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Background: The Otago Exercise Program (OEP) is suitable for frail older adults but has limited effect on sarcopenia. Resistance
training (RT) is commonly used for sarcopenia. This study evaluated the effects of 12 weeks of OEP combined with RT on body
composition, physical function, quality of life, and frailty in older adults with pre-sarcopenia in nursing homes.

Methods: Sixty-one pre-frail elderly (aged 65-89 years) with sarcopenia were randomly divided into experimental group (EG) and
control group (CG). EG received OEP+RT training three times a week for 12 weeks, and CG maintained daily activities. The InBody
770 was used to assess body composition, Jamar Plus was used to measure grip strength, and international standard scales were used to
assess physical function, quality of life and frailty.

Results: Compared to the CG, the EG showed significant improvements in Skeletal Muscle Index (SMI: 5.79 vs 5.43, p=0.037),
Skeletal Muscle Mass (21.8 vs 19.5, p=0.017), hand grip strength (19.31 vs 16.92, p=0.029), gait speed (0.9 vs 0.81, p<0.001), and the
Five-Times-Sit-to-Stand Test (13 vs 14.35, p<0.001). Within the EG, both SMI and hand grip strength increased significantly
compared to baseline levels (p<0.001), whereas in the CG, they decreased significantly (p<0.05). There was no significant improve-
ment in frailty status observed in either group.

Conclusion: OEP combined with RT can improve the sarcopenia-related parameters of the elderly in nursing homes. Short-term
unreversed frailty may be related to insufficient intervention intensity or single dimension. Improved muscle and physical function
may contribute to future improvements in quality of life and frailty.
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Introduction

Since 1990, the world has been facing the problem of population aging. One study showed that adults aged 70 and
older living in high-income countries and areas with high quality of health services had the highest life expectancy and
healthy life expectancy, but the burden of disability remained constant.' The prevention of aging diseases and the
improvement of the quality of life of the elderly have become a matter of concern. Frailty is recognized as a high-
prevalence condition among the elderly, and individuals with frailty are at increased risk of multiple comorbidities.
Fried et al defined frailty as a clinical syndrome.? Additionally, they introduced the Fried Frailty Phenotype, a tool for
assessing frailty that comprises five core indicators: unintentional weight loss, decreased grip strength, slowed walking
speed, reduced physical activity, and self-reported exhaustion. Individuals meeting three or more of these criteria are
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classified as frail.®> Those meeting one or two criteria are categorized as prefrail, indicating moderate frailty. Frailty and
sarcopenia share numerous clinical characteristics, thereby demonstrating a concurrent relationship.* The progression
towards a frail state is significantly influenced by the presence of sarcopenia. The European Working Group on
Sarcopenia in Older People (EWGSOP) revised its definition of sarcopenia in 2018: Sarcopenia is a muscle disease
(muscle failure) that results from adverse changes in muscles that accumulate over a lifetime.” The Asian Working
Group for Sarcopenia (AWGS) retained its previous definition of sarcopenia in a 2019 paper, but revised diagnostic
algorithms, protocols, and some criteria.® Based on the global consensus regarding frailty and sarcopenia, it is evident
that these two conditions can readily enter into a detrimental cycle. For instance, sarcopenia serves as a critical factor
in the development of frailty, which subsequently elevates the risk of falls. Such incidents may lead to disability and
increased mortality, ultimately imposing a heavier burden on the public healthcare system. Furthermore, studies
conducted by Sato and Vatic et al emphasize the severe adverse effects associated with both conditions, including
heart failure and heightened mortality rates.’

Resistance training is considered an effective intervention for sarcopenia and frailty, and the biological mechanism by
which training promotes muscle hypertrophy is widely recognized.® However, relying solely on a single mode of exercise
presents numerous limitations. For instance, resistance training alone or aerobic exercise may not sufficiently address the
multifaceted physiological deficiencies associated with weakness and sarcopenia.” While resistance training enhances muscle
strength, its impact on balance, cardiovascular endurance, and flexibility is relatively limited. We express our concern
regarding the multi-component exercise program developed by the University of Otago in New Zealand, known as the
Otago Exercise Program (OEP). This intervention is specifically tailored for older adults, with a focus on enhancing muscle
strength, coordination, and stability.'®'" It integrates strength training, balance exercises, and walking routines, particularly
benefiting frail elderly individuals who are at high risk of falls. Despite the widespread application of OEP in frail elderly
populations, its impact on sarcopenia remains to be elucidated. A study conducted in Malaysia indicated that OEP may prevent
the decline in upper body strength.'? In addition, the study highlights that the effectiveness of OEP in sarcopenia should be
looked at in the future. Gillespie et al observed in their study that while OEP decreases the risk of falls, its direct enhancement
of muscle mass is limited, particularly in patients with sarcopenia.'? Currently, existing studies on OEP have largely confirmed
its efficacy in addressing weakness; however, the underlying mechanism by which it improves strength and muscle mass
remains unclear.

Given the well-documented efficacy of resistance training in addressing sarcopenia and the benefits of OEP in
managing frailty, we propose the integration of these two approaches. It is noteworthy that OEP inherently includes
resistance training; however, it may not reach adequate intensity levels to effectively counteract sarcopenia. Therefore,
for individuals in the early stages of weakness, incorporating additional high-intensity resistance training is essential to
promote muscle mass accrual. This represents one of the key innovations of our study. To the best of our knowledge, this
is the first instance where OEP has been augmented with supplementary resistance training specifically targeting older
adults in the early stages of frailty.

The participants in this study consisted of individuals who had resided in nursing homes for extended periods. Prior
similar clinical trials have predominantly focused on elderly individuals within community settings rather than those
residing in nursing homes."* For instance, Albornos-Munoz et al identified 728 participants in a clinical trial, all of whom
were involved in an intervention conducted in a community residential setting.'> This highlights the importance of
conducting research specifically targeting individuals living in nursing homes.

The primary aim of this study was to verify the effect of OEP-based multi-component exercise on muscle mass and
physical function among elderly individuals residing in nursing homes. The secondary aim was to investigate whether
improvements in muscle mass and strength in pre-frail populations could contribute to maintaining or reversing frailty, while
also emphasizing their quality of life. The practical significance of this study lies in providing low-cost, non-pharmacological
intervention programs for nursing homes with limited resources. Additionally, it is essential to advocate for the integration of
structured exercise programs into long-term care standards for special populations, thereby enhancing the role of multi-

component exercise in addressing sarcopenia.
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Methods

Ethics Statement

In accordance with the Declaration of Helsinki, the Ethics Committee of Kunming Medical University approved the
research protocol (approval number: KMMU2025MEC120). Prior to the commencement of the study, all participants
were provided with comprehensive oral and written information regarding the experiment and subsequently signed
informed consent forms. The study protocol was registered on ClinicalTrials.gov on March 7, 2025 (registration number:
NCT06882720) under the title “Effects of Otago-based Multicomponent Exercise on Sarcopenia in Pre-Frailty Older
Adults in Nursing Homes: A Randomized Controlled Trial.” Following the initiation of the experiment, no substantial
modifications were made to the methodology. This study adheres strictly to the principles of openness, transparency, and
reproducibility.

Participants

The study involved 61 East Asian individuals aged 65-89 years (M = 81.41 years, SD = 5.14) residing in nursing homes,
comprising 30 males and 31 females. Participants were primarily recruited from YI XIN YI YANG, a nursing home
located in Kunming, Yunnan Province, China. A total of 68 volunteers within the age range of 65—-89 were selected from
an initial pool of 86 people who expressed interest in participating in the study. The detailed recruitment process is
illustrated in Figure 1. This study employed a combination of pre-test, post-test, and repeated measures designs to track
changes in participants over time, while quasi-experimental methods were utilized to evaluate inter-group differences.
Participants were randomly assigned to either the experimental or control group with balanced gender ratios. The
recruitment and randomization procedures ensured the selection of as homogeneous a group as possible with respect
to critical variables such as daily physical activity and health-promoting factors.

There were 31 participants in the experimental group (M = 82.42 years, SD = 5.48 years) and 30 participants in the
control group (M = 80.43 years, SD = 4.76 years). Participants in the control group did not engage in any physical
activities beyond their daily routines, whereas those in the experimental group were required to participate in a structured
training program three times per week, as detailed in the study design section.

Participants were included according to the following criteria: aged 65 years or older; diagnosed with pre-frailty (Fried
Frailty Phenotype score of 1-2);%'¢ diagnosed with sarcopenia based on the Asian Working Group for Sarcopenia (AWGS)
2019 diagnostic criteria (Grip Strength: male < 28 kg, female < 18 kg; Skeletal Muscle Index: male < 7.0 kg/m?, female <
5.4 kg/m?; Gait Speed < 1.0 m/s. In this study, bioelectrical impedance analysis (BIA) (InBody 770) was used to assess skeletal
muscle mass. According to the 2019 Asian Working Group on Sarcopenia (AWGS 2019) consensus, the cut-off value of low
skeletal muscle mass index (SMI) defined by BIA method was <7.0 kg/m? in men and <5.7 kg/m? in women. Time for the
5-repetition sit-to-stand test > 12 seconds);® no absolute contraindications to physical exercise, such as chest pain, chest
tightness, palpitations, dyspnea, syncope, high fever, severe cough, severe diarrhea, gross hematuria, radiating pain in the
waist and leg, fracture, etc.; and provided signed informed consent to participate in the research and physical activity
programs.

Participants were excluded based on the following criteria: individuals who had not been diagnosed with pre-
frailties (Fried Frailty Phenotype score of 0 or >3); those who had not been definitively diagnosed with sarcopenia
(failure to meet any of the five parameters outlined in the 2019 edition of the Asian Working Group for Sarcopenia
diagnostic criteria); self-reported or clinically diagnosed health conditions that rendered them unsuitable for exercise
participation, such as uncontrolled hypertension, coronary artery disease, rheumatoid arthritis, type 2 diabetes,
respiratory or pulmonary diseases, etc.; unwillingness to adhere to research protocols; and failure to submit a signed
informed consent form.

Participants are required to undergo mandatory medical examinations and disclose detailed information regarding
their prescription drug usage. The participants who underwent examination were under the long-term care of a team
comprising three medical specialists and five nurses, with a chief physician overseeing the administration and monitoring
of prescribed medications.
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Figure | Recruitment process.

Sample Size Calculation

The sample size for this study was calculated using Gpower 3.1. In our previous studies, the effect sizes of the main
outcome indicators were all greater than 0.8, which belonged to high effect sizes. Therefore, under the conditions of high
effect sizes (0=0.7, p=0.8), 68 samples were required for calculation in this study, with 34 samples in each group.

Study Design

Experimental Group

Otago Exercise Program (OEP)

The OEP is an intervention program specifically developed for older adults at the University of Otago in New Zealand.'”'®
This program integrates three key components: cardiopulmonary exercises, resistance training, and balance training.'**
Incorporate a structured 10-minute warm-up and stretching routine both prior to and following each session (In the OPE part

of Figure 2, the heart rate was controlled between 50% and 65% of the maximum heart rate). The training follows
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Figure 2 Schematic representation of the study protocol. (a) Additional strength training programs; (b): comparison of daily nutrition intake between the experimental

group and the control group; (c): Comparison of daily steps between experimental and control groups.
Abbreviations: EG, Experimental group; CG, Control group; Carbs, Carbohydrates, H,O, Water; Ca, Calcium; Vit, Vitamin; Fe, Iron; Zn, Zinc; K, Potassium; Mg,

Magnesium.

a progressive approach, transitioning from supported to unsupported strength and balance exercises, as outlined in detail in the
OEP Guide manual (https://www.physio-pedia.com/index.php?title=Otago Exercise Programme&oldid=342197).

In our study, participants were instructed to engage in 30 minutes of walking three times per week within a nursing
home setting. Alternatively, they could complete three 10-minute sessions on the same day (The heart rate in the walking
part of Figure 2 was controlled between 55% and 65% of the maximum heart rate). Participants were required to walk at
a moderate pace, allowing them to maintain a conversation while walking.

Strength training included five specific leg-strengthening exercises (Ankle movements, Back knee strengthening
exercise, Side hip strengthening exercise, Calf raises, Toe raises). These exercises were performed three times per week,
with one day of rest between sessions. The number of repetitions, sets, and duration of each action were strictly adhered
to according to the OEP guidelines, with heart rates maintained at 50-60% of the maximum heart rate.

Balance training consisted of twelve prescribed exercises (Knee bends, Backwards walking, Walking and turning
around, Sideways walking, Heel toe standing, Heel toe walking, One leg stand, Heel walking, Toe walking, Heel toe
walking backwards, Sit to stand, Stair walking). This component was conducted three times per week, with one day of
rest between sessions. Each exercise was performed for one set of one repetition, with a one-minute rest interval between

exercises. Heart rates during balance training were maintained at 55-65% of the maximum heart rate.
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It is important to note that leg-strengthening exercises and balance training were conducted on the same day in
the fitness hall of the care home under the supervision of four professional physical trainers. Walking activities
were scheduled on non-training days and were supervised and assisted by four nurses to ensure participant safety.

Strength Training

Strength training is carried out in the fitness hall of the nursing home under the guidance of a professional fitness
instructor and four nurses who ensure the safety of participants. The program includes 10 minutes of warm-up, 40 minutes
of strength training, and 10 minutes of stretching exercises (The strength training section in Figure 2 was controlled
between 65% and 75% of the maximum heart rate). The strength training comprises four upper-body exercises and four
lower-body exercises, as illustrated in Figure 2a. The exercise intensity adheres to the guidelines provided by the
American College of Sports Medicine (ACSM) specifically designed for elderly populations.’ Each exercise consists of
8—12 repetitions, 2-3 sets, with a 1-minute rest interval between sets, conducted three times per week. Sessions are
scheduled in the afternoon on the same day as OEP. Notably, the primary equipment used includes elastic resistance
bands (ranging from 5 to 25 lbs) and dumbbells (1-2.5 kg), with the option to substitute dumbbells with water bottles of
equivalent weight.

Control Group
Participants in the control group continued to participate in their daily activities during the study period and did not
engage in any targeted physical exercise program.

Outcome

Primary Outcome Measures

The primary outcome measures consisted of five parameters for assessing sarcopenia: Skeletal Muscle Index
(SMI, kg/m?),*' Skeletal Muscle Mass (SMM, kg),?! Hand Grip Strength (HS, kg),>* Gait Speed (GS, m/s),”* and
the time required for the 5-repetition Sit-to-Stand Test (5STS, s).>* Based on the criteria for sarcopenia proposed by
the Asian Working Group for Sarcopenia (AWGS) in 2019,° SMI and SMM serve as indicators of body composition,
whereas HS, GS, and 5STS are utilized to evaluate physical function. The threshold values for these parameters to
diagnose sarcopenia were outlined in the participant inclusion criteria. SMI and SMM were assessed using the
InBody 770 multi-frequency bioelectrical impedance analyzer (InBody Co, Seoul, Korea).”> The HS test was
conducted with the Jamar Plus digital dynamometer (Sammons Preston, USA), where each hand was tested three
times at one-minute intervals, and the maximum value was recorded. The GS test measured the time taken for the
middle 6 meters of a 10-meter straight walk.>® In the 5STS test, participants initially sat on a chair of appropriate
height, performed five consecutive sit-to-stand movements, and concluded in the seated position while the time was
recorded.”*

Secondary Outcome Measures

Secondary outcome measures also included seven parameters commonly used to assess body composition and physical
function in the context of sarcopenia: Body fat mass (BFM, kg), skeletal muscle lean mass (SLM, kg), fat-free mass
(FFM, kg), Time Up and Go test (TUG, s), Arm Curl test (AC, times/30s), 6-minute walking test (6MWT, m/6min), and
Tandem Balance test (TB, s).°**” BFM, SLM, and FFM were assessed using the InBody 770 multifrequency
Bioelectrical Impedance Analyzer (InBody Co., Seoul, Korea).”” The TUG test evaluates the time required for
participants to rise from a seated position, walk 3 meters, turn around, return to the chair, and sit down.?® During the
AC test, participants were instructed to sit in a chair and perform as many arm curls as possible within 30 seconds while
holding a 2-kg weight in one hand.? Prior to the S MWT, participants completed a 2—3 minute warm-up session and then
walked back and forth along a 100-meter corridor for 6 minutes, with the total distance covered recorded.*® For the TB
test, participants were asked to walk 2 meters in a straight line using a “heel-to-toe” technique at their fastest pace, with
the time taken recorded.®!
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Other Outcome Measures

We selected five outcome measures that have not been traditionally employed for the evaluation of sarcopenia. Body
weight (BW, kg) and body mass index (BMI, kg/m?) are commonly utilized to assess health status.** Quality of life was
evaluated using the EuroQol Five-Dimensional Five-Level Questionnaire (EQ-5D-5L), which includes both utility values
and a visual analog scale (VAS).*® This questionnaire employs a 5-level scale across five dimensions: mobility, self-care,
ability to perform daily activities, pain/discomfort, and anxiety/depression. Higher scores indicate better health status.
The Short Physical Performance Battery (SPPB), developed by the National Institute on Aging, was used to evaluate
lower limb function, balance, and mobility.>* Based on combined scores from three simple tests, it can predict risks such
as falls, disability, hospitalization, and mortality. The SPPB comprises a balance test, a 4-meter walking test, and a chair
stand test. Lower scores reflect poorer physical fitness. Frailty was assessed using the Fried frailty phenotype scale,
which identifies frailty in older adults through five physiological criteria (unintentional weight loss, weakened grip
strength, fatigue, reduced walking speed, and diminished physical activity) to predict adverse health outcomes, including
falls, disability, hospitalization, and mortality.® Each criterion reaching a specified threshold is assigned one point; higher
scores indicate greater frailty.

Reliability and Validity

A total of three scales were employed in this study: the three mentioned in the outcome indicators (EQ-5D-5L, SPPB,
and Fried). A score below 21 is typically indicative of cognitive impairment. Despite the widespread recognition and
application of these scales, a reliability and validity assessment was conducted in this study to account for potential
variations due to differences in language and cultural background. The results are shown in Supplementary Table S1 of

the supplementary materials.

The results of the reliability and validity analysis are summarized as follows: Cronbach’s o was employed to assess internal
consistency, and the findings revealed that all scales achieved an acceptable standard (o < 0.7), thereby confirming satisfactory
consistency among the subitems of each scale. The KMO test values ranged from 0.702 to 0.874, while the Bartlett’s test of
sphericity was significant (p < 0.001), both of which indicate that the data were suitable for factor analysis. The cumulative
variance explanation rate (CVE) of the single-factor model ranged from 51.9% to 66.3%, surpassing the threshold of 50%,
thus validating the reasonableness of the underlying factor structure. Additionally, the factor loading range (FLR) for all scales
varied between 0.51 and 0.92, demonstrating a robust correlation between the subitems and the main factors.

Adherence

Participant compliance management: (1) Eliminate individuals who may relocate within the next six months during the
screening process and carefully document when and why participants enter or leave the nursing home; (2) On-site
reminders provided by nurses 24 hours before each intervention; (3) Monitoring and recording of participants’ daily
medication and dietary intake. During the intervention period, nurses recorded the participants’ daily diet, including 13
parameters, using the mobile application (My Fitness Pal). There were significant differences in all parameters between
the experimental group and the control group during the intervention period (p > 0.05), as shown in Figure 2b;
(4) Participants were asked to wear a sports watch (Xiao Mi Bracelet 9 Pro) at any time except for bathing and sleeping
time to record the length of daily activity and the number of steps. Data is uploaded weekly to the designated application
(Xiao Mi Sports Health). Participants’ daily steps were recorded by the researchers during the intervention, and
participants in the EG group did not wear a watch while participating in exercise. There was no significant difference
in the number of daily walking steps between the two groups during the intervention period (EG: M=3280.14 + 267.17,
CG: M=3279.11 + 172.64, p > 0.05), as shown in Figure 2c; (5) To motivate participants, the research team will work
with the nursing home to provide monthly gifts (such as cups, pillows, blankets).

Quality control of the research team: (1) Development of comprehensive operating procedures, including distribution,
intervention implementation (OEP guide manual and self-developed strength training guide manual for this study) and
data recording; Role-playing exercises (simulating participant recruitment and follow-up, instruction and safety controls
during the intervention, standardized data collection practices) are conducted prior to the start of the experiment to ensure
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that all members fully understand the processes involved; (3) Two researchers independently recorded and cross-checked
key data.

Randomisation

Subjects were stratified by sex and randomly assigned to the experimental or control group using block randomization
(block size = 4). An independent statistician generated the random sequences using Stata 17.0, which were then sorted by
sex into consecutively numbered, opaque, sealed envelopes. After subjects completed the baseline assessment, the study
nurse opened the envelopes to reveal the group assignments, ensuring that the results remained concealed from both the
subjects and evaluators. Each group (experimental and control) consisted of 34 subjects (17 males and 17 females), with
gender distribution strictly balanced. Given the nature of the intervention in this study, blinding of the study staff and
participants was not feasible; therefore, only the statistical and analytical staff were blinded.

Statistical Methods

The present study employed difference tests and correlation analyses to compare the EG group and CG group. Initially,
the Shapiro—Wilk test was conducted to assess the normality of all continuous variables (significance level: p < 0.05).
Based on the results, parametric or non-parametric methods were selected accordingly. For inter-group comparisons (EG
vs CQ), independent sample t-tests were applied for variables with a normal distribution and homogeneity of variance
(Levene’s test: p > 0.05), while the Mann—Whitney U-test was utilized for variables with non-normal distributions or
heterogeneous variances. Regarding intra-group differences (pre- vs post-intervention), paired sample t-tests were
performed for normally distributed data, whereas the Wilcoxon signed-rank test was used for non-normally distributed
data. In correlation analysis, Pearson’s correlation coefficient was employed to evaluate the linear relationships between
normally distributed variables, and Spearman’s rank correlation coefficient was used to analyze monotonic relationships
for non-normally distributed variables. Effect sizes were quantified using Cohen’s d (small: d = 0.2; medium: d = 0.5;
large: d = 0.8) and Rank-Biserial correlation coefficient (small: r = 0.1; medium: r = 0.3; large: r = 0.5). All statistical
analyses were conducted using SPSS 27, with results presented as mean =+ standard deviation or median (interquartile
range). Finally, all visualizations were generated using OriginPro 2024b, RStudio 4.4.2, and draw.io online compositing
software.

Results

Baseline Characteristics

This study included a total of 61 samples, with 31 assigned to the Experimental Group (EG) and 30 to the Control Group
(CG). No significant differences were observed in the distribution or parameters between the two groups (p > 0.05), as
detailed in Supplementary Table S2.

Primary Outcomes

Comparison of EG

SMI was significantly increased by 8.22% after the experiment (Pre: 5.35, Post: 5.79, p < 0.001, r = 1); SMM was
significantly increased by 11.22% after the experiment (Pre: 19.6, Post: 21.8, p < 0.001, r = 1); HS-R was significantly
increased by 11.43% after the experiment (Pre: 17.33, Post: 19.31, p <0.001, r = 1); HS-L was significantly increased by
5.14% after the experiment (Pre: 16.74, Post: 17.6, p < 0.001, r = 0.96); 5 STS decreased significantly by 13.33% after
the experiment (Pre: 15, Post: 13, p < 0.001, d = 3.272); GS was significantly increased by 5.95% after the experiment
(Pre: 0.84, Post: 0.89, p < 0.001, r = 0.984). The specific data distribution is shown in Figure 3a, and the specific values
are shown in Supplementary Table S3.

Comparison of CG

SMI was significantly decreased by 0.55% after the experiment (Pre: 5.46, Post: 5.43, p = 0.014, r = 0.52); HS-R was
significantly decreased by 2.14% after the experiment (Pre: 17.29, Post: 16.92, p < 0.001, r = 1); HS-L was significantly
decreased by 1.46% after the experiment (Pre: 16.47, Post: 16.23, p < 0.001, r = 0.983); GS was significantly decreased by
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Figure 3 Parameter comparison of primary outcomes. (a) Comparison of experimental group before and after intervention; (b): Comparison of control group before and
after intervention; (c): Comparison between the experimental group and the control group after intervention. Confidence interval 5%.

Abbreviations: SMI, Skeletal Muscle Index; SMM, Skeletal Muscle Mass; HS-R, Handgrip Strength-Right; HS-L, Handgrip Strength-Left; 5 STS, 5-repetition Sit-to-Stand Test;
GS, Gait Speed. Pre, before the experiment; Post, after the experiment. d, Cohen’s d; R, Rank-Biserial correlation coefficient; EG, experimental group; CG, control group.

5.81% after the experiment (Pre: 0.86, Post: 0.81, p < 0.001, d = 3.868). There was no significant difference in other
parameters. The specific data distribution is shown in Figure 3b, and the specific values are shown in Supplementary Table S3.

Comparison of EG and CG

SMI exhibited a 6.22% intervention-induced increase in the EG relative to the CG (EG: 5.79 vs CG: 5.43; p=0.037,r=0.311);
SMM exhibited a 10.55% intervention-induced increase in the EG relative to the CG (EG: 21.8 vs CG: 19.5; p=0.017,r=0.339);
HS-R exhibited a 12.38% intervention-induced increase in the EG relative to the CG (EG: 19.31 vs CG: 16.92; p = 0.029, r =
0.407); HS-L exhibited a 7.78% intervention-induced increase in the EG relative to the CG (EG: 17.6 vs CG: 16.23; p=0.048,r=
0.295); 5 STS exhibited a 9.41% intervention-induced decrease in the EG relative to the CG (EG: 13 vs CG: 14.35; p<0.001,d=
1.445); GS exhibited a 10% intervention-induced increase in the EG relative to the CG (EG: 0.9 vs CG: 0.81;p<0.001, d=1.146).
The specific data distribution is shown in Figure 3c, and the specific values are shown in Supplementary Table S3.

Secondary Outcomes

Comparison of EG

6WMT was significantly increased by 10.59% after the experiment (Pre: 304, Post: 340, p < 0.001, r = 0.966); BFM was
significantly decreased by 4.42% after the experiment (Pre: 19.7, Post: 18.83, p < 0.001, r = 0.923); SLM was
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significantly increased by 5.68% after the experiment (Pre: 34.21, Post: 36.27, p < 0.001, d = 0.829); FFM was
significantly increased by 2.55% after the experiment (Pre: 38.67, Post: 39.68, p < 0.001, d = 0.773); TUG was
significantly decreased by 6.31% after the experiment (Pre: 15.54, Post: 14.56, p < 0.001, d = 0.923); TB
was significantly decreased by 9.32% after the experiment (Pre: 10.84, Post: 9.83, p < 0.001, d = 1.563); AC-R was
significantly increased by 7.69% after the experiment (Pre: 12, Post: 13, p = 0.005, r = 0.644); AC-L was significantly
increased by 7.69% after the experiment (Pre: 12, Post: 13, p < 0.001, r = 1). The specific data distribution is shown in
Figure 4a, and the specific values are shown in Supplementary Table S4.

Comparison of CG
TUG was significantly increased by 3.08% after the experiment (Pre: 15.12, Post: 15.6, p < 0.001, d = 2.029); 6MWT
was significantly decreased by 5.19% after the experiment (Pre: 308, Post: 292, p < 0.001, d = 7.123). There was no
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Figure 4 Parameter comparison of secondary outcomes. (a) Comparison of experimental group before and after intervention; (b): comparison of control group before and
after intervention; (c): Comparison between the experimental group and the control group after intervention. Confidence interval 5%.

Abbreviations: 6MWT, 6-Minute Walk Test; BFM, Body Fat Mass; SLM, Skeletal Lean Mass; FFM, Fat-Free Mass; TUG, Timed Up and Go Test; TB, Tandem Balance test;
AC-R, Arm Curl-Right; AC-L, Arm Curl-Left. Pre, before the experiment; Post, after the experiment. d, Cohen’s d; R, Rank-Biserial correlation coefficient; EG, experimental
group; CG, control group.
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significant difference in other parameters. The specific data distribution is shown in Figure 4b, and the specific values are
shown in Supplementary Table S4.

Comparison of EG and CG

6MWT exhibited a 10.43% intervention-induced increase in the EG relative to the CG (EG: 326 vs CG: 292; p<0.001,d=1.076);
TUG exhibited a 6.67% intervention-induced decrease in the EG relative to the CG (EG: 14.56 vs CG: 15.6; p=0.049,d =0.514);
TB exhibited a 9.73% intervention-induced decrease in the EG relative to the CG (EG: 9.83 vs CG: 10.89; p=0.001, d =0.9); AC-
R exhibited a 15.38% intervention-induced increase in the EG relative to the CG (EG: 13 vs CG: 11; p=0.01,r=0.376); AC-L
exhibited a 7.69% intervention-induced increase in the EG relative to the CG (EG: 13 vs CG: 12; p=10.009, r=0.593); The specific
data distribution is shown in Figure 4c, and the specific values are shown in Supplementary Table S4.

Other Outcomes

Comparison of EG

SPPB was significantly increased by 10% after the experiment (Pre: 9, Post: 10, p <0.001, r = 1); EQ-VAS was significantly
increased by 0.8% after the experiment (Pre: 68.58, Post: 69.13, p =0.002, d = 0.593); EQ-5D-5L was significantly increased
by 1.3% after the experiment (Pre: 0.76, Post: 0.77, p < 0.001, d = 0.975). There was no significant difference in other
parameters. The specific data distribution is shown in Figure 5a, and the specific values are shown in Supplementary Table S5.
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Figure 5 Parameter comparison of other outcomes. (a) Comparison of experimental group before and after intervention; (b): comparison of control group before and after
intervention; (c): Comparison between the experimental group and the control group after intervention. Confidence interval 5%.

Abbreviations: SPPB, Short Physical Performance Battery; EQ-VAS, EuroQol-Visual Analog Scale; EQ-5D-5L, EuroQol Five-Dimensional Five-Level Questionnaire. Pr,
before the experiment; Post, after the experiment. d, Cohen’s d; R, Rank-Biserial correlation coefficient; EG, experimental group; CG, control group.
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Comparison of CG
EQ-5D-5L was significantly decreased by 2.7% after the experiment (Pre: 0.74, Post: 0.72, p=0.002, d = 0.61); EQ-VAS
was significantly decreased by 4.34% after the experiment (Pre: 63.53, Post: 60.77, p = 0.006, d = 0.544). There was no
significant difference in other parameters. The specific data distribution is shown in Figure 5b, and the specific values are

shown in Supplementary Table S5.

Comparison of EG and CG
SPPB exhibited a 20% intervention-induced increase in the EG relative to the CG (EG: 10 vs CG: 8; p < 0.001, r =
0.673); EQ-VAS exhibited a 12.09% intervention-induced increase in the EG relative to the CG (EG: 69.13 vs CG:
60.77; p < 0.001, d = 1.945); EQ-5D-5L exhibited a 6.49% intervention-induced increase in the EG relative to the CG
(EG: 0.77 vs CG: 0.72; p < 0.001, d = 1.745). There was no significant difference in other parameters. The specific data
distribution is shown in Figure 5c, and the specific values are shown in Supplementary Table S5.

Correlation Analysis
Correlation of Daily Active Steps with Other Parameters
The number of daily active steps was significantly positively correlated with HS (r = 0.252, p < 0.05) and GS (r = 0.559,
p <0.001). EG was also positively correlated with SPPB and FFP (r = 0.424, p < 0.05; r = 0.398, p < 0.05, respectively). CG
was also positively correlated with SMI, SMM, 5 STS and EQ-VAS (r = 0.415, p < 0.05; r = 0.591, p < 0.001; r = 0.552,
p <0.01; r=0.373, p <0.05, respectively), as shown in Figure 6.

seps || smi || sw || HS GS || ssts || eouas || seee || Fre
Corr: 0.208 Corr: 0.244. Corr: 0.252* Corr: 0.559*** Corr: 0.176 Corr: 0.073 Corr: 0.232. Corr: 0.154 »
EG: 0.104 EG: 0.069 EG: 0.174 EG: 0.687*** EG: -0.012 EG: -0.073 EG: 0.424* EG: 0.389* g
CG: 0.415* CG: 0.591*** CG: 0.397* CG: 0.528** CG: 0.552** CG: 0.373* CG: 0.158 CG:-0.226 |2
LN S, . Corr: 0.708***  Corr: 0.793*** Corr: 0.200 Corr: 0.130 Corr: 0.215. Corr: 0.290*  Corr: -0.500**[ |
R EG: 0.628*** EG: 0.711** EG: 0.117 EG: 0.253 EG: -0.058 EG: 0.193 EG: -0.315. ‘£
e T CG: 0.792***  CG: 0.880*** CG:0.176 CG: 0.339. CG: 0.354. CG: 0.288 CG: -0.709*** | —
. ; N % Corr: 0.730*** Corr: 0.240. Corr: -0.009 Corr: 0.367** Corr: 0.342**  Corr: -0.417*** 7
° ° o . ” EG: 0.569*** EG: 0.171 EG: -0.115 EG: 0.199 EG: 0.244 EG:-0.399* | 2
‘w CG: 0.881**  CG:0.089 CG:0.452*  CG:0.391* CG: 0.277 CG:-0.409* | =
. . I Corr: 0.153 Corr:0.129  Corr: 0.287*  Corr: 0.394*  Corr: -0.364** [ ]
‘e o e . 2 EG: 0.113 EG: 0.088 EG: -0.064 EG: 0.315. EG: -0.150 %
o * * Cald CG: -0.010 CG: 0.477* CG: 0.435* CG: 0.368* CG: -0.533**
s ‘.. o PR * . " Corr: -0.255*  Corr: 0.299*  Corr: 0.382**  Corr: -0.036 [ |
M o] - — EG: 0.127 EG: -0.150 EG: 0.259 EG:0.188 |Q
s . G LR CG: -0.031 CG: 0.015 CG: -0.041 CG: -0.277
. . i P 2, S Corr: -0.298* Corr: -0.118 Corr: -0.015 []
. ?fq- . . W EG:-0.325.  EG:0.113 EG:-0.138 |9
. .',. . :‘ 2%, . o S e, e CG: 0.639*** CG: 0.515** CG: -0.080 i
s et 3,V o o0 Corr: 0.696***  Corr: -0.148 [m |
A 4 . EG: 0.096 EG:0.077 |2
oy 4 “ CG:0.793**  CG:-0.266 |&
: - - . v N 2 Corr: -0.154 [, |
o o iy -e - -ﬁ . - " ?;P. LR * - .0 - EG O 197 %
. . . et o00 000 ) w oo =y )
-—— o o o . . . = oo e =) CG: -0.354. @
. - . . o . e * - L . . SR
emmem ommem LRl 1] e & o o EDemmm e o oo - = Bl . o o 0 -
> S = S S ) 4
)
Lmsmaesms —— _sss sssiss o a A —SmSmosens -m ssmaaimece A2 8 8 2 L

Figure 6 Correlation comparison of important parameters. Blue image and text, Experimental Group; Red image and text, Control group; Gray image and text, Correlation ¥ |t
was significant at the 0.05, 0.01, and 0.001 levels.
Abbreviations: Steps, daily active steps; SMI, Skeletal Muscle Index; SMM, Skeletal Muscle Mass; HS, Maximum hand grip strength; GS, Gait Speed; 5 STS, 5-repetition Sit-to
-Stand Test; EQ-VAS, EuroQol-Visual Analog Scale; SPPB, Short Physical Performance Battery; FFP, Fried frailty phenotype scale; Corr, Correlation coefficient; EG,
Experimental group; CG, Control group.
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Correlation of Body Composition with Other Parameters

SMI was positively correlated with SMM, HS and SPPB (r = 0.708, p < 0.001; r = 0.793, p < 0.001; r = 0.29, p < 0.05,
respectively). However, SMI was significantly negatively correlated with FFP (r =—0.5, p < 0.001). SMM was positively
correlated with HS, EQ-VAS and SPPB (r = 0.73, p < 0.05; r = 0.367, p < 0.01; r = 0.342, p < 0.01, respectively).
However, SMM was significantly negatively correlated with FFP (r = —0.417, p < 0.001), as shown in Figure 6.

Correlation of Physical Function with Other Parameters

HS was positively correlated with EQ-VAS and SPPB (r = 0.287, p < 0.05; r = 0.394, p < 0.01, respectively). However,
HS was significantly negatively correlated with FFP (r = —0.364, p < 0.01). GS was positively correlated with EQ-VAS
and SPPB (r = 0.299, p < 0.05; r = 0.382, p < 0.01, respectively). However, GS was significantly negatively correlated
with 5 STS (r =—0.255, p < 0.05). Five STS was significantly negatively correlated with EQ-VAS (r = —0.298, p < 0.05).
It should be noted that CG showed a significant positive correlation (r = 0.639, p < 0.001), as shown in Figure 6.

Correlation of Quality of Life with Other Parameters
EQ-VAS was positively correlated with SPPB (r = 0.696, p < 0.001). It should be noted that only CG showed
a significant positive correlation (r = 0.793, p < 0.001), as shown in Figure 6.

Discussion

This study demonstrated that 12 weeks of OEP combined with strength training significantly ameliorated sarcopenia in pre-frail
elderly individuals residing in nursing homes. Notable improvements were observed across all primary outcome measures in the
experimental group, both compared to baseline and relative to the control group. In the experimental group, body composition
showed an increase in SMI by 8.22% and SMM by 11.22%; physical function exhibited enhancements in HS-R, HS-L, and GS
by 11.43%, 5.14%, and 5.59%, respectively; quality of life metrics improved, with SPPB increasing by 10% and EQ-5D-5L by
1.3%. However, in the control group, several parameters were observed to decrease to varying degrees of significance, as shown
by: SMI decreased by 0.55%, HS-R decreased by 2.14%, HS-L decreased by 1.46%, GS decreased by 5.81%, TUG decreased by
—3.17%, 6MWT decreased by 4.99%, EQ-5D-5L decreased by 2.7%, and EQ-VAS decreased by 4.34%.

This suggests that body composition, physical function, and quality of life in the control group may have deteriorated at varying
rates and to varying degrees over 12 weeks.

This seems to warn people that intervention for such patients are urgent and necessary. These findings address the
limitations of prior community-based studies and, for the first time, validate the feasibility of multi-component exercise
interventions incorporating resistance training for institutionalized elderly populations.

All outcome measures included in this study are worthy of discussion. We observed significant intra-group and inter-group
differences and significant deterioration in the CG group for parameters such as SMI, HS-R, HS-L, GS, 6MWT, TUG, EQ-VAS,
EQ-5D-5L. In a meta-analysis, Yi Mo et al reported significant improvements in grip strength (SMD = 1.68, p = 0.04), exercise
capacity (SMD =-2.15, p<0.01), and quality of life (SMD =—1.571, p=0.07) with OEP.'° In another meta-analysis reported by
Shuang Wu et al, subgroup analysis shows that a course longer than 30 minutes is more effective than a course shorter than
30 minutes (p < 0.001), and a course longer than 12 weeks is more effective than a course shorter than 12 weeks (p = 0.02).>
A meta-analysis by Lingian Lu et al reported significant improvements in resistance training for GS (SMD = 2.01, p <0.0001)
and TUG (SMD = —0.66, p < 0.0001).>° Haotian Zhao et al reported in their meta-analysis that resistance training can
significantly improve SMI (p < 0.05), GS (p < 0.05), HS (p < 0.05).%7 At the same time, they considered 40 to 60 minutes of
elastic band training, 3 times a week, for more than 12 weeks to be the most effective exercise prescription for sarcopenia (p <
0.05). These studies are generally consistent with our results. However, we did not find any studies that reported a further
deterioration in these parameters in the same control group that performed only daily activities for 12 weeks. Next, we observed
significant intra-group and inter-group differences in parameters such as SMM, 5 STS, TB, AC-R, AC-L, and SPPB. Anne-
Gabrielle Mittaz Hager et al reported that OEP improved 5 STS (p = 0.002) and SPPB scores (p = 0.027) in a multicenter
randomized controlled trial.*® Sanna Vikberg et al reported in a randomized controlled trial that resistance training also had
a positive effect on 5 STS (- 0.9s, p = 0.01) and SPPB scores (+0.5, p = 0.02),*® and we found that the results were even more
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significant (5 STS —1.35s, p <0.001; SPPB +2, p < 0.001). The difference may be due to the fact that our intervention combined
OEP and strength training and lasted an additional 2 weeks. Hung-Ting Chen reported in a clinical trial that 12 weeks of
resistance training significantly increased SMM (p = 0.005).*° Montserrat Otero et al reported in a clinical trial that 24 weeks of
exercise (3 times per week, including 20 minutes of strength training) significantly improved AC (80%, p < 0.001).*' Our study
showed an increase of only 15.38%. This may be due to differences in participants and intervention cycles. Thereafter, BFM,
SLM, and FFM were observed to exhibit significant improvements only at the baseline of EG and three months thereafter. It is
evident that the synergistic effect of muscle gain and fat loss confers substantial benefits to individuals with sarcopenia. As
reported by Sanna Vikberg et al in a randomized controlled trial, resistance training resulted in an increase of lean body mass by
1147 grams while simultaneously reducing fat mass by 553 grams.*® Our findings indicate that SLM increased by 5.68%,
whereas BFM decreased by 4.42%. Finally, no significant differences were observed in Weight, BMI, and Freid scores. Notably,
the frailty of participants in both the EG and CG exhibited a worsening trend based on the data (EG pre: 1.39+0.5, EG post: 1.52
+0.51; CG pre: 1.53+0.51, CG post: 1.63+0.49). A twelve-week intervention combining OEP with strength training did not
appear to mitigate Frailty effectively. These findings raise questions regarding the efficacy of exercise interventions alone for frail
older adults. Additionally, we are concerned by the report from Tsung-Jen Hsieh et al, who conducted a randomized controlled
trial demonstrating that an intervention combining exercise with nutritional supplementation was beneficial for frail older adults
(Freid score —0.34, p < 0.001).** In future clinical trials, we aim to focus on integrating exercise with nutritional strategies for frail
older adults, particularly emphasizing the development of a detailed nutritional supplementation plan as suggested by
S. K. Jyvakorpi et al in the SPRINTT project. Nutritional goals should include a daily protein intake of 1.0-1.2 g/kg body
weight, a daily energy intake of 25-30 kcal/kg body weight, and a serum vitamin D concentration of >75 mmol/L.**

Our results include correlation analysis among the parameters. First, we found a significant positive correlation
between daily Steps (Steps) and GS (r = 0.559, p < 0.001). This means that an appropriate increase in the number of daily
steps taken in the intervention may increase the participants’ gait speed. Secondly, we found that SMI was significantly
positively correlated with HS (r = 0.793, p <0.001) and negatively correlated with FFP (r =—0.5, p < 0.001). Meanwhile,
SMM was positively correlated with HS, EQ-VAS and SPPB (r = 0.73, p < 0.001; r = 0.367, p < 0.01; r = 0.342, p <
0.01) was significantly negatively correlated with FFP (r = —0.417, p < 0.001). This means that increased skeletal muscle
may lead to improvements in grip strength and quality of life, while reducing the degree of frailty. Finally, we found that
HS was significantly positively correlated with SPPB (r = 0.394, p < 0.01) and negatively correlated with FFP (r =
—0.364, p < 0.01). At the same time, GS was significantly positively correlated with SPPB (r = 0.382, p < 0.01), and
negatively correlated with SSTS (r = —0.255, p < 0.05). This means that improvements in physical function may lead to
improvements in quality of life, increased grip strength may reduce frailty, and increased lower limb strength may
improve gait speed and 5 STS time. In summary, the increase of skeletal muscle is closely related to physical functional
performance, and their interaction is positive. Both clinical interventions and daily care need to consider options that
enhance both skeletal muscle mass and physical functional performance to improve quality of life and reduce frailty.

Limitations and Future Directions

Limitations

First of all, we only recruited in one nursing center, and the recruitment conditions were strict, resulting in a small sample
size and skewed distribution of some data, which limited our further analysis. Secondly, the problems exposed by this
short-term three-month experiment do not fully illustrate the problems that exist in the real world, and longer intervention
cycles are needed to prove these problems. Last but not least, the study could not be blinded between the intervention and
control groups, which led to potential expectancy bias, particularly with respect to self-reported quality-of-life measures.

Future Research Should

First, it is necessary to recruit from multiple institutions and expand the study sample size, such as conducting multi-
center randomized controlled trials. Second, we suggest that future studies carry out subgroup analyses to expose gender-
specific issues. Finally, if you want to intervene for patients with sarcopenia in the early stage of frailty, it is best to
combine exercise and nutrition. It is worth mentioning that we observed during the intervention period that older patients
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with pre-frailty and sarcopenia (Age: 81.4145.14) needed longer intervals to ensure the quality of the completed
movements. The lack of improvement or even slight worsening of frailty scores in pre-frail patients may indicate that
the intensity of the intervention was still insufficient or that it did not incorporate a multidimensional intervention
including nutrition, cognition and social engagement.

Conclusion

This study is the first to demonstrate that a multicomponent exercise intervention program that adds additional resistance
training to the Otago Exercise Program (OEP) can significantly improve sarcopenia parameters in pre-frailty older adults in
nursing home settings. Secondly, the effect of the program on frailty was not as good, possibly because the intensity of the
intervention was insufficient or the multidimensional intervention including nutrition, cognition and social engagement was
not included. Finally, improved skeletal muscle and physical performance may lead to better quality of life and reduced frailty.
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