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Abstract

Introduction: Supervised physical activity (PA) interventions have demonstrated efficacy and
safety in improving health outcomes among frail populations. However, the growing disparity
between limited healthcare resources and the rapidly aging population poses a significant
challenge. Remotely delivered PA interventions may offer a viable solution for resource-limited
regions. This study presents preliminary findings from a pre-designed protocol, examining the

health benefits of a remotely supervised PA intervention, with a focus on frailty components.

Methods: Participants aged 265 years with a FRAIL score 23 were enrolled. The intervention
group (IG) received a progressive PA program delivered via a WeChat-based application, along
with smart insole-equipped sports shoes to monitor PA. The control group (CG) received
routine care. The primary outcome was physical function, assessed via the Timed Up & Go
(TUG) test; secondary outcomes included self-reported and objective measures. Assessments
were conducted at baseline and 12 weeks post-intervention.

Results: Of the 20 participants enrolled (mean age 69 + 5.73 years; 75% female), 3 withdrew.
Baseline characteristics did not differ significantly between groups. Post-intervention, no
significant between-group difference was observed in TUG (IG: 12.03 + 0.39 vs CG:13.72 £ 0.85;
p = 0.07). Generalized Estimating Equation (GEE) analysis confirmed a significant reduction in
and FRAIL score (IG: 1.56 £ 0.23 vs CG: 2.88 £ 0.21; p < 0.001) for the IG.

Discussion: The 12-week remotely supervised PA intervention significantly improved frailty and
physical performance but did not enhance psychological or cognitive function. Future large-
scale studies are needed to comprehensively evaluate effectiveness, particularly long-term

outcomes.
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1. Introduction

Physical Activity (PA) plays a critical role in delaying and reversing the trajectory of frailty
among older adults, and PA intervention has been widely conducted in the field of frailty
management (1). It’s strongly recommended that a multi-component PA program, combining
resistance with aerobic and balance training, should be offered and available for older adults with
frailty (2). Emerging evidence further suggests that considering personalized preference and
combining progressive goal-setting strategy might enhance long-term adherence (3, 4).

Supervised PA intervention has been proven to provide more additional effectiveness over
unsupervised programs, particularly in the premise of ensuring the safety, while upholding the
training intensity (5-7). Traditionally supervised PA programs for older adults are typically center-
based, which means participants need to commute to training facilities on training days (8).
However, this approach poses potential fall risks, particularly under adverse weather conditions,
such as icy or snow covered roads in northern China (9). In such contexts, home-based
interventions serve as a safer and more feasible alternative.

Nevertheless, the main challenge is the imbalance of limited healthcare providers and the
rapidly growing population of older adults, especially in the regions with limited resource (10).
Technology development has opened up new possibilities for home-based remotely supervised
intervention among general community-dwelling older adults (11). Older adults also showed
acceptable interest in platform-based intervention (12), and the initial pilot study has indicated
promising feasibility and participation adherence (13). In China, WeChat is the most widely used
multifunctional social platform across all age groups (14). Given its extensive reach, intervention

delivered by WeChat is considered as a highly accessible and cost-effectiveness approach (15).
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Despite the well-documented benefits of PA programs in improving frailty status and
enhancing multiple functional aspects (16), the efficacy of remotely supervised PA interventions
on frailty status remains unclear, particularly regarding their specific effects on individual frailty
components. Establishing the effectiveness of technology-based remote PA supervision could
facilitate its widespread implementation in large populations. Furthermore, understanding the
progression of improvements across frailty components is crucial for investigating the
interrelationships between physical and psychological domains. Such insights would provide
valuable evidence for optimizing targeted intervention strategies in future implementations.
Therefore, the primary purpose of this study is to compare the efficiency of on-site and remotely
supervised PA programs. Secondly, to examine the impact of remotely supervised PA programs
for each frailty component. We hypothesize that both interventions will achieve approximately
the same effect, with particular emphasis on the functional walking component potentially
showing more improvements, suggesting that remote supervision can achieve results that are at

least as effective as on-site supervision.

2. Methods

Participants Aligning with the study protocol (17), eligible participants aged 65 years or older
were enrolled upon meeting the criterion of a FRAIL score >3. Stratified randomization was
initiated once any of the six community centers successfully recruited 20 qualifying participants.
All participants provided the signed written informed consent. This study is the preliminary

report of the results for the first full-recruited community center (Figure 1).

Figure 1 Flow Diagram
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84 Intervention A progressive PA program was designed for the intervention group (IG). The
85  target PA goal was individualized based on each participant’s current PA level, with tailed training
86  plan specifying the required frequency and intensity. Regarding the specific PA type and training
87  day, it was decided by participants according to their own personal preference. The PA goal was
88  adjusted weekly, with the initial goal-setting conducted during the first face-to-face interview
89  assisted by a healthcare provider. The subsequent 11 goal adjustments were independently
90 completed by participants via a WeChat-based application. Additionally, a pair of sport shoes
91 equipped with the smart insoles inside was delivered to the participants at the first interview to
92  record the PA. Participants were required to wear the shoes during PA sessions and, whenever
93  possible, throughout the day except for sleeping, showering, and engaging in water-related
94  activities. In the current study, the smart insole served only a monitoring purpose, the collected
95 data were not utilized for analysis or participant feedback.
96 Control The Control Group (CG) received routine care during the intervention period,
97  consisting of: three 1-hour PA sessions at community centers (including 3.6 km fast walking,
98 aerobic dancing, and Pilates), and three health education lectures. These activities were
99 scheduled every half-month on Wednesdays. These activities were routinely conducted by the

100 community center, so we did not assess participant adherence in the CG.

101 Outcomes The primary outcome was physical function, measured by Time-Up & Go test

102  (TUG), secondary outcomes covered both self-reported and objective measures. Due to

103  practical considerations during study implementation, we modified the original protocol by

104  using the FRAIL Scale instead of the planned Fried Phenotype to assess frailty status. Self-

105 reported outcomes, collected through corresponding questionnaires, including weekly
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106  Moderate-to-Vigorous Physical Activity (MVPA), anxiety symptoms, and cognitive function.

107  Objective measures comprised Short Physical Performance Battery (SPPB), gait speed evaluated
108 by 4m walking test, and gait variability identified as the coefficient variation of stride time.

109 Gait variability was evaluated during a 2-minute walking test in a 10-meter pace.

110  Participants were required to walk by their habitual walking speed, and completed the

111  necessary walking condition, including go straight, turning, acceleration, and deceleration. The
112 data was obtained using a medical system named "NOITOM". Seven inertial measurement units
113  (IMUs) were positioned by band at: the posterior lumbosacral area (midpoint of the intercrestal
114  line), the lateral aspects of both thighs (the upper third line), the anterior aspects of both calves
115  (Proximal popliteal skin crease with knee flexed at 90°), the dorsal surfaces of both feet (Figure

116  2). Details about other measures, please refer to the proposal (17).

117

118 Figure 2 lllustration of “NOITOM” system. Panel a. Attached position of IMU; Panel b. 2-minutes walking test in a
119 10-meter pace.

120

121 All assessments were conducted at baseline and 12 weeks post-intervention. In accordance

122  with ethical considerations, as the control group was scheduled to receive the intervention after
123 study completion, follow-up data are not reported in this paper. Details about measurements,
124  please refer to the proposal (17).

125 Statistical Analysis Normally distributed numerical variables were presented as mean *
126  standard deviation and analyzed using t-tests for between-group comparisons when met
127  normality and homogeneity of variance assumptions; otherwise, the nonparametric Mann-

128 Whitney U test was operated. Categorical variables were described using frequencies
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129  (percentages) and compared between groups using chi-square tests. To examine interaction
130 effects between grouping factors and time factors, Generalized Estimating Equations (GEE)

131  model were promoted.

132 3. Results

133 From May 2023, 495 individuals were screened, 43 participants meet the inclusion criteria.
134  The first community center included 20 participants, and started the randomization and
135 intervention, with 10 subjects assigned to each group: intervention group (IG) and control group
136  (CG).

137 3.1 General characteristics

138 The mean age of the participants was 69 years (SD: 5.73), most of them were female (75%),
139  married and living with their partner (75%), finished 12-year senior-high school education (75%),
140 and reported no fall history in the last 12 months (80%). Additionally, most of them were non-
141  smokers and alcohol-free (90%), and took fewer than 3 drugs (75%). Regarding the components
142  of frailty, all the participants with FRAIL score of 3 at baseline, the most prevalent component is
143  fatigue (90%), followed by weight loss (85%), comorbidities (65%), functional resistance (40%),
144  and functional walking (10%). No significant differences were observed across demographic
145  characteristics and frailty components between IG and CG (Table 1).

146  Table 1 Comparation of demographic characteristics and frailty components at baseline

Variables IG (n=10) CG (n=10) Statistic  Sig.
Age 68.30 + 4.76 70.00 + 7.01 T=063 53
Female 8 (80%) 7 (70%) X>=0.27 50
Education<=12y 7 (70%) 5 (50%) X>=0.83 33
Living alone 2 (20%) 3 (30%) X*=0.27 50
Fall 3 (30%) 1 (10%) X*=125 29
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Multidrug (>2) 3 (30%) 2 (20%) X>=0.27 50
Smoking 1 (10%) 1 (10%) X>=0.00 76
Drinking 1 (10%) 1 (10%) X*=0.00 76
Frailty component

fatigue 10 8 X?=222 24
weight loss 9 8 X*=039 50
comorbidity 7 6 X*=222 24
functional resistance 4 4 X*=0.00 68
functional walking 0 2 X*=0.22 50

Note: IG = intervention group; CG = control group; T = T-test; X? = Chi-square test

3.2 Adherence to the study protocol

Between April to June in 2024, a total of 17 participants completed a 12-week intervention,
with 3 withdrawals recorded (IG: n=1; CG: n=2).

3.3 Baseline and post-intervention difference between IG and CG

Table 2 presents the mean values of the observed outcomes. No significant differences were
observed between IG and CG at baseline. At post-intervention, significant differences were
observed in FRAIL score, SPPB, and gait variability between IG and CG.

In IG, functional performance outcomes, including gait speed, Short Physical Performance
Battery (SPPB) and Mini Mental State Examination (MMSE) increased at post-intervention, while
gait variability and Generalized Anxiety Disorder-7 (GAD7) decreased. Conversely, the CG group
showed opposing trends in these measures, except for MMSE.

Regarding PA behaviors, |G group showed increased Moderate-to-Vigorous Physical Activity
(MVPA). While VPA also rose in CG group, but MPA declined. Sedentary activity decreased in the

IG group but increase in CG group.
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162  Table 2 Pairwise Comparation between groups at TO and T1

TO-baseline T1-12weeks
VARIABLES IG (n=10) CG (n=10) Sig. IG (n=9) CG (n=8) Sig.
FRAIL 3.00 £ 0.00 3.00 £ 0.00 - 1.56 £ 0.23 2.88+0.21 <0.001
TUG 14.04 £1.23 14.93 £1.02 .58 12.03£0.39 13.72£0.85 .07
Gait Speed 0.78 £0.02 0.75+0.03 51 0.82+0.04 0.74+0.03 .08
SPPB 9.40 £ 0.53 8.90 £ 0.70 57 10.56 £ 0.28 8.75+0.73 .02
GAD7 3.90 £ 0.62 4.00 £ 0.85 .92 2.33+0.65 5.25+0.49 .26
MMSE 25.36+1.37 26.73+1.18 .48 26.67 £ 1.07 27.84+0.64 .35
Gait Variability 6.21+0.38 6.58 £+ 0.47 54 5.27£0.34 6.68 £ 0.37 .01
Sedentary 4990.50 £ 289.57 5082.40+333.86 .84 4020.78 £595.85 5399.38 £395.83 .05
MPA 453.30+ 119.17 416.90 + 102.87 .82 592.11 +143.05 349.62 £125.41 .20
VPA 0.10+0.10 3.50+2.35 15 38.56 + 36.35 5.62 +3.54 .37

Note: Significance was assessed by Mann-Whitney U test, because none of them satisfies the normal distribution; FRAIL= total
score of FRAIL scale; TUG = time of Time Up & Go test; SPPB = total score of Short Physical Performance Battery; GAD7 = total
score of Geriatric Anxiety Disorder-7 questionnaire; MMSE = total score of Mini Mental State Examination; MPA = Moderate
Physical Activity; VPA = Vigorous Physical Activity

163

164 The results of Generalized Estimating Equation (GEE) analysis indicated the significant

165 reduction in mean FRAIL scores, the performance of Time-Up & Go (TUG) test, the score of Short

166  Physical Performance Battery (SPPB), and Geriatric Anxiety Disorder-7 (GAD7). The particularly

167  significant reduction of FRAIL score was observed in |G group (p<0.001). Additionally, between-

168  group differences were observed in gait variability (Table 3).

169 Table 3 Comparation between and within groups (GEE)

TUG FRAIL Sg::-:t d SPPB  GAD7 MMSE Var?aa;:Iity Sedentary MPA  VPA

Time*group .55 <0.001 .30 27 .38 .96 12 .09 14 32
time .02 <0.001 .70 .049 .01 .24 .20 .39 .61 .26
group .25 <0.001 .14 .39 .54 .30 .049 A1 .38 42

10
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Note: Significance was assessed by Generalized Estimating Equation analysis; GEE = Generalized Estimating Equation;
FRAIL= total score of FRAIL scale; TUG = time of Time Up & Go test; SPPB = total score of Short Physical Performance
Battery; GAD7 = total score of Geriatric Anxiety Disorder-7 questionnaire; MMSE = total score of Mini Mental State
Examination; LPA = Light Physical Activity; MPA = Moderate Physical Activity; VPA = Vigorous Physical Activity

170

171 3.4 Changes in the frailty components

172 After the intervention, improvement in FRAIL trajectory were observed in eight participants
173  from IG, while only two improvements but one deterioration exhibited in CG group. Among the
174  ten cases showing improvement, reductions in self-reported fatigue (n=7), functional resistance
175 (n=4), weight loss (n=3), functional walking capacity (n=1) and comorbidities (n=1). The single
176  case of deterioration in the CG was linked to new-onset self-reported exhaustion. Interestingly,
177  the sole participant exhibiting improved functional walking capacity (in the CG) also reported
178  persistent exhaustion (Figure 3).

179 Figure 3 Results of FRAIL score and each component. Panel a. Bar plot of FRAIL score between |G and CG
180 groupin TO and T1, dot represents the specific FRAIL score of each case; Panel b. Clustered column chart
181 of the presence of five frailty components at TO and T1, one square represents one subject.

182

183 3.5 Secondary outcomes
184 Among the nine participants in the intervention group (IG) who completed the full program,
185 the averaged pass rate of the targeted goal is 7, with five (55.6%) sustained the target goal for

186  over eight weeks.
187 4. Discussion

188 The preliminary result suggest that 12-week remotely supervised PA intervention achieved
189 the comparable effectiveness for the health profile among frail older adults, significantly
190 improved the frailty syndrome, especially the fatigue, as well as physical performance, but no

191 significant for psychological and cognitive function.

11
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192 While significant time effects were observed for both physical function (assessed via TUG
193  and SPPB) and psychological function (measured by anxiety symptoms), no significant time x
194  group interaction effects were detected. This lack of interaction may be attributable to the
195 limited sample size at the current stage of research. Nevertheless, a positive improvement
196 trajectory was noted in the IG, suggesting preliminary efficacy of the intervention, which has
197 been demonstrated in previous studies (18, 19). Notably, improvements in TUG performance
198  were less pronounced compared to SPPB scores, potentially due to the inherently smaller
199 magnitude of change associated with TUG measures (20). This observation underscores the need
200 for careful interpretation of functional outcomes when using different assessment tools.

201 The IG demonstrated increases in both MPA and VPA, accompanied by a reduction in
202  sedentary behavior. In contrast, the CG showed an increase only in VPA, with decreases observed
203  in the other two activity categories. Due to the inherent limitations of the IPAQ measurement
204  tool, changes in light physical activity (LPA) could not be directly assessed. However, we
205 hypothesize that LPA likely increased in the IG based on the principle of 24-hour activity
206  redistribution (13, 21). Regarding the CG, the observed VPA increase may be attributed to the
207  scheduled 1-hour PA sessions at community centers, particularly as post-intervention
208 assessments were conducted immediately following these sessions. This temporal proximity
209  suggests potential acute effects rather than sustained behavioral changes.

210 Align with the previous research findings (13), PA programs can mitigate frailty by targeting
211  physical endurance and perceived exhaustion (22). The frail level was improved after the
212  intervention, reflected by the decline of FRAIL score (23), who attributed similar effects to

213  enhanced neuromuscular adaptation and energy metabolism. The improvement observed above

12
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214  suggests that perceived well-being may be the first aspect to demonstrate positive changes,
215  subsequently influencing a broader health profile. This finding contrasts with our initial
216  hypothesis that functional walking capacity would show the most significant gains, despite most
217  intervention programs incorporating targeted lower extremity training.

218 However, the bidirectional relationship between fatigue and physical activity levels
219  highlights an important consideration: PA intervention programs should account for participants'
220  baseline physical status. Without proper individualization, high-intensity physical activity may
221 inadvertently lead to fatigue and subsequent compensatory behaviors, such as prolonged
222  sedentary periods, potentially offsetting the intended benefits (24). The observed negative trend
223  in the CG may be partially attributable to unmonitored adherence to routine care. This finding
224  underscores the critical advantage of remotely supervised PA interventions, which enable
225  program fidelity.

226 The remotely delivered physical activity program demonstrated acceptable feasibility based
227  on satisfactory adherence rates and goal achievement. However, the current small sample size
228 increases Type Il error risk and may mask potential intervention effects (25), and a more
229  comprehensive analysis will be conducted upon study completion. The limited improvements in
230  cognitive function may suggest the need for extended intervention periods, particularly for
231  addressing cognitive frailty (26). While psychological improvements may benefit from social
232 support mechanisms, incorporating group-based elements may provide additional effects (27).
233 Forlong-term sustainability, integrating behavioral nudges (e.g., gamification) could help address

234  the engagement challenges characteristic of remote programs (28).

235 6. Conclusion

13
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236 The preliminary findings provide initial evidence supporting the feasibility and acceptability
237  of the remotely delivered physical activity intervention. A comprehensive evaluation of its
238  effectiveness, particularly the long-term efficiency, requires completion of full study.
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