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Abstract
Background The effectiveness of a blended approach integrating face-to-face and eHealth interventions for 
promoting positive lifestyle behaviours in older adults has not been systematically tested. This study aimed to assess 
the feasibility and effectiveness of such interventions in improving health behaviours and outcomes among older 
adults in Hong Kong.

Methods A 10-week, single-blind, randomized controlled trial recruited 132 eligible older adults. Participants were 
assigned to three groups: (1) a blended intervention group: two sessions per week for ten weeks with one for physical 
activity and one for diet (fruit and vegetable intake; meat, fish, egg and alternatives intake) and two web-based 
sessions; (2) a face-to-face intervention group: same content and intensity like the blended group but as face-to-face 
sessions; and (3) a control group receiving biweekly telephone calls. Data on lifestyle behaviours and health outcomes 
(physical fitness, depression, loneliness, health-related quality of life) were collected at baseline (T1), 10 weeks post-
test (T2), and a 3-month follow-up (T3). All data were analyzed using IBM SPSS 29.0. Descriptive statistics were used to 
describe the feasibility. The generalized linear mixed models were used to evaluate the effects of the intervention.

Results The study demonstrated high feasibility with > 90% adherence, > 88% session attendance, and an 
acceptability score of 4.7/5. The blended intervention outperformed the face-to-face and control conditions for 
both diet behaviours at T2 and T3, with a Cohen’s d effect size ranging from 0.77 to 1.18 (p < 0.05). It also showed a 
significant effect on physical activity compared to controls at T3 (Cohen’s d = 0.21, p < 0.05). Both intervention groups 
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Introduction
Background
Non-communicable diseases (NCDs) are the leading 
cause of death worldwide [1]. Older adults are a vulner-
able group living with NCDs, such as cancer, diabetes, 
obesity, and cardiovascular ailments [2, 3]. Evidence 
shows that NCDs are strongly associated with unhealthy 
lifestyle behaviours, including insufficient physical activ-
ity (PA), insufficient fruit and vegetable intake (FVI), con-
sumption of food high in saturated fat and trans fat, and 
a poor diet [4, 5]. Therefore, a healthy lifestyle is essential 
for preventing and managing NCDs and promoting phys-
ical and mental health in older adults [6]. In Hong Kong, 
the Population Health Survey 2020-22 indicated that 
33.5% of older adults (≥ 65 years old) exhibited insuffi-
cient PA [7]. Besides, 98.0% of older adults in Hong Kong 
consume an average of fewer than five portions of fruits 
and vegetables per day, which was recommended by the 
World Health Organization (WHO) [8]. Regarding meat 
consumption, 62.8% of Hong Kong older adults indicated 
the frequency of meat intake (e.g., beef, pork, and lamb) 
is less than once per day, while older adults were recom-
mended 5–6 taels (189.0–226.8 g) of meat, fish, egg and 
alternatives intake (MFEAI) per day, recommended by 
Department of Health in Hong Kong [9]. Engaging in 
multiple risk behaviours can lead to adverse health effects 
[10]. Implementing healthy lifestyle interventions among 
older adults is crucial and impactful in averting adverse 
effects on individual health, medical systems, and health-
care costs [11].

The health interventions were delivered in various 
formats, with face-to-face and eHealth being the most 
commonly utilized methods. Face-to-face interventions 
enable intervention providers to deliver individualized-
tailored interventions and foster interactive communi-
cation [12]. Empirical evidence supports the efficacy of 
face-to-face interventions in promoting health behav-
iours, such as PA and dietary [13, 14]. It also identified 
several limitations. For instance, counselors may need 
to allocate more attention to participants, which could 
be labour-intensive. Additionally, physical interaction 
necessitates more commuting time, making it more time-
consuming and less cost-effective [15].

With the increasing prevalence of Internet usage, 
digital technology presents new opportunities to sup-
port multiple health behaviour interventions among the 
general public, including the older population [16, 17]. 
A burgeoning area of research has shifted towards inte-
grating eHealth technologies to facilitate more individu-
alized, cost-effective, and manageable interventions for 
changing multiple health behaviours [18–20]. The global 
trend of population ageing results in a rising demand 
for long-term healthcare and escalating costs for pub-
lic health [21]. In this context, eHealth has emerged as 
a solution for promoting various health behaviours [22]. 
Moreover, the high dropout rate presents a significant 
challenge in any eHealth intervention program, as a con-
siderable proportion of participants discontinue engage-
ment with the program during the intervention period 
[17]. Seceding the program prematurely significantly 
diminishes the maximum benefits participants can derive 
from health interventions and undermines the achieve-
ment of the program’s ultimate goals [16]. According to 
a government report, while many older adults in Hong 
Kong have Internet access, they face challenges using 
smartphones. Many perceive eHealth as complex and not 
user-friendly. The difficulty is partly due to their intro-
duction to technology later in life, as they lacked access 
to digital education in their youth, which hampers their 
ability to adapt to rapidly changing mobile functions [23]. 
Consequently, older adults may struggle with stand-alone 
eHealth interventions. Nevertheless, eHealth can serve 
as an effective complement to traditional face-to-face 
interventions.

In recent years, a health treatment format known as 
blended intervention combines both face-to-face and 
eHealth interventions into one integrated treatment [24, 
25]. It is considered an innovative approach to deliver-
ing health treatment designed to address the shortcom-
ings of stand-alone interventions [25]. The blended 
intervention has been widely implemented among indi-
viduals with mental disorders, as well as populations 
experiencing overweight/obesity and individuals with 
various diseases, including adults with familial hyper-
cholesterolemia, hypertension, and type 2 diabetes [26]. 
A recent review and meta-analysis have demonstrated 

improved in lower body strength, agility and dynamic balance, and health-related quality of life compared to control 
at T3 (p < 0.05).

Conclusions This study provides empirical evidence for the feasibility and superiority of blended interventions to 
promote dietary habits among Hong Kong older adults. Future research applying rigorous study design, identifying 
effective strategies promoting physical activity, and exploring psychological mechanisms of health behaviour changes 
is warranted to enhance the efficacy of lifestyle interventions among older adults.

Trial registration This study was retrospectively registered on the ISRCTN (ISRCTN32329348).
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that the face-to-face and eHealth blended interventions 
yield preliminary success in increasing total physical 
activity levels and enhancing diet quality among adults, 
compared with the control group (e.g., usual care, face-
to-face sessions) [26]. However, limited research has 
explored whether blended interventions are more effec-
tive than stand-alone face-to-face intervention, and tar-
get the older population.

To the best of our knowledge, no research has explored 
the effectiveness of blended interventions in promoting 
PA and diet among community-dwelling older adults 
in Hong Kong. Therefore, it is imperative to contribute 
evidence to evaluate the effects of blended interven-
tions within the Hong Kong context and to develop new 
treatments that can effectively promote healthy lifestyles 
among older adults in Hong Kong.

The objectives of this study were to evaluate the 
feasibility and effectiveness of the blended interven-
tion program among older adults. The hypothesis was 
that participants in the blended intervention group 
would improve PA, diet behaviours (fruit and vegetable 
intake [FVI] and meat, fish, egg, and alternatives intake 
[MFEAI]), adherence to multiple behaviour guidelines, 
physical fitness, mental health outcomes (depression and 
loneliness), and health-related quality of life (HRQoL), 
compared to a traditional face-to-face group and a con-
trol group.

Method
Study design, procedure, and participants
The current study was a single-blinded, randomized con-
trolled trial (RCT). The target population was Hong Kong 
community-dwelling older adults. Participants were 
recruited and randomly assigned into one of three groups 
with a 1:1:1 allocation ratio: a blended face-to-face and 
eHealth intervention group (IG-1), a stand-alone face-
to-face intervention group (IG-2), and a control group 
(CG). In addition, participants were asked to finish the 
assessments at pre-test (T1), post-test (T2), and three-
month follow-up tests after intervention completion (T3) 
in the senior centres or nearby sports venues. The study 
flow is presented in Fig. 1. Outcome assessors are blinded 
from the assignment results to the intervention. They 
were informed only about when, where, and for whom 
they would collect outcome data and were unaware of 
an assigned intervention for participants. This study was 
conducted and reported following the CONSORT 2010 
Statement [27] and has been retrospectively registered 
on the ISRCTN (Registration ID: ISRCTN32329348). The 
protocol was already published [28].

From 1 March 2023 until 1 April 2023, participants 
were recruited from two Senior Centers in Hong Kong. 
The e-poster and video were designed by the research-
ers and advertised by the staff in the Senior Centers. The 

participants should: [1] be aged 65 years and above; [2] 
own a smartphone and have access to the Internet; [3] 
pass the Physical Activity Readiness Questionnaire (PAR-
Q); [4] have sufficient reading and listening skills in Can-
tonese; and [5] at least one health behaviour (PA, FVI, 
MFEAI) fails to meet the recommended health guide-
line. Exclusion criteria included: [1] under special situ-
ations that seriously affected their diet (e.g., oral allergy 
syndrome) and mobility (e.g., physical disability); [2] par-
ticipating in other ongoing projects related to PA and diet 
intervention.

After finishing all the registration and eligible screen-
ing, they received the study consent forms. Then, all the 
participants were randomly allocated to one of three 
groups, including IG-1, IG-2, and CG. Randomization 
was conducted using Excel software. In particular, all eli-
gible participants were assigned a unique identification 
number (e.g., from 1 to 132). Then, a random number 
between 0 and 1 was generated for each participant by 
entering the formula “= RAND ()” next to their assigned 
ID using Excel software. The random numbers gener-
ated were sorted in ascending order, which determined 
the randomization sequence of the participants. Sub-
sequently, based on a 1:1:1 allocation ratio, the first 
one-third of participants were assigned to the IG-1, the 
middle one-third to the IG-2, and the final one-third to 
the CG. This randomization process was conducted inde-
pendently by a research team member who would not 
be involved in the intervention implementation and data 
collection.

The sample size was calculated using G*Power 3.1 
software. For achieving a medium effect size (Cohen’s f 
0.26) on PA and diet based on a previous similar blended 
study among adults [29], with a statistical power (1-β) of 
0.8 and an alpha of 0.05 [30], a total of 91 participants is 
required for the three groups (IG-1, IG-2, and CG). Con-
sidering the dropout rate of approximately 20%, a total 
of N = 114 participants is required to enable a robust 
evaluation.

Intervention
The intervention has been described in greater detail 
in our previously published protocol [28]. According to 
previous blended intervention studies on promoting PA 
and diet among young adults, a 6-week blended interven-
tion indicated significant improvement in diet outcomes 
[31], and an 8-week blended intervention indicated sig-
nificant improvement in PA level [32]. Considering that 
older adults may need more time to improve their PA and 
diet from blended intervention as well as the feasibility 
of program implementation in older adults, the mini-
mum intervention period of 10 weeks was adopted in this 
study. The brief descriptions of the intervention are as 
follows.
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Face-to-face intervention group
The participants in the face-to-face intervention group 
engaged in two 60-minute sessions per week, including 
one session for PA at the sports venue and one for diet 
at the neighbourhood senior centre [33] for ten weeks. 
Each PA session consisted of two parts: health education 
on PA and health (10 min) and physical exercise (50 min). 
Each session included a warm-up exercise (5  min), a 
main exercise (40 min), and a cool-down exercise (5 min). 
The main activity consisted of diverse components such 
as aerobic training, resistance training, balance training, 
and mindfulness meditation training. If the participants 
had questions, feedback was given during the PA courses. 
Each PA session was delivered by a PA coach with the 
assistance of two to four research assistants to ensure 
safety and feasibility.

Each diet session consisted of two parts: health edu-
cation on a diet (30  min) and nutrition counselling 
(30 min). The education topics, such as dietary fibre, cho-
lesterol, fruits and vegetables, and red and white meat, 
were developed based on suggestions from a nutrition-
ist. The nutrition counselling included a 15-minute group 
discussion with 3–4 participants in one group to design 
daily dishes and 15  min of dish sharing. Personalized 
nutritional advice was offered by the nutritionist accord-
ingly. Each diet session was delivered by a nutritionist 
with the assistance of one research helper.

Blended intervention group
Participants in the blended group engaged in two types 
of intervention activities, including (1) attending two 
60-minute sessions per week for ten weeks: one session 

Fig. 1 Study flow CONSORT diagram
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focused on PA at the gym and the other on dietary edu-
cation at the neighbourhood senior centre, same as that 
applied to the face-to-face group; (2) attending two 
supplementary behavioural change promotion eHealth 
intervention courses per week for ten weeks: one online 
session for PA and one online session for diet.

A mobile-based website, namely Perfect Diet and Exer-
cise, was established to facilitate the eHealth interven-
tion. Participants accessed the eHealth website through 
the web link provided by researchers. The website’s 
homepage included the PA module and the diet (FVI and 
MFEAI) module. Each module consisted of two sections. 
(i) Sect.  1 comprised a theory-based (Health Action 
Process Approach; HAPA) ) [34] 10-week intervention 
courses targeting social-cognitive predictors of PA/diet 
(FVI and MFEAI). In alignment with HAPA, various 
behaviour change techniques (BCTs) were employed as 
integral intervention components to facilitate behav-
ioural modification (see Table S1) [34]. Participants were 
required to access this section once a week and they can 
sequentially enter the weekly course after completing 
the previous weekly course. Each online course for PA 
and diet can be finished in about 15 min respectively. (ii) 
Sect. 2 was a data repository platform collecting former 
exercise and diet records. Participants can access their 
files at any time throughout the 10-week intervention 
period, including behaviour records of PA/diet, action 
planning of PA/diet, coping planning of PA/diet, and “my 
diary” about PA/diet behaviours.

To ensure participants can engage in eHealth interven-
tion efficiently, participants’ online courses learning PA 
and diet in the first two weeks were guided by a research 
assistant and student helpers and conducted immediately 
after participants completed the face-to-face sessions 
for PA (at the sports venue) and for diet (at the neigh-
bourhood senior centre). Sequentially, participants were 
asked to complete online courses independently in the 
following eight weeks.

Control group
The participants in the control group received a biweekly 
telephone call. Each call lasted about 5  min. The par-
ticipants were given special attention by asking several 
health-related questions, such as “Has your physical 
activity changed in the last two weeks?“, “If it changed, 
what are the reasons for the increase or decrease?” “Have 
you changed your diet in the last two weeks?” “What 
has changed? What are the reasons for the increase or 
decrease if it changed?“.

Measures
Feasibility was evaluated using several indicators, includ-
ing (1) adherence rate (% of completing three assess-
ments). The criterion was set as 70.0% [35]; (2) attendance 

rate (% of scheduled sessions attended by participants). 
The criterion was set as 70% [36]; (3) acceptability of the 
intervention program was assessed by a 10-item self-
reported questionnaire in a blended intervention group 
[37]. Answers were given a 5-point Likert scale ranging 
from strongly disagree “1” to strongly agree “5”.

The waist-worn accelerometer was used to objectively 
assess PA (wGT3X+, ActiGraph Inc, Pensacola, FL, 
USA). To evaluate the Fruit and Vegetable Intake (FVI) 
and Meat, Fish, Egg and Alternatives Intake (MFEAI) 
over the past seven days, participants were instructed to 
complete a diet record booklet. They recorded the num-
ber of portions of fruit, vegetables, and fruit and veg-
etable juice consumed each day. A detailed description 
of measuring PA, FVI and MFEAI by using reliable and 
valid measuring tools can be found in our published pro-
tocol [28].

In terms of adherence to multiple behaviour recom-
mendations (two and three out of PA, FVI, and MFEAI), 
meeting less than two of three behaviour guidelines 
was coded as “0”, while meeting two or three behaviour 
guidelines was coded as “1”. The recommended health 
guideline of PA is that MVPA ≥ 150  min/week [38]. The 
recommended health guideline for FVI is that FVI should 
be ≥ 5 portions/day [39]. The recommended health guide-
line of MFEAI is 5–6 taels/day (equal to 189.0–226.8 g/
day) [40].

The Senior Fitness Test Manual was applied to assess 
the physical fitness of participants [41]. The physical fit-
ness testing includes measurements of muscular strength 
(lower and upper body), aerobic endurance, flexibility 
(lower and upper body), agility and dynamic balance, and 
body mass index (BMI). Mental health outcomes consist 
of the Geriatric Depression Scale 15-item (GDS-15) - 
Cantonese Version, which was used to assess depression 
among participants [42, 43], and the Chinese translation 
of the 6-item De Jong Gierveld Loneliness Scale, which 
was applied to assessing loneliness [44]. The Hong Kong 
brief version of the World Health Organization’s Qual-
ity of Life questionnaire (WHOQOL-BREF [HK]) was 
employed to assess the Health-Related Quality of Life 
(HRQoL) [45]. A detailed description of measuring phys-
ical fitness, depression, loneliness, and HRQoL by using 
reliable and valid measuring tools can be found in our 
published protocol [28].

The sociodemographic encompassed gender, age, 
marital status, educational level, professional status, 
household income, and history of chronic diseases. 
Sociodemographic data was exclusively gathered at the 
baseline data collection (T1). All other outcomes were 
assessed at T1 (baseline pre-test), T2 (10-week post-test), 
and T3 (follow-up test).

Assessors were trained before each test to ensure all the 
assessments would go smoothly. There were mock tests 
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and brief training for all the assessors. The researcher 
supervised all the mock tests. Any mistakes found during 
the briefing were corrected. Regarding blood sample col-
lection, the assessors got professional guidance and train-
ing. The detailed practical manual was disseminated to all 
the assessors, including all the outcomes.

Data analysis
All data was analyzed by SPSS 29.0. The intention-
to-treat principle (ITT) was used for all analyses. All 
variables were checked for missing values. Missing Com-
pletely at Random (MCAR) test was used to recognize 
missing values in the data by employing Little’s test; the 
p-value was insignificant (p > 0.05), indicating that ran-
dom reasons caused the existence of missing values. As it 
belonged to MCAR, the expectation-maximization (EM) 
method was adopted to impute the missing data within 
each measurement point in time [46]. For the missing 
data from the dropouts, the values were imputed with the 
last observed data [47–49].

Independent samples included continuous and cat-
egorical variables. The normality of data distribution was 
assessed using kurtosis and skewness statistics. For data 
that was non-normal distribution, a logarithmic transfor-
mation was applied before conducting descriptive statis-
tics. Descriptive statistics (e.g., mean, standard deviation, 
number, and percentage) were used to describe the 
feasibility indicators and baseline characteristics. The 
F-tests and Chi-square analysis were used to compare 
the baseline characteristics at T1 across three groups. 
The Statistical significance was established at the 5% level 
(two-tailed).

A series of generalized linear mixed models (GLMM) 
were applied to evaluate the intervention effects on 
dependent variables (regression coefficient, B; determin-
ing odds ratio, OR), including behaviours (PA, FVI, and 
MFEAI), adherence to single health behaviour guideline 
(PA, FVI, and MFEAI) and multiple health behaviour 
guidelines (meet two or three health behaviour guide-
lines), physical fitness, mental health outcomes (depres-
sion and loneliness), and HRQoL with time (T1, T2, and 
T3), groups (IG-1, IG-2, and CG), and their interaction as 
fixed effects, with individuals as random effects. Where 
there were significant differences across groups at base-
line, the variables were treated as covariates (potential 
confounders) in the subsequent analyses.

Following the evaluation of the effects of the interven-
tion on behaviours, post-hoc tests were performed using 
the least significant difference (LSD) method. According 
to Cohen (1988), Cohen’s d = 0.2, 0.5, and 0.8 represent 
small, medium, and large effects, respectively [50].

Results
Feasibility
At T1, data were collected from 132 older adults, with 
124 completing data collection at T2 and 121 completing 
data collection at T3. Within the IG-1 and CG, 40 out of 
44 older adults (90.9%) adhered to the health program by 
T3. In the IG-2, 41 out of 44 older adults (93.2%) adhered 
to the health program by T3. The adherence rate from T1 
to T3 was 91.7% (121/132), more than 70%.

Regarding attendance rates for face-to-face and 
eHealth sessions, participants in IG-1 attended an aver-
age of 88.9% of PA face-to-face sessions and over 90.0% 
of diet face-to-face sessions. The majority of participants 
(88.6%, 39/44) in IG-1 finished all eHealth PA and diet 
sessions. Participants in IG-2 attended an average of 
91.4% of PA face-to-face sessions and 90.2% of diet face-
to-face sessions. Overall, participants engaged in an aver-
age of 90.1% of all face-to-face sessions, exceeding the 
predetermined threshold of 70%.

In terms of the acceptability of the intervention pro-
gram, results indicated that the participants of the 
blended intervention group were satisfied with the health 
programs, achieving a mean score of 4.7 out of 5.0. In 
particular, the average score was 4.8 out of 5 for the fol-
lowing items: whether this project increased their under-
standing of health behaviours (item 3) and the overall 
evaluation of this health project (item 10). The average 
score was 4.7 out of 5 for the following items: whether 
this project enhanced their health behaviours (item 1), 
whether this project motivated them to maintain health 
behaviours (item 2), professionalism (item 7) of the infor-
mation and advice provided on health behaviours, the 
arrangement of the implementation (item 8), and the 
rigour and responsibility of the implementation (item 
9). Regarding whether this project had a great impact on 
their life (item 4), the usefulness (item 5), and compre-
hensibility (item 6) of the information and advice pro-
vided on health behaviours, the average score was 4.6 out 
of 5.

Sample characteristics
A total of 151 older adults finished the registration, and 
19 participants were excluded, including 8 people who 
did not meet the inclusion criteria, 5 people who declined 
to participate, and 6 people who dropped out because of 
other reasons. All eligible 132 older adults were randomly 
assigned to one of the three groups, with 44 participants 
in each group.

Of the 132 participants who finished the baseline data 
collection (See Table  1), the age range was from 65 to 
80 years (M = 72.5 years, SD = 3.92). The majority of the 
participants (81.1%, 107/132) were female. Less than 
half (47.0%) of participants were married. The majority 
(82.6%) of the participants had at least one child. Over 



Page 7 of 14Duan et al. BMC Public Health         (2025) 25:2145 

85% of participants were retired. Over 80% (107/132) 
of participants reported they had less than 10,000 HKD 
income per month. Over half (56.1%) of the participants 
said they were suffering from one chronic disease (such 
as diabetes and hypertension).

There were 34.1% (45/132) of participants who met 
neither the PA nor the diet (FVI and MFEAI) guidelines. 
51.5% (68/132) of participants met only one of three 
health guidelines, and only 14.4% of participants met two 
of three health guidelines.

There were no significant differences across the three 
groups at baseline concerning demographics, behaviours, 
adherence to health guidelines, physical health outcomes, 
mental health outcomes, and health-related quality of 
life, except household income (χ2 = 10.17, p = 0.006).

Evaluation of time and treatment on PA, FVI, MFEAI and 
adherence to multiple behaviour guidelines
Table  2 presents the findings of the evaluation of inter-
vention effects on weekly MVPA, daily FVI, daily MFEAI, 
and adherence to multiple behaviour guidelines. In 
terms of MVPA behaviour, no significant time and group 
interaction effect was found (F4,384 = 1.45; p > 0.05). In 
addition, participants in the blended group conducted 
significantly more MVPA per week compared with 
those in the control group at T3, with a small effect size 
(p < 0.05, Cohen’s d = 0.21).

In terms of FVI, a significant time and group interac-
tion effect was found (F4,384 = 7.4, p < 0.001). Participants 
in the blended intervention group consumed significantly 
more fruit and vegetables per day compared with those 
in face-to-face and control conditions at T2 and T3 (all 

Table 1 Baseline characteristics of participants randomized to the blended, face-to-face, and control groups
Variables IG-1 (N = 44) IG-2 (N = 44) CG (N = 44) Total (N = 132) F/χ2 p
Age (years) Mean (SD) 72 (4.06) 73.07 (3.95) 72.3 (3.77) 72.5 (3.92) 0.87 0.422
GenderN (%) 0.69 0.708
 Male 8 (18.2) 7 (15.9) 10 (22.7) 25 (18.9)
 Female 36 (81.8) 37 (84.1) 34 (77.3) 107 (81.1)
Marital statusN (%) 3.36 0.499
 Single 11 (25.0) 8 (18.2) 5 (11.4) 24 (54.6)
 Married 19 (43.2) 19 (43.2) 24 (54.5) 62 (40.9)
 Divorced/Widowed 14 (31.8) 17 (38.6) 15 (34.1) 46 (4.5)
Whether have childrenN (%) 1.37 0.504
 No 10 (22.7) 7 (15.9) 6 (13.6) 23 (17.4)
 Yes 34 (77.3) 37 (84.1) 38 (86.4) 109 (82.6)
Educational levelN (%) 8.68 0.070
 Below middle school 18 (40.9) 22 (50.0) 13 (29.5) 53 (40.2)
 Middle school 23 (52.3) 17 (38.6) 20 (45.5) 60 (45.4)
 Above middle school 3 (6.8) 5 (11.4) 11 (25.0) 19 (14.4)
Professional statusN (%) 5.93 0.204
 Employed 1 (2.3) 1 (2.3) 1 (2.3) 3 (2.3)
 Retired 42 (95.4) 38 (86.4) 35 (79.5) 115 (87.1)
 Unemployed 1 (2.3) 5 (11.4) 8 (18.2) 14 (10.6)
Household incomeN (%) 10.17 0.006**

 < 10,000 HKD 38 (86.4) 40 (90.9) 29 (65.9) 107 (81.1)
 ≥ 10,000 HKD 6 (13.6) 4 (9.1) 15 (34.1) 25 (18.9)
History of chronic diseasesN (%) 2.65 0.266
 Yes 29 (65.9) 22 (50.0) 23 (52.3) 74 (56.1)
 No 15 (34.1) 22 (50.0) 21 (47.7) 58 (43.9)
Number of guidelines metN (%) 3.94 0.414
 None 12 (27.3) 14 (31.8) 19 (43.2) 45 (34.1)
 One of three 23 (52.3) 24 (54.6) 21 (47.7) 68 (51.5)
 Two of three 9 (20.4) 6 (13.6) 4 (9.1) 19 (14.4)
BehavioursMean (SD)
 MVPA (minutes/week) 186.68 (1.09) 190.62 (1.39) 156.04 (128.05) 177.78 (1.26) 0.99 0.373
 FVI (portions/day) 4.05 (1.20) 4.04 (1.20) 3.94 (1.29) 3.87 (0.01) 0.25 0.781
 MFEAI (taels/day) 4.64 (1.36) 3.98 (1.33) 4.38 (1.66) 4.33 (1.47) 2.26 0.108
Note. IG-1, a blended face-to-face and eHealth intervention group, IG-2. Stand-alone face-to-face intervention group. MVPA = moderate-to-vigorous physical 
activity (mins/week); FVI = fruit and vegetable intake (portions/day); MFEAI = meat, fish, egg, and alternatives intake (taels/day); PA Guideline = moderate-to-vigorous 
physical activity (MVPA) ≥ 150 min/week; FVI Guideline = fruit and vegetable intake (FVI) ≥ 5 portions/day; MFEAI Guideline = meat, fish, egg, and alternatives intake 
5–6 taels/day
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p < 0.001), with large effect sizes (Cohen’s d = 0.82-1.00). 
In particular, after the 10-week intervention (T2), the 
blended group ate more portions of fruit and vegetables 
per day than the face-to-face group (p < 0.001, Cohen’s 
d = 0.91) and control group (p < 0.001, Cohen’s d = 0.91). 
After the 3-month follow-up (T3), the blended group 
reported more fruit and vegetable intake per day than the 
face-to-face group (p < 0.001, Cohen’s d = 1) and control 
group (p < 0.001, Cohen’s d = 0.82). The results also indi-
cated that the face-to-face and control groups did not 
differ significantly from each other in FVI at T2 and T3 
(p > 0.05).

In terms of MFEAI, a significant time and group inter-
action effect was found (F4,384 = 5.52, p < 0.001). Par-
ticipants in the blended intervention group consumed 
significantly more MFEA per day compared with those 
in face-to-face and control conditions at T2 and T3 (all 
p < 0.01), with large effect sizes (Cohen’s d = 0.77–1.18). 
In particular, after the 10-week intervention (T2), the 
blended group ate more MFEA per day than the face-to-
face group (p < 0.001, Cohen’s d = 1.16) and control group 
(p < 0.001, Cohen’s d = 1.04). After the 3-month follow-
up (T3), the blended group reported more MFEA con-
sumption per day than the face-to-face group (p < 0.001, 
Cohen’s d = 1.18) and the control group (p < 0.001, 
Cohen’s d = 0.77). The results also indicated that the face-
to-face and control groups did not differ significantly 
from each other in MFEA at T2 and T3 (p > 0.05).

To further explore the extent to which kind of inter-
vention predicted adherence to the multiple behaviour 
guidelines at T2 and T3, the GLMM with binary logistic 
regression model was conducted. The findings indicated 
no significant between-group difference at T2 and T3 
among three groups (p = 0.457–0.899).

Evaluation of time and treatment on health outcomes
Table  3 presents the findings of the evaluation of inter-
vention effects on physical fitness. Significant time and 
group interaction effects were found on lower body 
strength (F4,384 = 9.64, p < 0.001) and agility and dynamic 
balance (F4,384 = 4.95, p < 0.001). In terms of lower body 
strength, participants in the blended group showed a 
significant decline in lower body strength compared 
with those in the control group at T2 (mean difference = 
-0.61, p < 0.01), with a large effect size (Cohen’s d = 1.05). 
Then, participants in the blended group showed signifi-
cantly better lower body strength compared with those 
in the control group at T3 (p < 0.01), with small effect 
sizes (Cohen’s d = 0.02). In addition, participants in the 
face-to-face group showed significant improvement in 
lower body strength compared with those in the control 
group at T2 (p < 0.01, Cohen’s d = 1.00) and T3 (p < 0.001, 
Cohen’s d = 1.18). No significant differences were found 
between the two intervention groups at T2 and T3. In Ta
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terms of agility and dynamic balance, participants in 
the blended intervention showed more improvement in 
agility and dynamic balance compared with the control 
group at T2 (p < 0.01, Cohen’s d = 0.40) and T3 (p < 0.001, 
Cohen’s d = 0.74). Participants in the face-to-face group 
also indicated more improvement in agility and dynamic 
balance compared with the control group at T3 (p < 0.01, 
Cohen’s d = 0.44).

Table 4 presents the findings of the evaluation of inter-
vention effects on mental health outcomes (depres-
sion and loneliness) and health-related quality of life 
(HRQoL). The results reveal that there was no significant 
mental health status change over time between the three 
groups at T2 and T3 (p > 0.05, Cohen’s d = 0.05–0.62). A 
significant time and group interaction effect was found 
on HRQoL (F4,384 = 2.90, p = 0.022). The participants 
receiving the blended (p < 0.05, Cohen’s d = 0.18) and 
face-to-face (p < 0.01, Cohen’s d = 0.15) intervention 
reported significant improvement in HRQoL compared 
with the control group at T3.

Discussion
Principal findings
In the present study, a 10-week blended face-to-face and 
eHealth intervention was developed to improve PA, diet 
behaviour, and health outcomes (agility and dynamic 
balance, and quality of life) among community-dwelling 
older adults in Hong Kong. The main purpose of this 
study was to examine the feasibility and effectiveness of 
the intervention, including comparing the effects on PA, 
dietary behaviour (FVI and MFEAI), adherence to PA and 
a healthy diet (FVI and MFEAI), and health outcomes 
between three groups (blended intervention group, face-
to-face intervention group, and control group).

Notably, participants in this study were heavily engaged 
in both blended and stand-alone face-to-face interven-
tion groups with high adherence rates (> 90%) and high 
sessions of face-to-face and eHealth attendance rates 
(> 88%). In addition, participants reported higher mean 
scores (4.7 out of 5) on the program acceptability. The 
results support the feasibility of the intervention.

The finding regarding MVPA was consistent with the 
findings of a previous meta-analysis indicating no signifi-
cant difference between the blended and control groups 
[26]. One possible reason for this is that more than half 
of the participants in the blended and face-to-face inter-
vention groups had already met the recommendations 
for MVPA at baseline (IG-1: 186.7  min/week, IG-2: 
190.6 min/week). In this study, the recommendation used 
regarding PA was at least 150 min of MVPA per week. If 
participants feel that they are already sufficiently active, 
interventions aimed at increasing their PA levels may be 
marginalized or ignored [29]. Future research should also 
focus on optimizing the combination of face-to-face and Ta
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eHealth interventions. For instance, it is essential to iden-
tify which behaviour change techniques (BCTs) are more 
effective in face-to-face settings and which are better 
suited to eHealth platforms, and then explore the optimal 
integration of these methods. Additionally, examining 
how blended interventions influence behaviour change 
through various mechanisms—such as the roles of social 
support, feedback, and incentives—can contribute to the 
development of the most effective strategies for promot-
ing sustained behaviour change.

Significant effects of the intervention on dietary behav-
iour (FVI and MFEAI) were identified, which were con-
sistent with the findings of previous studies [51, 52]. The 
blended group indicated significantly more improve-
ment in diet behaviours than the face-to-face and con-
trol group, while a previous meta-analysis indicated no 
significant difference in the effects on FVI between the 
blended intervention group and the control group [26]. 
Previous reviews have suggested that it is crucial to have 
accurate and helpful knowledge about a healthy diet to 
enable people to make appropriate choices to consume a 
healthy diet [53]. The results of this study indicated that 
education may not be enough to improve dietary behav-
iour, as no significant difference was found between the 
face-to-face intervention group and the control group. 
eHealth interventions are effective at promoting healthy 
dietary behaviours among older adults [19]. The appli-
cation of eHealth technologies in health promotion and 
primary prevention among older adults has been inves-
tigated. eHealth technology has been utilized in various 
health promotion programs among older adults, offer-
ing alternatives to traditional face-to-face interactions 
for monitoring and improving their health [54, 55]. The 
findings of the present study support the effectiveness 
of eHealth as a supplementary intervention to tradi-
tional face-to-face interventions in improving the dietary 
behaviours of older adults.

No time-by-group interaction effect was found for 
adhering to multiple health behaviour guidelines. Fur-
ther studies are needed to provide convincing support 
on the effectiveness of blended intervention in promot-
ing multiple health behaviours among older adults. Lim-
ited blended intervention studies reported significant 
improvements in multiple health behaviours (PA and 
diet) [51, 52]. The majority of the findings from prior 
blended interventions indicate that only a single health 
behaviour was promoted [29, 56–60]. Previous studies 
only reported whether behaviours were improved but did 
not explore whether health behaviours reached health 
standards. Accordingly, the current study adds to the evi-
dence by closing this gap.

Compared with the control group, significant effects 
in the two intervention groups were observed for lower 
body strength as well as agility and dynamic balance at Ta

bl
e 

4 
Re

su
lts

 o
f t

he
 g

en
er

al
iz

ed
 li

ne
ar

 m
ix

ed
 m

od
el

s w
ith

 d
ep

re
ss

io
n,

 lo
ne

lin
es

s a
nd

 H
RQ

oL
 a

t p
os

t-
te

st
 a

nd
 fo

llo
w

-u
p 

te
st

 a
s o

ut
co

m
e 

m
ea

su
re

s (
N

 =
 1

32
)

Ti
m

e 
an

d 
G

ro
up

D
ep

re
ss

io
n

Lo
ne

lin
es

s
H

RQ
oL

Ti
m

e 
* 

G
ro

up
F

p
F

p
F

p
1.

49
0.

20
3

0.
85

0.
49

6
2.

90
*

0.
02

2
G

ro
up

3.
42

*
0.

03
4

0.
22

0.
80

6
0.

61
0.

54
4

Ti
m

e
8.

28
**

*
0.

00
0

4.
92

**
0.

00
8

3.
81

*
0.

02
3

Po
st

-t
es

t (
T2

)
M

D
ES

M
D

ES
M

D
ES

Bl
en

de
d 

vs
. C

on
tr

ol
-0

.5
3

0.
48

-0
.4

0
0.

22
0.

19
0.

13
F2

F 
vs

. C
on

tr
ol

-0
.1

1
0.

17
-0

.3
4

0.
02

0.
12

0.
16

Bl
en

de
d 

vs
. F

2F
-0

.4
2

0.
62

-0
.0

5
0.

19
0.

07
0.

28
Fo

llo
w

-u
p 

te
st

 (T
3)

Bl
en

de
d 

vs
. C

on
tr

ol
-0

.5
0

0.
43

-0
.2

3
0.

10
0.

21
*

0.
18

F2
F 

vs
. C

on
tr

ol
-1

.2
4

0.
20

-0
.5

3
0.

14
0.

30
**

0.
15

Bl
en

de
d 

vs
. F

2F
0.

74
0.

24
0.

30
0.

05
-0

.0
9

0.
02

N
ot

e:
 M

D
 =

 m
ea

n 
di

ffe
re

nc
e 

(T
2 

- T
1)

 o
r (

T3
 –

 T
1)

; E
S 

= 
eff

ec
t s

iz
e 

of
 C

oh
en

’s 
d;

 F
2F

 =
 fa

ce
-t

o-
fa

ce
* p 

< 
0.

05
, **

p 
< 

0.
01

, **
* p 

< 
0.

00
1



Page 11 of 14Duan et al. BMC Public Health         (2025) 25:2145 

the follow-up test, implying physical exercise sessions in 
the intervention groups may play an important role in 
producing sustained benefits on certain physical fitness. 
Participants in the blended group showed a significant 
decline in lower body strength compared with those in 
the control group at the post-test. This unexpected result 
may be explained by potential factors such as the unwell 
health status of some participants in the blended group 
during the post-test. Further study to closely monitor 
participants’ health status at the measurement time point 
should be warranted. No significant effect was found for 
BMI, which is inconsistent with the findings of a previ-
ous meta-analysis [26]. Previous blended interventions 
showed significant effectiveness in reducing BMI in the 
obese population [61–64]. One meta-analysis indicated 
that a nutritional intervention combined with exercise 
(resistance training) had no additional effects on physi-
cal fitness among older adults than the diet-alone inter-
vention [65]. The frequency of the PA sessions and the 
duration of the intervention in this study might lead to 
no significant effect on the between-group differences 
in physical fitness tests. Engaging in MPA or resistance-
based PA once or twice a week has been shown to help 
maintain good physical fitness among healthy older 
adults [66]. For optimal effects, 30–45  min of multi-
modal exercise combined with moderate-to-high-
intensity progressive resistance training and functional 
balance and mobility training is recommended at least 
twice a week to promote the physical fitness of older 
adults [67]. Moreover, the majority of interventions that 
aimed at enhancing the physical function of older adults 
by combining PA and diet lasted 12 weeks [68]. The find-
ings of the current study indicate that short-term and 
low-frequency PA interventions can also enhance the 
agility and dynamic balance of older adults. Future stud-
ies should evaluate the optimal intensity and duration of 
the intervention to promote physical fitness among older 
adults.

Previous systematic reviews have demonstrated that 
blended interventions are effective treatments for people 
with mental disorders [25]. The current study demon-
strate no significant impact on mental health outcomes. 
One possible reason is that the participants in this study 
already had good mental health status at the baseline 
assessment, such that a large improvement or change in 
mental health outcomes was not observed due to a roof 
effect. Such findings were consistent with the previous 
blended intervention studies targeting adults without 
mental health problems [52, 63].

The significant effect of the interventions on HRQoL 
was inconsistent with the findings of previous blended 
intervention studies [52, 69]. The findings of the current 
study indicated that the blended intervention and the tra-
ditional face-to-face intervention had significantly more 

residual effects on improving HRQoL than the control 
condition among older adults. Consistent participation 
in PA and a healthy diet have been found to improve 
HRQoL, implying that such a healthy lifestyle might have 
a beneficial influence on both physical and mental health, 
which in turn enhances HRQoL [70–72]. More studies 
should be conducted to provide evidence.

Limitations and future directions
This study had some limitations that should be noted 
to give suggestions for improvements in future studies. 
First, despite best efforts to recruit a diverse sample of 
participants, there was an overrepresentation of those 
with low household income and female participants. In 
the future, the advertisement could aim to also better 
address individuals from high household income groups 
and men. Second, even though the food booklet gave a 
detailed demonstration about how to count fruit and veg-
etable portions and taels of meat, fish, egg, and alterna-
tive consumption, the subjective self-reported data might 
have led to a bias. In the future, more reliable nutrition 
behaviour measures could be collected such as sensory-
based technology. Finally, self-reported questionnaires 
were used to assess FVI, MFEAI, mental health variables, 
and HRQoL. Due to the inherent subjectivity of self-
reported measures, the influence of personal subjective 
factors cannot be ruled out.

The present study demonstrated that the blended inter-
vention was more effective in promoting physical activity 
(PA) and a healthy diet compared to both the stand-alone 
face-to-face intervention and the control condition. 
However, whether the blended intervention is superior 
to a stand-alone eHealth intervention remains unclear 
and warrants further investigation. Employing multi-
group designs (blended group, stand-alone face-to-face 
group, stand-alone eHealth group, control group) could 
enable researchers to identify the most effective inter-
vention modalities for promoting lifestyle behaviours 
among older adults. Given the increasing prevalence 
of smartphones and internet access, the feasibility and 
effectiveness of eHealth interventions as a novel strategy 
for health improvement in older populations should be 
further explored. Individualized feedback, facilitated by 
emerging technologies such as artificial intelligence (AI) 
and machine learning, offers the potential to enhance 
eHealth interventions through the dynamic adaptation of 
content and strategies.

Conclusions
This research supports the feasibility of conducting the 
face-to-face and eHealth blended intervention among 
Hong Kong community-dwelling older adults. Further-
more, this innovative blended lifestyle intervention had 
a significant effect in improving diet behaviours, agility 
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and dynamic balance, as well as the quality of life of older 
adults, but only descriptively on physical activity. To the 
best of our knowledge, this is the first study to examine 
the effectiveness of a blended intervention in improving 
lifestyle behaviours compared to face-to-face interven-
tion and control conditions among older adults. The the-
oretical and empirical evidence from this study can guide 
researchers, healthcare centres, clinicians, and policy-
makers in their efforts to improve PA, dietary behaviour, 
and health outcomes among older adults.

Supplementary Information
The online version contains supplementary material available at  h t t p  s : /  / d o i  . o  r 
g /  1 0 .  1 1 8 6  / s  1 2 8 8 9 - 0 2 5 - 2 3 3 1 1 - 0.

Supplementary Material 1

Supplementary Material 2

Acknowledgements
The authors would like to thank all study participants and research assistants, 
as only with their contribution, this study was possible to finish.

Author contributions
Conceptualization, Y.D., M.Y., L.W., S.L., S.Z., and L.C.; methodology, Y.D., and 
M.Y.; software, M.Y.; validation, Y.D.; formal analysis, M.Y.; investigation, M.Y., 
Y.W., S.C., and Y.D.; resources, Y.D., M.Y., and W.L.; data curation, M.Y., Y.W., S.C.; 
writing—original draft preparation, M.Y.; writing—review and editing, M.Y., 
and Y.D., and S.L.; visualization, M.Y.; supervision, Y.D. All authors have read and 
agreed to the published version of the manuscript.

Funding
There was no funding for this study.

Data availability
The datasets generated during the present study are not publicly available, 
owing to the risk of disclosure or deduction of private individual information, 
but they are available from the corresponding author on reasonable request.

Declarations

Ethics approval and consent to participate
All procedures performed in studies involving human participants were 
done so following the ethical standards of the institutional and/or national 
research committee and with the 1964 Helsinki Declaration and its later 
amendments or comparable ethical standards. The study protocol was 
approved by the Research Ethics Committee of Hong Kong Baptist University 
(REC/21–22/0485) and was registered on the ISRCTN, ISRCTN32329348. All the 
participants completed the written informed consent form before the study’s 
commencement.

Consent for publication
Not applicable.

Competing interests
The authors declare no competing interests.

Author details
1Department of Sports and Health Sciences, Faculty of Arts and Social 
Sciences, Hong Kong Baptist University, Kowloon Tong, Hong Kong SAR, 
China
2Department of Sports Science and Physical Education, Faculty of 
Education, The Chinese University of Hong Kong, Kowloon Tong, Hong 
Kong SAR, China
3School of Physical Education, Shenzhen University, Shenzhen, China

4Faculty of Life Sciences, Hamburg University of Applied Sciences, 
Hamburg, Germany
5Traditional Chinese Medicine Dietetics Division, School of Chinese 
Medicine, Hong Kong Baptist University, Kowloon Tong, Hong Kong SAR, 
China
6Department of Computer Science, Faculty of Science, Hong Kong Baptist 
University, Kowloon Tong, Hong Kong SAR, China

Received: 8 January 2025 / Accepted: 23 May 2025

References
1. World Health Organization (WHO). Noncommunicable Diseases (NCD). 2019. 

Available from:  h t t p  s : /  / w w w  . w  h o .  i n t  / d a t  a /  g h o  / d a  t a / t  h e  m e s  / n o  n c o m  m u  n i c a 
b l e - d i s e a s e s

2. Malkin G, Hayat T, Amichai-hamburger Y, Ben-david BM, Regev T, Nakash O. 
How well do older adults recognise mental illness? A literature review. Off J 
Japanese Psychogeriatr Soc. 2019;19(5):491–504.

3. Ogaz-gonzález R, Corpeleijn E, García-chanes RE, Gutierréz-robledo LM, Esca-
milla-santiago RA, López-cervantes M. Assessing the relationship between 
Multimorbidity, NCD configurations, frailty phenotypes, and mortality risk in 
older adults. BMC Geriatr. 2024;24:355.

4. Stanaway JD, Afshin A, Gakidou E, Lim SS, Abate D, Abate KH, et al. Global, 
regional, and National comparative risk assessment of 84 behavioural, 
environmental and occupational, and metabolic risks or clusters of risks for 
195 countries and territories, 1990–2017: a systematic analysis for the global 
burden of disease Stu. Lancet. 2018;392(10159):1923–94.

5. World Health Organization (WHO). WHO guidelines on physical activity and 
sedentary behaviour. World Health Organization. 2020;104.

6. Arena R, Berra K, Kaminsky L, Hivert MF, Cherie Franklin N, Myers J, et al. 
Healthy lifestyle interventions to combat noncommunicable disease-a novel 
nonhierarchical connectivity model for key stakeholders: A policy statement 
from the American heart association, European society of cardiology, Euro-
pean association for cardiovascu. Eur Heart J. 2015;36(31):2097–109.

7. Centre for Health Protection. Physical Activity. Department of Health. 2023. 
Available from:  h t t p  s : /  / w w w  . c  h p .  g o v  . h k /  e n  / h e  a l t  h t o p  i c  s / c  o n t  e n t /  2 5  / 8 8 0 4 . h t 
m l

8. Centre for Health Protection. Consumption of fruit and vegetables. 2021. 
Available from:  h t t p  s : /  / w w w  . c  h p .  g o v  . h k /  e n  / s t  a t i  s t i c  s /  d a t  a / 1  0 / 1 0  0 1  0 6 / 6 9 5 2 . h 
t m l

9. Centre for Health Protection. Healthy Eating Food Pyramid in Hong Kong. 
2023. Available from:  h t t p  s : /  / w w w  . c  h a n  g e 4  h e a l  t h  . g o  v . h  k / e n  / h  e a l  t h y  _ d i e  t /  g u 
i  d e l  i n e s  / f  o o d _ p y r a m i d / i n d e x . h t m l

10. Cao R, Gao T, Hu Y, Qin Z, Ren H, Liang L, et al. Clustering of lifestyle factors 
and the relationship with depressive symptoms among adolescents in 
Northeastern China. J Affect Disord. 2020;274(March):704–10.

11. Carson V, Hunter S, Kuzik N, Gray CE, Poitras VJ, Chaput JP et al. Systematic 
review of sedentary behaviour and health indicators in school-aged children 
and youth: An update. Vol. 41, Applied Physiology, Nutrition and Metabolism. 
Canadian Science Publishing; 2016 [cited 2021 Jan 9]. pp. S240–65. Available 
from:  h t t p  s : /  / d o i  . o  r g /  1 0 .  1 1 3 9  / a  p n m - 2 0 1 5 - 0 6 3 0

12. Carey KB, Scott-Sheldon LAJ, Elliott JC, Garey L, Carey MP. Face-to-face versus 
computer-delivered alcohol interventions for college drinkers: A meta-
analytic review, 1998 to 2010. Clin Psychol Rev. 2012;32(8):690–703.

13. Hallal PC, Andersen LB, Bull FC, Guthold R, Haskell W, Ekelund U et al. Global 
physical activity levels: Surveillance progress, pitfalls, and prospects. Lancet. 
2012;380(9838):247–57. Available from:  h t t p  s : /  / d o i  . o  r g /  1 0 .  1 0 1 6  / S  0 1 4 0 - 6 7 3 6 ( 1 
2 ) 6 0 6 4 6 - 1

14. Kader M, Sundblom E, Elinder LS. Effectiveness of universal parental support 
interventions addressing children’s dietary habits, physical activity and body-
weight: A systematic review. Prev Med (Baltim). 2015;77:52–67.

15. Gordon L, Graves N, Hawkes A, Eakin E. A review of the cost-effectiveness of 
face-to-face behavioural interventions for smoking, physical activity, diet and 
alcohol. Chronic Illn. 2007;3(2):101–29.

16. Murray E, White IR, Varagunam M, Godfrey C, Khadjesari Z, McCambridge J. 
Attrition revisited: adherence and retention in a web-based alcohol trial. J 
Med Internet Res. 2013;15(8).

17. Pedersen DH, Mansourvar M, Sortsø C, Schmidt T. Predicting dropouts from 
an electronic health platform for lifestyle interventions: analysis of methods 
and predictors. J Med Internet Res. 2019;21(9):1–12.

https://doi.org/10.1186/s12889-025-23311-0
https://doi.org/10.1186/s12889-025-23311-0
https://www.who.int/data/gho/data/themes/noncommunicable-diseases
https://www.who.int/data/gho/data/themes/noncommunicable-diseases
https://www.chp.gov.hk/en/healthtopics/content/25/8804.html
https://www.chp.gov.hk/en/healthtopics/content/25/8804.html
https://www.chp.gov.hk/en/statistics/data/10/100106/6952.html
https://www.chp.gov.hk/en/statistics/data/10/100106/6952.html
https://www.change4health.gov.hk/en/healthy_diet/guidelines/food_pyramid/index.html
https://www.change4health.gov.hk/en/healthy_diet/guidelines/food_pyramid/index.html
https://doi.org/10.1139/apnm-2015-0630
https://doi.org/10.1016/S0140-6736(12)60646-1
https://doi.org/10.1016/S0140-6736(12)60646-1


Page 13 of 14Duan et al. BMC Public Health         (2025) 25:2145 

18. Norman GJ, Zabinski MF, Adams MA, Rosenberg DE, Yaroch AL, Atienza AA. 
A review of eHealth interventions for physical activity and dietary behavior 
change. Am J Prev Med. 2007;33(4).

19. Ryan K, Dockray S, Linehan C. A systematic review of tailored eHealth inter-
ventions for weight loss. Digit Heal. 2019;5:1–23.

20. Tsukahara S, Yamaguchi S, Igarashi F, Uruma R, Ikuina N, Iwakura K, et 
al. Association of eHealth literacy with lifestyle behaviors in university 
students: Questionnaire-based cross-sectional study. J Med Internet Res. 
2020;22(6):1–11.

21. Granja C, Janssen W, Johansen MA. Factors determining the success and 
failure of eHealth interventions: systematic review of the literature. J Med 
Internet Res. 2018;20(5):e10235.

22. Duan Y, Shang B, Liang W, Du G, Yang M, Rhodes RE. Effects of eHealth-based 
multiple health behavior change interventions on physical activity, healthy 
diet, and weight in people with noncommunicable diseases: systematic 
review and meta-analysis. J Med Internet Res. 2021;23(2):1–13.

23. The Hong Kong Council of Social Service. The distance between digital 
technology and the elderly. 2021 [cited 2022 Nov 25]. Available from:  h t t  p s : /  / 
w w  w .  h k c s s . o r g . h k / 數 碼 科 技 與 長 者 的 距 離 / ? l a n g = e n   

24. Siemer L, Allouch S, Ben, Pieterse ME, Brusse-Keizer M, Sanderman R, Postel 
MG. Patients⇔ user experience of a blended face-to-face and web-based 
smoking cessation treatment: qualitative study. JMIR Form Res. 2020;4(6).

25. Erbe D, Psych D, Eichert HC, Riper H, Ebert DD. Blending face-to-face and 
internet-based interventions for the treatment of mental disorders in adults: 
systematic review. J Med Internet Res. 2017;19(9):1–14.

26. Yang M, Duan Y, Liang W, Peiris DLIHK, Baker JS. Effects of Face-to-Face and 
eHealth blended interventions on physical activity, diet, and Weight-Related 
outcomes among adults: A systematic review and Meta-Analysis. Int J Envi-
ron Res Public Health. 2023;20(2):1560.

27. Schulz KF, Altman DG, Moher D. CONSORT 2010 statement: updated 
guidelines for reporting parallel group randomised trials. Int J Surg. 
2011;9(8):672–7.

28. Yang M, Duan Y, Lippke S, Liang W, Su N. A blended face-to-face and eHealth 
lifestyle intervention on physical activity, diet, and health outcomes in Hong 
Kong community-dwelling older adults: a study protocol for a randomized 
controlled trial. Front Public Heal. 2024;12:1360037.

29. Hurkmans E, Matthys C, Bogaerts A, Scheys L, Devloo K, Seghers J. Face-to-
face versus mobile versus blended weight loss program: randomized clinical 
trial. JMIR mHealth uHealth. 2018;6(1).

30. Weisburd D, Wilson DB, Wooditch A, Britt C. Statistical Power. Adv Stat Crimi-
nol Crim Justice. 2022 [cited 2023 Jan 11];321–65. Available from:  h t t p  s : /  / l i n  k .  
s p r  i n g  e r . c  o m  / c h  a p t  e r / 1  0 .  1 0 0  7 / 9  7 8 - 3  - 0  3 0 - 6 7 7 3 8 - 1 _ 8

31. Khodabandeh F, Mirghafourvand M, Kamalifard M, Mohammad-Alizadeh-
Charandabi S, Asghari Jafarabadi M. Effect of educational package on lifestyle 
of primiparous mothers during postpartum period: A randomized controlled 
clinical trial. Health Educ Res. 2017;32(5):399–411.

32. Sandrick J, Tracy D, Eliasson A, Roth A, Bartel J, Simko M, et al. Effect of a coun-
seling session bolstered by text messaging on self-selected health behaviors 
in college students: A preliminary randomized controlled trial. JMIR mHealth 
uHealth. 2017;5(5):1–12.

33. Zubala A, MacGillivray S, Frost H, Kroll T, Skelton DA, Gavine A et al. Promotion 
of physical activity interventions for community dwelling older adults: A 
systematic review of reviews. Zeeb H, editor. PLoS One. 2017;12(7):e0180902.

34. Abraham C, Michie S, Abraham C, Michie S. A taxonomy of behavior change 
techniques used in interventions. Heal Psychol. 2008 May [cited 2021 Mar 
29];27(3):379–87. Available from:  h t t p  s : /  / p u b  m e  d . n  c b i  . n l m  . n  i h . g o v / 1 8 6 2 4 6 0 3 
/

35. DiMatteo MR. Variations in patients’ adherence to medical recommendations: 
A quantitative review of 50 years of research. Med Care. 2004;42(3):200–9.

36. Martin L, Williams S, Haskard K, Dimatteo M. The challenge of patient adher-
ence. Therapeutics and clinical risk management. Ther Clin Risk Manag. 
2005;1(3):189–1999.

37. Zhang CQ, Zhang R, Chung PK, Duan Y, Lau JTF, Chan DKC, et al. Promoting 
influenza prevention for elderly people in Hong Kong using health action 
process approach: study protocol. BMC Public Health. 2018;18(1):1–9.

38. World Health Organization (WHO). HealthyAtHome - Physical activity.. 2020. 
Available from:  h t t p  s : /  / w w w  . w  h o .  i n t  / n e w  s -  r o o  m / c  a m p a  i g  n s /  c o n  n e c t  i n  g - t  h e 
-  w o r l  d -  t o -  c o m  b a t -  c o  r o n  a v i  r u s /  h e  a l t  h y a  t h o m  e /  h e a  l t h  y a t h  o m  e - - - p h y s i c a l - a c t 
i v i t y

39. World Health Organization (WHO). Promoting fruit and vegetable consump-
tion. World Health Organization. 2022. Available from:  h t t p  s : /  / w w w  . e  u r o  . w h  o . 

i n  t /  e n /  h e a  l t h -  t o  p i c  s / d  i s e a  s e  - p r  e v e  n t i o  n /  n u t  r i t  i o n /  a c  t i v  i t i  e s / t  e c  h n i  c a l  - s u p  p o  
r t -  t o -  m e m b  e r  - s t  a t e  s / p r  o m  o t i  n g -  f r u i  t -  a n d - v e g e t a b l e - c o n s u m p t i o n

40. Centre for Health Protection. -Meat, Fish, Egg & Alternatives. 2022. Available 
from:  h t t p  s : /  / w w w  . c  h p .  g o v  . h k /  e n  / s t  a t i  c / 1 0  0 0  1 3 . h t m l

41. Rikli RE, Jones CJ. Senior Fitness Test Manual-second version. 2013.
42. Zhao H, He J, Yi J, Yao S. Factor structure and measurement invariance across 

gender groups of the 15-item geriatric depression scale among Chinese 
elders. Front Psychol. 2019;10(JUN):1360.

43. Cheng ST, Chan ACM. A brief version of the geriatric depression scale for the 
Chinese. Psychol Assess. 2004;16(2):182–6.

44. Leung GTY, De Jong Gierveld J, Lam LCW. Validation of the Chinese transla-
tion of the 6-item de Jong Gierveld loneliness scale in elderly Chinese. Int 
Psychogeriatr. 2008;20(6):1262–72.

45. Leung KF, Wong WW, Tay M, Chu MML, Ng SSW. Development and validation 
of the interview version of the Hong Kong Chinese WHOQOL-BREF. Qual Life 
Res. 2005;14:1413–9.

46. Ghomrawi HMK, Mandl LA, Rutledge J, Alexiades MM, Mazumdar M. Is there 
a role for expectation maximization imputation in addressing missing data 
in research using WOMAC questionnaire? Comparison to the standard mean 
approach and a tutorial. BMC Musculoskelet Disord. 2011;12(1).

47. Wood AM, White IR, Hillsdon M, Carpenter J. Comparison of imputation and 
modelling methods in the analysis of a physical activity trial with missing 
outcomes. Int J Epidemiol. 2005;34(1):89–99.

48. Armijo-Olivo S, Warren S, Magee D. Intention to treat analysis, compliance, 
drop-outs and how to deal with missing data in clinical research: a review. 
Phys Ther Rev. 2009;14(1):36–49.

49. Elobeid MA, Padilla MA, McVie T, Thomas O, Brock DW, Musser B et al. Missing 
data in randomized clinical trials for weight loss: scope of the problem, state 
of the field, and performance of statistical methods. PLoS ONE. 2009;4(8).

50. Cohen JJ. Statistical Power Analysis for the Behavioral Sciences. In: 2nd edn. 
1988. pp. 19–66.

51. Abbaspoor Z, Amani A, Afshari P, Jafarirad S. The effect of education through 
mobile phone short message service on promoting self-care in pre-diabetic 
pregnant women: A randomized controlled trial. J Telemed Telecare. 
2020;26(4):200–6.

52. Ashton LM, Morgan PJ, Hutchesson MJ, Rollo ME, Collins CE. Feasibility and 
preliminary efficacy of the HEYMAN healthy lifestyle program for young men: 
a pilot randomised controlled trial. Nutr J. 2017;16(1):1–17.

53. de Ridder D, Kroese F, Evers C, Adriaanse M, Gillebaart M. Healthy diet: 
health impact, prevalence, correlates, and interventions. Psychol Heal. 
2017;32(8):907–41.

54. Al-Awadhi B, Fallaize R, Zenun Franco R, Hwang F, Lovegrove JA. Insights into 
the delivery of personalized nutrition: evidence from Face-To-Face and Web-
Based dietary interventions. Front Nutr. 2021;7(January):1–10.

55. Pischke CR, Voelcker-Rehage C, Ratz T, Peters M, Buck C, Meyer J et al. 
Web-Based Versus Print-Based Physical Activity Intervention for Community-
Dwelling Older Adults: Crossover Randomized Trial. JMIR Mhealth Uhealth. 
2022;10(3)e32212  h t t p s / / m h e a l t h . j m i r . o r g / 2 0 2 2 / 3 / e 3 2 2 1 2. 2022 Mar 23 
[cited 2023 Mar 9];10(3):e32212. Available from:  h t t p  s : /  / m h e  a l  t h .  j m i  r . o r  g /  2 0 2 
2 / 3 / e 3 2 2 1 2.

56. Broekhuizen K, van Poppel MNM, Koppes LL, Kindt I, Brug J, van Mechelen 
W. Can multiple lifestyle behaviours be improved in people with Familial 
hypercholesterolemia?? Results of a parallel randomised controlled trial. PLoS 
ONE. 2012;7(12).

57. Bijlholt M, Ameye L, Van Uytsel H, Devlieger R, Bogaerts A. The inter-act 
e-health supported lifestyle intervention improves postpartum food intake 
and eating behavior, but not physical activity and sedentary behavior—a 
randomized controlled trial. Nutrients. 2021;13(4).

58. Downs DS, Savage JS, Rivera DE, Pauley AM, Leonard KS, Hohman EE, et al. 
Adaptive, behavioral intervention impact on weight gain, physical activity, 
energy intake, and motivational determinants: results of a feasibility trial in 
pregnant women with overweight/obesity. J Behav Med. 2021;44(5):605–21.

59. Phelan S, Hagobian T, Brannen A, Hatley KE, Schaffner A, Muñoz-Christian 
K, et al. Effect of an internet-based program on weight loss for low-income 
postpartum women a randomized clinical trial. JAMA - J Am Med Assoc. 
2017;317(23):2381–91.

60. Morgan PJ, Lubans DR, Collins CE, Warren JM, Callister R. The SHED-IT 
randomized controlled trial: evaluation of an internet-based weight-loss 
program for men. Obesity. 2009;17(11):2025–32.

61. Lewis E, Huang HCC, Hassmén P, Welvaert M, Pumpa KL. Adding telephone 
and text support to an obesity management program improves behavioral 

https://www.hkcss.org.hk/數碼科技與長者的距離/?lang=en
https://www.hkcss.org.hk/數碼科技與長者的距離/?lang=en
https://link.springer.com/chapter/10.1007/978-3-030-67738-1_8
https://link.springer.com/chapter/10.1007/978-3-030-67738-1_8
https://pubmed.ncbi.nlm.nih.gov/18624603/
https://pubmed.ncbi.nlm.nih.gov/18624603/
https://www.who.int/news-room/campaigns/connecting-the-world-to-combat-coronavirus/healthyathome/healthyathome---physical-activity
https://www.who.int/news-room/campaigns/connecting-the-world-to-combat-coronavirus/healthyathome/healthyathome---physical-activity
https://www.who.int/news-room/campaigns/connecting-the-world-to-combat-coronavirus/healthyathome/healthyathome---physical-activity
https://www.euro.who.int/en/health-topics/disease-prevention/nutrition/activities/technical-support-to-member-states/promoting-fruit-and-vegetable-consumption
https://www.euro.who.int/en/health-topics/disease-prevention/nutrition/activities/technical-support-to-member-states/promoting-fruit-and-vegetable-consumption
https://www.euro.who.int/en/health-topics/disease-prevention/nutrition/activities/technical-support-to-member-states/promoting-fruit-and-vegetable-consumption
https://www.chp.gov.hk/en/static/100013.html
https://mhealth.jmir.org/2022/3/e32212
https://mhealth.jmir.org/2022/3/e32212
https://mhealth.jmir.org/2022/3/e32212


Page 14 of 14Duan et al. BMC Public Health         (2025) 25:2145 

adherence and clinical outcomes. A randomized controlled crossover trial. Int 
J Behav Med. 2019;26(6):580–90.

62. Lim SL, Ong KW, Johal J, Han CY, Yap QV, Chan YH, et al. Effect of a smart-
phone app on weight change and metabolic outcomes in Asian adults with 
type 2 diabetes: A randomized clinical trial. JAMA Netw Open. 2021;4(6):1–14.

63. Duncan MJ, Fenton S, Brown WJ, Collins CE, Glozier N, Kolt GS, et al. Efficacy 
of a multi-component m-health weight-loss intervention in overweight and 
obese adults: A randomised controlled trial. Int J Environ Res Public Health. 
2020;17(17):1–21.

64. Ding B, Gou B, Guan H, Wang J, Bi Y, Hong Z. WeChat-assisted dietary and 
exercise intervention for prevention of gestational diabetes mellitus in over-
weight/obese pregnant women: a two-arm randomized clinical trial. Arch 
Gynecol Obstet. 2021;304(3):609–18.

65. Gielen E, Beckwée D, Delaere A, De Breucker S, Vandewoude M, Bautmans 
I, et al. Nutritional interventions to improve muscle mass, muscle strength, 
and physical performance in older people: an umbrella review of systematic 
reviews and meta-analyses. Nutr Rev. 2021;79(2):121–47.

66. Huang WY, Wu CE. Interventions to improve body composition, upper and 
lower extremity muscle strength, and balance ability of older female adults: 
an intervention study. Int J Environ Res Public Health. 2022;19(8).

67. Daly RM. Exercise and nutritional approaches to prevent frail bones, falls and 
fractures: an update. Climacteric. 2017;20(2):119–24.

68. Choi MK, Kim H, Bae J. Does the combination of resistance training and a 
nutritional intervention have a synergic effect on muscle mass, strength, 

and physical function in older adults? A systematic review and meta-analysis 
(BMC Geriatrics, (2021), 21, 1, (639).  h t t p s :   /  / d o  i .  o r  g  /  1 0  . 1 1   8 6  / s 1 2 8 7 7 -. BMC 
Geriatr. 2022;22(1):1–16.

69. Jahan Y, Rahman MM, Faruque ASG, Chisti MJ, Kazawa K, Matsuyama R, et al. 
Awareness development and usage of mobile health technology among 
individuals with hypertension in a rural community of Bangladesh: random-
ized controlled trial. J Med Internet Res. 2020;22(12):1–15.

70. Gomez-Pinilla F. The influences of diet and exercise on mental health through 
hormesis. Ageing Res Rev. 2008;7(1):49–62.

71. Boehm JK, Soo J, Zevon ES, Chen Y, Kim ES, Kubzansky LD. Longitudinal asso-
ciations between psychological well-being and the consumption of fruits 
and vegetables. Heal Psychol. 2018;37(10):959–67.

72. Kadariya S, Gautam R, Aro AR. Physical Activity, Mental Health, and Wellbeing 
among Older Adults in South and Southeast Asia: A Scoping Review. Vol. 
2019, BioMed Research International. Hindawi Limited; 2019.

Publisher’s note
Springer Nature remains neutral with regard to jurisdictional claims in 
published maps and institutional affiliations.

https://doi.org/10.1186/s12877-

	Effects of a blended face-to-face and eHealth lifestyle intervention on physical activity, diet, and health outcomes in Hong Kong community-dwelling older adults: a randomized controlled trial
	Abstract
	Introduction
	Background

	Method
	Study design, procedure, and participants
	Intervention
	Face-to-face intervention group
	Blended intervention group
	Control group


	Measures
	Data analysis
	Results
	Feasibility
	Sample characteristics
	Evaluation of time and treatment on PA, FVI, MFEAI and adherence to multiple behaviour guidelines
	Evaluation of time and treatment on health outcomes

	Discussion
	Principal findings
	Limitations and future directions

	Conclusions
	References


