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Abstract

:

This study examined the effects of resistance training on muscle quality, muscle growth factors, and functional fitness in older adult women with sarcopenia. Twenty-two older adult women aged over 65 with sarcopenia were randomly assigned to either resistance training (RT, n = 12) or non-exercise control group (CG, n = 10). The body weight-based and elastic band RT were performed three times a week, 60 min per session, for 16 weeks. Body composition and thigh muscle quality were estimated by dual-energy X-ray absorptiometry (DEXA) and computed tomography (CT), respectively. The muscle growth factors, including growth differentiation factor-8 (GDF-8), growth differentiation factor-15 (GDF-15), activin A, and follistatin, were analyzed via blood samples. Statistical analyses were performed using repeated measures multivariate analysis of variance (MANOVA), analysis of variance (ANOVA), and effect size (i.e., cohen’s d, partial eta square), and the significance level was set at 0.05. The RT group improved their functional fitness, grip strength, gait speed, and isometric muscle strength (p < 0.01, d > 0.99; large), while these variables did not change in the CG. An increase in intramuscular fat was only observed in the CG (p < 0.01, 1.06; large). Muscle growth factors such as follistatin were significantly increased in the RT (p < 0.05, 0.81; large), but other variables did not change following resistance training. Sixteen weeks of resistance training improved functional fitness and prevented age-related increases in intramuscular fat in the thigh area. However, there were only some changes in muscle growth factors, such as follistatin, suggesting that the effectiveness of resistance training on muscle growth factors is limited. Body weight-based and elastic band resistance training is an alternative training method for sarcopenia to minimize the age-related adverse effects on muscle function and quality.
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1. Introduction


Resistance training plays an essential role in the potential treatment and prevention strategies of sarcopenia in healthy or sarcopenic older individuals. The assessment of muscle quality and muscle growth factors would add to clinical trials on sarcopenia. Sarcopenia is highly prevalent, and the risk of sarcopenic-related comorbidities is increasing worldwide [1]. The prevalence of sarcopenia is 20% over 70 years old and 30% over 80 years old [2]. Sarcopenia is strongly associated with a progressive decline of skeletal muscle mass and function, resulting in negative consequences such as falls, fractures, morbidity, and mortality [3]. Sedentary lifestyles are well known to increase the risk of developing sarcopenia. Older adult women tend to be more sedentary than older adult men, which is potentially associated with higher mortality risk [4,5]. Additionally, different sex-specific mechanisms such as hormone response and absolute muscle mass influence age-related muscle disease [5,6]. The continuous decline in muscle mass resulted in negative protein balance in the skeletal muscle, but catabolic hormone activity is greater in older women than older men [7]. Therefore, sex-specific treatment strategies for sarcopenia need to be developed to improve quality of life and reduce healthcare costs in older adult women.



Muscle quality is defined as the ability to generate muscle force relative to the volume of contractile tissue [8]. Skeletal muscle quality analysis can identify prognostic parameters and symptoms in sarcopenic older adults compared to healthy individuals. Muscle biopsies provide precise muscle quality information such as fatty infiltration and depletion of muscle and metabolic changes through exercise adaptation. However, they are a burden in human-based research because of their potential risks, including bleeding, bruising, and infection. Therefore, computed tomography (CT) has been used as the gold-standard method for assessing and diagnosing muscle disorder diseases and provide a non-invasive substitute to muscle biopsies [9]. Previous studies suggested that muscle density and intermuscular fat at the quadriceps using CT scans were recommended because they can provide precise clinical diagnosis, evaluation, and degree of disease advancement in sarcopenia [10,11].



The transforming growth factor β (TGF-β) superfamily has been introduced as a primary regulator of muscle architecture involved in extracellular matrix remodeling and cell proliferation regulation [12,13]. GDF-8, GDF-15, and activin A are potent negative regulators of muscle homeostasis in humans [14]. In contrast, follistatin has a decisive role in myostatin-inhibiting activity and muscle hypertrophy [15]. It is believed that the change of these biomarker levels during resistance training could be a novel approach to monitoring geriatric disorders such as sarcopenia, cachexia, and frailty [16,17,18].



Resistance training has been recommended for older individuals to prevent degenerate muscle mass and muscle function [19]. A resistance training program using body weight-based training and/or elastic bands has often been utilized in health care settings. In particular, resistance training using body weight and elastic bands has the potential to be used portably and safely in various populations, and allows participants to perform the exercise anywhere. In addition, it is a secure approach to improve neuromuscular function in the older population [20,21]. Krause et al. demonstrated that 12 weeks of combined body weight-based and elastic band resistance training enhanced lean body mass and muscle function in the older population [20]. Watanabe et al. reported that 16 weeks of body weight-based resistance training improved physical function and muscle strength of the upper and lower extremities in elderly adults [22]. Furthermore, 12 weeks of resistance training using elastic bands improved upper and lower muscle quality (upper; handgrip strength (kg)/arm lean mass (kg), lower; isometric quadriceps (N)/leg lean (kg)) and physical performance in sarcopenic obesity in older women [23]. Thus, we speculated that both body weight-based and elastic band resistance training for sarcopenic older adults could be beneficial to increase muscle function and functional fitness.



Therefore, the present study aimed to determine the effects of body weight-based and elastic band resistance training on muscle quality and muscle growth factors (i.e., GDF-8, GDF-15, activin A, follistatin) in sarcopenic older women. It was hypothesized that 16 weeks of body weight-based and elastic band resistance training enhances functional fitness, muscle function, muscle quality, and muscle growth factors.




2. Materials and Methods


2.1. Participants


Participants were recruited through public advertisements at senior citizen centers in South Korea between September 2018 and January 2019. Initially, 136 women aged over 65 enrolled in this study; a pre-enrolment screening questionnaire (AHA/ACSM Health/Fitness Facility Pre-Participation Screening Questionnaire) was used to obtain basic information such as medical history and potential risk factors. Exclusion criteria were as follows: (1) Regular participation in exercise programs at least twice a week (at least 20 min) in the last six months; (2) Either a recent change in the dose of oral hypoglycemic agents, hypertensive drugs, and cholesterol-lowering drugs, or more than 5% weight change within the first two months of the study; (3) Blood pressure over 160/100 mmHg; (4) Communication problems; (5) History of unstable angina pectoris (chest pain), uncontrollable hypertension, type 1 diabetes, heart attack, heart surgery, arthritis, chronic renal failure, epilepsy, convulsions, chronic enterocolitis, and other psychotic disorders associated with loss of mental or cognitive functions. We applied the IWGS (International Working Group on Sarcopenia) and EWGSOP 1 (European Working Group on Sarcopenia in Older People) adjusted diagnostic algorithm to screen eligible participants [10]. The inclusion criteria for sarcopenia diagnosis were (1) gait speed < 1.0 m·s−1 and appendicular skeletal muscle index (ASMI) < 5.67 kg·m−2, or gait speed > 1.0 m·s−1, (2) grip strength < 20 kg and ASMI < 5.67 kg·m−2, (3) not obese (percent body fat < 35%), (4) osteoporosis (lumbar or femur bone mineral density T-score < −2.5). After the initial screening process, 100 out of 136 participants did not meet the inclusion criteria. In addition, nine participants refused to participate in the experiments. Thus, twenty-seven participants were randomly assigned to either the resistance training group or the non-exercise control group. The randomization was performed using a computer-generated group assignment. During the experiment, five participants dropped out because of personal reasons or refused post-tests. Consequently, twenty-two sarcopenic older women completed the study (Figure 1). There were no differences in the demographic characteristics between the resistance and non-exercise control groups.



The participant’s characteristics are summarized in Table 1. All participants provided written informed consent before enrollments and were fully informed about the study’s purpose, procedure, benefit, and possible risks by the principal investigator and a research assistant. The Institutional Review Board approved the present study of Kyung Hee University, and informed consent was obtained before screening from all participants.




2.2. Anthropometric Measurements


Body height and weight were assessed, with minimal clothing and no shoes, to the nearest 0.1 cm using a stadiometer (T.K.K. Takei Scientific Instruments Co., Tokyo, Japan) and a digital weight scale (150A, CAS, Seoul, South Korea) to the nearest 0.01 kg. Waist circumference (WC) was measured at the midpoint between the iliac crest and the lowest rib margin, and hip circumference (HC) was assessed at the widest point around the buttocks. Based on the anthropometric metric measures, body mass index (BMI; kg·m−2) and waist to hip ratio (WHR; waist/hip) were calculated.




2.3. Body Composition


Body composition and bone mineral density were estimated by dual-energy X-ray absorptiometry (DXA; QDR-4500W, Hologic, Marlborough, MA, USA). The DXA results included body composition parameters, including fat-free mass, body fat percentage, fat mass, and bone mineral density (whole body, left entire femur, and lumbar spine vertebrae). The appendicular skeletal muscle mass was calculated from the fat-free mass for upper and lower limbs and represented relative to height as ASMI (kg·m−2). The coefficient of variance of the DXA machine was 1.5% less as designated by Hologic, Inc. The same experienced technician performed the analysis of the scan, and the intraclass correlation coefficient (ICC) of the DXA estimate was 0.99.




2.4. Functional Fitness


The functional fitness was measured using the senior fitness test (SFT), grip strength, and gait speed. The SFT battery tests, including walking (2-min step test), chair stand, chair-sit-and-reach, 2.4 m up and go, and arm curl, were used to measure the participants’ functional fitness [24]. To evaluate sarcopenia for diagnosis purposes, we also assessed 4-m gait speed and grip strength (TKK 5001, Takei, Japan). The ICCs of the functional fitness tests had good to excellent reliability (0.80 to 0.98) [10].




2.5. Mid-Thigh Composition


The thigh composition was obtained using 16-slice CT scans (Brivo CT385, GE Healthcare, Chicago, IL, USA) taken from the mid-point of the bilateral thigh between the medial edge of the greater trochanter and intercondyloid. The CT scans estimated the thigh cross-sectional area, total thigh volume (TTV), thigh fat volume (TFV), thigh muscle volume (TMV), thigh subcutaneous fat volume (TSFV), and intramuscular fat (IMAT) in the mid-thigh area. The contradistinction between independent tissue was applied on radiographic attenuation (HU; Hounsfield unit) with a range of −190 to −30 HU for the fat area and a range of 0 to +100 HU for the skeletal muscle area. The CT scans were performed with the radiologist in W hospital, and the same radiologist conducted the analysis.




2.6. Maximal Isometric Muscle Strength


The maximal isometric muscle strength was measured using an isokinetic dynamometer (Cybex Humac Norm Model 770, CSMi, Stoughton, MA, USA). Each participant was seated on a dynamometer chair and the torso, forearm, and thigh were tightly fixed with a stabilization pad, with the dominant knee flexed at about 60 degrees. Maximal isometric muscle strength was measured three times for three seconds, and participants had thirty-second static rest between trials. The ICCs were 0.99 for CT scans, and 0.97 for the isometric muscle strength.




2.7. Biochemical Markers


All participants were asked to refrain from vigorous physical activity for at least 48 h before collection. Fasting blood samples were obtained at 08:00–09:00 after the participants had 12 h of overnight fasting in our laboratory. Venous blood samples (5 mL) were taken from the antecubital vein into ethylenediaminetetraacetic acid (EDTA) vacuum tubes by the clinical laboratory scientist. The samples were centrifuged at 3000 rpm for 10 min at room temperature, after which plasma samples were immediately separated and stored at −80 °C prior to assay. The plasma blood samples were assessed using an automatic enzyme-linked immunosorbent assay (ELISA) reader (VERSA Max Molecular Devices, Inc., Sunnyvale, CA, USA) with a follistatin kit (Human Follistatin Immunoassay, R&D, Minneapolis, MN, USA), GDF-8 kit (Myostatin Immunoassay ELISA Kit, R&D, Minneapolis, MN, USA), GDF-15 kit (Human GDF-15 Immunoassay, R&D, Minneapolis, MN, USA), and activin A kit (Human Activin A Immunoassay ELISA Kit, R&D, Minneapolis, MN, USA). All biochemical marker assays were conducted at the National Committee Clinic Laboratory (Green Cross Lab Cell, certified by the Korea laboratory accreditation scheme, Yongin-si, South Korea), and the inter- and intraclass coefficient of variance were 5.7% and 1.7% for follistatin, 3.1%, and 1.8% for GDF−8, 4.7% and 1.8% for GDF-15, and 4.7% and 4.2% for activin A.




2.8. Intervention


The intervention program was conducted for 16 weeks from March to June in 2019. The resistance training program was performed three times per week over the sixteen-weeks (48 sessions) under the certified strength and conditioning specialist (NSCA-CSCS). Participants were asked to maintain their usual daily activities. Each training session included five minutes of warm-up, fifty minutes of the resistance exercise, and five minutes of cool-down. The weight-bearing exercises described by Watanabe et al. [22] were performed for large muscle groups and further training for small muscle groups was done using an elastic band (Hygenic Corporation, Akron, OH, USA) resistance exercise program [25]. The training load was increased by progressive overload and the OMNI resistance for active muscle scale (OMNI-RES AM, 0-extremely easy to 10-extremely hard) was used [26]. The rest time between sets was 60 s. Details of the exercise program and intensity are shown in Table 2 and Table 3.




2.9. Statistical Analysis


All data were analyzed by the SPSS software program (IBM, SPSS version 25, Chicago, IL, USA). Data are expressed as mean, standard deviation (SD), and 95% confidence interval (95% CI). Repeated-measures MANOVA (body composition, functional fitness and physical performance, muscle quality, muscle growth regulator) and ANOVA were applied to determine the interaction effect for the group by the time during intervention periods. A dependent samples t-test was used post-hoc if significant interaction effects were detected. The effect sizes were expressed as partial eta-squared values within repeated measures ANOVA squared (η2p; small ≥ 0.01, medium ≥ 0.06, large ≥ 0.14) and Cohen’s d (d; small ≥ 0.2, medium ≥ 0.5, large ≥ 0.8) was used to indicate the mean difference between groups. A statistically significant level was defined as 0.05.





3. Results


Repeated measures MANOVA demonstrated that there was no significant interaction effects on anthropometric parameters, body composition, and bone mineral density. There were also no significant interaction effects of group and time on the BMC and BMD of three regions (whole-body, lumbar, and femur). However, there was a significant interaction effect for the group by time on WHR (F(1,20) = 7.188, p = 0.014, η2p = 0.264). The CG increased WHR (p < 0.01, d = 1.04) after 16 weeks compared with the RT (Table 4).



Two-way repeated measures MANOVA revealed significant interaction effects on functional fitness and physical performance (F(1,20) = 10.880, p < 0.001, η2p = 0.813) (Table 5). Seven univariate variables were found to have significant interaction effects for group by time, including 30-s chair stand (F(1,20) = 20.608, p < 0.001, η2p = 0.507), 30-s arm curl (F(1,20) = 45.996, p < 0.001, η2p = 0.697), chair sit-and-reach (F(1,20) = 37.101, p < 0.001, η2p = 0.650), 8-foot up-and-go (F(1,20) = 29.831, p < 0.001, η2p = 0.599), 2-min step test (F(1,20) = 22.453, p < 0.001, η2p = 0.529), grip strength (F(1,20) = 41.123, p < 0.001, η2p = 0.673), and gait speed (F(1,20) = 23.635, p < 0.001, η2p = 0.542). As mentioned above, all variables improved significantly in the RT group (p < 0.001, d > 1.20), and chair sit-and-reach, 2.4-m up-and-go, 2-min step, and grip strength were degenerated in the CG (p < 0.05, d > 0.79).



Repeated measures MANOVA showed significant interaction effects on mid-thigh muscle quality (F(1,20) = 7.579, p < 0.05, η2p = 0.752)(Table 6). There were significant interaction effects for group by time in maximum voluntary isometric contraction (MVIC) (F(1,20) = 7.417, p = 0.013, η2p = 0.271) and relative maximum voluntary isometric contraction (RMVIC) (F(1,20) = 7.560, p = 0.012, η2p = 0.274). RT improved MVIC (p < 0.01, Cohen’s d = 1.09) and RMVIC (p < 0.01, Cohen’s d = 1.20) during the intervention period compared with CG. Furthermore, significant interaction effects for group by time were shown for TMV (F(1,20) = 4.872, p = 0.039, η2p = 0.196) and IMAT (F(1,20) = 7.381, p = 0.013, η2p = 0.270) during the intervention. However, TMV did not change in both groups, and IMAT increased significantly in the CG (p < 0.01, d = 1.06) after 16 weeks.



A repeated measures MANOVA indicated no significant interaction effects for the group by time for GDF-8, GDF-15, and activin A, and no significant interaction effects for muscle growth regulators (Table 6). However, there was a significant interaction effect for follistatin (F(1,20) = 4.960, p = 0.038, η2p = 0.199) during the intervention period. Follistatin improved significantly in the RT (p < 0.05, Cohen’s d = 0.81) compared with the CG during the intervention.




4. Discussion


A main finding of the present study is that 16 weeks of resistance training using body weight-based training and elastic bands significantly improves muscle quality and functional fitness in sarcopenic older women. However, it remains unclear whether our training protocol affects muscle growth factors. Therefore, we accept our hypotheses that a change in functional fitness and muscle quality in sarcopenic older adults would be seen after 16 weeks of resistance training compared with the control group. Based on the results of this study, we reject the hypothesis that 16 weeks of resistance training affected muscle growth factors in sarcopenic older women.



Resistance training has been recommended for older adults, but several studies have failed to show an increase in skeletal muscle mass, particularly in sarcopenic older adults [22,27]. However, Vikberg et al. demonstrated that pre-sarcopenic older adults improved their fat-free mass, fat mass, and ASMI compared with the control group following ten weeks of resistance training [21]. It has been inconsistently observed that participants’ characteristics, intervention periods, and nutritional intake may influence the skeletal muscle mass. The increase in skeletal muscle mass could have been affected by the nutrition intake supplied to the individual during the intervention period and the various exercise programs used by older adults [28]. A previous study observed that 12 weeks of strength exercises with nutritional supplementation (i.e., whey protein, essential amino acids, vitamin D) improved fat-free mass compared with the placebo group in older adults [29], and combined interventions with exercise and dietary intake have been shown to induce a positive change in the muscle mass of older adults with sarcopenia [30,31]. In addition, no significant interaction effects of bone mineral density and bone mineral content were identified in sarcopenic older adults, representing no bone parameter changes. Similar results have been observed by Beavers et al. and Strandberg et al. [32,33]. The authors speculated that bone composition changes could be expected from long-term intervention periods of at least 24 weeks, and efficient bone remodeling after 6 to 8 months leads to new steady-state bone after intervention periods. Although the present study did not show the interaction effects of bone composition, we assume that 16 weeks of non-exercising in thecontrol group had significant adverse effects during the intervention (lumbar BMC; p < 0.01, Cohen’s d =1.09). The importance of functional fitness has been accentuated as a major factor in lifestyle diseases and functional mobility [24]. The present study revealed that resistance training using body weight-based training and elastic bands improves functional fitness and physical performance in sarcopenic older women (F(1,20) = 10.880, p < 0.001, η2p = 0.813). Resistance training is a potential treatment with immense evidence of improving functional mobility in older adults. Previous studies indicated that 12 weeks of resistance training significantly increased grip strength, power, agility, flexibility, and functional performance in older adults [34]. However, Martins et al. found that eight weeks of resistance training using elastic bands did not change grip strength [35], and Vikberg et al. also showed that there were no significant changes in the short physical performance battery (SPPB) score after the resistance training over 10 weeks in pre-sarcopenic older adults [21]. The conflicting results may derive from the different types of exercises, intensities, frequencies, intervention periods, and participants’ pathological conditions. Nevertheless, our study confirmed that 16 weeks of body weight-based and elastic band resistance training had a positive effect on the independence of daily living by the improvement of functional fitness.



Muscle quality, generally defined as muscle strength per unit of muscle mass, is the substantial determinant of muscle function, and it decreases with aging and affects quality of life in older adults with sarcopenia [36]. Notably, we observed that the muscle function significantly improved with a 16-week intervention period (F(1,20) = 4.771, p < 0.01, η2p = 0.656). Although univariate variable analysis indicated no significant change between baseline and post-tests on TTV, TFV, and TSFV, the isometric muscle strength was largely improved in the resistance training group compared with the control group. Moreover, resistance training using body weight-based training and elastic bands may maintain the age-related increases in IMAT levels, which were shown to increase in the control group (Cohen’s d = 1.06). Previous studies demonstrated that IMAT had been associated with lower muscle strength, mobility function, and various diseases (i.e., heart failure, diabetes, and cancer) [37,38]. As a result, muscle function improves after resistance training, which can positively affect muscle architecture. We assume that maintaining IMAT levels is essential to consider because they may be partially accountable for muscle function with resistance exercise and have potential clinical implications and prognostic value in various pathologies. This study confirmed that 16 weeks of suggested resistance training should mitigate the accretion of IMAT in sarcopenic older adults.



Although MANOVA for the group by time for muscle growth factors revealed no interaction effects, the univariate variable analysis indicated a significant group by time interaction on follistatin. The RT group greatly increased follistatin following 16 weeks of intervention (Cohen’s d = 0.81), whereas this parameter did not change in the CG. Similar to the present study, Hofmann et al. observed a significant increase in follistatin, whereas GDF-8, GDF-15, and activin A did not change after six months of intervention in resistance training with older adult women [39]. Physiological processes are activated after exercise, including energy homeostasis and restoring skeletal muscle remodeling; therefore, an increase in follistatin expression after the intervention is positive for muscle growth factors. We also observed that the control group showed a large increase in GDF-15 in this study (Cohen’s d = 0.83); however, this requires careful interpretation because there was no significant group by time interaction. The hormone response of follistatin, GDF-8, GDF-15, and activin A to resistance training may depend on the training protocol, exercise load, duration, periods, participants’ characteristics (e.g., physical activity, gender, and muscle mass), and health status during the training and recovery periods. Higher TGF-β superfamily member levels were associated with the existence of various diseases [40]. Regarding muscle growth regulators, it is unclear why 16 weeks of body weight-based and elastic band resistance training only increases follistatin but not all TGF-β superfamily members; however, the results indicate that the training protocol was sufficient to improve muscle strength. Thus, in the future, proper high-intensity long-term exercise interventions should be applied to examine the changes in muscle growth factors and muscle hypertrophy.



Notably, a strength of the present study is that all participants in the resistance group showed improved muscle quality. However, the potential limitation of the present study is that the sample size is small with sarcopenic older adult women and physical activities and dietary intake not tightly controlled. In addition, we recruited 136 women over 65 years for the initial screening. However, using the Asian Working Group for Sarcopenia (AWGS, 5.9%), EWGSOP (7.4%), and Foundation for the National Institutes of Health (FNIH, 4.4%) diagnosis, very few participants were classified as sarcopenic in the present study. Thus, this study chose to use an adjusted diagnostic algorithm based on IWGS and EWGSOP, which may have limited the present study’s power to detect a difference between groups.




5. Conclusions


In conclusion, 16 weeks of body weight-based and elastic band resistance training improved functional fitness and muscle quality in older women with sarcopenia. However, there were only some changes in muscle growth factors, such as follistatin, suggesting that the effectiveness of resistance training on muscle growth factors is limited. Resistance training with body weight-based training and elastic bands can be an alternative and practical method for sarcopenia prevention, minimizing the age-related adverse effects on muscle function and quality.
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Figure 1. Flow chart of the study. 
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Table 1. Baseline characteristics of the participants (M ± SD).
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	Variables
	RT (n = 12)
	CON (n = 10)
	p-Value





	Age (yrs)
	70.3 ± 5.38
	72.9 ± 4.75
	0.239



	Body height (cm)
	152.9 ± 4.92
	151.4 ± 5.45
	0.505



	Body weight (kg)
	53.4 ± 4.39
	51.5 ± 5.64
	0.396



	BMI (kg·m−2)
	22.9 ± 2.02
	22.4 ± 1.52
	0.579



	Waist circumference (cm)
	76.2 ± 5.18
	77.4 ± 4.56
	0.564



	Hip circumference (cm)
	89.6 ± 4.38
	90.6 ± 4.27
	0.598



	WHR
	0.85 ± 0.04
	0.85 ± 0.03
	0.804







Note: RT: resistance training group, CON: control group, BMI; body mass index, WHR; waist-hip ratio.
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Table 2. Bodyweight-based and elastic resistance training program.
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Exercise Program

	
Type

	
Part

	
Contents




	
(Time)




	
Warm-Up

	
Stretching (5 min)

	
Whole-Body

	
Stretching, Walking






	
Main exercise

	
Resistance

(50 min)

	
Upper body

	
Shoulder press,

Front raise,

Lateral raise,

Biceps curl,

Triceps extension,

Kick back,

Crunch,

Bent over row,

Seated row,

Back extension (prone),

Push up (beginner)




	
Lower body

	
Squat, Lunge,

Lying leg abduction,

Leg kick back,

Pelvic lift,

Leg raise,

Toe & Heel raise




	
Cool-down

	
Stretching (5 min)

	
Whole-body

	
Static stretching











[image: Table] 





Table 3. Training protocol.
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Exercise

	
Phase (weeks)

	
Repetitions

	
Sets

	
Intensity




	
(OMNI Scale/Color)






	
Resistance training

	
1

	
6

	
3

	
4/Yellow




	
2

	
8

	
3

	
4/Yellow




	
3

	
10

	
3

	
5/Yellow




	
4

	
12

	
3

	
5/Yellow




	
5

	
10

	
4

	
6/Yellow




	
6

	
10

	
4

	
6/Yellow




	
7

	
12

	
5

	
6/Yellow




	
8

	
12

	
5

	
6/Yellow




	
9

	
15

	
3

	
7/Yellow




	
10

	
15

	
3

	
7/Yellow




	
11

	
15

	
3

	
7/Yellow




	
12

	
15

	
3

	
7/Yellow




	
13

	
15

	
4

	
8/Yellow




	
14

	
15

	
4

	
8/Yellow




	
15

	
15

	
5

	
8/Yellow




	
16

	
15

	
5

	
8/Yellow
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Table 4. Change in participant characteristics, body composition, and bone mineral density during the intervention (M ± SD).
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Variables

	
Group

	
Baseline

	
Post

	
d

	
Univariate

Interaction

(η2p)

	
Manova

Interaction

(η2p)






	
Body weight (kg)

	
RT

	
53.4 ± 4.39

	
53.3 ± 4.39

	
0.07

	
0.072

(0.004)

	
1.392

(0.247)




	
CG

	
51.5 ± 5.64

	
51.3 ± 5.95

	
0.15




	
BMI (kg·m−2)

	
RT

	
22.9 ± 2.02

	
22.9 ± 2.02

	
0.01

	
0.019

(0.001)




	
CG

	
22.4 ± 1.52

	
22.4 ± 1.58

	
0.04




	
Waist circumference (cm)

	
RT

	
76.2 ± 5.18

	
76.1 ± 4.18

	
0.04

	
2.068

(0.094)




	
CG

	
77.4 ± 4.56

	
78.4 ± 5.60

	
0.71




	
Hip circumference (cm)

	
RT

	
89.6 ± 4.38

	
89.9 ± 3.68

	
0.17

	
1.593

(0.074)




	
CG

	
90.6 ± 4.27

	
90.1 ± 4.00

	
0.42




	
WHR

	
RT

	
0.85 ± 0.04

	
0.85 ± 0.04

	
0.19

	
7.188 *

(0.264)




	
CG

	
0.85 ± 0.03

	
0.87 ± 0.04 ++

	
1.04




	
Fat mass (kg)

	
RT

	
19.1 ± 3.11

	
19.2 ± 3.21

	
0.12

	
0.288

(0.014)

	
0.397

(0.062)




	
CG

	
17.5 ± 3.58

	
17.4 ± 3.77

	
0.11




	
Fat-free mass (kg)

	
RT

	
31.6 ± 2.10

	
31.9 ± 1.87

	
0.46

	
1.414

(0.066)




	
CG

	
31.5 ± 2.58

	
31.5 ± 2.87

	
0.10




	
ASM (kg)

	
RT

	
12.3 ± 0.96

	
12.4 ± 0.77

	
0.25

	
2.645

(0.117)




	
CG

	
12.4 ± 0.95

	
12.2 ± 1.10

	
0.43




	
Percent body fat (%)

	
RT

	
36.3 ± 3.74

	
36.3 ± 3.82

	
0.02

	
0.028

(0.001)




	
CG

	
34.4 ± 3.85

	
34.3 ± 4.14

	
0.08




	
Whole-body BMC (g)

	
RT

	
1574.36 ± 193.79

	
1566.75 ± 189.47

	
0.35

	
0.421

(0.021)

	
1.083

(0.253)




	
CG

	
1460.46 ± 210.27

	
1446.86 ± 206.42

	
0.63




	
Whole body BMD (g·cm−2)

	
RT

	
0.951 ± 0.071

	
0.949 ± 0.071

	
0.11

	
0.108

(0.005)




	
CG

	
0.915 ± 0.058

	
0.916 ± 0.061

	
0.03




	
Lumbar BMC (g)

	
RT

	
47.71 ± 9.15

	
47.48 ± 9.47

	
0.14

	
1.965

(0.089)




	
CG

	
41.50 ± 8.46

	
40.46 ± 7.88

	
0.09




	
Lumbar BMD (g·cm−2)

	
RT

	
0.834 ± 0.110

	
0.833 ± 0.121

	
0.04

	
0.589

(0.029)




	
CG

	
0.761 ± 0.102

	
0.755 ± 0.097

	
0.40




	
Femur BMC (g)

	
RT

	
23.01 ± 3.53

	
22.97 ± 3.03

	
0.03

	
0.031

(0.002)




	
CG

	
20.09 ± 3.73

	
19.98 ± 3.53

	
0.15




	
Femur BMD (g·cm−2)

	
RT

	
0.729 ± 0.090

	
0.734 ± 0.085

	
0.26

	
0.168

(0.008)




	
CG

	
0.650 ± 0.105

	
0.652 ± 0.104

	
0.31








Values are expressed as mean ± SD, * Significant interaction effect, * p < 0.05, + Significant difference between pre- and post-test, ++ p < 0.01, BMI; body mass index, WHR; waist hip ratios, ASM; appendicular skeletal muscle index, BMC; bone mineral contents, BMD; bone mineral density, Cohen’s d; small ≥ 0.2, medium ≥ 0.5, large ≥ 0.8, η2p; small ≥ 0.01, medium ≥ 0.06, large ≥ 0.14.
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Table 5. Changes in functional fitness and physical performance during the intervention.
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Variables

	
Group

	
Baseline

	
Post

	
d

	
Univariate

Interaction

(η2p)

	
Manova

Interaction

(η2p)






	
30-s chair stand (n)

	
RT

	
15.5 ± 4.50

	
20.3 ± 5.16 +++

	
1.69

	
20.608 ***

(0.507)

	
10.880 ***

(0.813)




	
CG

	
12.1 ± 3.07

	
12.1 ± 3.14

	
0.00




	
30-s arm curl (n)

	
RT

	
16.3 ± 3.68

	
21.2 ± 3.69 +++

	
2.48

	
45.996 ***

(0.697)




	
CG

	
13.9 ± 3.25

	
13.1 ± 2.60

	
0.41




	
Chair sit-and-reach (cm)

	
RT

	
19.8 ± 7.15

	
24.3 ± 6.94 ++

	
1.39

	
37.101 ***

(0.650)




	
CG

	
6.2 ± 10.56

	
3.5 ± 10.08 ++

	
1.33




	
8-foot up-and-go (s)

	
RT

	
5.7 ± 0.45

	
5.1 ± 0.45 +++

	
1.77

	
29.831 ***

(0.599)




	
CG

	
5.9 ± 0.65

	
6.3 ± 0.77 +

	
0.79




	
2-min step test (n)

	
RT

	
91.3 ± 11.01

	
108.3 ± 11.04 ++

	
1.20

	
22.453 ***

(0.529)




	
CG

	
86.7 ± 12.96

	
75.1 ± 18.92 +

	
0.83




	
Grip strength (kg)

	
RT

	
20.8 ± 2.93

	
24.3 ± 2.25 +++

	
1.72

	
41.123 ***

(0.673)




	
CG

	
18.6 ± 3.07

	
17.3 ± 3.61 +

	
0.99




	
Gait speed (m·s−1)

	
RT

	
0.96 ± 0.08

	
1.14 ± 0.11 +++

	
1.84

	
23.635 ***

(0.542)




	
CG

	
0.93 ± 0.09

	
0.95 ± 0.09

	
0.43








Values are expressed as mean ± SD, * Significant interaction effect, *** p < 0.001, + Significant difference between pre- and post-test, + p < 0.05, ++ p < 0.01, +++ p < 0.001, Cohen’s d; small ≥ 0.2, medium ≥ 0.5, large ≥ 0.8, η2p; small ≥ 0.01, medium ≥ 0.06, large ≥ 0.14.
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Table 6. Change in muscle quality and muscle growth regulators during the intervention.
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Variables

	
Variables

	
Group

	
Baseline

	
Post

	
d

	
Univariate

Interaction

(η2p)

	
Manova

Interaction

(η2p)






	
Mid-Thigh

Muscle Quality

	
MVIC (N·m)

	
RT

	
112.4 ± 21.60

	
123.5 ± 18.87 +

	
1.09

	
7.417

(0.271)

	




	
CG

	
97.6 ± 30.94

	
93.7 ± 25.47

	
0.25




	
RMVIC (N·m·kg−1)

	
RT

	
209.9 ± 32.18

	
231.8 ± 30.25 +

	
1.20

	
7.560

(0.274)

	




	
CG

	
195.4 ± 76.53

	
186.6 ± 61.29

	
0.26




	
TTV (cm2)

	
RT

	
142.3 ± 17.60

	
142.5 ± 19.28

	
0.02

	
0.168

(0.008)

	




	
CG

	
138.5 ± 20.12

	
140.2 ± 15.56

	
0.25




	
TFV (cm2)

	
RT

	
62.9 ± 15.43

	
61.7 ± 15.97

	
0.19

	
2.965

(0.129)

	
7.579 *

(0.752)




	
CG

	
60.7 ± 13.00

	
64.5 ± 9.52

	
0.53




	
TMV (cm2)

	
RT

	
74.8 ± 6.77

	
76.6 ± 7.48

	
0.44

	
4.872 *

(0.196)

	




	
CG

	
72.3 ± 8.86

	
71.0 ± 9.48

	
0.71




	
TSFV (cm2)

	
RT

	
46.9 ± 17.36

	
46.3 ± 16.09

	
0.07

	
0.585

(0.028)

	




	
CG

	
44.7 ± 10.89

	
46.4 ± 7.41

	
0.27




	
IMAT (cm2)

	
RT

	
16.0 ± 4.60

	
15.4 ± 3.15

	
0.25

	
7.381 *

(0.270)




	
CG

	
16.1 ± 3.90

	
18.1 ± 3.75 ++

	
1.06




	
Muscle Growth Regulator

	
Follistatin (pg·mL−1)

	
RT

	
2113.75 ± 409.28

	
2652.85 ± 704.18 +

	
0.81

	
4.960 *

(0.199)

	
2.476

(0.292)




	
CG

	
2241.85 ± 669.91

	
2255.45 ± 564.02

	
0.04




	
GDF-8 (pg·mL−1)

	
RT

	
2294.43 ± 686.62

	
2193.11 ± 618.91

	
0.19

	
1.494

(0.070)




	
CG

	
1616.52 ± 650.70

	
1784.22 ± 529.69

	
0.33




	
GDF-15 (pg·mL−1)

	
RT

	
902.00 ± 406.93

	
961.81 ± 355.81

	
0.43

	
0.943

(0.045)




	
CG

	
831.03 ± 262.84

	
949.32 ± 326.74

	
0.83




	
Activin A (pg·mL−1)

	
RT

	
399.81 ± 93.59

	
362.42 ± 76.83

	
0.45

	
0.011

(0.001)




	
CG

	
340.37 ± 61.61

	
305.94 ± 53.01

	
0.90








Values are expressed as mean ± SD, MVIC; maximum voluntary isomeric contraction, RMVIC; relative maximum voluntary isomeric contraction, TTV; thigh cross-sectional area total thigh volume, TFV; thigh fat volume TMV; thigh muscle volume, TSFV; thigh subcutaneous fat volume, IMAT; intramuscular fat, * Significant interaction effect, * p < 0.05, + Significant difference between pre- and post-test, + p < 0.05, ++ p < 0.01, Cohen’s d; small ≥ 0.2, medium ≥ 0.5, large ≥ 0.8, η2p; small ≥ 0.01, medium ≥ 0.06, large ≥ 0.14.
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