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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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improved in lower body strength, agility and dynamic balance, and health-related quality of life compared to control

atT3 (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).

Keywords Physical activity, Diet, Health outcomes, Older adults, Blended intervention, eHealth, Face-to-face

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
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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
(CQ). 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
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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 1G-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-p) 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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Excluded (n=19)

| * Not meeting inclusion criteria (n=8)
"| « Declined to participate (n=5)

¢ Other reasons (n=6)

Randomized (n=132)

Pre-test blended 1G-1 (n=44)
» Received allocated
intervention (n=44)

* Did not receive allocated
intervention (n=0)

Pre-test face-to-face 1G-2
(n=44)

* Received allocated
intervention (n=44)

* Did not receive allocated
intervention (n=0 )

Pre-test CG (n=44)

* Received allocated
intervention (n=44)

* Did not receive allocated
intervention (n=0)

I

[

10-week post-test (n=42)
Lost to post-test (n=0)
Discontinued intervention (n=2)
* Got illness (n=1);
* Dropped out (n=1);

10-week post-test (n=41)

Lost to post-test (n=1)
* Not in HK;

Discontinued intervention (n=2 )
* Got illness (n=1);
* Dropped out (n=1);

10-week post-test (n=41)
Lost to post-test (n=1)
* Got illness;
Discontinued intervention (n=2)
* Gotillness (n=1);
* Dropped out (n=1);

3-month follow-up test (n=41)
Lost to follow-up test (n=1)
* Not in HK (n=1)

3-month follow-up test (n=40)
Lost to follow-up test (n=1)
* Not in HK (n=1)

3-month follow-up test (n=40)
Lost to follow-up test (n=1)
* Notin HK (n=1)

.

'

'

[

Analysed (n=44)
* Intention-to-treat (ITT)
analysis

Analysed (n=44)
* Intention-to-treat (ITT)
analysis

Analysed (n=44)
* Intention-to-treat (ITT)
analysis

Fig. 1 Study flow CONSORT diagram

Face-to-face intervention group

Each diet session consisted of two parts: health edu-

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.

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
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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
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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 MFEALI 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
MEEALI), 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].
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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 1G-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
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Table 1 Baseline characteristics of participants randomized to the blended, face-to-face, and control groups
Variables 1G-1 (N=44) 1G-2 (N=44) CG (N=44) Total (N=132) F/)(2 p
Age (years) Mean (SD) 72 (4.06) 73.07 (3.95) 723 (3.77) 72.5(3.92) 0.87 0422
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(773 107 (81.1)
Marital status/N (%) 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 (%) 137 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(6.9) 5(114) 11 (25.0) 19 (14.4)
Professional status/ (%) 593 0.204
Employed 1(23) 1(23) 1(23) 3(2.3)
Retired 42 (95.4) 38 (86.4) 35(79.5) 115(87.1)
Unemployed 1(23) 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 (%) 265 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 met\ (%) 3.94 0414
None 12(27.3) 14 (31.8) 19 (43.2) 45 (34.1)
One of three 23(523) 24 (54.6) 21(47.7) 68 (51.5)
Two of three 9(204) 6(13.6) 49.1) 19 (14.4)
Behaviours\Mean (SD)
MVPA (minutes/week) 186.68 (1.09) 190.62 (1.39) 156.04 (128.05) 177.78 (1.26) 0.99 0373
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(147) 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

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 (x*=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 (F, 354 = 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 (F, 33, = 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
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Table 2 Results of the generalized linear mixed models with MVPA, FVI, MFEAI, and adherence to multiple behaviour guidelines at post-test and follow-up test as outcome measures

(N=132)

Adherence to multiple behaviour

guidelines

Value
0.74

MFEAI

FVI

MVPA

Time and Group

Cohen’sd
N/A

Value p

Cohen’sd
N/A

Value p

Cohen’sd
N/A

p

Value
145

0.563

<0.001

e

552

<0.001

ek

740

0.218

Type Il test, F

Time * Group

Group
Time

<0.001
<0.001

*x

<0.001 N/A 10.98"

<0.001

-

13.18
17.95

N/A 787" <0.001 N/A
<0001

0.089

243

e

9.84
OR

N/A

P

N/A

20317

N/A

0.132

203

Post-test (T2), mean difference

(2025) 25:2145

0457

1.81
0.56
3.22

OR

1.04
0.06
1.16

<0.001
0.378
<0.001

091 141"

<0.001
0.965

0.37

0.337

27.67
-17.23

4491

Blended vs. Control
F2F vs. Control
Blended vs. F2F

0.499

30

0.07
091

0.01

0.1

0.550
0.120

0.120

ok

<0.001

ok

0.23

Follow-up test (T3), mean difference

0.493

1.74

0.77
0.20
1.18

0.001

0.99™
0.07
0.

0.82
0.07
1.00

<0.001
0.527

xxx

0.94

0.21
0.38
0.15

0.049
0.350
0.298

60.68"
28.72

Blended vs. Control
F2F vs. Control

0.899
0.544

0.819

-0.15

1.56

0.002

ot

92

<0.001
fruit and vegetable intake (portions/day); MFEAI

sk

3196

moderate-to-vigorous physical activity (mins/week); FVI
meeting less than two of three behaviour guidelines (for PA, FVlI and MFEAI) was coded as 0 while meeting two or three behaviour guidelines was coded as 1. OR

Blended vs. F2F
“p<0.05,"p<0.01,

Note: MVPA

meat, fish, egg, and alternatives intake (taels/day); Adherence to multiple behaviour guidelines:

=face-to-face

Odd Ratio; F2F

" <0.001

Page 8 of 14

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 (F, 334 = 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 4=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 (F, 35, = 9.64, p<0.001) and agility and dynamic
balance (Fj 354 = 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
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Table 3 Results of the generalized linear mixed models with 7 items of physical fitness at post-test and follow-up test as outcome measures (N

Item 6 Item 7

Item 2 Item 3 Item 4 Item 5

Item 1

Time and Group

Time * Group

495
1.92

964"

0.001

0.759

047

0.201

1.50
1.74
3.20

MD

0.557
0.075
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261
897
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0.380
0.018

1.05
4.07
322
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0.000
0.000
0.000
ES

0.581

0.72
0.18
882
MD
0.01

0.148
<0.001
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0.591

0.53

0.177
0.042
ES

*

xxx

14.11

0.835

Group
Time

1758

0.000
MD

ES

xx%

9.27

MD

B

0.000
ES

P

0.041
ES

*

23017

MD

0.000
ES
0.

ok

Post-test (T2)

040
0.10
0.25
ES

*

-0.66
-0.28
-0.38

MD

0.09
0.

-1.94
0.22
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0.23

0.1
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2.74

0.35
0.21
0.11

2.66
0.77
1.89
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0.62
0.70

0.1

-0.90
2.59
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1.00
0.10
ES

e

-0.61
0.67
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Blended vs. Control
F2F vs. Control
Blended vs. F2F

(2025) 25:2145

01

0.13
0.08
ES
0.

-0.20
0.21
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0.10
ES

-2.16

MD

9

-349 3

MD

-1.29

MD

ES
0.5

MD

ES

ES

Follow-up (T3)

-1.08™

369"

0.74
044

0.19

-0.78
1.28

2

2.39
3.07

0.53
0.53

0.
30-second Arm Curl Test (times), Upper body strength; Item 4

5.04
6.78

1.25
0.74
0.05

-1.26

2.56

0.02

02

-0.17
-0.33
0.16

Blended vs. Control
F2F vs. Control

ok

-0.78
-0.31

0
0.1

0.26
0.15

0.09
0.09

0.31

-2.06

-0.68

22

-3.82 -1.74

0.46

1.90

Blended vs. F2F

2-minute Step Test (times), Aerobic

30-second Chair Stand Test (times), Lower body strength; Item 3=

Note: Item 1=BMI (body weight/(body height)?), Item 2

endurance; Item 5

mean difference

8-Foot Up-and-Go Test (second), Agility and dynamic balance; MD=

Back Scratch Test (cm), Upper body flexibility, ltem 7=

Chair Sit-and-Reach Test (cm), Lower body flexibility; tem 6=

face-to-face

effect size of Cohen’s d; F2F =
“p<0.001

(T2-T1) or (T3 -T1);ES

“p<0.05, “p<0.01,
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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 (Fy 35, = 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, 1G-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
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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

0.022
0.544
0.023
ES
0.13
0.16
0.28
0.18
0.15
0.02

132)

HRQolL
290
061
381"
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0217
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0.17
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Table 4 Results of the generalized linear mixed models with depression, loneliness and HRQolL at post-test and follow-up test as outcome measures (N

Time and Group
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Blended vs. Control
F2F vs. Control
Blended vs. F2F
Follow-up test (T3)
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Blended vs. F2F

Group
Time
Note: MD
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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
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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.
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