j.invent.2018.06.002
http://www.ncbi.nlm.nih.gov/pubmed/30206523
https://doi.org/10.2196/mhealth.7184
https://doi.org/10.2196/mhealth.7184
http://www.ncbi.nlm.nih.gov/pubmed/28360026
https://doi.org/10.1002/14651858.CD006611.pub5
http://www.ncbi.nlm.nih.gov/pubmed/31638271
https://doi.org/10.1016/0895-4356%2893%2990053-4
https://doi.org/10.1016/0895-4356%2893%2990053-4
http://www.ncbi.nlm.nih.gov/pubmed/8437031
https://doi.org/10.2196/16596
http://www.ncbi.nlm.nih.gov/pubmed/32735218
https://doi.org/10.11622/smedj.2020022
http://www.ncbi.nlm.nih.gov/pubmed/32147738
https://doi.org/10.2340/16501977-0953
https://doi.org/10.2340/16501977-0953
http://www.ncbi.nlm.nih.gov/pubmed/22549657
https://doi.org/10.1249/01.MSS.0000078924.61453.FB
http://www.ncbi.nlm.nih.gov/pubmed/12900694
https://doi.org/10.1249/mss.0b013e31815b0db5
http://www.ncbi.nlm.nih.gov/pubmed/18202571
https://doi.org/10.2165/11531930-000000000-00000
http://www.ncbi.nlm.nih.gov/pubmed/20545381
https://doi.org/10.1016/j.ijnurstu.2008.09.003
http://www.ncbi.nlm.nih.gov/pubmed/18950769
https://doi.org/10.1371/journal.pone.0286181

PLOS ONE

Integrated exercise and cardiovascular health education programme on older adults at risk of ASCVD

59.

60.

61.

62.

63.

64.

65.

66.

67.

68.

69.

70.

Wong EML, Leung DYP, Sit JWH, Chan AWK, Chair SY. Prospective validation of the Chinese version
of the Self-Efficacy for Exercise Scale among middle-aged patients with coronary heart disease. Reha-
bil Nurs. 2020 Mar/Apr; 45(2):74—79. https://doi.org/10.1097/RNJ.0000000000000156 PMID:
32118864

American Heart Association. Blood pressure measurement instructions. 2018 [cited 11 February 2021].
Available from: https://www.heart.org/-/media/files/health-topics/high-blood-pressure/how_to_
measure_your_blood_pressure_letter_size.pdf.

World Health Organization. Waist circumference and waist-hip ratio: report of a WHO expert consulta-
tion, Geneva, 8—11 December 2008. 2011 [cited 01 May 2022]. Available from: https://apps.who.int/iris/
handle/10665/44583.

Physiopedia. 2 minute walk test. 2021 [15 February 2021]. Available from: https://www.physio-pedia.
com/2_Minute_Walk_Test.

Chan WLS, Pin TW. Reliability, validity and minimal detectable change of 2-minute walk test, 6-minute
walk test and 10-meter walk test in frail older adults with dementia. Exp Gerontol. 2019 Jan; 115:9-18.
https://doi.org/10.1016/j.exger.2018.11.001 PMID: 30423359

Connelly DM, Thomas BK, Cliffe SJ, Perry WM, Smith RE. Clinical utility of the 2-minute walk test for
older adults living in long-term care. Physiother Can. 2009 Spring; 61(2):78-87. https://doi.org/10.3138/
physio.61.2.78 PMID: 20190990

Pin TW. Psychometric properties of 2-minute walk test: a systematic review. Arch Phys Med Rehabil.
2014 Sep; 95(9):1759-75. https://doi.org/10.1016/j.apmr.2014.03.034 PMID: 24814460

Aucott L, Gray D, Rothnie H, Thapa M, Waweru C. Effects of lifestyle interventions and long-term weight
loss on lipid outcomes-a systematic review. Obes Rev. 2011 May; 12(5):e412-25. https://doi.org/10.
1111/1.1467-789X.2010.00819.x PMID: 21371252

Twisk JWR. Applied longitudinal data analysis for epidemiology: A practical guide. 2nd ed. Cambridge:
Cambridge University Press; 2013.

Pan W. Akaike’s information criterion in generalized estimating equations. Biometrics. 2001 Mar; 57
(1):120-5. https://doi.org/10.1111/1.0006-341x.2001.00120.x PMID: 11252586

Stasinopoulos M, Rigby B, Akantziliotou C. Instructions on how to use the gamlss package in R: Second
edition 2008 January 11 [cited 20 March 2023]. Available from: https://www.gamlss.com/wp-content/
uploads/2013/01/gamlss-manual.pdf

Mallinckrodt CH. Preventing and treating missing data in longitudinal clinical trials: A practical guide.
Cambridge: Cambridge University Press; 2013.

PLOS ONE | https://doi.org/10.1371/journal.pone.0286181 May 24, 2023 15/15


https://doi.org/10.1097/RNJ.0000000000000156
http://www.ncbi.nlm.nih.gov/pubmed/32118864
https://www.heart.org/-/media/files/health-topics/high-blood-pressure/how_to_measure_your_blood_pressure_letter_size.pdf
https://www.heart.org/-/media/files/health-topics/high-blood-pressure/how_to_measure_your_blood_pressure_letter_size.pdf
https://apps.who.int/iris/handle/10665/44583
https://apps.who.int/iris/handle/10665/44583
https://www.physio-pedia.com/2_Minute_Walk_Test
https://www.physio-pedia.com/2_Minute_Walk_Test
https://doi.org/10.1016/j.exger.2018.11.001
http://www.ncbi.nlm.nih.gov/pubmed/30423359
https://doi.org/10.3138/physio.61.2.78
https://doi.org/10.3138/physio.61.2.78
http://www.ncbi.nlm.nih.gov/pubmed/20190990
https://doi.org/10.1016/j.apmr.2014.03.034
http://www.ncbi.nlm.nih.gov/pubmed/24814460
https://doi.org/10.1111/j.1467-789X.2010.00819.x
https://doi.org/10.1111/j.1467-789X.2010.00819.x
http://www.ncbi.nlm.nih.gov/pubmed/21371252
https://doi.org/10.1111/j.0006-341x.2001.00120.x
http://www.ncbi.nlm.nih.gov/pubmed/11252586
https://www.gamlss.com/wp-content/uploads/2013/01/gamlss-manual.pdf
https://www.gamlss.com/wp-content/uploads/2013/01/gamlss-manual.pdf
https://doi.org/10.1371/journal.pone.0286181

