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Purpose: This study aimed to examine the preliminary effect, feasibility, and acceptability 
of a lifestyle intervention program using a mobile application (app) versus the effect of 
a program using a booklet for adults with metabolic syndrome (MetS).
Patients and Methods: This trial was conducted in two community centers of Hong Kong. 
Participants were included if they were adults with MetS, aged over 50, and able to use 
a smartphone. Eligible subjects were randomly assigned to either the app group or booklet 
group. Those in the booklet group received a health talk and a booklet, whereas those in the 
app group received a health talk and a MetS app to support their exercise maintenance and 
health records for 3 months. Both groups received similar educational content related to 
healthcare for MetS clients. Data were collected at baseline (T1) and at 1- (T2) and 3-month 
(T3) intervals. Outcomes were body weight (primary outcome), total amount of exercise, 
blood pressure, and lipid concentrations. Data were analyzed using the generalized estimat-
ing equation models. Feasibility and acceptability were assessed in process evaluation.
Results: Ninety-eight individuals were screened for eligibility and 77 were randomized into 
the app group (n = 38) or booklet group (n = 39). The attrition rate at T3 was 11.690%. The 
app group showed a significant reduction in body weight (β = −1.069, p = 0.012) and body 
mass index (β = −0.371, p = 0.026), a greater amount of exercise (β = 8.454, p = 0.032), and 
improved exercise self-efficacy (β = 10.62, p = 0.001) within 3 months. There were no 
significant differences between groups for other outcomes. The participants appreciated the 
proposed intervention of the programme.
Conclusion: The MetS app may be incorporated in the health promotion programme to 
support exercise maintenance and a healthy lifestyle in the community.
Keywords: exercise, body weight, metabolic syndrome, intervention, programme, mobile 
application

Introduction
Metabolic syndrome (MetS) exists in those who have a cluster of the major heart 
attack risk factors: diabetes and prediabetes, abdominal obesity, high cholesterol 
concentrations, and high blood pressure.1 According to the new International 
Diabetes Federation (IDF) definition, a person with MetS has central obesity 
(defined as a certain waist circumference, which has ethnicity-specific values) 
and has any two of the following factors, or is receiving treatment for these: 
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elevated triglyceride concentrations, reduced HDL cho-
lesterol concentrations, high blood pressure or previously 
diagnosed hypertension, or elevated plasma glucose con-
centrations or previously diagnosed type 2 diabetes.1 

MetS is becoming increasingly prevalent, with 
a prevalence of 29% to 40% in Western countries2,3 

and approximately 25% in China,4 with an increasing 
prevalence in young-old adults.5 MetS further deterio-
rates the condition of diabetes and prediabetes, cardio-
vascular disease, and stroke, if not well treated.1,5,6

Lifestyle modifications, such as increasing physical 
activity, making healthier dietary choices, and giving up 
smoking, have been recommended as the primary inter-
ventions for MetS.1,6,7 Previous studies have reported var-
ious modalities of lifestyle intervention for MetS 
management, including educational programs comprising 
a range of educational sessions, on-site exercise supervi-
sion, and home-based lifestyle interventions that include 
a booklet and follow-up advice over the telephone.8–12 

However, these programs have been challenging to deliver 
in a scalable manner to meet the large demand of the MetS 
population. Little is known about whether the effects of 
these programs on exercise behavior and other outcomes 
can be improved by incorporating e-health technology.

E-health technology refers to the use of information and 
communication technologies to improve health care.13 

During the past decade, e-health technology using mobile 
applications (apps) has proved to be an effective mode of 
delivery for educational interventions.13–21 Recent evidence 
has shown the effectiveness of smartphone apps at increas-
ing physical activity in the short term (eg, up to 3 months). 
However, most e-health tools are web-based platforms or the 
apps are designed for the general public and not specifically 
for MetS clients. Moreover, the lack of continuous self- 
monitoring or individual feedback on outcomes seldom 
results in behavioral changes.16,20–24 Hence, a highly inter-
active e-health mobile app (MetS app) was developed in this 
study. An effective MetS app should be relevant, feature 
personalized plans and goal setting, and address specific 
characteristics that suit clients with MetS (eg, should be self- 
managed, flexible, and interactive). Although recent studies 
have proposed the use of mobile apps in wellness- 
maintenance programs globally and locally16,19,23,24 more 
advanced apps should be designed, applied, and evaluated 
for patients with specific health problems, such as MetS.

Considering the success of a previously reported home- 
based lifestyle-intervention program (LIP),12 the advan-
tages of e-health programs,13–21 and the growing number 

of young-old (aged 50 or above) adults with MetS,2–5 we 
aimed to develop an e-health app and integrate it into 
a lifestyle-intervention program. The aims of this study 
were to examine the preliminary effect of an LIP using 
a mobile app for young-old adults with MetS versus the 
effects of an LIP using a booklet. Feasibility and accept-
ability of the intervention were further assessed in process 
evaluation. The specific objectives were to examine the 
effects of these programs on

1. body weight (primary outcome),
2. exercise: total exercise time per week, total amount 

of exercise,
3. exercise self-efficacy, and
4. MetS profiles (waist circumference, blood pressure, 

LDL cholesterol [LDL-C] concentrations, HDL 
cholesterol [HDL-C] concentrations, and triglycer-
ide and blood glucose concentrations).

5. Feasibility and acceptability of the intervention: by 
examination of recruitment rate, attrition rate and 
feedback by participants in process evaluation.

We hypothesized that clients receiving an LIP with 
a tailor-made app (app group) would perform better than 
those in the control group receiving an LIP with a booklet, 
in terms of their body weight reduction. The app group 
would have better engagement in exercise and exercise 
self-efficacy, leading to improved control of their MetS 
risk factor profile (waist circumference, blood pressure, 
LDL-C and HDL-C concentrations, triglyceride concentra-
tions, and glycemic control) within 3 months.

Materials and Methods
Design
The study used a prospective pilot randomized controlled 
trial (RCT) design, with randomization to either the inter-
vention (the app group) or control group (the booklet 
group). This design was guided by the Consolidated 
Standards of Reporting Trials checklist.25 The study was 
conducted from April 2018 to March 2019.

Study Setting, Subjects, and Sample Size
The study was conducted in two community centers of 
Hong Kong. The community centres that regularly hold 
various health seminars and activities for members living 
nearby were used for subject recruitment. Clients volunta-
rily registered for our project after reading the promotional 
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poster. By specific appointment, subject recruitment and 
follow-up visits were held in the community centers or the 
university research center.

Inclusion Criteria
Individuals who satisfied the following inclusion criteria 
were invited to participate in the RCT. Individuals were 
included if they were

1. ethnic Chinese;
2. owned a smartphone;
3. aged 50 or above; and
4. had MetS,1 as defined by central obesity (waist 

circumference: male >90 cm, female >80 cm) and 
two of the following:
● triglyceride concentrations ≥150 mg/dL (1.7 

mmol/L), or treatment for this lipid abnormality,
● HDL cholesterol <40 mg/dL (1.03 mmol/L) in 

males and <50 mg/dL (1.29 mmol/L) in females, 
or treatment for this lipid abnormality,

● systolic blood pressure ≥130 or diastolic blood 
pressure ≥85 mmHg, or treatment of previously 
diagnosed hypertension, or

● fasting plasma glucose ≥100 mg/dL (5.6 mmol/L) 
or previously diagnosed type 2 diabetes.

Exclusion Criteria
Individuals with physical health problems; mental, visual, 
or cognitive impairments that compromised their use of 
a smartphone; or contraindications to walking or perform-
ing exercise were excluded.

Sample Size
For a pilot study, Hertzog26 suggested that at least 30 
participants should be recruited per group. Eventually, 
we recruited 38 participants in the intervention group and 
39 participants in the control group after taking into con-
sideration an 18% attrition rate at 3 months of follow-up, 
as reported by Wang et al.12

Randomization and Masking
Eligible participants were randomly allocated to either the 
app group or the booklet group. The allocation sequence was 
computer-generated by a statistician, and blinded to the 
investigators. Participants were randomized at a ratio of 
1:1. A small card indicating the group assignment was 
placed in a sealed opaque envelope and a research assistant 
(RA) opened the envelope after a participant had completed 

the baseline questionnaire. The outcome assessor, who was 
the nurse who gave the talks, was blinded to the group 
assignment. In addition, different follow-up dates were 
assigned to the two groups to avoid subject contamination.

Intervention
Standard Care
All participants of both groups received a 30-min educa-
tional session related to MetS, which was conducted by 
a nurse. The health educational session comprised a group 
of 8–12 participants and was held in a community center. 
The LIP educational session was conducted by a nurse and 
the content (educational session and booklet) was similar 
to the content used by Wang et al, except for a minor 
modification on dietary suggestions to suit the Hong Kong 
culture.12 The educational content covered the knowledge 
related to metabolic syndrome, risk factors and its medical 
care, the importance of lifestyle modification such as 
exercise, proper diet, quit smoking and stress management. 
The content of the booklet was further examined by 
a panel of experts in Hong Kong, comprising a senior 
nurse, a dietitian, two nursing professors, and a MetS 
patient. All participants were advised to perform a brisk 
walking exercise or their usual exercise regimen for at 
least 30 minutes per day for 5 days per week, as recom-
mended by the World Health Organization (WHO). 
Regular brisk walking is reported to be a safe exercise 
that can improve cardiovascular function and muscle 
strength; improve balance, blood circulation, and mood; 
and maintain physical and psychological well-being.27,28

The Booklet Group
The booklet group received a health talk plus a booklet 
that provided an overview of MetS and its risk factors and 
advice on lifestyle management, a healthy diet for MetS 
patients, regular exercise, stress management, medication, 
and self-monitoring of health.

App Group and Theoretical Framework of the App 
Design
The app group received a health talk and an instalment 
of the MetS app. The MetS app aimed to support the 
initiation and maintenance of behavioral changes, such 
as self-observation and monitoring of waist circumfer-
ence and body weight, goal setting, recording and pro-
viding feedback on the amount and pattern of exercise. 
The design of the MetS app was based on the health 
belief model.29–31 In this study, the program, together 
with the support of the MetS app, attempted to guide the 
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participant to achieve the above aims. In line with this 
construct of perceived susceptibility, severity, benefits, 
and barriers, the MetS app and booklet provided facts on 
MetS and its risk factors and the consequences of insuf-
ficient physical exercise and poor dietary control, which 
may lead to the progression of MetS and related compli-
cations. In addition, the benefits and positive outcomes 
of regular exercise were described. The MetS app was 
installed on a smartphone to provide health information 
for MetS patients, and also provided an option to support 
personal health and exercise self-monitoring and man-
agement strategies.

In summary, both groups received same educational 
content by nurse, supplemented by either booklet or app 
knowledge platform. However, the app provided features 
to further motivate and support client’s individual exercise 
maintenance (exercise goal setting and input of exercise 
type and time) and self-monitoring of health record such 
as input and retrieve the record of body weight, blood 
pressure, optional blood glucose and lipid level.

Procedure and Data Collection
Promotional posters were posted in two community centers 
and on the university notice boards. The health talks were 
conducted by a nurse as scheduled in the community centers. 
After the talks, potential study participants were further 
screened, and approached by a research assistant (RA) and 
invited to join the study. At the scheduled appointment, 
a trained RA to further confirm the individual’s eligibility 
performed a health assessment (waist circumference, fasting 
glucose and lipid concentrations). Eligible participants then 
signed a written consent form after receiving an explanation 
of the project. Baseline data (T1) were collected and each 
eligible participant was randomly assigned to either the app 
group or the booklet group, after which they received the 
appropriate intervention according to the protocol. In follow- 
up appointments at T2 and T3, another RA who was blinded 
to the group assignment re-collected the data. The blood lipid 
concentration, LDL-C concentration, and HDL-C concentra-
tion data were collected at baseline, T1, and T3 only. The 
study flow is shown in Figure 1.

Ethical Considerations
This trial was conducted in accordance with the Declaration 
of Helsinki. Ethical approval was obtained from Human 
Subjects Ethics Sub-committee, Hong Kong Polytechnic 
University. All participants were informed about the purpose 
and procedure of the study before signing a consent form. 

Participants could voluntarily join or withdraw at any time 
without adverse effects. Confidentiality and anonymity were 
assured during the study. App safety and data security were 
closely monitored, according to the university’s guidelines 
for web and app safety.

Measures
A structured questionnaire was developed to collect demo-
graphic data (age, sex, marital status, education, employ-
ment), clinical data (history of hypertension, diabetes, 
dyslipidemia, and smoking), and outcomes. Data were 
collected at T1, T2, and T3.

Primary Outcome
The primary outcome, body weight, was measured and 
recorded by the research assistant at T1, T2, and T3 at 
a community center or university research centre using the 
same weight scale for each measurement.

Secondary Outcomes
Secondary outcomes were measured at T1, T2, and T3. The 
total amount of physical exercise was quantified using 
a modified version of the Godin-Shephard leisure-time phy-
sical activity (GSLTPA) questionnaire.32,33 The participants 
were instructed to indicate the amount of exercise they per-
formed and to rank the exercises in order of difficulty (stren-
uous, moderate, or mild). The total score was then calculated. 
This approach has been widely used in empirical studies and 
has been shown to exhibit good psychometric properties.32,33 

Total exercise time per week was also recorded.

Chinese Version of the Self-Efficacy for Exercise Scale
The Chinese version of the self-efficacy for exercise (SEE- 
C) scale consists of nine items, and responses are made on 
a scale of 0–10. The sum of the responses to all nine items 
yields the final composite score, which ranges from 0 to 90. 
The SEE-C has been shown to be reliable, with good psy-
chometric properties for older Chinese adults in Hong Kong, 
as indicated by a Cronbach’s alpha coefficient of 0.75.34

Demographic, Clinical, and Metabolic Syndrome Risk 
Factor Data
Demographic data, including age, sex, occupation, educa-
tional level, and medical history, including health and 
drug-use history, were collected by a RA. Blood lipid 
data, including LDL-C, HDL-C, and triglyceride concen-
trations were tested by Cobas 101 Lipid testing machine 
(manufacturer: Roche Diagnostics); blood sugar concen-
trations; and all other parameters, including waist 
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circumference and systolic and diastolic blood pressure, 
were collected by a RA at T1 and T3.

Process Evaluation of Feasibility and Acceptability
To assess the implementation and acceptability of the 
program using the app or booklet, three open-ended ques-
tions were asked at the T3 follow-up appointment. These 
questions were related to satisfaction with the program, 
perceived acceptability of the intervention (booklet or 
app), and suggestions for improvement of the MetS app 
or the LIP booklet. The feasibility of the program was 
assessed by examining the recruitment rate and the attri-
tion rate.

Data Analysis
Data were entered and analyzed using SPSS 25.0 (IBM, 
Armonk, NY, USA). Baseline characteristics and blood 

lipid data were compared between the two groups using 
a chi-square or Fisher’s exact test for categorical variables, 
and a Student t-test or Mann–Whitney test for continuous 
variables. To compare the changes in the mean values of 
continuous outcome variables (waist circumference, body 
weight, total amount of physical exercise, and exercise 
self-efficacy) between the two groups, the intention-to- 
treat principle and generalized estimating equation (GEE) 
models. Generalized estimating equations (GEE) models 
were employed to assess differential change of the out-
comes across three time points between the two groups 
with adjustment for potential confounding factors. The 
interaction effect (main effect) of the time point dummy 
variables and group were included in the GEE models to 
assess the differential change of the outcomes at each time 
point relative to the baseline between the two groups. GEE 
model can account for intra-correlated repeated measures 

Assessed for eligibility (n= )

Excluded  (n= 10 )
 Not meeting inclusion criteria (n= )
Declined to participate (n=
)

  

Completed data collection at T3 (n= ) ;
Lost to follow-up (n=  )
Reasons: (n= )

Completed data collection at T2 (n= );

Lost to follow-up ( n=  ) ; Reasons: work
commitment (n= )

Allocated to intervention (n= )
Received allocated intervention

(n= )

Completed data collection at T2 (n= ) ;

Lost to follow-up (n= ) (due to no time 

Allocated to intervention (n= )
Received allocated intervention

(n= )

Completed data collection at T3 (n= ) ;
Lost to follow-up (n= ) ;
Reasons : no (n= )

Randomization 
Allocation

Analysis 
Intention to treat 

Follow-Up 

Baseline data collection
Randomized (n=438 )

Enrollment 

Analysed  (n= )
Analysed  (n= )

Follow-Up 

Figure 1 Study flow chart.
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data and be able to fit various types of data with the use of 
appropriate link-function. The GEE model is chosen over 
the linear mixed effects model because the GEE uses 
sandwich estimator, which produce consistent estimates 
even if the correlation structure is misspecified, thus is 
particularly important for pilot study in which the informa-
tion of the correlation structure is usually lacking. In 
addition, the GEE model can accommodate missing data 
caused by dropouts, provided that data are missing at 
random which is particularly suitable for ITT analysis, 
without the need for imputation of missing data.35 

Between-group Cohen’s d were calculated to estimate the 
effect sizes of the app as compared to the booklet on all 
the outcome measures separately.36 All statistical tests 
were two-sided and a p-value <0.05 was considered an 
indicator of statistical significance.

In process evaluation, all participants are encouraged to 
provide written feedback at the end of survey at T3 follow- 
up. The qualitative data were subject to content analysis to 
identify supplementary information.37 To enhance the 
credibility of the qualitative data analysis, two researchers 
who are familiar with qualitative analysis adopted content 
analysis by identified significant statements, phrases, sen-
tences and commonalities among the qualitative data after 
examining the written feedback line by line carefully, 
repeatedly and independently. Any discrepancies in the 
major categories were discussed and resolved in 
a meeting. The qualitative data was used to supplement 
and explain the findings of pilot RCT.

Results
Data were collected from April 2018 to March 2019 in 
Hong Kong. Eighty-seven people were assessed for eligibility. 
Nine people were excluded as they did not meet the eligibility 
criteria for MetS after a physical assessment and one declined 
to participate in the study after its purpose was explained. 
Seventy-seven participants (38 experimental and 39 control 
participants) completed the study. Mean age was 57.42 (SD 
6.43) and 60.45 (SD 7.49) for the App group and the control 
group. App group had 52.6% (n=20) male participants while 
the control group had only 35.9% (n=14) male participants. 
Attrition rates of 5.3% (n = 2) and 7.7% (n = 3) were found at 
T2, whereas attrition rates of 13.16% (n = 5) and 10.26% (n 
= 4) were found at T3 for the app and booklet groups, respec-
tively. The total attrition rate for all participants was 11.69% at 
T3. No significant difference was found in demographic data 
between those who dropped out and those who completed the 

study. Moreover, no significant differences were found in 
baseline demographic or outcome data between groups 
(Tables 1 and 2). The mean age of the participants was 58.95 
years (standard deviation [SD], 7.1 years) and 44.2% (n = 34) 
of participants were male. Most participants were obese, with 
a mean body mass index (BMI) of 27.02 (SD, 4.21) and 
a mean waist circumference of approximately 96 cm (SD, 
10.35 cm). Their mean systolic blood pressure was 133.17 
mmHg (SD, 16.45 mmHg) and their mean diastolic blood 
pressure was 83.6 mmHg (SD, 14.73 mmHg). Most partici-
pants had completed secondary education or higher (84.4%, 
n = 65), were married (71.43%, n = 55), were working full- 
time or part-time (53.25%, n = 41), and were not currently 
smoking regularly (98.7%, n=76). The majority (80.5%, 
n=62) of participants had an exercise habit, but their mean 
exercise time was approximately 128 min (SD, 96 min), which 
was less than the exercise time recommended by the WHO 
(150 min per week). Their exercise self-efficacy score was 
below average, at 37.14 (SD, 14.65). No significant difference 
was found between the two groups with respect to demo-
graphic or clinical characteristics (Table 2).

Table 3 summarizes the mean, SD of outcomes and effect 
size and Table 4 summarizes GEE results of outcomes (body 
weight, BMI, waist circumference, blood pressure, lipid and 
fasting blood glucose concentrations, total exercise time, 
GSLTPA [exercise amount], and exercise self-efficacy 
[SEE]) across three time points between the two groups. 
Compared to the booklet, the app has produced medium 
effect sizes on weight, GSLTPA score and SEE, small effect 
sizes on BMI, waist circumference, systolic blood pressure 
and fasting blood glucose and very small effect on the 
remaining outcomes. At T3 (3 months), the app group 
showed a significant reduction in body weight compared to 
the booklet group (β = −1.069, p = 0.012). BMI was also 
significantly different between groups with better perfor-
mance by app group (β = −0.371, p = 0.026).

The app group showed a significant improvement in total 
exercise time compared with the booklet group at T2 (1 month; 
β = 54.476, p = 0.003), but not at T3 (3 months). In addition, the 
app group showed a significant improvement in the total 
amount of exercise (GSLTPA) at T2 (β = 5.93, p = 0.029) 
and T3 (β = 8.45, p = 0.038). A significant greater increase in 
exercise self-efficacy was also seen in the app group at T2 
(β = 7.919, p = 0.002) and T3 (β = 10.62, p = 0.001) compared 
to booklet group. However, there was no significant interactive 
effect seen for the other outcomes (blood pressure, lipid and 
fasting glucose concentrations) at T3.
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Table 1 Demographic and Clinical Characteristics of Participants

Participants’ Characteristics All (N=77) N (%) App Group (N=38) N (%) Booklet Group (N=39) N (%) p-value

Age, mean (SD) 58.95 (7.10) 57.42 (6.43) 60.45 (7.49) 0.061

Gender 0.139

Male 34 (44.2) 20 (52.6) 14 (35.9)
Female 43 (55.8) 18 (47.4) 25 (64.1)

Height (cm), mean (SD) 1.62 (0. 89) 1.64 (0.09) 1.6 (0.08) 0.024*

Weight (kg), mean (SD) 71.38 (15.24) 73.61 (15.66) 69.2 (14.69) 0.206

BMI, mean (SD) 27.02 (4.21) 27.1 (4.41) 26.95 (4.07) 0.876
Waist (cm), mean (SD) 96 (10.35) 95.89 (9.87) 96.11 (10.92) 0.926

Hip (cm), mean (SD) 100.94 (7.3) 101.24 (7.42) 100.65 (7.27) 0.725

Systolic blood pressure (mmHg), mean (SD) 133.17 (16.45) 133.39 (15.65) 132.9 (17.39) 0.906
Diastolic blood pressure (mmHg), mean (SD) 83.6 (14.73) 84.34 (12.16) 82.87 (17) 0.664

Heart rate, mean (SD) 72 (13.98) 73.16 (10.9) 72.31 (13.37) 0.754

Fasting blood glucose (mmo/L), mean (SD) 5.86 (1.57) 5.54 (1.15) 6.16 (1.85) 0.082
Total cholesterol (mmo/L), mean (SD) 4.99 (0.86) 4.96 (0.82) 5.01 (0.9) 0.812

HDL cholesterol (mmo/L), mean (SD) 1.39 (0.34) 1.41 (0.34) 1.37 (0.36) 0.669

LDL cholesterol (mmo/L), mean (SD) 2.66 (0.8) 2.50 (1.00) 2.62 (0.88) 0.694

Education level 0.018*

Primary or below 12 (15.6) 2 (5.3) 10 (25.7)
Secondary 46 (59.7) 22 (57.9) 24 (61.5)

Tertiary 19 (24.7) 14 (36.8) 5 (12.8)

Marital status 0.621

Married 55 (78.3) 29 (76.3) 26 (66.7)

Not married 9 (21.7) 4 (10.5) 5 (12.8)
Separated/divorced/widow 13 (16.9) 5 (13.2) 8 (20.5)

Financial status 0.203
Good 16 (20.8) 11 (29) 5 (12.8)

Average 58 (75.3) 26 (68.4) 32 (82.1)

Poor 3 (3.9) 1 (2.6) 2 (5.1)

Residential status 0.591

Live alone 14 (18.2) 6 (16) 8 (20.5)
Live with family 63 (81.8) 32 (84) 31 (79.5)

Smoking 0.308
Yes 1 (1.3) 1 (2.6) 0 (0)

No 76 (98.7) 37 (97.4) 39 (100)

Employment status 0.664

Full-time 32 (41.6) 15 (39.5) 17 (43.6)

Part-time 9 (11.7) 6 (15.8) 3 (7.7)
Housewife 12 (16.9) 7 (18.4) 5 (15.4)

Retired 23 (29.9) 10 (26.3) 13 (33.3)

Exercise habit 0.817

Yes 62 (80.5) 31 (81.6) 31 (79.5)
No 13 (19.5) 7 (18.4) 8 (20.5)

Note: Significant * p<0.05.
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Process Evaluation
We assessed the feasibility of the program by examining 
the recruitment rate, which was 88.5%, and the total attri-
tion rate, which was 11.69% (n = 9) at T3. Acceptability 
was assessed by a qualitative analysis of the perceptions of 
the participants. Most participants (81.58% n=31) in app 
group and 84.62% (n=33) of the booklet group appreciated 
the intervention program. The app group found that the 
app was useful for their exercise maintenance and that the 
information platform was particularly useful for their diet-
ary choices and lifestyle modifications, such as increasing 
their amount of exercise. Suggested ways to further 
improve the app for exercise maintenance included adding 
a step counter (n=5) and more frequent reminder features 
(n=2) to the app. Overall, these findings indicated that the 
proposed intervention was feasible and appreciated by the 
participants.

Discussion
The overall aim of this study was to examine the preliminary 
effect of a home-based interactive e-health educational inter-
vention program for young-old clients with MetS, using 
either an app or a booklet to support their lifestyle modifica-
tions. There was no significant difference in clinical baseline 
demographic and outcome characteristics between the inter-
vention and control groups. However, the total exercise time 
and exercise intensity of the participants at baseline were 
below the standard recommended by the WHO.27 

A significant interaction effect was observed for the primary 
outcome, body weight, and for BMI at T2 (3 months). These 
results indicated that the app effectively promoted regular 
aerobic physical exercise, such as brisk walking, leading to 
weight reduction within 3 months.

Two systematic reviews have highlighted that 
a successful structured e-health program should be specifi-
cally tailored to the target group and have features that 
support self-monitoring, feedback, the use of theory, inter-
activity, and goal setting to change behavior.16,38,39 Given 

that the same information on MetS was provided to the 
booklet group and to the app group, the members’ area and 
interactive platform and other features of the MetS app may 
have further facilitated the self-monitoring of individual 
health and the recording of exercise, body weight, and 
waist circumference, thereby enhancing the participants’ 
self-efficacy for adequate dietary control, exercise initiation, 
self-monitoring, and maintenance, leading to a greater 
amount of exercise and body weight reduction.29–31 In addi-
tion, the alert and reminder functions of the app encouraged 
the participants to maintain their exercise habits.22–24 

Further, the results showed that the total amount of physical 
exercise, as measured by the GSLTPA score, significantly 
increased over the 3-month study period, indicating that the 
app was effective at promoting more moderate-intensity 
exercise to be performed. The intervention group also had 
significantly greater exercise self-efficacy than the control 
group over the 3-month study period.

Previous studies have consistently shown a positive 
effect of increased physical activity on body weight control 
and lipid profile over a period of 3 or more 
months.13,22,23,39,40 The success of other 
programs13,16,22,23,40 may be due to their labor-intensive 
components, such as individual counselling for dietary 
and exercise advice or a supervised exercise program. 
However, our study relied solely on the app support, leading 
to an increase in the amount of physical exercise and weight 
reduction over the 3-month study period. In this study, our 
intervention likely elicited short- to medium-term positive 
effects on physical exercise up to 3 months. Consistent with 
the preliminary RCT data, our qualitative findings of the 
process evaluation showed that the app was mostly 
accepted by the participants for support of their exercise 
maintenance. Our MetS App could be incorporated in the 
programme and promoted to the population on a larger scale 
to reduce MetS risks with limited human resource.

Lipid concentrations and blood pressure levels did not 
significantly differ between intervention groups, although 

Table 2 Baseline Outcome Measures for Participants

Baseline Measures All (N=77) 
N (%)

App Group (N=38) 
N (%)

Booklet Group (N=39) 
N (%)

p-value

Mean (SD) Mean (SD) Mean (SD)

Total exercise time per week Mean (SD) 127.99 (96.11) 137.5 (100.21) 118.72 (92.3) 0.395
Godin weekly leisure time activity score (GSLTPA) Mean (SD) 16.45 (11.34) 16.13 (10.68) 16.76 (12.08) 0.811

Exercise self-efficacy 37.14 (14.65) 34.61 (13.26) 39.61 (15.67) 0.134
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Table 3 Mean and Standard Deviation of Outcomes

Mean (SD) of All 
Outcomes

App Group 
Mean (SD)

Booklet 
Group Mean 
(SD)

Cohen’s 
d

Weight (kg)

T1 72.47 (2.60) 70.14 (2.15)

T3 71.20 (2.53) 69.91 (2.11) −0.607

BMI

T1 27.62 (0.92) 27.64 (0.76)

T3 27.19 (0.90) 27.59 (0.75) −0.387

Waist circumference

T1 97.69 (2.19) 97.91 (1.95) −0.326

T3 96.18 (2.23) 98.21 (1.88)

Systolic blood pressure 
(mmHg)

T1 137.31 (2.85) 135.95 (2.65) −0.348

T3 131.92 (2.81) 133.75 (2.57)

Diastolic blood pressure 
(mmHg)

T1 83.24 (2.52) 81.97 (2.72) 0.053

T3 84.50 (2.31) 81.56 (2.06)

Fasting blood glucose

T1 5.42 (0.21) 6.02 (0.23) 0.316

T3 5.37 (0.18) 5.59 (0.14)

Total cholesterol

T1 5.00 (0.18) 4.96 (0.16) 0.078

T3 5.01 (0.22) 4.95 (0.20)

Triglyceride

T1 1.89 (0.20) 1.83 (0.16) −0.030

T3 1.88 (0.19) 1.89 (0.20)

HDL cholesterol

T1 1.40 (0.06) 1.36 (0.06) 0.039

T3 1.38 (0.06) 1.31 (0.07)

LDL cholesterol

T1 2.43 (0.25) 2.52 (0.20) 0.142

T3 2.51 (0.27) 2.51 (0.23)

Total exercise time per 
week (minutes)

T1 123.01 (19.02) 100.83 (13.95)

T2 183.34 (23.10) 106.86 (16.08) 0.782

T3 161.35 (16.96) 91.97 (17.79) 0.306

Total amount of exercise 
(GSLTPA score per week)

T1 18.16 (2.76) 17.92 (2.35)

T2 25.56 (2.98) 19.38 (2.35) 0.470

T3 29.10 (3.59) 20.27 (2.64) 0.571

Self-efficacy for exercise 
(SEE) range from 0 to 90

T1 30.82 (2.38) 36.12 (2.45)

T2 36.22 (2.63) 33.60 (2.38) 0.669

T3 40.54 (2.89) 35.91 (2.45) 0.838

Table 4 Generalized Estimation Equation (GEE) Models for the 
Comparison of the Repeated Measures Outcome Variables 
Between the Two Groups

β 95% CI p

Weight (kg)
Group 2.358 −4.16 8.88 0.478

Month 3 −0.217 −0.66 0.23 0.337

Group*Month 3 −1.069 −1.90 −0.24 0.012*

BMI
Group −0.021 −1.75 1.71 0.981

Month 3 −0.06 −0.27 0.16 0.620

Group*Month 3 −0.371 −0.70 −0.04 0.026*

Waist (cm)
Group −0.223 −4.69 4.24 0.922

Month 3 0.296 −1.23 1.82 0.703

Group*Month 3 −1.801 −4.26 0.66 0.151

Waist–hip ratio
Group −0.003 −0.03 0.23 0.834

Month 3 0.001 −0.17 0.02 0.924

Group*Month 3 −0.017 −0.04 0.01 0.210

Systolic blood pressure
Group 1.357 −5.84 8.56 0.712

Month 3 −2.199 −5.60 1.20 0.205

Group*Month 3 −3.185 −9.19 2.82 0.299

Diastolic blood pressure
Group 1.246 −5.30 7.79 0.709

Month 3 −0.403 −5.00 4.20 0.864

Group*Month 3 1.843 −4.36 8.05 0.560

Fasting blood glucose
Group −0.596 −1.32 0.12 0.105

Month 3 −0.426 −0.84 −0.01 0.045*

Group*Month 3 0.374 −0.12 0.87 0.140

Total cholesterol
Group 0.039 −0.36 0.44 0.850

Month 3 −0.013 −0.29 0.26 0.926

Group*Month 3 0.027 −0.30 0.35 0.871

Triglyceride
Group 0.053 −0.39 0.50 0.813

Month 3 0.060 −0.24 0.36 0.692

Group*Month 3 −0.064 −0.47 0.34 0.756

HDL cholesterol
Group 0.042 −0.12 0.21 0.610

Month 3 −0.05 −0.22 0.12 0.556

Group*Month 3 0.022 −0.15 0.20 0.801

LDL cholesterol
Group −0.093 −0.52 0.33 0.669

Month 3 −0.009 −0.25 0.23 0.942

Group*Month 3 0.089 −0.34 0.52 0.686

(Continued)
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the triglyceride concentrations and systolic blood pressure 
were lower in the app group than the booklet group. The 
findings were consistent with previous similar studies in 
China that participants in the intervention group (with 
more health educational support) demonstrated continuous 
improvements in Blood pressure control, fasting blood 
glucose and blood lipid level, but no significant interaction 
effects were detected.12 This non-significant result may be 
attributed to the small sample size or short-term effects 
due to the limitations of the pilot study design. More 
studies might be required to confirm these outcomes.

This study has several limitations. First, the sample size 
was small and only two community centers were used for data 
collection, which may affect the generalizability of these 
results. Second, the data relied on participants’ self-input of 
their exercise record and some participants may have forgotten 
to input their data. An objective tool for measuring exercise 
may be used in future studies, if funding allows. There are 
currently many activity-tracking devices on the market that 
can automatically record exercise and these could be used for 
such measurements. Furthermore, we made multiple 

comparisons in the hypothesis testing regarding the effective-
ness of the app on the outcome variables, which have inflated 
the overall type 1 error, and large-scale main RCTs are needed 
to confirm the results observed in this pilot study.

Future research should involve a large-scale multi- 
center study. A sustainable, longer-term effect (6 months 
or longer) or a more intense form of e-health intervention 
with a stronger dose to engage the clients’ exercise sus-
tainability might be explored further in the future.

Conclusion
The MetS app, together with a lifestyle intervention pro-
gramme, is a safe and feasible means of providing support 
to patients with MetS, to improve their exercise mainte-
nance and help them with weight reduction. The MetS app 
developed in this study may be incorporated in the pro-
gramme to support exercise maintenance and promote 
a healthy lifestyle in the community.
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