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ABSTRACT

Backgrounds: As the number of older population continues to rise, the interest in mild 

cognitive impairment (MCI), that is pre-stage of Alzheimer’s disease (AD), is kept increasing as

well. Though a variety of interventions was tried to delay the progression from MCI to AD, the 

effect of resistance training has been emphasized to maintain and improve cognitive function in 

older adults with MCI. Recently, high-speed power training (HSPT), one form of resistance 

training, has been proposed to be one of the effective protocol for older adults to improve 

muscle strength and physical performance compared to traditional resistance training. Based on

the results of previous studies, HSPT may be considered as a potential muscle power training to 

promote therapeutic developments in older population. In addition, elastic band training has 

been shown to be effective and safe for older adults as an alternative to machine-based 

resistance exercise. Although the effectiveness of power training and elastic band-based 

exercise was well understood, no intervention study has examined the effect of HSPT using 

elastic band on muscle strength, physical performance, and cognitive function in older adults 

with MCI. The present study proved effect of elastic band-based HSPT through comparing 

between HPST and SSST and, it tried to confirm a cognitive function by HSPT.

Methods: Fifty-eight women aged over 65 years with MCI were randomly assigned into 

high-speed power training group (n=20), slow-speed strength training group (n=19) and control 

group (balance and tone group, n=19). Thirty subjects (HSPT group=14, slow-speed strength 

training (SSST) group=9, balance and tone (CON) group=7) completed the study. The both of 

exercise group completed a 12 weeks exercise program and was encouraged to exercise at home 

as well during the intervention period. 

Results: The results showed significant increases in muscle strength, physical performance 

and cognitive function assessed by the knee extensor muscle (60°/sec and 180°/sec), grip 

strength, SPPB scores, digit span forward test, digit span backward test, the Stroop test B, the 

trail making test-Part A, MMSE-K, and MoCA-K.
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Conclusion: 12 weeks of elastic band-based HSPT significantly improved muscle strength 

including peak torque, physical performance including SPPB, and cognitive function such as 

various ability (attention, short-term memory, working memory, and executive function). Based 

on these results, the elastic band-based HSPT and SSST program showed greater improvements 

in muscle strength and physical performance and HSPT using elastic band was effective in 

improving muscle strength, physical performance, and cognitive function in older women with 

MCI considering its safety and effectiveness.
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Introduction
1.1. Significance of the study

The aging rate of population is rapidly increasing throughout the world (United Nations, 

2009). In South Korea, elderly individuals make up the fastest growing segment. The proportion 

of people in South Korea of age over 65 years was 12.2 % in 2013, but it is expected to increase 

to 24.3 % by 2030, which is higher than the average of 22.8 % in Organization for Economic 

Cooperation (OECD) countries (Statistics Korea, 2013; United Nations, 2009). Along with 

global aging, Alzheimer’s disease (AD), an age-related neurodegenerative disease, is increasing

and affecting individuals and the society (Grande G et al., 2014). AD is one of the most 

problematic health issues in the world, and a number of researches investigated on the 

interventions for preventing the progression of AD (Ballard et al., 2011). As the population of 

older adults with AD has been increasing, interest in MCI has been increased as well (Petersen 

RC et al., 1999). MCI is an intermediate stage between normal cognitive function and AD 

(Petersen RC et al., 1999; Winblad B et al., 2004). Also, MCI is explained as a cognitive 

disability that exceeds what would be expected for an individual’s age and level of education, 

but non-interfering with the main activities of daily living (Winblad B et al., 2004; Ravaglia et 

al., 2008). According to Petersen et al. (1999), MCI was defined by following criteria: (1) 

Memory complaint, preferably corroborated by an informant; (2) Impaired memory function for 

age and education; (3) Preserved general cognitive function; (4) Intact activities of daily living; 

and (5) Not demented. Individuals with MCI are high-risk group because they advance to AD at 

a rate of 10% to 15% per year, compared to 1% to 2% per year in the normal population 

(Petersen RC et al., 2001). Although a great efforts have been made during the last 10-15 years

to individuate compounds capable of slowing down the cognitive decline in patients with MCI, 

none of these agents have proven to be effective (Petersen et al., 2014). Though a variety of 

interventions were attempted to delay the progression from MCI to AD (Bae HJ, 2003), exercise 
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has been shown to combat cognitive decline (Gates et al., 2013). The need for exercise 

intervention to preserve cognitive function in older people with MCI is great, since the current 

prevention or pharmacological treatments of MCI and AD are inadequate (Moniz-Cook E et al., 

2011). Regular exercise may improve cognitive function and reduce the risk or delay the onset 

of AD (Rovio et al., 2005). Especially, resistance training not only enhances muscle function 

(muscle strength and power) and physical performance, but it also improves cognitive function. 

Lately, Nagamatsu et al. (2012) reported that resistance training has more significant effect on 

cognitive function compared to aerobic exercise in elderly people with MCI. 

Recently, the effective resistance training for the elderly was demonstrated to overcome age-

related reduction of muscle power. The effectiveness of traditional resistance training in older 

population had been questioned, especially for functional tasks (latham et al., 2004), since these 

training protocols do not improve on the fast and explosive activities (Hakkinen et al., 1998; 

Izquierdo et al., 2001). High-speed power training (HSPT), one form of resistance training, has 

been proposed to be one of the effective protocol for older adults to improve muscle strength 

and physical performance compared to traditional resistance training (Fielding et al., 2002; 

Newton et al., 2002; Miszko et al., 2003; Henwood et al., 2008; Marsh et al., 2009). Based on

the results of previous reports, HSPT may be considered as a potential muscle power training to 

promote therapeutic developments in the elderly (Bickel et al., 2011; Fieo et al., 2010, Reid et 

al., 2012). In addition, elastic band exercise training has become increasingly popular as an 

alternative to machine-based resistance training because of its safety and versatility for the 

elderly (Mikesky et al., 1994). In the previous reports, elastic band-based training was utilized 

by older adults with various fitness levels, including independently living older adults (Rogers 

et al., 2002). 

Although the effectiveness of power training and band-based exercise has been well 

understood, no intervention study had examined the effect of HSPT using elastic band on the 

muscle strength, physical performance, and cognitive function in older adults with MCI.
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1.2. The purpose of the study

1) This study aimed to investigate the effect of HSPT using elastic band on the muscle 

strength and physical function, compared to slow speed strength training (SSST) and control 

(CON) in older women with MCI.

2) This study aimed to investigate the effect of HSPT using elastic band on cognitive 

functions compared with CON in older women with MCI.

1.3. Research hypothesis

1) Elastic band-based HSPT could be more efficient than SSST in promoting significant 

changes in muscle strength and physical performance in elderly people with MCI.

2) Elastic band-based HSPT could be efficient in cognitive functions pre- and post-exercise in 

elderly people with MCI.

1.4. Limitations

This study is limited in the following manners:

1) The participants in the CON group had shown high level of drop-out rate.

2) This study had shown disproportion of sex.

3) This study could not completely control the participant’s individual dietary intake. 
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Literature Review
2.1. Mild cognitive impairment (MCI)

2.1.1. The definition of MCI and diagnosis

MCI is a well-known risk factor for AD and an intermediate stage between the cognitive 

changes of normal aging and AD (Petersen RC et al., 1999; Winblad B et al., 2004). It 

influences 19% of people aged 65 and over (Lopez et al., 2007). Around 46% of people with 

MCI advance AD within 3 years compared with 3% of the population of the same age (Tschanz 

JT et al., 2006). Elderly people with MCI advance AD at a rate of 10-30% annually, while those 

who without MCI develop AD at a rate of 1-2% annually (Petersen RC et al., 1999; Busse A et 

al., 2003). According to Petersen et al. (2001), MCI is characterized by cognitive decline that is 

greater than expected for an individual’s age and education level, but does not significantly 

interfere with everyday function. MCI’s diagnostic criteria is as in the following statement 

(Petersen et al., 1999): (1) Memory complaint; (2) Impaired memory function for age and 

education; (3) Preserved general cognitive function; (4) Intact activities of daily living; and (5) 

Not demented. MCI differentiates subtypes, depending on whether single or multiple cognitive 

domains are influenced, and whether there is a presence of prominent memory complaint 

(Petersen et al., 2001). Especially, Amnestic MCI, in which memory is influenced, often 

advance to AD, whereas MCI affecting a single non-memory domain may indicate 

frontotemporal or Lewy body dementia (Petersen et al., 2001; Cooper et al., 2013). A vascular 

aetiology is probable in multiple domain MCI. Hence, elderly people with MCI may distinct 

from each other, neuropathologically and clinically.
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Figure 1. The continuum of Alzheimer’s disease (Sperling et al., 2011)
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To date, there is no pharmacological treatment that is recommended for patient with MCI 

(Petersen RC et al., 2014). According to Petersen et al. (2014), though a great effort has been

made to individuate compounds capable of slowing down cognitive decline in patients with 

MCI during the last 10-15 years, none of these agents has proven effective. A systematic review 

showed essentially no effect of cholinesterase inhibitors (donepezil, galantamine and 

rivastigmine) on cognitive test scores or on the progression to AD within 3 years (Russ TC et al., 

2012). According to Petersen et al. (2005), the findings of one study of vitamin E and donepezil 

indicated a positive effect of donepezil up to 12 months, and up to 36 months in ApoE4 carriers, 

but overall the rate of progression to Alzheimer’s disease after three years was not lower 

amongst patients treated with donepezil than amongst those given placebo. Likewise, Farina and 

colleagues (2012) on the efficacy of vitamin E for the treatment of MCI, subjects with MCI, 

represented no considerable evidence that vitamin E is of benefit in the treatment for MCI. 

Lloret et al. (2009) reported that, even in subjects for whom vitamin E was effective in lowering 

oxidative stress markers, there was no significant difference in the percentage change in mini-

mental state examination score between those with MCI and control subjects. There is growing 

evidence of advantage on subjects with MCI from non-pharmacological intervention, such as 
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cognitive function training, exercise, physical activities that may be neuroprotective or 

compensatory (Petersen et al., 2014). Simon et al. (2012), and Gate et al. (2011) review 

represented how several studies proved the efficacy of cognitive function training in subjects 

with MCI measured as improved performances in tests of global cognitive functioning, memory 

and meta memory. A rapidly growing part of evidence indicates that exercise may diminish 

cognitive impairment (Miller et al., 2012). According to McDonnell et al. (2011), the effect of 

exercise on cognitive ability in individuals with neurological disorders showed modest 

improvements in attention and processing speed, executive function and memory.

2.1.3. Exercise and mild cognitive impairment

Exercise has well-known benefits for general health and activities of daily living, and more 

recently it has been represented to have benefit on cognition (Etnier JL et al., 1997; Colcombe 

SJ et al., 2003; Heyn P et al., 2004; Ashlskog JE et al., 2011). Observational study demonstrated 

exercise as main modifiable risk factors for developing AD (Barnes and Yaffe, 2011). 

Epidemiological study reported that exercise is related with cognitive function, lower risk for 

AD, and reduced pathological changes (Colcombe SJ et al., 2003; Larson EB, 2006; Etgen T et 

al., 2010; Ashlskog JE et al., 2011). A recent meta-analysis studies show that higher physical 

activity was related with a 28% reduction in incident AD (Hamer M et al., 2009; Gates et al., 

2013). Frequent exercisers (>3/wk) have been represented to reveal stable or enhanced cognitive 

health over 5 years (Middleton et al., 2008). Moreover, higher muscle mass is related to a 43% 

decreased risk of AD (Boyle et al., 2009). Barnes et al. (2011) reported that reducing inactivity 

by 25% would prevent 1 million cases of dementia worldwide. Baker and colleagues (2010)

reported that exercise has been related to effects on neuronal survivability and function, 

neuroinflammation, vascularization, neuroendocrine response to stress and brain amyloid 

burden. It also enhances cardiovascular health. Physical exercise improved hippocampal volume 

in older women with MCI (Ten Brinke LF et al., 2014). Also, a 6-month single blinded 

controlled trial performed on elderly people with MCI proved that twice-a-week-based
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resistance exercise improved associative memory, selective attention/conflict resolution and 

regional patterns of functional brain plasticity compared with twice-a-week-based aerobic 

exercise. Exercise has been represented to improve synaptic plasticity and long-term 

potentiation, upregulate brain derived neurotrophic factor (BDNF) expression, and decrease 

accumulation of reactive oxygen species (Radak et al., 2001; Berchtold et al., 2002; Liu et al., 

2011; Dao et al., 2013). Studies reported that possible mechanisms whereby resistance training 

may prevent cognitive decline. Especially, Resistance training decreased serum homocysteine 

and increased concentrations of insulin-like growth factor I (IGF-I) (Borst et al., 2001; Vincent 

et al., 2003; Cassilhas et al., 2007). Increased homocysteine concentrations are related to 

impaired cognitive function, AD, and cerebral white matter lesions (Seshadri et al., 2002; 

Wager et al., 2004; Schafer et al., 2005). Therefore, resistance training may prevent impaired 

cognitive ability among elderly people via mechanisms involving homocysteine and IGF-I.

2.2. High-speed power training

Along with age-related frailty, elderly people show loss of muscle mass and concomitant 

reduction of muscle strength and functional ability (Marcell, 2003). Also, muscle strength in 

elderly people is related to the difficulty with which they fulfill daily of living and disability 

(Ensrud et al., 1994; Rantanen et al., 1999). One way to improve muscle strength is resistance 

training, and a number of studies have showed the success of this method in elderly people 

(Fiatarone et al., 1990; Nichols et al., 1993; Pyka et al., 1994; McCartney et al., 1995; 

Hagerman et al., 2000). Decreases of muscle mass and changes in muscle properties such as 

type II muscle fiber loss, atrophy, and slow nerve conduction velocity may accelerate the age-

related reduction of muscle power, the product of force x velocity (Norris AH et al., 1953; 

Lexell J et al., 1983; Lexel J et al., 1991). Recently, recommendations for resistance training in 

elderly people promote slow-velocity contraction at a relatively high percentage of maximal 

strength (50-80%) to improve muscle strength and power (Porter, 2006; ACSM, 2013). Muscle 
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power declines at a faster rate compared to muscle strength (3-4 vs. 1-2%) after 60, due to 

declines in velocity compared to force (De Vito G et al., 1998; Petrella JK et al., 2005). 

Maintenance of muscle power is important factor in the functional performance of daily living, 

such as standing from chair, climbing chairs, and falling, especially in elderly women 

(Häkkinen et al., 1998; Izquierdo et al., 2001; Bonnefoy et al., 2007; Arnold et al., 2010). 

According to Keysor et al (2001) and Latham et al (2004), the impact of traditional slow-speed 

resistance training interventions on muscle power has been questioned, especially for functional 

ability. Recommendation for resistance training in elderly people should be focused on muscle 

power than maximal strength (Porter, 2006). Unconventional high-speed power training may be 

an attractive approach to muscle power development in elderly people (Sayers, 2007). 

According to Sayers et al. (2010), High-speed power training and traditional slow-speed 

resistance training protocols are as in the following: For high-speed power training, participants 

performed each movement at high velocity during the concentric phase of each repetition (‘‘as 

fast as possible’’), paused for 1 second, and performed the eccentric portion of the contraction 

over 2 seconds. For slow-speed strength training, participants performed each movement at a 

slow velocity using proper technique (2 seconds for concentric phase of the repetition), paused 

for 1 second, and performed the eccentric portion of the contraction over a 2-second duration. 

Sayers and colleagues (2010) reported that Figure 2 represents similar muscle power outputs 

obtained at both 40% 1RM and 90% 1RM. however, the velocity at which these power outputs

was developed was very different, with power developed at 40% 1RM requiring a greater 

velocity component and power at 90% 1RM requiring a greater force component. High-speed 

power training in elderly people may improve muscle power and functional ability compared to 

traditional resistance training (Sayers et al., 2010; Ramírez-Campillo et al., 2014). There is 

growing evidence that high-speed power training improve isometric strength performance 

(handgrip strength), muscle power (walking velocity, counter movement jump, and ball 

throwing) and functional tasks of the arm and leg muscles (sit-to-stand and get-up and go) 

(Pereira et al, 2012). There is also growing support that high-speed power training group and 
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slow-speed resistance training group showed small to large significant improvements in the 

muscle strength, power, functional ability, and perceived quality of life in older people 

(Ramírez-Campillo et al., 2014). Moreover, Sayers et al. (2012) reported that 12-week high-

speed power training improved multiple muscle performance measures (strength, power, and 

speed). A high-speed power training program shows greater improvements in muscle power and 

functional ability (Ramírez-Campillo et al., 2014).

Figure 2. power curve (Sayers et al., 2010)
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2.3. Band training

The utilization of elastic bands as a mode of generating resistance during resistance training 

has become popular in the clinical and research settings (Manor et al., 2006). This form of 

elastic resistance band training has proven useful and effective in older adults (Mikesky et al.,

1994), and the inherent properties of the elastic band material may better adjust the length-

tension characteristics of normal joint and muscle actions (Patterson et al., 2001). Also, 

resistance training using elastic band serve as a practical, effective means of eliciting muscular 

strength gains and physical performance in older adults (Manor et al., 2006; Kang et al., 2014). 

Elastic bands are inexpensive, light-weight, and has been used in rehabilitative medicine and in 

the health/fitness industry as a means of increasing muscular strength (Mikesky et al., 1994). 

Especially, the elastic band is cheap, compact, and is easy to use (Mikesky et al., 1994).
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Method

3.1. Participants 

Between March and September of 2013, participants were recruited from silver academy 

college of Y-church in Seoul, South Korea. A total of 70 women in aged over 65 years were 

collected. The inclusion criteria required that a Korean version of Mini-Mental State 

Examination (MMSE-K) score 20 MMSE-K<24, a Korean version of the Montreal Cognitive 

Assessment (MoCA-K) score < 23 (Folstein et al., 1975; Nasreddine et al., 2005; Lee et al., 

2008). Also subjects who met inclusion criteria of Petersen’s study were included. Those who 

were able to walk 10m without a walking aid and do not have a habit of exercise were included 

in the further inclusion criteria. Exclusion criteria included unstable cardiac disease, 

cerebrovascular disease, musculoskeletal impairment, or presence of other medical conditions 

with psychiatric disorder, neurologic disorder. Before randomization, we were conducted health 

related education to participants. Fifty-eight women aged over 65 years with MCI were 

randomly assigned to high-speed power training (HSPT) group (n=20), slow-speed strength 

training group (SSST) (n=19) and CON group (balance and tone group, n=19). Twenty-eight 

subjects (HSPT group group=6, SSST group=10, and CON group=12) could not complete the 

study. Major reasons for the dropout were difficulties of time commitment and loss of 

motivation. Informed consents to participate the study were obtained. This study and consents 

were approved by the Seoul National University Ethics Committee (SNUIRB No.1305/001-

009).
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3.2. Study Design

Contacted

N=70

Excluded (N=12)

Not meeting inclusion criteria (9)

Loss of time (3)

Enrolled into study (Agreement) / Randomization (N=58)

CON group
(N=19)

SSST group
(N=19)

HSPT group
(N=20)

Pre-test

Body Composition, Blood Profiles test, Muscle Strength test, Physical Performance test
Cognitive Function test (HSPT group, CON group)

Exercise (60 min, 2 days/week, 12 weeks)

CON group
(N=19)

SSST group
(N=19)

HSPT group
(N=20)

Post-test

Body Composition, Blood Profiles test, Muscle Strength test, Physical Performance test
Cognitive Function test (HSPT group, CON group)

Data analysis

CON group
(N=7)

SSST group
(N=9)

HSPT group
(N=14)

Final data analysis (N=30)
SPSS 18.0

Figure 3. Experiment design
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3.3. Biochemical and Anthropometric measurement

Table 1. Measurements

Variables Analysis Method Model Company

Body

Composition

Analysis

BIA Inbody 370 Biospace, Korea

Blood profiles
Blood glucose

Lipid test

The Green Cross

Reference Lab,

Korea

Muscle Strength

Isokinetic/

Isometric

Contraction

Measurement

Cybex Humac

Norm

Humac Norm,

USA

3.3.1. Body Composition

The body composition was measured at the beginning and end of the exercise training. 

Subjects were asked to fast overnight and maintain normal physical activity. The 

anthropometric parameters were screened by the same examiner. The height was evaluated by 

using an extensometer and then the body weight, BMI, fat mass, percent body fat, fat free mass,

and skeletal muscle mass were measured by bioimpendence analysis using Inbody 370 

(Biospace, Korea).

3.3.2. Blood Chemistry measures 

The blood glucose and lipid profiles such as total cholesterol (total-C), triglycerides (TG), 

low-density lipoproteins (LDL-C), and high-density lipoproteins (HDL-C) were measured at the 

Green Cross Reference Lab, Korea. 
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3.3.3. Physical Performance

3.3.3.1. Short Physical Performance Battery (SPPB)

The Short Physical Performance Battery (SPPB) is a method for assessing physical 

performance of older adults (Guralnik JM et al., 1994). All these tests were used to assess the 

balance, walking, strength, and endurance by examining the capacity to stand with feet side by 

side, semi tandem, and tandem to perform a walk on 4 meters and get up and sit 5 times in a row. 

Each test provides a performance score. SPPB has a total of 12 points and it is made up a chair 

stand test (4 points), balance test (4 points), and gait speed test (4 points). According to Perera 

and colleagues (2006), SPPB score change of 1.0 point was a substantially meaningful. 

3.3.3.2. Timed-Up-and-Go Test (TUG)

The Timed-Up-and-Go Test (TUG) is aimed to measure dynamic balance and agility and has 

been used previously in people with mild cognitive impairment (Shumway-Cook et al., 2000). 

The test requires a subject to stand up from a chair, walk 2.44 meters to a cone, turn, walk back, 

and sit down. Time taken to complete the test is strongly correlated to level of functional 

mobility. The participant was requested to: "Sit with your back against the chair. At the 

command `go,' stand upright, then walk as fast as possible to the cone in front of you, turn 

around, return to the chair, and sit down. The stopwatch was started on the word `go' and 

stopped when the subject returned to the starting position (Podsiadlo D & Richardson S, 1991;

Hueger D et al., 2009).

3.3.4. Leg Muscle Strength

The strength of the lower limbs were measured by the isokinetic dynamometer (Humac Norm, 

CSMi, USA). Isokinetic dynamometer provides objective measures of concentric dynamic 

strength. It provides optimal and efficient loading of muscles and joints through range, thereby 

minimizing potential risk for injury (Jones K & Baker K, 1996). The knee extension and flexion 

peak torques of each lower limb were evaluated for the isokinetic and isometric contraction test. 
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Special attention was given to participants, isolating the muscle group tested and properly 

aligning the limb and machine axes of rotation. Before starting the test, subjects were required 

to have two to five light contraction practice. After 10 s of resting period, subjects performed 

five repetitions of knee extension and flexion trial at 60°/sec. Following a two to five minutes 

rest, they did fifteen repetitions of knee extension and flexion trial at 180°/sec. Following a two 

to five minutes rest, Isometric trial lasted 5 seconds at 60°/sec. 

3.3.5. Hand Grip Strength

The hand grip strength test was measured by using digital hand grip dynamometer (my-5401,

TAKEI, Japan). Subjects were stand neutral position of arm and wrist. Participants were 

instructed to grab handle of the dynamometer and squeeze as hard as they could. They were 

measured two times left and right in turn and recorded mean value. 
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3.4. Cognitive function Measurement

3.4.1. MMSE-K (Korean version of Mini-Mental State Examination)

The MMSE is a neurocognitive test designed to screen cognitive impairment. It scores from 0 

to 30 where higher score indicate better cognition (Folstein et al., 1975). The MMSE was 

developed by Folstein and Mchugh (1975). We used a modified Korean-version of MMSE. The 

MMSE-K requires only 5-10 min to administer, and is therefore practical to use serially and 
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3.4.2. MoCA-K (Korean version of the Montreal Cognitive Assessment)

The MoCA is a brief cognitive screening tool with high sensitivity for screening patients with 

MCI (Lee et al., 2008). The original version of MoCA was initially translated into Korean by a 

Korean psychiatrist and a neurologist (Lee et al., 2008). MoCA-K is brief, reliable, and suitable 

for use as a screening tool to screen MCI in elderly people (Lee et al., 2008). It scores from 0 to 

30 where higher scores indicate better cognition and a score below 23 indicates MCI

(Nasreddine ZS et al., 2005). MoCA-K scores were highly correlated with MMSE (Lee et al., 

2008). It had a high sensitivity of 89% and a specificity of 84% for screening MCI (Lee at al., 

2008).  
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3.4.3. Digit-span test

The digit-span test was measured including Seoul Neuropsychological Screening Battery 

(SNSB). SNSB and MMSE were highly correlated (r=0.876). Cronbach’s alphas for the SNSB 

were 0.710 in the MCI group. This test was consisted of a digit span forwards (DSF) and a digit 

span backwards (DSB). DSF assesses attention and short-term memory. DSB assesses working 

memory. The subjects was required to listen carefully to a series of random numbers, which 

were presented at a rate of one per second. In the DSF, the subjects were asked to repeat the 

numbers in a forward order, whereas in the DSB, the subjects were asked to recall the numbers 

in reverse order. A maximum of nine digits were represented in the DSF, and a maximum of 

eight digits were represented in the DSB. The DSF and DSB were scored respectively (Leung 

JL et al., 2011; Kang Y & Na DL, 2003). In this study, we recorded memorized the number in 

subject. 

Figure 6. Digit span test
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3.4.4. Stroop Test

The stroop test consists of two in number task. The first task assesses executive function. The 

first task indicates to the answer after look at five colors within 75 tables during a minute. The 

second task assesses attention. The second task selects to distinguish from original letter color 

and different with original letter color such as yellow, blue, green, red, and black. The results 

were recorded as correct number for a minute (Kim JH, 2011).

Figure 7. Stroop test (A, B)
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3.4.5. Trail Making Test

The trail making test (TMT) assesses information on executive functions, mental flexibility,

speed of processing, visual search, and scanning (Tombaugh TN, 2004). This test consists of 

two parts. TMT–A asks a subjects to draw lines continuously connecting 25 encircled numbers 

represented on a sheet of paper. TMT-B requires a subjects to alternate drawing between 

numbers and letters (e.g., 1, , 2, , 3, , etc). We recorded finished time. Time limitation 

of TMT-A is 360 seconds, Time limitation of TMT-B is 300 seconds. The reliability of TMT 

was .79 for Part A and .89 Part B (Dikmen et al., 1999). 

Figure 8. Trail-making test
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3.5. Psychological & ADL assessment (questionnaire)

3.5.1. KFES-I (Korean Version of Falls Efficacy Scale-International)

Some older adults who falls, with or without sustained injury, may advance a fear of falling. 

This may induces curtailment of activities, leading to decreased mobility and physical fitness, 

and increasing risk of falling and injury (CDC, 2008). Measurement of fear of falling, followed 

by appropriate interventions, is important to promote independence, function, wellness, and 

safety of older adults (Greenberg, 2011). The scale is a short, easy to manage tool that measures 

the level of concern about falling during social and physical activities inside and outside the 

home whether or not the person actually does the activity (Greenberg, 2011). It had excellent 

internal and test-retest reliability (Cronbach’s =0.96) (Yardley et al., 2005). The level of 

concern was assessed on a four point Likert scale (1=not at all concerned to 4=very concerned) 

(Yardley et al., 2005). This scale was yielded a score of 0-64. It has also been validated for use 

in older adults with cognitive impairment (Hauer et al., 2011). 

Figure 9. KFES-I
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3.5.2. B-ADL (Barthel index of activities of daily living)

The Barthel index of activities of daily living (B-ADL) is an ordinal scale used to measure 

performance in activities of daily living (ADL) (Sullivan et al., 2007). Each performance item 

was rated on this scale with a given number of points assigned to each level or ranking (Sullivan 

et al., 2007). It uses ten variables describing ADL and mobility (Shah et al., 1989; Sulter et al., 

1999). A higher number was related to a greater likelihood of being able to live at home with a 

degree of independence (Shah et al., 1989; Sulter et al., 1999). The ten variables addressed in 

the B-ADL scale are as in the following: presence or absence of fecal incontinence, presence or 

absence of urinary incontinence, help needed with grooming, help needed with toilet use, help 

needed with feeding, help needed with transfers (e.g. from chair to bed), help needed with 

walking, help needed with dressing, help needed with climbing stairs, and help needed with 

bathing. The scale was yield a score of 0-20. The B-ADL index has a high reliability (0.89) 

(O’Sullivan et al., 2007). 

Figure 10. B-ADL

3.5.2. B-ADL (Barthel index of activities of daily living)

The Barthel index of activities of daily living (B-ADL) is an ordinal scale used to measure 

performance in activities of daily living (ADL) (Sullivan et al., 2007). Each performance item 

was rated on this scale with a given number of points assigned to each level or ranking (Sullivan 

et al., 2007). It uses ten variables describing ADL and mobility (Shah et al., 1989; Sulter et al., 

1999). A higher number was related to a greater likelihood of being able to live at home with a 

degree of independence (Shah et al., 1989; Sulter et al., 1999). The ten variables addressed in 

the B-ADL scale are as in the following: presence or absence of fecal incontinence, presence or 

absence of urinary incontinence, help needed with grooming, help needed with toilet use, help 

needed with feeding, help needed with transfers (e.g. from chair to bed), help needed with 

walking, help needed with dressing, help needed with climbing stairs, and help needed with 

bathing. The scale was yield a score of 0-20. The B-ADL index has a high reliability (0.89) 

(O’Sullivan et al., 2007). 

Figure 10. B-ADL



3.5.3. I-ADL (Instrumental activities of daily living)

Instrumental activities of daily living (IADLs) are not necessary for fundamental functioning, 

but it lets an individual live independently in a community (Bookman et al., 2007). I-ADL 

questions are as in the following: housework, taking medications as prescribed, managing 

money, shopping for groceries or clothing, use of telephone or other form of communication, 

using technology (as applicable), transportation within the community. This scale score was

yielded as in the following: (total score) / (11 – not applicable item number). The I-ADL index 

has a high reliability (0.94), a sensitivity (83%), and a specificity (82%) (Kang SJ et al., 2002). 

Figure 11. I-ADL
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3.5.4. GDS-K (Korean version of the geriatric depression scale)

The geriatric depression scale (GDS) is a 30-item self-report assessment used to identify 

depression in the elderly (Yesavage et al., 1982). The GDS questions are answered "yes" or 

"no". This simplicity enables the scale to be used with ill or moderately cognitively impaired 

individuals (Yesavage et al., 1982). The scale is commonly used as a routine part of a 

comprehensive geriatric assessment (Yesavage et al., 1982). This scale score is yielded 0-30 and 

sets a range of 0-9 as "normal", 10-19 as "mildly depressed", and 20-30 as "severely depressed".

The GDS has a high sensitivity (92%) and specificity (89%). This scale was successful in 

differentiating depressed from non-depressed adults with a high correlation (r=.84, p<.001) 

(Sheikh & Yesavage, 1986). 

Figure 12. GDS-K
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3.6. Exercise Program

Table 2. Exercise program

Contents Type Intensity

Warming up

(10 min)

Aerobic
A-Type(Walking)

B-Type(Speed Dance) 40~50% VO2max

Stretching
Static Stretching

Dynamic Stretching 15-60 sec

Exercise

(40 min)

Lower Body
Squat
Lunge
Bridge * SSST group

Band intensity

‘Blue’

RPE=12-13

8-10rep/3set

* HSPT group

Band intensity

‘Green’

RPE=12-13

12-15rep/3set

Trunk

Leg Raise
Reverse Crunch

Sit-up
Crunch

Back Extension
Superman Position

Cross Superman
Deadlift

Upper Body

Push-up
Back Row

Shoulder Press
Biceps Curl

Triceps Extension

Cool down

(10 min)

Stretching
Static Stretching

Dynamic Stretching 15-60 sec

Aerobic
A-Type(Walking)

B-Type(Speed Dance) 40~50% VO2max

The exercise program of HSPT group uses high-speed power training protocol, which was 

performed the concentric phase of each repetition as fast as possible, paused for 1 second, and 

performed the eccentric portion of the contraction over 2 seconds (Sayers et al., 2010). The

exercise program of SSST group uses slow-speed strength training protocol (traditional 

resistance training), which was performed each contraction at a slow velocity (2-3 seconds for 
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the concentric phase of the repetition), paused for 1 second, and performed the eccentric portion 

of the contraction over 2-3 seconds (Sayers et al., 2010). The exercise program consisted of 12 

weeks of 1-h exercise session 2 days a week on Tuesday and Thursday. Additionally, they were 

encouraged to home-based exercise at home on Monday, Wednesday and Friday as well. The 

home-based exercise program consists of flexibility and resistance exercise. Participants were 

instructed to perform exercise at three times a week in addition to the weekly supervised 

exercise session. Instructor provided exercise program guidebook every month and checked 

whether participants performed home-based exercise at home. After exercise intervention, 

instructor provided feedback to continue exercise regularly. Each session included 10 min of 

warm-up exercises, 40 min of elastic band training, and 10 min of cool down exercises. Resting 

periods of 1 min were allowed between sets and 2 min between exercises. Participants was 

supervised by a qualified instructor, who was also certified in cardio-pulmonary resuscitation 

(CPR) and automatic external defibrillation (AED). 

To compare exercise group’s intensity, the band (Thera-Band, Hygenic Corporation, USA) of 

HSPT group was used green color and the band of SSST group was used blue color. Participants 

were instructed to perform exercise training at a perceived exertion intensity of 12-13. Borg's 

RPE scale represents the participant's perceived intensity during exercise subjectively (Borg, 

1998). Participants in the HSPT group performed 2-3 sets of 12-15 repetitions of these exercise 

per session. Participants in the SSST group performed 2-3 sets of 8-10 repetitions of these 

exercise per session. The intensity of the sessions (i.e., number of sets, number of repetitions, or 

level of exercise) were progressively increased. Participants in the CON (balance and tone)

group were asked to continue their routine daily activities and performed stretching (static, 

dynamic) once a week for 1 hour. Also, Participants in the CON group had took health 

education as well. The exercise program followed the recommended guidelines for older adults 

by the American College of Sports Medicine (ACSM, 2013). Attendance was recorded daily, 

which was used to calculate compliance (i.e., classes attended).
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3.7. Data analysis 

All data were presented as mean±SD. Baseline characteristics between groups were 

compared by using independent t-test. The treatment effects were determined by Two-way 

repeated ANOVA. The paired t-test was used to test for significant differences between pre-

exercise and post-exercise values if the significance from Two-way repeated ANOVA was 

indicated. The cognitive function results (Trail making test, digit span test, stroop test, MMSE-

K, and MoCA-K) were described using nonparametric statistics. Because data were seen to be 

non-normally distributed in several of the data sets. Intragroup changes were tested for 

statistical significance using the Wilcoxon signed-rank test. Intergroup changes were tested 

using the Mann–Whitney U-test. An adjusted p value of less than 0.05 was taken to indicate a 

significant difference. All analyses were performed using SPSS version 18.0 software (SPSS 

Inc.).

3.7. Data analysis 

All data were presented as mean±SD. Baseline characteristics between groups were 

compared by using independent t-test. The treatment effects were determined by Two-way 

repeated ANOVA. The paired t-test was used to test for significant differences between pre-

exercise and post-exercise values if the significance from Two-way repeated ANOVA was 

indicated. The cognitive function results (Trail making test, digit span test, stroop test, MMSE-

K, and MoCA-K) were described using nonparametric statistics. Because data were seen to be 

non-normally distributed in several of the data sets. Intragroup changes were tested for 

statistical significance using the Wilcoxon signed-rank test. Intergroup changes were tested 

using the Mann–Whitney U-test. An adjusted p value of less than 0.05 was taken to indicate a 

significant difference. All analyses were performed using SPSS version 18.0 software (SPSS 

Inc.).



Result

4.1. Effects of HSPT on muscle strength and physical performance

4.1.1. Anthropometric Characteristics

Participants should over the 90% of average attendance of the exercise training (HSPT group 

average attendance=93.43%, SSST group average attendance=92.42%). Fourteen subjects in 

HSPT group, nine subjects in SSST group, and seven subjects in CON group finished the study.

The baseline and final anthropometric parameters were shown in Table 3.

Mean of anthropometric parameters at the baseline did not significantly differ. However, after 

the 12 weeks of exercise training, differences were observed among groups for body 

composition variables. Body weight, BMI, skeletal muscle mass, percent body fat, WHR, and 

systolic blood pressure (SBP) showed improvements in HSPT group (p=.001; p=.005; p=.005;

p=.004; p=.014; p=.005; respectively).
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Table 3. Anthropometric measures

Anthropometric 
measures

Control
(N=7)

SSST
(N=9)

HSPT
(N=14) ANOVA

Pre Post Pre Post Pre Post P-value

Age (yrs) 78.00 ± 2.77 76.00 ± 3.94 75.00 ± 3.46

Height (cm)
149.51 

± 4.14

149.36 

± 4.05

149.07 

± 4.49

147.91

± 2.54

151.41

± 6.10

151.45

± 5.99
.348

Body Weight 
(kg)

51.19 

± 4.13

50.14 

± 3.75

53.20 

± 8.56

53.90

± 8.00*

58.39 

± 6.82

57.50 

± 7.01**
.001

BMI 
(kg/m2)

22.90 

± 1.81

22.54 

± 1.71

23.94 

± 3.74

24.58 

± 3.31

25.46

± 2.47

25.02

± 2.35**
.005

Skeletal muscle 
mass (kg)

17.11 

± 1.45

17.49 

± 1.35

18.17 

± 2.13

17.91 

± 1.73

18.84 

± 2.84

19.63 

± 2.63***
.008

Percent body fat 
(%)

33.39 

± 8.26

33.27 

± 3.35

34.60 

± 8.46

36.51 

± 7.40

38.83 

± 5.37

35.50 

± 4.72***
.004

WHR
0.88 

± 0.04

0.86 

± 0.03

0.86

± 0.04

0.87 

± 0.04

0.91 

± 0.07

0.89 

± 0.06*
.014

Arm 
circumference 

(cm)

26.71 

± 2.75

26.29 

± 2.69

27.98 

± 2.38

26.79 

± 2.32

29.21 

± 2.91

28.04 

± 2.32
.494

Thigh 
circumference 

(cm)

49.14 

± 4.60

47.57

± 4.71

46.82 

± 3.96

43.70 

± 2.80

51.14 

± 4.00

50.57 

± 4.69
.115

SBP 
(mmHg)

139.00 

± 9.98

138.00 

± 8.79

135.11 

± 15.78

136.44 

± 8.63

158.21 

± 12.67

140.36 

± 12.71***
.005

DBP 
(mmHg)

81.43 

± 5.80

83.00 

± 5.83

76.11 

± 10.36

75.11 

± 3.79

89.14 

± 9.69

81.29 

± 7.72
.090

Abbreviations: BMI, body mass index; WHR, waist hip ratio; SBP, systolic blood pressure; 

DBP, diastolic blood pressure. Values are presented as mean±SD. ANOVA indicates two way 

repeated ANOVA measures between group and time. *p<0.05 compared with pre, **p<0.01 

compared with pre, and ***p<0.001 compared with pre.
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25.02

± 2.35**
.005

Skeletal muscle 
mass (kg)

17.11 

± 1.45

17.49 

± 1.35

18.17 

± 2.13

17.91 

± 1.73

18.84 

± 2.84

19.63 

± 2.63***
.008

Percent body fat 
(%)

33.39 

± 8.26

33.27 

± 3.35

34.60 

± 8.46

36.51 

± 7.40

38.83 

± 5.37

35.50 

± 4.72***
.004

WHR
0.88 

± 0.04

0.86 

± 0.03

0.86

± 0.04

0.87 

± 0.04

0.91 

± 0.07

0.89 

± 0.06*
.014

Arm 
circumference 

(cm)

26.71 

± 2.75

26.29 

± 2.69

27.98 

± 2.38

26.79 

± 2.32

29.21 

± 2.91

28.04 

± 2.32
.494

Thigh 
circumference 

(cm)

49.14 

± 4.60

47.57

± 4.71

46.82 

± 3.96

43.70 

± 2.80

51.14 

± 4.00

50.57 

± 4.69
.115

SBP 
(mmHg)

139.00 

± 9.98

138.00 

± 8.79

135.11 

± 15.78

136.44 

± 8.63

158.21 

± 12.67

140.36 

± 12.71***
.005

DBP 
(mmHg)

81.43 

± 5.80

83.00 

± 5.83

76.11 

± 10.36

75.11 

± 3.79

89.14 

± 9.69

81.29 

± 7.72
.090

Abbreviations: BMI, body mass index; WHR, waist hip ratio; SBP, systolic blood pressure; 

DBP, diastolic blood pressure. Values are presented as mean±SD. ANOVA indicates two way 

repeated ANOVA measures between group and time. *p<0.05 compared with pre, **p<0.01 

compared with pre, and ***p<0.001 compared with pre.



4.1.2. Blood profiles measure

After the exercise training, LDL-cholesterol was reduced in exercise groups (Table 4). Also,

the triglycerides was reduced in exercise groups, but not significant. 

Table 4. Blood profiles measures

Blood Profiles 
measures

Control
(N=7)

SSST
(N=9)

HSPT
(N=14) ANOVA

Pre Post Pre Post Pre Post P-value

Total-C
(mg/dL)

191.29±

26.49

186.00

± 31.53 

199.00±

29.66

157.44

± 24.21***

180.14

± 53.89

187.14

± 31.17
.016

LDL-C
(mg/dL)

114.57

± 21.94

112.29

± 29.32

127.67

± 29.70

93.67

± 23.32***

118.07

± 36.27

114.14

± 27.43
.035

HDL-C
(mg/dL)

59.57

± 10.80

51.00

± 9.06

51.11

± 10.65

40.33

± 10.20

51.93

± 10.59

49.29

± 11.64
.099

Triglycerides
(mg/dL)

115.29

± 44.12

136.57

± 58.74

135.89

± 58.61

114.33

± 43.51

138.93

± 75.64

132.00

± 56.37
.233

Glucose
(mg/dL)

103.71

± 16.53

102.43

± 8.08

98.33

± 22.89

88.67

± 12.23

101.07

± 33.21

107.29

± 27.71*
.039

Abbreviations: Values are presented as mean±SD. ANOVA indicates two way repeated

ANOVA measures between group and time. *p<0.05 compared with pre, **p<0.01 compared 

with pre, and ***p<0.001 compared with pre.
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4.1.3. Muscle strength

4.1.3.1. Peak torque

Isokinetic muscle strength was measured with knee extensor and flexor at 60°/sec and 

180°/sec (Table 5). Isometric muscle strength was performed to right knee extensor and flexor 

at 60°/sec (Table 5). The peak torque of knee result is as in the following Table 5. The peak 

torque data was adjusted with body weight. The peak torque of right knee extensor at both 

60°/sec and 180°/sec was significantly improved in the HSPT group compared to CON and 

SSST group (p<0.001; p=.004; respectively). Interestingly, the peak torque in knee flexor at 

both 60°/sec and 180°/sec were dramatically decreased after 12 weeks of exercise intervention 

period in the CON group (Table 5). In the HSPT group, however, the values of knee flexor peak 

torque were relatively maintained from baseline compared to the control group (Table 5). 
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Table 5. Peak torque

Peak torque
(Newton meter)

Control
(N=7)

SSST
(N=9)

HSPT
(N=14) ANOVA

Pre Post Pre Post Pre Post P-value

Isokinetic
Peak

Torque
60°/sec

E R
105.71
± 20.92

116.86
± 31.74

101.11
± 31.98

108.89
± 29.54*

77.57
± 29.03

115.43
± 31.92***

<.001

F R
74.86

± 17.44
58.14

± 18.00***
54.22

± 22.19
66.56

± 10.16*
66.21

± 20.77
67.43

± 17.82
<.001

E L
96.86

± 25.42
108.86
± 27.66

100.67
± 17.26

107.78
± 15.85

90.36
± 31.71

90.57
± 21.98

.497

F L
69.57

± 19.84
53.00

± 16.34***
58.00

± 17.62
67.00

± 12.58*
64.14

± 17.22
59.29

± 22.47
<.001

Isokinetic
Peak

Torque
180°/sec

E R
57.29

± 13.88
67.43

± 18.60**
58.44

± 17.42
65.33

± 14.42*
49.07

± 20.00
68.29

± 17.55***
.004

F R
54.43
± 9.24

37.71
± 9.93**

35.78
± 15.45

40.00
± 13.33*

44.14
± 14.69

36.00
± 15.11*

.001

E L
54.71

± 14.85
66.57

± 21.45
57.67

± 10.37
61.78
± 8.29

50.29
± 17.82

63.21
± 19.89

.057

F L
51.43

± 13.13
32.57

± 13.01***
37.56

± 15.89
38.44

± 15.13
45.71

± 14.31
37.21

± 13.79*
.002

Isometric
Peak

Torque
60°/sec

E R
134.00
± 27.93

155.43
± 30.17

132.89
± 44.75

140.33
± 37.59

125.29
± 40.57

142.43
± 40.32

.528

F R
63.29

± 12.11
58.29

± 11.86
56.00

± 12.82
64.11
± 6.66

62.43
± 14.92

64.86
± 17.98

.056

Abbreviations: E, extensor; R, right; F, flexor; L, left. Values are presented as mean±SD. 

ANOVA indicates two way repeated ANOVA measures between group and time. *p<0.05 

compared with pre, **p<0.01 compared with pre, and ***p<0.001 compared with pre.
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4.1.3.2. Grip strength

Grip strength had a significant differences at pre and post (p=.026). After the exercise 

intervention, it was significantly improved in the HSPT group compared to SSST and control 

group (Table 6).

Table 6. Grip strength

Variable

Control
(N=7)

SSST
(N=9)

HSPT
(N=14) ANOVA

Pre Post Pre Post Pre Post P-value

Grip strength
(kg)

17.69
± 1.91

18.99
± 1.81

17.81
± 2.02

20.17
± 3.26

19.26
± 3.57

24.01
± 4.14***

.026

Values are presented as mean±SD. ANOVA indicates two way repeated ANOVA measures 

between group and time. ***p<0.001 compared with pre.
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4.1.4. Physical performance

Physical function measured using SPPB showed a significant improvement in the exercise 

groups (p=.016). Compared to the SSST group, physical function favored HSPT group (Table 

7). SPPB score change over 1.0 point in the exercise groups was a substantial meaningful 

change. TUG had no difference at pre and post (p=.403). 

Table 7. Physical performance

Variables

Control
(N=7)

SSST
(N=9)

HSPT
(N=14) ANOVA

Pre Post Pre Post Pre Post P-value

SPPB (score)
7.14

± 1.77
7.57

± 0.98
8.78

± 1.64
10.56

± 1.59**#
8.14

± 2.48
10.79

± 1.58***
.016

TUG (sec)
11.48
± 1.02

10.59
± 1.03

10.13
± 0.96

9.36
± 0.83

10.51
± 1.86

9.14
± 1.42

.403

Abbreviations: SPPB, short physical performance battery; TUG, timed up and go test. 

Values are presented as mean±SD. ANOVA indicates two way repeated ANOVA measures 

between group and time. # p<0.05 compared with CON group, **p<0.01 compared with pre and 

***p<0.001 compared with pre.
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4.2. Effect of HSPT on cognitive function (HSPT vs. CON)

4.2.1. Cognitive function

Cognitive function showed a significant improvement in the HSPT group after the training 

period. No significant differences (p>.05) in stroop test A and trail making test B were observed 

Table 8. In digit span test (forward, backward), the HSPT group showed significant 

improvements after the training period, whereas the CON group was declined (Table 8). There 

was also significant improvement in stroop test B and trail making A from pre to post training 

period (Table 8). MCI participants, who were classified by MMSE-K and MoCA-K test, were 

significantly improved in the HSPT group (Table 8). 
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Table 8. Cognitive function test

Variables

Control
(N=7)

HSPT
(N=14)

Mann 
Whitney

U test

Pre Post Pre Post P-value

DST-F
(the number)

4.71 ± 0.49 3.00 ± 0.58* 4.86 ± 0.95 7.00 ± 0.88** <.001

DST-B
(the number)

2.00 ± 1.00 1.43 ± 0.54 2.43 ± 0.85 3.79 ± 0.43** .003

ST A
(the number)

11.43 ± 4.72 10.14 ± 3.76 12.21 ± 6.99 13.57 ± 6.17 .149

ST B
(the number)

6.43 ± 2.82 6.86 ± 2.19 7.21 ± 3.07 10.71 ± 3.22** .031

TMT A
(sec)

51.17 ± 11.88 58.43 ± 13.91 82.00 ± 66.45 51.71 ± 12.84** .025

TMT B
(sec)

261.57 ± 48.61 279.29 ± 23.17 222.36 ± 70.67 236.36 ± 44.41 .856

MMSE-K
(score)

22.29 ± 1.11 21.14 ± 1.57 21.00 ± 1.09 25.36 ± 1.78** <0.001

MoCA-K
(score)

18.71 ± 2.63 18.14 ± 2.97 18.29 ± 2.81 24.29 ± 2.59** <0.001

Abbreviations: DST-F, digit span forward test; DST-B, digit span backward test; ST A, stroop 

test A; ST B, stroop test B; TMT A, trail making test A; trail making test B; MMSE-K, Korean 

version of mini mental state examination; MoCA-K, Korean version of Montreal Cognitive 

Assessment.

Values are presented as mean±SD. Mann Whitney U test indicates nonparametric statistics.

Significantly different compared pre with post training assessed by Wilcoxon signed rank test. 

*p<0.05 compared with pre and **p<0.01 compared with pre.
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4.2.2. Psychological & ADL assessment (questionnaire)

After exercise intervention, KFES-I was significantly decreased in the HSPT group compared 

to the control group (p=.022) (Table 9). 

I-ADL score was increased in the CON group and not significant changes in the HSPT group

(p=.008) (Table 9).

Table 9. Psychological & ADL assessment (questionnaire)

Variables

Control
(N=7)

HSPT
(N=14) ANOVA

Pre Post Pre Post P-value

KFES-I
(score)

21.14 ± 4.22 21.29 ± 4.23 23.71 ± 7.59 18.57 ± 2.50** .022

I-ADL
(score)

2.00 ± 1.41 3.86 ± 1.22* 2.79 ± 2.58 1.29 ± 1.07 .008

B-ADL
(score)

20.00 ± 0.00 20.00 ± 0.00 19.29 ± 1.86 19.86 ± 0.363 .444

GDS-K
(score)

8.14 ± 4.71 6.43 ± 3.65 9.93 ± 4.10 8.14 ± 5.81 .969

Abbreviations: KFES-I, Korean version of falls efficacy scale international; I-ADL, 

Instrumental activities of daily living; B-ADL, Bathel index of activities of daily living; GDS-

K, Korean version of the geriatric depression scale. 

Values are presented as mean±SD. ANOVA indicates two way repeated ANOVA measures 

between group and time. *p<0.05 compared with pre and **p<0.01 compared with pre.
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Discussion
This is the first randomized trial to demonstrate the effects of elastic band-based HSPT 

intervention on muscle function and cognitive function in elderly women with MCI. The present 

study proved the effect of elastic band-based HSPT by comparing HPST and SSST, and we 

confirmed the improvement in cognitive functions through HSPT.

This study revealed that muscle strengths (both grip and leg strength), physical function

including SPPB, and cognitive function were significantly improved after 12 weeks of elastic 

band-based HSPT in older women with MCI.

In this study, 12 weeks of exercise programs was composed of supervised exercise (2 days 

per week) and home-based exercise (3 days per week). Motivating elderly women with MCI to 

complete the exercise on a regular basis was an important factor to achieve high attendance rate, 

in order to maintain the effects of exercise. Also, instructors provided feedback to continue 

exercise regularly. The attendance rate was 93.43% (HSPT group) and 92.42% (SSST group) in 

this study.

Moreover, resistance training may be important in particular elderly people, as they had age-

related declining in muscle mass, strength, power, and functional ability. The resistance training 

with a strengthening component has been represented to improve muscle function and 

physiological characteristics of skeletal muscles (Thompson LV, 1994). Also, various resistance 

training methods (i.e., free weight, machines, and elastic bands) improved the muscle strength,

power, and physical function (Chandler et al., 1998; Lazowski et al., 1999; Pereira et al., 2012; 

Kang et al., 2014). Especially, an elastic band training was known as a portable, cheap, versatile, 

safe, and effective training method to develop the neuromuscular system and improve muscle 

strength to increase the ability of conducting functional tasks (De Vreede et al., 2005; So et al., 

2009). Furthermore, the elastic band-based exercise not only increased the range of motion

(ROM) but it also improved muscle endurance and cognitive function in older population (Page 

PA et al., 2000; Kang DH et al., 2014). In the present study, beneficial effect of elastic band-
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study proved the effect of elastic band-based HSPT by comparing HPST and SSST, and we 

confirmed the improvement in cognitive functions through HSPT.
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band-based HSPT in older women with MCI.

In this study, 12 weeks of exercise programs was composed of supervised exercise (2 days 
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complete the exercise on a regular basis was an important factor to achieve high attendance rate, 

in order to maintain the effects of exercise. Also, instructors provided feedback to continue 

exercise regularly. The attendance rate was 93.43% (HSPT group) and 92.42% (SSST group) in 

this study.

Moreover, resistance training may be important in particular elderly people, as they had age-

related declining in muscle mass, strength, power, and functional ability. The resistance training 

with a strengthening component has been represented to improve muscle function and 

physiological characteristics of skeletal muscles (Thompson LV, 1994). Also, various resistance 

training methods (i.e., free weight, machines, and elastic bands) improved the muscle strength,

power, and physical function (Chandler et al., 1998; Lazowski et al., 1999; Pereira et al., 2012; 

Kang et al., 2014). Especially, an elastic band training was known as a portable, cheap, versatile, 

safe, and effective training method to develop the neuromuscular system and improve muscle 

strength to increase the ability of conducting functional tasks (De Vreede et al., 2005; So et al., 

2009). Furthermore, the elastic band-based exercise not only increased the range of motion

(ROM) but it also improved muscle endurance and cognitive function in older population (Page 

PA et al., 2000; Kang DH et al., 2014). In the present study, beneficial effect of elastic band-



based HSPT showed that it is a safe and effective exercise program suitable for elderly people 

with MCI.

Both HSPT and SSST demonstrated a significant improvement in muscle strength (both of 

upper and lower body) and physical performance (Table 5-7). These results are similar to the

previous reports on older adults submitted to HSPT and SSST (Sayers SP et al., 2010; Ramirez-

Campillo R et al., 2014). In this study, the extent of improvement in muscle strength was at the 

same rate in both groups. In addition, previous studies showed no difference in the gain of 

muscle strength between HSPT and SSST (Henwood TR et al., 2008). The results of present 

study may indicate that both types of trainings improved the muscle strength. HSPT has been 

reported to improve physical performance beyond what can be achieved by SSST (Ramirez-

Campillo R et al., 2014). In this study, the increase in the score for SPPB was greater in the 

HSPT group (2.65 points) than in the SSST group (1.78 points), and it indicated that there was 

more effective improvement in physical performance from HSPT for elderly women with MCI 

than SSST. Also, the SPPB score change of 1.0 point was substantially meaningful (Perera et al., 

2006). There was a significant improvement of cognitive function concomitant with the muscle 

strength and physical performance. Therefore, this study discovered the effect of exercise 

program, and it showed effectiveness on cognitive function through HSPT.

Resistance training was recommended as a key component of cognitive function 

improvement (Nagamatsu et al., 2012). However, no studies have examined whether HSPT is 

effective on cognitive function among the elderly people with MCI. The previous studies 

demonstrated that 6 months of twice-weekly resistance training significantly improved cognitive 

function in women of age 70 to 80 years with MCI (Nagamatsu et al., 2012), and this study 

found that cognitive function improved after only 3 months in women of age 75 to 80 years with 

MCI (Table 8). According to Cassilhas et al. (2007), it was reported that 6 months of resistance 

training significantly improved cognitive function based on standard neuropsychological tests 

for memory (short and long term) among elderly people. In addition, a home-based program of

strength training significantly improved on executive function after 6 months among older 
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adults with a recent history of falls (Liu-Ambrose et al., 2008). Conclusively, a regular basis of 

resistance training may have cognitive benefits (i.e., increase of neuroplasticity, efficiency of 

central nerve system) among elderly people (Chodzko-Zajko et al., 1994; Liu-Ambrose et al., 

2009). Thus, the benefits of HSPT on attention, short-term memory, working memory, and 

executive function may be more potent among older adults with MCI who are at greater risk for 

AD. 

A limitation of the study was as follows: the participants in the CON group had high

dropping rates (about 63%) due to lack of motivation and difficulties in time commitment. Also,

this study could not completely control the participant’s individual dietary intake. Additionally, 

a disproportion of sex was a limitation of this study. Therefore, the beneficial effects of the 

HSPT should be tested in blood chemistry measurement (i.e., plasma amyloid beta) as predictor 

of cognitive decline should be investigated in the future studies.

In conclusion, 12 weeks of elastic band-based HSPT significantly improved muscle strength 

including peak torque, physical performance such as SPPB, and various cognitive functions

(attention, short-term memory, working memory, and executive function). Based on these 

results, the elastic band-based HSPT and SSST program showed greater improvements in 

muscle strength and physical performance, and HSPT using elastic band was both safe and 

effective for elderly women with MCI on improving the muscle strength, physical performance,

and cognitive functions.
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