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Abstract  Frailty is associated with an elevated risk of 

disability, morbidity, and mortality in older populations. 

Multicomponent exercise has been identified as a 

recommended intervention to mitigate the effects of frailty. 

This study aimed to evaluate the effects of a structured 

multicomponent exercise program (MEP) on frailty status, 

serum Insulin-like Growth Factor-1 (IGF-1) levels, and 

functional performance in frail elderly. Elderly over 60 

years were assessed for frailty status (Fried's Frailty 

Phenotype), serum IGF-1, and functional performance 

(Barthel Index, Tinetti Assessment Tool, handgrip strength, 

and walking speed), followed by random allocation into 

exercise group (EG) or control group (CG). EG attended 

MEP 3 times a week over 12 weeks, as well as regular 

activity programs, while CG participated in the regular 

programs only. The MEP contained moderate intensity 

aerobic, strength, balance, and flexibility exercises, which 

had been prepared as a training module. Comparison tests 

were then performed within and between groups using α = 

0.05. A total of 33 pre-frail and frail elderly, aged 73.24 + 

7.81 years, were recruited and divided into the EG (n = 17) 

and CG (n = 16). The results indicated significant 

improvements (p < 0.05) in EG's functional performance, 

including balance, gait, handgrip strength, and walking 

speed post-MEP intervention. Compared with CG, EG also 

had an increase in IGF-1 levels and a reduction in frailty 

scores. However, functional performance in ADL 

measured by the Barthel Index was not significantly 

different. The results indicated that the MEP was effective 

in reversing frailty status, increasing IGF-1 levels, and 

improving functional performances of pre-frail and frail 

elderly. Nevertheless, further research employing larger 

sample sizes and diverse methodological designs is 

required to validate these findings. 

Keywords  Multicomponent Exercise Program, 

Elderly, Frailty, IGF-1, Functional Performance 

1. Introduction

Since 2020 Indonesia has been faced with an ageing 

population with 10.7% of the population over 60 years old. 

It is projected that by 2045 the number of older persons 

will reach one-fifth of the total population [1]. Aging is 

characterized by physiological function decline that 

increases susceptibility to various diseases and health 

problems, such as frailty. Frailty represents a prevalent and 

clinically significant syndrome among older adults [2]. 
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Although there is no consensus regarding its exact 

prevalence rate, global estimates range from 3.5% to   

27.3% [3]. In Indonesia, frailty constitutes a substantial 

health concern among the elderly population, with a 

reported prevalence of 25.2% [4]. 

Frailty is a multidimensional syndrome of functional 

reserve degradation resulting from the dysregulation of 

multiple physiological systems, increasing vulnerability to 

stressors [5,6]. It represents a severe outcome of the aging 

process, characterized by accelerated physiological 

decline and the deterioration of homeostatic regulatory 

mechanisms [2,7]. Frailty adversely affects the health 

status and quality of life of older adults, while also 

contributing to increased rates of disability, morbidity, and 

mortality [8]. 

Frailty has been associated with a deficiency in 

Insulin-like Growth Factor-1 (IGF-1) [9,10]. In addition, 

frailty status correlates with IGF-1 levels since the 

majority of pre-frail and frail elderly had low IGF-1 levels 

[11]. As an anabolic hormone, IGF-1 plays an important 

role in preserving muscle mass and strength, inhibiting 

apoptosis, and mitigating oxidative stress [12]. Reduced 

levels of IGF-1 are associated with poorer grip strength 

and physical performance [13], slow gait [14], disability 

[10,15], and cognitive decline [14,16]. 

Previous research has demonstrated that various forms 

of physical exercise positively influence IGF-1 levels [17–

19], frailty [20–22], and functional performance [17,23]. 

Most of the exercise interventions used in those studies 

were single-type exercises (e.g., aerobic or resistance) or a 

combination of those two. Meanwhile, exercise guidelines 

for frailty strongly recommend multicomponent exercise 

for the affected elderly [22,24]. It combines multiple 

exercise types (e.g., aerobic, resistance, flexibility, and 

balance) in the same session, thereby impacting various 

components of functional performance [25,26], delaying 

disability, and maintaining functional independence [27]. 

Several prior studies have implemented a 

multicomponent exercise program (MEP) to improve 

frailty [25,26,28]. However, to the best of our knowledge, 

this is the first study to assess the effects of MEP on serum 

IGF-1 levels in frail older adults. The MEP utilized in this 

study was distinctive, as it was developed in the form of a 

training module incorporating structured exercise 

protocols and safety guidelines. Moreover, this module 

had been evaluated in a preliminary study and 

demonstrated to be safe for use in frail older adults. 

However, the effectiveness of the MEP in this module in 

reducing frailty remains uncertain. Therefore, this study 

aims to evaluate the impact of the MEP on frailty, IGF-1 

levels, and functional performance in frail elderly. The 

hypotheses were that the MEP should reduce frailty status, 

increase serum IGF-1 levels, and improve functional 

performance including balance, gait, grip strength, 

walking speed, and activity of daily living (ADL) skills. 

2. Materials and Methods 

2.1. Ethical Issues 

The study protocol was approved by the Health 

Research Ethics Committee of Dr. Moewardi General 

Hospital (Number: 1.200/V/HREC/2024). 

2.2. Study Design and Participants 

This randomized pre-test and post-test control group 

study was conducted between May and September 2024 at 

Tresna Wredha Social Services Center, a government 

nursing home in Yogyakarta province. Eligible participants 

for this study were individuals aged 60 years or older who 

were classified as pre-frail or frail based on Fried's frailty 

criteria and had a Mini-Mental State Examination (MMSE) 

score greater than 17. The exclusion criteria were those 

having uncontrolled chronic diseases or whose symptoms 

increased with physical activities, severe audio-visual 

impairment, and severe disability. 

Calculation of the sample size based on a previous study 

of a 12-week MEP to reduce frailty in community-dwelling 

elderly with an effect size of the frailty score was 1.2 and 

80% power at α = 0.01 [28]. A total of 33 elderly 

individuals met the eligibility criteria and were allocated 

into intervention or control groups using a proportional 

stratified random sampling method [29]. With this method, 

the participants were stratified as pre-frail or frail based on 

Fried's frailty assessment. Subsequently, within each 

stratum, participants were randomly allocated to either the 

exercise group (EG) or the control group (CG) by drawing 

lots. In this study, 17 elderly people were assigned to the 

EG and 16 to the CG. The EG received MEP and regular 

activity programs while the CG attended the regular 

programs only. 

2.3. Measurements 

Data were gathered both at baseline and following the 

completion of the intervention period. The primary 

outcome included alteration in IGF-1 serum level, frailty 

score, and functional performance. The latter consisted of 

ADL skills, gait, balance, grip strength, and walking speed. 

Relevant data was obtained from interviews, 

measurements, and institutional records. The assessments 

were performed by assessors who were blinded to the 

group allocation of participants. 

The MMSE Indonesia version was used to assess 

participants' cognitive function. A higher score indicated 

superior cognitive function, with a maximum possible 

score of 30. A score less than 17 represented severe 

cognitive impairment. 

Frailty was identified using Fried's Frailty Phenotype 

modified from the Comprehensive Geriatric Assessment 

(CGA) Toolkit Plus [30]. The frailty phenotype was 
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measured by 5 criteria: a). Weight Loss: involuntary loss 

of more than 4.5 kilograms over the past year; b). Activity 

Limitation: self-reported significant limitations in past 

vigorous physical activities; c). Fatigue: persistent 

perceived fatigue for more than 2 days; d). Muscle 

Weakness: poor handgrip strength based on gender and 

BMI criteria, with cut-off points of less than 29 kg for 

men and less than 17 kg for women, measured with a 

dynamometer (Jamar Hydraulic Hand Dynamometer 

J00105, Lafayette Instrument, USA); e). Slow Walking: 

taking more than 7 seconds to walk 4.6 meters. 

Participants were categorized as frail when at least 3 

criteria were shown, pre-frail if 1-2 of them were present 

and robust when none of these phenotypes were indicated. 

Blood samples were obtained 24 hours prior to and 24 

hours following the intervention period. Serum IGF-1 

levels were determined using an enzyme-linked 

immunosorbent assay (ELISA) kit (BT Lab, Korain 

Biotech, Zhejiang, China) following the manufacturer's 

instructions. 

Functional performance of the participants was 

assessed using the Barthel Index and the Tinetti 

Assessment Tool. The Barthel Index measured 

independence in ADL with a maximum possible score of 

100. The Tinetti tool contains a balance and gait test, with 

maximum scores of 16 and 12, respectively. Those scores 

were summed to obtain the Tinetti total score. Both 

instruments interpreted that a lower score indicated poorer 

performance. 

An automatic blood pressure monitor (Omron 

HEM-7130, Kyoto, Japan) was used to measure the blood 

pressure (BP) and heart rate (HR) of EG participants 

during interventions. Both were checked periodically to 

monitor exercise intensity. 

Daily physical activities, nutrition, and supplements 

were controlled throughout the study by scheduling 

activities and equalizing the food consumption of the 

participants. 

2.4. Intervention 

The MEP combined flexibility, balance, aerobic, and 

resistance training. It was designed according to the 

exercise prescriptions for older adults [31,32] and the 

American College of Sports Medicine (ACSM) guidelines 

[33]. The program was structured into a training module, 

provided in 60-minute sessions, 3 days per week for 12 

weeks, and conducted by a qualified exercise trainer and an 

assistant. 

To improve muscle strength, 3 types of resistance bands 

(Speeds Flexiband LX 024-19) were used progressively, 

namely extra light (0.4 mm, 2.3-4.5 kg), light (0.5 mm, 

4.5-6.8 kg), and medium (0.6 mm, 6.8-9.1 kg). The 

exercise tempo was set using a metronome, starting at 50 

beats per minute (bpm). 

The exercise session began with BP and HR 

measurements. Resting BP exceeding 200 mmHg systolic 

and 110 mmHg diastolic was considered a contraindication 

for exercise. During exercise BP must not exceed 220/105 

mmHg [34]. The measurements were repeated after 30 

minutes of practice and at the end of the session. 

The workout started with a sitting warm-up followed by 

standing balance exercises, such as tiptoeing, alternate leg 

lifting, body swing, and various walking exercises. Next 

was aerobic exercise in standing and sitting positions, 

starting at 40% of the maximum HR and increasing 

gradually to 60 to 70%. The session continued with 

resistance exercises for the chest, arm, back, and leg 

muscles. Furthermore, the exercise load was increased 

using thicker resistance bands and adding frequency and 

tempo. The session ended with a cool-down phase, which 

included static stretching of the neck, shoulders, side body, 

and hips. Exercise intensity was monitored using the Borg 

Modified Rating of Perceived Exertion (RPE) Scale on a 

maximum scale of 3 to 4 (moderate fatigue) to ensure 

safety. 

Details of the exercise protocol and training progression 

are described in Tables 1 and 2, respectively. 

Table 1.  MEP Protocol 

Exercise Type & Order Description Duration 

Flexibility 

(Warm Up) 

Dynamic stretching : 1). neck, 2). shoulders, 3). arms, 4). body side, 5). waist, 6). elbow 8 minutes 

Balance 1). tiptoe, 2). alternate foot lifting, 3). side step, 4). weight transfers, 5). side swing, 6). 

alternate knee raises, 7). forward swing, 8). body rotation, 9). tandem walking 

15 minutes 

Aerobic 1). walking in place, 2). walking forward and backward, 3). walking sideways, 4). seated 

marching, 5). front span, 6), side span, 7). open legs, 8). arms swing, 9). mambo, 10). 

boxing 

15 minutes 

Strength 1). chest press, 2). fly, 3). seated row, 4). rotator cuff curl, 5). biceps curl, 6). upright row, 

7).triceps extension, 8). abdominal crunch, 9). lower back crunch, 10). marching hip flexor, 

11). abductor curl, 12). leg press, 13). chair raise 

15 minutes 

Flexibility 

(Cool Down) 

Static stretching: 1). waist, 2). shoulders, 3). neck, 4). chest, 5). thighs & calves, 6). lower 

back 

7 minutes 
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Table 2.  Training Progression 

Exercise Type Week 1-4 Week 5-8 Week 9-12 

Flexibility 2x8 rep, 50 bpm 3x8 rep, 55 bpm 4x8 rep, 60 bpm 

Balance 2x8 rep, 50 bpm 3x8 rep, 55 bpm 4x8 rep, 60 bpm 

Aerobic 45 sec, 50 bpm 50 sec, 55 bpm 60 sec, 60 bpm 

Strength / Resistance 

(resistance band) 

2x8 rep, 50 bpm 

(0.4 mm) 

2x8 rep, 55 bpm 

(0.5 mm) 

3x8 rep, 60 bpm 

(0.6 mm) 

rep = repetitions, bpm = beats per minute, sec = seconds, mm = millimeter 

2.5. Statistical Analysis 

Statistical analyses were conducted using IBM SPSS 

version 25.0. Data normality was assessed using the 

Shapiro-Wilk test. Continuous variables were expressed as 

means with standard deviations (SD) and analyzed using 

either the Independent t-test or the Mann-Whitney U test, 

depending on the distribution. Categorical variables were 

presented as frequencies and percentages and analyzed 

using the Chi-Square test. A two-sided p-value of less than 

0.05 was considered statistically significant. Effect sizes 

for significant main findings were calculated using Cohen's 

d, where a value of d = 0.2 denotes a small effect, d = 0.5 a 

medium effect, and d = 0.8 a large effect. 

3. Results 

3.1. Participants Characteristics 

The characteristics of study participants showed no 

differences between EG and CG (p > 0.05) as presented in 

Table 3. No injuries or fall incidents related to the 

intervention were recorded during the study, with the 

participants’ mean attendance being 34 of 36 training 

sessions (94.4%). 

3.2. Changes in IGF-1 Levels, Frailty, and Functional 

Performance 

A comparison of IGF-1 levels, frailty, and functional 

performance between EG and CG was presented in Table 4. 

The IGF-1 levels, frailty scores, Barthel Index, and Tinetti 

test scores were analyzed using the Mann-Whitney U test 

due to their non-normal distribution. In contrast, handgrip 

strength and walking speed data, which followed a normal 

distribution, were analyzed using the Independent t-test. 

The results showed no difference in all variables at baseline. 

However, the values differed significantly (p < 0.05) 

between groups at post-intervention. 

An increase in IGF-1 levels was observed in the EG 

following the intervention, while the CG showed a 

decrease. However, the effect size, calculated using 

Cohen's d, was small at 0.12. 

The frailty scores of both groups decreased in the 

post-test, however, the reduction in the EG was greater 

(32.41%) and more significant. This change led to the 

reversibility of the frailty status, as 7 EG's participants 

moved from frail to pre-frail and 1 pre-frail participant 

became robust, whereas in the CG, only 1 frail participant 

reversed to pre-frail status (Figure 1). The effect size for 

the frailty score was 1.03, which was interpreted as large. 

Functional performance data revealed a significant 

post-intervention difference between groups in the Tinetti 

scores with effect size of 1.56 (large). The EG showed an 

improvement in Tinetti gait, balance, and total scores, 

whereas the CG exhibited a decline in these measures. The 

walking speeds of EG also improved as indicated by 

shorter walking times compared to the CG. 

Meanwhile, no differences were found between EG and 

CG at the Barthel Index and handgrip strength values (p > 

0.05). The Barthel Index score of EG slightly increased 

post-intervention, while the CG was just the opposite. In 

terms of handgrip strength, within-group analysis revealed 

a statistically significant 13.71% increase in the 

post-intervention score of the EG (p = 0.022), whereas the 

CG showed no change. The values gap between the two 

groups in post-intervention was very small, resulting in no 

significant differences in the between-group result. 
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Table 3.  Characteristic of the participants 

 EG 

(n = 17) 

CG 

(n = 16) 

p 

Age, mean + SD 73.47 + 8.43 73 + 7.37 0.866 

Sex, n (%): 

a. Male 

b. Female 

 

6 (35.29) 

11 (64.71) 

 

6 (37.5) 

10 (62.5) 

 

0.895 

BMI, mean + SD 21.71 + 4.72 23.86 + 4.82 0.195 

Cognitive Score, mean + SD 19 + 5.05 19.38 + 6.75 0.857 

No Comorbidities, mean + SD 1.65 + 1.11 1.75 + 1.24 0.823 

SD = Standard Deviation, BMI = Body Mass Index 

Table 4.  Comparisons of outcome between groups 

Variables Pre-test p Post-test p Cohen’s d 

EG 

(n = 17) 

CG 

(n = 16) 

EG 

(n = 17) 

CG 

(n = 16) 

IGF-1 (ng/mL) 

Frailty 

Frailty score 

Frailty status, n (%): 

a. Robust 

b. Pre-frail 

c. Frail 

Functional performance 

Barthel Index 

Tineti Total 

Tinetti Gait 

Tinetti Balance 

Handgrip strength 

Walking speed (seconds) 

4.48 + 1.11 

 

2.53 + 0.51 

 

0 (0) 

8 (47.06) 

9 (52.94) 

 

98.82 + 2.65 

25.12 + 2.08 

10.41 + 1.23 

14.71 + 1.36 

13.71 + 7.47 

7.07 + 1.61 

5.08 + 5.30 

 

2.56 + 0.51 

 

0 (0) 

7 (43.75) 

9 (56.25) 

 

99.0 + 2.53 

23.31 + 2.98 

9.69 + 1.40 

13.63 + 1.99 

15.38 + 7.50 

8.27 + 3.16 

0.313 

 

0.851 

 

0.849 

 

 

 

0.962 

0.052 

0.182 

0.086 

0.527 

0.188 

4.51 + 0.60 

 

1.71 + 0.77^ 

 

1 (5.88) 

14 (82.35) 

2 (11.76) 

 

99.76 + 0.66 

26.41 + 2.74^ 

11.12 + 1.49 

15.29 + 1.31^ 

15.59 + 6.01^ 

6.65 + 2.62 

4.92 + 4.78 

 

2.44 + 0.63 

 

0 (0) 

8 (50) 

8 (50) 

 

98.63 + 2.60 

22.38 + 3.38 

9.63 + 1.78 

12.75 + 2.35 

15.31 + 6.19 

8.50 + 2.78 

0.037* 

 

0.007* 

 

0.032* 

 

 

 

0.075 

0.003* 

0.006* 

0.001* 

0.898 

0.047* 

0.12 

 

1.03 

 

 

 

 

 

 

1.56 

 

 

 

0.68 

* = Significant differences between groups at p < 0.05; ^ = Significant differences between baseline and post-intervention at p < 0.05 

Statistical analysis was conducted using the Independent t-test or Mann-Whitney U test for continuous data and the Chi-Square test for categorical 
data. 

  

Figure 1.  Frailty status transition in EG (A) and CG (B) based on the frailty score 
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4. Discussion

The objective of the study was to evaluate the 

effectiveness of MEP in enhancing serum IGF-1 levels, 

reducing frailty, and improving functional performance in 

frail older adults. 

The results indicated that serum IGF-1 levels in the EG 

differed significantly from CG post-12 weeks of 

intervention. After controlling other variables such as 

daily physical activities, nutrition, and supplements, it was 

likely that the increase in the EG's IGF-1 levels was 

affected by the MEP. Exercise-induced IGF-1 increase in 

the elderly was also found in previous studies [16,17,35]. 

The results were constant regardless of the type of 

exercises used. Zhuang et al. [36], in their systematic 

review and meta-analysis investigated the effect of three 

types of exercise training—aerobic, resistance, and 

combined aerobic and resistance—on IGF-1 levels in 

older adults with sarcopenic obesity and found that all 

exercise modes significantly increase the IGF-1 levels. 

Physical exercise serves as a potent stimulus for the 

secretion of Growth Hormone (GH) [37]. Since GH 

stimulates IGF-1 synthesis in the liver, exercise-increased 

GH activity facilitates IGF-1 production. Furthermore, 

rapid changes in IGF-1 removal due to hemodynamic or 

metabolic effects of exercise could be another mechanism 

that explains the increase in circulating IGF-1 [38]. 

Previous studies revealed that reduced IGF-1 levels are 

linked to frailty-related indicators such as decreased 

handgrip strength, slower walking speed, and impaired 

physical performance [10,11]. Increasing IGF-1 due to 

exercise was expected to improve those indicators and 

reduce frailty. 

A decrease in frailty score in this study was 

demonstrated, especially in the EG. This result was 

consistent with other studies that found a frailty score 

reduction after administering the MEP [25,28,39,40]. 

MEP was considered effective in managing frailty since it 

targeted most of the frailty criteria, such as muscle 

weakness, motor slowness, low physical activity, and poor 

endurance, which led to fatigue [20]. 

The decrease in frailty scores reversed frailty status, as 

indicated by 9 (27.3%) participants in this study. 

According to Zhang et al. [41], the improvement in frailty 

status was expected to decrease the risk of falls and 

disability. They found that the odds of falls among pre-

frail and frail individuals were 35% and 81% higher than 
among robust individuals. In addition, the probability of 

developing ADL/IADL disability rose with increasing 

frailty status, occurring in 15% of robust individuals, 28% 

of those classified as pre-frail, and 46.2% of frail older 

adults. 

The reversibility of frailty was also found in previous 

studies [25,28,39,40], possibly due to improvements in 

physical performance components, such as balance and 

muscle strength, which led to increased physical capacity 

and improved frailty. 

Physical frailty is considered as pre-disability, which is 

followed by functional decline. Moreover, frailty status 

could indicate the degree of an individual's functional 

ability [24]. In this study, we observed improvements in 

functional performance along with the frailty score 

reduction post-intervention. The improvements were 

demonstrated by scores of the Tinetti gait and balance test, 

handgrip strength, and walking speed and were consistent 

with the findings of other studies. 

A systematic review by Cadore et al. [27] reported that, 

among 11 studies examining the impact of exercise on 

gait in frail older adults, 6 demonstrated improvements in 

gait, with 3 of them administering MEP. Meanwhile, of 

the 10 studies assessing the effects of exercise on balance, 

8 showed improvements in balance and 7 of these utilized 

MEP interventions. Tarazona-Santabalbina et al. [25] also 

found an increase in Tinetti total scores and gait of frail 

elderly post 24-week MEP intervention, while 2 other 

studies improved in balance after 12-week [28] and 

24-week [26] interventions. Proprioceptor stimulations to 

the joints when performing MEP likely increased stability 

which led to balance improvements [28]. 

In this study, the EG's muscle strength improved as the 

scores of handgrip strength increased by 13.71% 

following the interventions. This finding supported 

previous studies involving older adults with frailty [28] 

and individuals with HIV [40], both of which reported 

improvements in grip strength following a 12-week MEP. 

The resistance exercise component in MEP enhanced 

anabolic processes and muscle protein synthesis which led 

to muscle hypertrophy and increased muscle strength and 

power [42]. Increased handgrip strength indicated a higher 

physical fitness level. Furthermore, grip strength 

estimated muscle strength and endurance, balance, aerobic 

fitness, flexibility, as well as coordination skills [43]. 

Slow walking of less than 0.6 m/sec constituted one of 

the frailty phenotypes [9]. This was related to fall risks 

and functional decline [27]. Physical exercise increased 

walking speed through functional capacity enhancement 

[44]. Since poor balance and low muscle strength were 

also associated with slow walking [44], improving both 

aspects through MEP was the right strategy to heighten 

walking speed as evidenced in this study. The EG 

increased in muscle strength as well as balance scores. 

Improvements in these 2 aspects resulted in increased 

walking speed compared to the CG. 

The effectiveness of the MEP in the module to lower 

frailty and improve functional performance in the elderly 

has been demonstrated in this study. Therefore, it should be 

implemented in community settings in order to extend the 

benefits of the program. The elderly should be able to 

implement the training module at home independently as it 

contains descriptions regarding the exercise protocols, 

equipment, and safety precautions. However, brief 

explanations and guidance sessions would be needed, 

particularly at the beginning of the program to avoid 

misinterpretation of the module. Moreover, a monitoring 
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system should be applied during the MEP implementation 

to ensure adherence to the program, as it is critical for the 

program's effectiveness. 

To address potential barriers in implementing the MEP 

in community settings, it is recommended that the program 

be integrated into the existing geriatric service programs in 

the community, such as the Community Health Center or 

elderly health posts in Indonesia. Thus, the centers could 

provide the training and resources needed for 

implementing the MEP in the community. 

5. Limitations 

Despite the positive outcomes, this study has several 

limitations. The MEP was not tailored according to frailty 

status, making it difficult to determine the optimal 

training dosage for each individual. Additionally, 

participant blinding was not feasible, which may have 

introduced bias. Moreover, the study was limited by a 

small sample size and potential selection bias associated 

with the nursing home setting. Consequently, further 

research involving larger sample sizes and varied study 

designs is necessary to confirm the findings. 

6. Conclusions 

In conclusion, this study demonstrated that the MEP 

effectively reversed frailty and improved functional 

performance specifically balance, gait, handgrip strength, 

and walking speed while also increasing circulating serum 

IGF-1 levels in frail older adults. Therefore, it was found 

to be both beneficial and safe for implementation among 

pre-frail and frail older adults. 
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