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Research context 

This paper is situated in the domain of geriatric rehabilitation. 

 

Frailty is a multifaceted syndrome affecting older adults and is correlated with a loss of 

physical functioning (Clegg, Young, Iliffe, Rikkert, & Rockwood, 2013). In community-dwelling 

older adults, aged 65 years or more, 17% have been described as frail and 42% as pre-frail 

(Santos-Eggimann, Cuénoud, Spagnoli, & Junod, 2009). Since more and more people live 

longer, one can become more vulnerable to develop frailty. This may lead to a loss of 

independence, functional decline, a higher demand of care and mortality (Morley et al., 

2014). Physical activity seems to be effective to counteract this decline in physical 

functioning (Landi et al., 2018). There is evidence that a multicomponent intervention 

program, including a physical, cognitive, psychosocial and nutritional intervention had 

positive effects on the prevalence of frailty in older adults (Apóstolo et al., 2018). However, 

too little is known about the effect of a multicomponent intervention program on physical 

functioning in pre-frail older adults. Given the high prevalence of pre-frailty and its 

associated adverse health outcomes, it is necessary to do more research in this population. 

 

This research project is part of an international study, called the My Active and Healthy 

Aging (My-AHA) project. The aim of this international project is to prevent older adults from 

becoming pre-frail or frail, by increasing the level of physical activity, cognitive functioning, 

psychosocial status, nutritional status, sleep and overall wellbeing. Several trial sites from 

different countries are involved: Australia, Austria, Belgium, Germany, Italy, Spain, Sweden 

and The United Kingdom. Researchers of the My-AHA study developed the overall design 

and methods used in this paper. Our promoter, Joke Spildooren, defined the procedure of 

approaching the participants. 

 

The contribution of the master thesis students to this research was to investigate the control 

group in Belgium. Four Master students took the recruitment and data-acquisition of 

participants in Belgium for their account. They recruited 32 participants, and further 

subjected them to screening, baseline and follow-up measurements. 
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In this part of the duo master thesis, we used data from the control group (n=32) in Belgium 

and previously obtained data of 13 participants who participated in the intervention group in 

Austria. Despite the fact that the multicomponent intervention included physical, cognitive, 

psychosocial and nutritional interventions, our thesis project focused on the physical 

functioning of the participants. In addition, the other two Master students focused on the 

cognitive functioning of these pre-frail older adults. 

On the one hand, we aimed to examine the effects of a multifactorial intervention program 

on the frailty characteristics and physical functioning in pre-frail older adults. On the other 

hand, we were also interested if the intervention program is effective to turn pre-frail older 

adults into robust older adults or to prevent them for becoming frail.  

 

This paper was written independently by the students and was regularly sent to the 

promoter for improvement. In addition, the data-processing was carried out by the students 

and was checked by the promoter.  
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The effect of a multicomponent intervention program, the My-AHA 

study, on frailty status in pre-frail older adults. 

Abstract 

Background Frailty and pre-frailty are considered highly prevalent in the older population 

(aged 60+ years). Nevertheless, most research focused on the effect of exercise in frail older 

adults to reverse this frail state. However, the potential beneficial effects of physical 

interventions in the pre-frail population remain underexplored. 

Objectives To determine whether a multicomponent intervention program has a positive 

effect on frailty status and physical functioning in pre-frail older adults. Secondly, to 

investigate whether the intervention program is effective to prevent pre-frail older adults 

from becoming frail. 

Methods We compared participants (n=13) subjected to a multicomponent intervention 

(intervention group) by researchers of the My-AHA group in Austria to participants recruited 

in Belgium (n=32), who received no intervention (control group). The Fried frailty criteria, 

physical tests, including Timed Up and Go (TUG), Timed Chair Stand Test (TCST), Four-meter 

walk test (4MTW), 4MTW + dual task and three static balance measures, were used to assess 

the level of frailty and physical function at baseline and after six months follow-up. These 

outcomes were then compared between the intervention and control group. 

Results Descriptive analysis showed that 63.64% of the older adults became robust in the 

intervention group. In both the control group and intervention group, one participant 

switched to frailty. Statistical analysis demonstrated no significant differences in balance, 

strength, IPAQ score (International Physical Activity Questionnaire) and 4MWT. However, 

there was a significant improvement of mobility in the intervention group, compared to the 

control group at six months follow-up. 

Conclusion Literature is inconsistent in findings about the reversal of frailty. This could be 

due to different definitions of frailty or due to the different types of physical interventions. 

Amelioration in mobility, found in the intervention group, is consistent with literature about 

frail older adults.  
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Introduction 

Frailty is a complex syndrome in which there is a loss of homeostasis due to a weakening of 

multiple physiologic systems. This could lead to a decreased resistance to stressors, causing 

an increased vulnerability (Fried et al., 2001; Lang, Michel, & Zekry, 2009). Frailty is 

associated with rising hospitalization, adverse events, mortality (Fried et al., 2001) and poor 

social functioning (Hoogendijk, Suanet, Dent, Deeg, & Aartsen, 2016). 

 

Estimates by the World Health Organization showed that the number of people aged 60 

years was estimated at 600 million in the year 2000, a figure that is expected to rise to 1.2 

billion by 2025 and 2 billion by 2050 (Janssen, Shepard, Katzmarzyk, & Roubenoff, 2004). 

Despite this drastic increase, there are not enough caregivers available for this geriatric 

population. Furthermore, it is crucial to keep this older population healthy for the general 

well-being of the whole population but also for socio-economic reasons (World Report on 

Ageing & Health. Luxembourg: World Health Organization; 2015).  

A great number of people over 60 years are likely to become frail. In a systematic review, 

published in 2012, the overall prevalence of frailty was found to be 10.7 % and increases 

with age and (female) gender (Collard, Boter, Schoevers, & Oude Voshaar, 2012).  

Hence, frailty is becoming a key problem, which should be faced in the upcoming decades. 

Therefore, a standardized and valid method for screening those who are truly frail is 

necessary to effectively develop interventions to target care.  

Fried et al. (2001) provided a potential standardized definition in community-dwelling older 

adults for clinical assessment for those who are frail or at risk, based on five criteria: 

unintentional weight loss, self-reported exhaustion, weakness (grip strength), slow walking 

speed, and low physical activity. If three of the five markers are present in an older 

individual, this person is considered frail.  

 

Pre-frailty, a state preceding frailty, is an intermediate state between robust, healthy older 

adults and frail older adults. The presence of one or two markers of the frailty phenotype is 

necessary to identify an older adult as pre-frail (Fried et al., 2001). It is important to detect 

these older adults to prevent them from becoming frail. Pre-frail older adults are less 

vulnerable to stressors than frail older adults, however they experience more depressive 

symptoms, nutritional problems, score worse on self-reported health, the Mini-mental State 
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Examination (MMSE) and the Functional Comorbidity Index than robust older adults 

(Tikkanen et al., 2015).  

 

It is possible to counteract the markers of frailty in frail older adults. In the literature study 

for master thesis part one, the effects of an exercise intervention on frailty were researched. 

These results supported the effect of a multicomponent (different types of exercise) 

intervention program in the improvement of frailty. Moreover, exercise in combination with 

interventions in other disciplines also has a positive effect (Apóstolo et al., 2018; Dedeyne, 

Deschodt, Verschueren, Tournoy, & Gielen, 2017). A nutritional program with sufficient 

protein intake (1.1g/kg/day, distributed over three meals) in combination with exercise 

showed a positive effect on the frailty and nutritional status (Artaza-Artabe, Sáez-López, 

Sánchez-Hernández, Fernández-Gutierrez, & Malafarina, 2016).  

 

Little evidence is available for the recommendation of a multicomponent intervention 

program in pre-frail older adults (Frost et al., 2017). According to Seino et al, the 

combination of resistance exercise, nutritional education and a psychosocial program twice a 

week for three months caused a reduction in frailty and a better functional health in (pre-) 

frail older adults (Seino et al., 2017). Physical intervention plays a key role in 

multicomponent interventions (combined with a nutritional, psychosocial or cognitive 

intervention) (Dedeyne et al., 2017). Three to 12 months of group-based exercise is 

beneficial for physical functioning, balance and muscle strength in pre-frail older adults 

(Frost et al., 2017). On the other hand, home-based therapy in pre-frail older adults is often 

a great alternative for group-based therapy (Daniel, 2012), or could be combined with a 

group-based program in order to exercise more regularly (Mehra et al., 2018).  

 

In literature, less is known about pre- frail older adults and the possibility to reverse their 

pre-frailty status. Previous studies have shown that nutritional interventions, exercise, social 

events and cognitive training each had positive effects on markers of frailty.  Hence, the 

objective of this clinical trial was to investigate whether pre-frail older adults could also 

benefit from these interventions during a six-month intervention period. We hypothesize 

that a multicomponent intervention has a positive effect on frailty and physical 

characteristics.  
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Methods  

Participants 

Participants were recruited from July 2018 until September 2018 through advertisements, 

contact with senior groups and social media. The people who were interested in 

participating in this study were contacted by telephone or e-mail to make a first 

appointment. During the first testing moment, participants were screened for inclusion and 

exclusion criteria. Participants received an informed consent, which they signed before 

screening began. Inclusion criteria included community-dwelling older adults (aged ≥ 60 

years), being pre-frail (one or two markers of the Fried frailty phenotype), lack of impaired 

cognitive functioning (Mini Mental State Examination, MMSE) and no depression or anxiety 

(Hospital anxiety and depression scale,(HADS)). Pre-frailty was defined if one or two of the 

five markers of the Fried frailty phenotype were present: (1) unintentional weight loss, (2) 

self-reported exhaustion, (3) weakness (grip strength), (4) slow walking speed, and (5) low 

physical activity. Unintentional weight loss can be described as a decrease in weight of ≥4.5 

kg or ≥ 5% of the body weight in the last 12 months. To determine whether this was present 

after six months of follow-up, the margin was set to ≥ 2.25 kg or ≥ 2.5% of body weight. Grip- 

strength, measured by using the Jamar Dynamometer (cut-off values based on gender and 

Body Mass Index (BMI)). Exhaustion was assessed by two multiple-choice questions from 

Centre for Epidemiologic Studies Depression Scale: CES-D (Radloff, 1977)). Walking speed 

was measured by the four-meter walk test (4MWT, cut off based on gender and height) and 

level of physical activity was measured by the IPAQ. Lack of impaired cognitive functioning 

was assessed by the MMSE (MMSE >24), with correction for less education. To rule out 

severe cognitive impairments, the MMSE, a valid and reliable test for diagnostic purposes in 

older adults with dementia, depression and cognitive impairments, was used (Folstein, 

Folstein, & Mchugh, 1975). To rule out anxiety (HADS Anxiety <15) or depression (HADS 

Depression < 15), the HADS was incorporated for its good sensitivity and specificity in the 

general population (Bjelland, Dahl, Haug, & Neckelmann, 2001; Zigmond & Snaith, 1983). 

The participants who met the inclusion criteria and did not have any of the exclusion criteria 

were included in the control group. The same screening protocol was used for the 

intervention group, located in Austria. Exclusion criteria for the physical and/or psychological 

conditions are listed in table 1.  
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Procedure 

This study is part of an international research project, called the My Active and Healthy 

Aging study (My-AHA project). The countries participating in this study include Australia, 

Austria, Belgium, Germany, Italy, Spain, Sweden and The United Kingdom. In this clinical 

trial, randomization was not possible between the intervention group and the control group. 

However, the overall design of the international My-Aha project was randomized. For this 

Master Thesis, subjects were divided into two groups: an intervention and a control group. 

The intervention group received a multicomponent intervention program of six months, 

including physical exercise, cognitive interventions, nutritional education and psychosocial 

interventions. The control group did not receive any intervention. Researchers of the My-

AHA project in Austria conducted the multicomponent intervention. Master students at the 

UHasselt in Belgium collected the data of the control group. A screening test was performed 

prior to the start of the study, followed by the baseline measurement (T0), one month later. 

Six months after baseline testing, the follow-up (T1) measurement was conducted. This 

study was approved by the Medical Ethics Committee of the University of Hasselt 

(CME2018/034) at July 15,2018. Trial number: B9115201836735.  

Despite the fact that the multicomponent intervention included physical, cognitive, 

psychosocial and nutritional interventions, our thesis project will focus on the physical 

functioning of the participants. Baseline (T0) and follow-up testing (T1; 6 months later) were 

performed using the five frailty markers mentioned before and four physical function tests: 

Timed Chair Stand Test (TCST), the TUG (Podsiadlo & Richardson, 1991), a balance test 

(standing with feet together, semi tandem- and tandem stance) and the 4MWT(+ dual task). 

These physical function tests are able to identify a deterioration of function (Yamako, Chosa, 

Totoribe, Fukao, & Deng, 2017). According to Savva et al. (2013), the TUG can detect 

whether a person becomes frail (TUG>10 s) (Savva et al., 2013). Every assessment was 

carried out at the place where the participants lived. The primary outcome of this study was 

the prevalence of pre-frailty after six months follow-up, according to the criteria of the 

Fried’s frailty phenotype. One can be described as robust, by meeting none of these criteria, 

pre-frail when meeting one or two of the criteria and frail when meeting three or more of 

these criteria. Secondary outcomes were mobility, assessed by using the TUG, strength using 

the TCST (Csuka & Mccarty, 1985) and balance. 
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Intervention group 

Thirteen participants were included in the intervention group. A multicomponent 

intervention, called the My-AHA platform, was applied to the experimental group in Austria. 

The four components of this intervention program are a physical, cognitive, psychosocial and 

nutritional intervention. The effect of a multifactorial approach has been proven to be 

positive on the prevalence of frailty (Apóstolo et al., 2018). 

 

First, the physical component will be discussed. Activities that focus on strength, balance and 

endurance were implemented. A multicomponent exercise intervention, consisting of 

resistance, balance and gait exercises, can meliorate functional parameters (Cadore et al., 

2014; Weening-Dijksterhuis, de Greef, Scherder, Slaets, & van der Schans, 2011). Participants 

trained at a frequency of three times a week, 30 to 45 minutes per session. The total amount 

of physical training was three hours each week. The programs applied in this study were the 

Otago home-based Exercise program (OEP), the Fitness and Mobility Exercise program 

(FAME) and an endurance training program. OEP (Gardner, Buchner, Robertson, & Campbell, 

2001), a home-based, individually tailored program focusing on strength, balance and the 

ability to walk for the ultimate goal of fall reduction, was performed once a week for 30 to 

45 minutes without supervision (Beato, Dawson, Svien, & Wharton, 2018). In advance an 

instructor explained all the exercises and handed over a booklet with a short description of 

the exercises. Ankle cuffs were used to provide resistance during the exercises. FAME (Eng, 

2010), a group-based muscle strength, balance and endurance training program, proven to 

provide a significant decline in fall rate, was carried out with supervision of a physical 

instructor, once a week for 30 to 45 minutes (Iliffe et al., 2014). One instructor was provided 

per five participants to ensure that adequate supervision was possible. Endurance training 

was targeted by an activity of choice, executed once a week. The intensity of the training 

started at moderate intensity (month 1-2: 50% HRmax, 30min/session) and gradually 

increased during the study (month 6: 60% HRmax, 40 min/session). The goal was to achieve a 

minimum of 65% of the HR max for 150 min per week. 

The cognitive intervention contained working memory training (N-back task) and cognitive 

bias modification therapy (CBMT). Working memory training for several weeks with the N-

back task seems to be important to improve the fluid intelligence, responsible for pattern 

recognition, reasoning and problem solving abilities, in adults (Au et al., 2015). Intensity is 
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adapted to meet for individual needs and to achieve maximum adherence. N-back task 

challenged the working memory. Two versions were used, namely a letter-based and a 

visuo-spatial (a 3 by 3 blue square) version. Participants were asked to remember which 

letter or which square was displayed n-letters previously. Each participant could use this tool 

on the My-AHA app. The larger the number of n, the more difficult the task would be. Level 

of difficulty was progressed individually to ensure the working memory was being challenged 

(von Bastian & Oberauer, 2014). Immediate feedback was given to the participants. 

Cognitive bias modification therapy was used to train participants by letting them 

unconsciously give attention to a positive option over a negative option. For example, a 

happy and a sad face appeared on the screen. The participants had to select the button 

beneath the face according to the number of presented dots. When doing this frequently, it 

will become a habit to choose positive stimuli and let go of threat-related stimuli which leads 

to reduced vulnerability to negative stimuli (MacLeod, Rutherford, Campbell, Ebsworthy, & 

Holker, 2002). 

 

Three different psychosocial interventions were incorporated: a group support intervention, 

group activity interventions and social media platforms. Good quality of life can be partially 

obtained by maintaining a strong social network (Rogers & Mitzner, 2017). Participants 

received suggestions for support groups on their My-AHA platform. Furthermore, groups 

were created with shared interests to undertake activities together. That way, participants 

could interact with each other while engaging in activities and were able to seek support 

with one another. Furthermore, the social platform encouraged to communicate and 

provide recommendations to each other. Participants could enter the platform whenever 

they wanted. 

 

The last intervention focused on stimulating healthy nutritional habits of the participants. 

Prevention of malnutrition will reduce the risk to become frail (Artaza-Artabe et al., 2016). 

An application, VitalinQ, was used to plan meals ahead of time, taking personal preferences 

into account. Based on their food diary, they also got advice and education from the VitalinQ 

nutritional database of regarding their nutritional habits.  
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Control group 

The 32 participants in the control group continued their daily routine without any form of 

intervention. When a participant in the control group was considered frail at one of the 

measurement moments (baseline or six months), one was able to get access to the 

intervention platform to meet ethical obligations.  

 

Statistical analysis 

The statistical analyses were carried out by using JMP Pro 14.1 (SAS). Baseline characteristics 

(age, gender, height, weight, BMI and cognitive function) were evaluated. The Welch test 

was used for age while a pooled t-test was employed for height, weight and BMI. Means of 

cognitive function were checked by a Wilcoxon test. The Fisher’s exact test was used for 

gender and balance. For the categorical data (balance, frailty criteria), descriptive statistics 

were applied. For the continuous data (TCST, TUG, 4MWT, 4MWT+dual task, IPAQ and hand 

grip strength) , a mixed model analysis with repeated measures was implemented. An alpha 

level of 0.05 was significant for all tests. 
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Results 

A total of 45 participants were included in this trial. In Austria, the intervention group 

consisted of 13 participants, whereas 32 participants were part of the control group in 

Belgium. No significant difference in demographics (age, height, weight, BMI, cognitive 

functioning) were observed between the intervention and the control group except for 

gender which differed significantly (p=0.02). The number of female participants in the 

control group was 84.38%, whereas the male participants represented 15.62% of the control 

group. In the intervention group, 46.15% of the participants were female and 53.85% were 

male. Table 2 represents the baseline characteristics of the participants. 

 

Some drop-outs were reported (see flowchart in figure 1.) and statistics were not applied to 

the drop-outs. At six-months follow-up, the intervention group consisted of 11 participants 

and the control group of 26 participants. During this six-month trial, two participants 

deceased in the control group. The remaining subjects who dropped-out had difficulties in 

persevering a long-term commitment (six months) for this study. 

Frailty criteria 

Only pre-frail older adults were included in this study. At baseline, the majority of the 

participants in the intervention group (63.64%) and in the control group (76.92%) had one 

criterion of the Fried frailty criteria. A total of 36.36% in the intervention group and 23.08% 

in the control group scored positively on two of the five frailty criteria (table 3). 

 

At six months follow-up, a total of seven participants in the intervention group became 

robust (meeting none of the frailty criteria), accounting for 63.64%, whereas six participants 

in the control group became robust, accounting for 23.08%. Nineteen controls remained pre-

frail, accounting for 73.07%. In the intervention group, 27.27%, was still pre-frail. A shift 

towards frailty was made for one (3.85%) participant in the control group, scoring positive 

on three criteria and one (9.1%) person in the intervention group (table 3). 

 

The most common criterion for meeting the pre-frailty criteria in the control group was hand 

grip strength (table 4). Twenty-two participants met this criterion at baseline testing, 

indicating that they had a hand grip strength less than the cut-off criterion. However, in the 
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intervention group, participants were pre-frail mostly because of unintentional weight loss, 

accounting for eight participants.  After six months follow-up, there was an even distribution 

of the participants over the criteria in the intervention group. In the control group at the 

follow-up measurement, 16 participants met the threshold for poor hand grip strength. Nine 

people in the control group scored less than the cut-off score for the characteristic of 

exhaustion at T1 (table 4). Although, two participants met this criterion during baseline 

measurement (T0). 

 

Balance 

In the intervention group 27.27% made progression regarding balance, for the remaining 

72.73%, no change was observed between baseline and follow-up measurements. Most of 

the control group (76.92%) showed no progression nor decline. Hence, 11.54% 

demonstrated a retrogression in balance, whereas only 11. 54% showed an improvement in 

balance (table 5). No significant difference was found in balance when comparing the control 

and intervention group and the times of measurements (p=0.39).  

Mobility 

Analysis demonstrated a significant interaction effect of group by time (p=<.0001*). In the 

intervention group, there was a significant decrease in the time required to complete the 

TUG (p= <.0001) after follow-up (T1). This was not seen in the control group (p=0.68) after 

six months follow-up (T1) (table 6). The Timed Up and Go Test showed a significant main 

effect of group (p=<.0001*), where both groups differed significant at baseline (T0). The 

mean score for the intervention group was 13.75s and for the control group 9.90s. A 

significant main effect of time (p=0.03) was present. The intervention group improved 

significant after the intervention. (p=<.0001*) 

 

Strength 

The control group showed a significant improvement (p=0.0101*) on the TCST, compared to 

baseline (T0). A decrease in the time, required to complete the TCST, was observed in the 

control group. The intervention group demonstrated no significant differences over time 

(p=0.12). The mixed model with repeated measures analysis showed no interaction effect of 
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group by time (p=0.88). However, there was a main effect of time (p<0.01). Analysis showed 

a significant increase at T1 for the control group (p=0.0101). No main effect of group 

(p=0.30) (table 6). 

Hand-grip strength was measured, using the Jamar Dynamometer. Data-analysis showed no 

significant interaction effect of group by time (p=0.81). But, a main effect of time (p=0.0064) 

where the control group improved significant and a main effect of group (p=<.0001) at 

baseline and follow-up was present. Both groups differed significantly at baseline (p=<.0001) 

and follow-up (p=<.0001), where the mean grip strength of the intervention group was 31.23 

kg and the control group scored 17.25 kg at baseline. At follow-up, these mean scores were 

respectively 32.75 kg for the intervention group and 19.05 kg for the control group 

respectively. The intervention group did not improve (p=0.12), whereas the control group 

made significant improvements (p<0.01) (table 6). 

 

International physical activity questionnaire (IPAQ) 

There was no interaction effect of group by time (p=0.85). A main effect of time (p=0.76) for 

the IPAQ-score was not present. However, a main effect of group (p=<.0001*) was apparent. 

There were significant differences in baseline score between the intervention group and 

control group (0.0009*). The intervention group initially scored an average of 8397.93 kcal 

per week and the control group achieved an average of 2433.98 kcal per week. This 

difference was maintained at six months follow-up (0.0004*). Where the average in the 

intervention group was 8982.13 kcal per week, the control group achieved 2567.22 kcal per 

week.  Overall, neither the intervention group nor the control group did significantly change 

after six months follow-up (table 6).  

 

4-meter walk test and 4-meter walk test with dual task 

An interaction effect of group by time was not found for the 4MWT (p=0.45), as well as in 

the 4MWT with dual task (p=0.85). Results from the mixed model with repeated measures 

analysis showed no significant main effect of time for the 4MWT (p=0.90) and the 4MWT 

with dual task (p=0.94), nor a significant main effect of group in the 4MWT (p=0.75) and the 

4WMT with dual task (p=0.68) (table 6).  
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After six months of follow-up, both intervention group (p=0.87) and control group (p=0.92) 

did not significantly improve in time to perform the 4-meter walk test. Neither did the 

control group (p=0.92) or the intervention group (p=0.87) improve in the 4MWT with dual 

task (table 6). 
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Discussion 

This study contributes to our hypothesis that pre-frailty could be reduced or be slowed down 

by a multicomponent intervention program. Participants in the intervention group, who 

cooperated in this trial, improved on mobility, measured by the TUG. For muscle strength, 

measured by the TCST and Jamar Dynamometer, a significant improvement of strength was 

observed in the control group. Moreover, a between group difference was found for hand 

grip strength in favour of the control group, which contradicts the hypothesis of this study. 

In addition, the degree of physical activity was not found to be statistically significant 

different for the intervention group, after the follow-up. However, at baseline, participants 

in the intervention group already had high levels of activity, compared to the control group. 

Furthermore, this study provides no evidence that a decline in balance could be prevented. 

No significant difference could be found. For gait speed, no differences were found after the 

six-month follow-up measurement. 

 

According to descriptive analysis, a part of the participants in the intervention group 

improved in the degree of frailty. The incidence of pre-frail older adults after the 

intervention was lower than at baseline. The control group was more likely to remain pre-

frail or to become frail. Several studies have shown that an exercise program appears to be 

effective in combating frailty, whether or not in a multifactorial setting with physical, 

cognitive, psychosocial and nutritional interventions. According to Nagaia et al. (2018), a six-

month during resistance training program, two times per week in frail older adults, 

combined with feedback and monitoring and information about nutrition does not exert 

significant effects when compared to resistance training only. However, pre-post analysis 

showed significant decreases in frailty scores in the intervention group with feedback 

(Nagaia et al., 2018). This finding is also stated in a multifactorial intervention program in 

frail older adults, which comprised of resistance training, nutritional education and 

psychosocial assistance, which lasted three months and was carried out two times per week 

for 100 minutes per session. Resistance training was performed for 60 minutes per session, 

ten minutes of rest and the remaining 30 minutes they received either a nutritional or a 

psychosocial intervention, every two weeks. (Seino et al., 2017). In the My-AHA project, only 

participants who were pre-frail were included in the study. Resistance, balance and 
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endurance training were incorporated in the intervention program. No specific balance or 

resistance training program was applied. However, some studies do not contribute to this 

statement (Trombetti et al., 2018). Trombetti et al. (2018), did not associate a decrease in 

frailty status after a multicomponent intervention program, with two year follow-up, 

including aerobics, resistance training and flexibility exercises, compared to health education 

and stretching. However, frailty was not one of the inclusion criteria, causing a relatively 

small sample size (19.7%), compared to non-frail older adults.  

The different studies handled different methods to state frailty. Some studies use stricter 

criteria to determine frailty. If the threshold is fairly low to meet the criteria, a significant 

difference can be determined more rapidly. One could assume that pre-frailty in community-

dwelling older adults could be prevented by a multifactorial intervention program, consisting 

of physical activity, nutritional and psychosocial interventions. In addition, a golden standard 

for assessing frailty would be required.  

 

Weight loss could be due to the intervention program or could be unintentional. It is difficult 

to determine in which the cause lies. Moreover, body weight varies depending the time of 

the day. This could lead to a bias, since the participants were not tested on the same time of 

the day. The participants who met the criterion for unintentional weight loss at baseline and 

at follow-up, were scored positively for this criterion at follow-up. Participants who did not 

meet the criteria at baseline, but did lose weight at follow-up, were not scored positive for 

the criterion of weight loss, since they received a nutritional intervention to maintain a 

healthy body weight. 

 

No differences were found in the 4MWT or in the 4MWT with dual task in both groups. This 

is contradictory to the findings of Sugimoto et al. (2014) However, in the latter study a 

strength training program within the multifactorial program was applied. In healthy older 

adults, it is shown that a resistance training program improves leg strength hereby causing 

an improvement in gait speed. Leg power training was done by using a leg press for three 

sets of ten repetitions at 30%-40% 1RM (Uematsu et al., 2018). Furthermore, the walking 

activity in the OEP was replaced by an activity of choice (bicycling, home trainer, treadmill, 

Nordic Walking, walking). This is a possible explanation why no significant improvement was 
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found after the intervention program, assuming that not every participant chose the same 

endurance activity. 

 

The IPAQ-scores remained stable in both groups. At baseline, the scores of the intervention 

group were almost three times higher than in the control group. Although, the intervention 

group participated in an exercise intervention program, one should expect that the scores 

would differ significantly after the intervention. A possible explanation is that the 

participants in the intervention group at baseline already had a high level of physical activity, 

compared to the control group. 

 

Nevertheless, this multifactorial intervention contributed to a significant improvement of 

mobility in the intervention group, using the TUG. Whereas in the control group, this 

phenomenon was not present. The control group remained stable. In studies with frail older 

adults, this finding is consistent with our findings. In older adults, suffering from major 

mobility disability, a moderate intensity exercise program is beneficial to regain mobility. 

The intervention involved walking of 150 min/week, strength, flexibility and balance training, 

3 – 4 times a week and lasted 2.5 years (Pahor et al., 2014). Sugimoto et al. (2014), 

suggested that mobility significantly improved in an exercise program in pre-frail older 

women, compared to non-frail older women. This 1-year preventative exercise program 

compromised one intervention program and was carried out once a week. This included a 

warm-up, strength exercises by its own weight, balance and rhythmic exercises (Sugimoto, 

Demura, Nagasawa, & Shimomura, 2014). As depicted by Podsiadlo et al. (1991), the TUG is 

a reliable and valid tool for assessing mobility in frail older adults. In addition, it is sensitive 

to detect clinically relevant change (van Iersel, Munneke, Esselink, Benraad, & Olde Rikkert, 

2008). It is a complex test, consisting of various functional tasks of the ADL, including rising 

from a chair, walking, rotating and sitting down on a chair (Nagaia et al., 2018). This result 

indicates that to maintain or to improve the mobility of these pre-frail older adults an 

exercise intervention program consisting of strength, balance and aerobic exercise could be 

beneficial. 

 

No significant improvements were made in the intervention group for the balance test 

compared to the control group, however there is no deterioration detectable. According to 
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Cadore et al. (2014), balance melioration and a reduction in falls can best be achieved by a 

multicomponent exercise intervention program including strength, endurance and balance 

training. Balance training should include many stimuli to challenge the patient, for example 

standing on one leg (Cadore, Rodríguez-Mañas, Sinclair, & Izquierdo, 2013). After a four 

week program targeting strength and balance, a progression was seen in balance 

confidence, performance and gait in community dwelling older adults (Miller, Magel, & 

Hayes, 2010). This study included only three static tests to measure balance.  At baseline 

most participants scored maximum on the test which causes a ceiling effect in future 

measurements. This is a possible explanation why no significant improvement could be 

found. A study with an intervention program of 10 weeks with a Wii-training (both strength 

and balance training) two times a week did also found no difference in static balance in 

community-dwelling older adults compared to a control group (Jorgensen et al., 2013). This 

could be due to the possibility that Wii-games are not physically challenging enough. 

Literature isn’t conclusive about the effect of exercise for balance, but most literature is 

focused on community dwelling older adults or frail older adults. 

  

Strength was assessed by using the TCST and the Jamar Dynamometer. Timed chair stand 

test is a reliable test with good to high test-retest reliability to assess strength in community-

dwelling older adults. Additionally, clinical important change between measurements is 

difficult to determine (Bohanno, 2011). Although only the control group made significant 

improvements in strength, compared to baseline, the intervention group had a tendency 

towards improvement. However, this was not statistically significant, contrary to our 

hypothesis. However, Cadore at al. (2014) stated that a multicomponent (resistance, balance 

and gait retraining interventions) exercise intervention program is effective to improve mean 

leg strength. 

Hand-grip strength was measured, using the Jamar Dynamometer. Only the control group 

improved in hand-grip strength and showed a significant difference compared to the 

intervention group. The Jamar Dynamometer is a reliable and valid instrument to assess 

strength (Schaubert & Bohannon, 2005). These findings contradict the existing literature. 

Neumann et al. stated that in older adults more difficulties were present in handling the tool 

due to the size and weight (Neumann, Kwisda, Krettek, & Gaulke, 2017). This could be a 

reason why 22 participants in the control group met the criterion for hand grip strength at 
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baseline. Six of these participants in the control group returned to a robust, healthy state at 

follow-up. A possible explanation is that a learning effect was present.  

In a narrative review, one concluded that a multifactorial exercise program is recommended 

for pre-frail and frail older adults, for improving strength, gait speed, balance and physical 

performance. The interventions consisted of a resistance training program, balance exercises 

and flexibility tasks. This was done 2-3 times a week, approximately 10-90 minutes per 

session for 2.5 months. (Jadczak, Makwana, Luscombe-Marsh, Visvanathan, & Schultz, 2016). 

According to Haider et al. (2019) there is limited evidence that a multifactorial intervention 

program is effective the increase muscle mass or strength. Cadore et al. (2013), stated that 

to improve muscle strength, a resistance training program should be part of a multifactorial 

intervention in order to gain more strength or muscle mass. This could lead to the 

contradiction in findings. The My-AHA study did not apply a specific resistance training 

program.  

 

Strengths 

This study is part of a larger international study. A selection of participants and times of 

measurements was made. However, it is still possible to look at the bigger picture and 

combine all the data from many different countries to see if an effect could be 

demonstrated with a larger sample size and follow-up.  

This is one of the first studies combining a physical, nutritional, psychosocial and cognitive 

intervention program in pre-frail older adults. 

 

Limitations 

At baseline, the intervention group were significant more active than the control group. This 

is why there is probably no improvement in activity level after the intervention. 

Randomisation of the participants was not possible in the control group. Hence, researchers 

were not blinded to group allocation. Moreover, the participants were not tested at the 

same time of the day, this could possibly have led that some participants were more or less 

fatigued at the time of testing, compared with baseline testing. 

Furthermore, the sample size was very small in the intervention group and an uneven 

distribution of male and female participants was present. Some dropouts were reported, 

these dropouts were not included in the data-analysis. For hand grip strength a different 
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instrument should be used, since in the control group most participants met this criterion 

and it is stated that measurement errors could occur due to the size and weight of the Jamar 

Dynamometer. 

 

Risk for bias 

Participants were recruited through advertisements and contact with senior groups. Only 

older adults who were interested to participate were included. Perhaps, especially active 

older adults were interested. This could lead to a selection bias because this is not always a 

good representation of the whole population.  

Furthermore, in data-analysis too little confounding variables were taken into account. For 

example gender and the intensity of activities established by the participants in their leisure 

time. 

Moreover, the researchers in the control group were not blinded which could lead to a 

detection bias. 

 

Further implication for clinical application and further scientific research 

Frailty criteria: grip strength and unintentional weight loss, are most frequently seen when 

an older adult is pre-frail. Therapy should focus on more specific needs for the individual 

older adult. A multifactorial intervention has a positive effect on mobility in pre-frail older 

adults. However, other outcomes were not found to be significant after this intervention. 

Further research should focus on pre-frail older adults and use bigger sample sizes to 

possibly detect a difference. The My-AHA study could show after termination (at 12 months) 

other results than those obtained in this study.  

Conclusion 

It is possible to return to a robust state when enrolling in a multicomponent intervention 

program. There is no improvement in most physical measurements, mainly due to the 

significant differences at baseline between both groups for the level of physical activity, 

mobility, strength and gender. However, a melioration in mobility could be accomplished. 

The program focused on different aspects of functioning which were not investigated in this 

study. For example, cognitive function or social interaction. For the physical component, a 
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specific exercise program could be more effective to improve strength, balance and walking 

speed. Most research focuses on the biological aspect of functioning. Notwithstanding, it is 

also important to integrate the different facets of the biopsychosocial model. Further results 

of the My-AHA study could provide more clarification on this topic and other aspects of 

functioning.  

  

hannelore
Markering



24 
 

References 
Apóstolo, J., Cooke, R., Bobrowicz-Campos, E., Santana, S., Marcucci, M., Cano, A., … 

Holland, C. (2018). Effectiveness of interventions to prevent pre-frailty and frailty 

progression in older adults. JBI Database of Systematic Reviews and Implementation 

Reports, 16(1), 140–232. https://doi.org/10.11124/JBISRIR-2017-003382 

Artaza-Artabe, I., Sáez-López, P., Sánchez-Hernández, N., Fernández-Gutierrez, N., & 

Malafarina, V. (2016). The relationship between nutrition and frailty: Effects of protein 

intake, nutritional supplementation, vitamin D and exercise on muscle metabolism in 

the elderly. A systematic review. Maturitas, 93, 89–99. 

https://doi.org/10.1016/j.maturitas.2016.04.009 

Au, J., Sheehan, E., Tsai, N., Duncan, G. J., Buschkuehl, M., & Jaeggi, S. M. (2015). Improving 

fluid intelligence with training on working memory: a meta-analysis. Psychonomic 

Bulletin and Review, 22(2), 366–377. https://doi.org/10.3758/s13423-014-0699-x 

Beato, M., Dawson, N., Svien, L., & Wharton, T. (2018). Examining the Effects of an Otago-

Based Home Exercise Program on Falls and Fall Risks in an Assisted Living Facility. 

Journal of Geriatric Physical Therapy, 32816, 1. 

https://doi.org/10.1519/jpt.0000000000000190 

Bjelland, I., Dahl, A. A., Haug, T., & Neckelmann, D. (2001). The validity of the Hospital 

Anxiety and Depression Scale An updated literature review. Journal of Psychosomatic 

Research, 52, 69–77. 

Bohanno, R. W. (2011). Test-retest reliability of the five-repetition sit-to-stand test: A 

systematic review of the literature involving adults. Journal of Strength and 

Conditioning Research, 25(11), 3205–3207. 

https://doi.org/10.1519/JSC.0b013e318234e59f 

Cadore, E., Casas-Herrero, A., Zambom-Ferraresi, F., Idoate, F., Millor, N., Gómez, M., … 

Izquierdo, M. (2014). Multicomponent exercises including muscle power training 

enhance muscle mass, power output, and functional outcomes in institutionalized frail 

nonagenarians. Age, 36(2), 773–785. https://doi.org/10.1007/s11357-013-9586-z 

Cadore, E., Rodríguez-Mañas, L., Sinclair, A., & Izquierdo, M. (2013). Effects of Different 

Exercise Interventions on Risk of Falls, Gait Ability, and Balance in Physically Frail Older 

Adults: A Systematic Review. Rejuvenation Research, 16(2), 105–114. 

https://doi.org/10.1089/rej.2012.1397 



25 
 

Clegg, A., Young, J., Iliffe, S., Rikkert, M. O., & Rockwood, K. (2013). Frailty in elderly people. 

Lancet (London, England), 381(9868), 752–762. https://doi.org/10.1016/S0140-

6736(12)62167-9 

Collard, R. M., Boter, H., Schoevers, R. A., & Oude Voshaar, R. C. (2012). Prevalence of frailty 

in community-dwelling older persons: a systematic review. Journal of the American 

Geriatrics Society, 60(8), 1487–1492. https://doi.org/10.1111/j.1532-

5415.2012.04054.x 

Csuka, M., & Mccarty, D. J. (1985). Simple Method For Measurement of Lower Extremity 

Muscle Strength. American Journal of Medicine, 78, 77–81. 

Daniel, K. (2012). Wii-Hab for Pre-Frail Older Adults. Rehabilitation Nursing, 37(195–201). 

Dedeyne, L., Deschodt, M., Verschueren, S., Tournoy, J., & Gielen, E. (2017). Effects of multi-

domain interventions in (pre)frail elderly on frailty, functional, and cognitive status: A 

systematic review. Clinical Interventions in Aging, 12, 873–896. 

https://doi.org/10.2147/CIA.S130794 

Eng, J. J. (2010). Fitness and Mobility Exercise Program for Stroke. Topics in Geriatric 

Rehabilitation, 26(4), 310–323. https://doi.org/10.1097/TGR.0b013e3181fee736.Fitness 

Folstein, M. F., Folstein, S. E., & Mchugh, P. R. (1975). “MINI-MENTAL STATE”: A Practical 

Method For Grading The Cognitive State Of Patients for the clinician. J. Gsychiaf. Res, 

12(3), 189–198. 

Fried, L. P., Tangen, C. M., Walston, J., Newman, A. B., Hirsch, C., Gottdiener, J., … Mcburnie, 

M. A. (2001). Frailty in Older Adults: Evidence for a Phenotype. Journal of Gerontology: 

MEDICAL SCIENCES Copyright (Vol. 56). 

Frost, R., Belk, C., Jovicic, A., Ricciardi, F., Kharicha, K., Gardner, B., … Walters, K. (2017). 

Health promotion interventions for community-dwelling older people with mild or pre-

frailty: A systematic review and meta-analysis. BMC Geriatrics, 17(1), 1–13. 

https://doi.org/10.1186/s12877-017-0547-8 

Gardner, M. M., Buchner, D. M., Robertson, M. C., & Campbell, J. A. (2001). Practical 

implementation of an exercise-based falls prevention programme. Age and Ageing, 30, 

77–83. https://doi.org/10.1002/rnj.114 

Hoogendijk, E. O., Suanet, B., Dent, E., Deeg, D. J. H., & Aartsen, M. J. (2016). Adverse effects 

of frailty on social functioning in older adults: Results from the Longitudinal Aging Study 

Amsterdam. Maturitas, 83, 45–50. https://doi.org/10.1016/j.maturitas.2015.09.002 



26 
 

Iliffe, S., Kendrick, D., Morris, R., Masud, T., Gage, H., Skelton, D., … Belcher, C. (2014). 

Multicentre cluster randomised trial comparing a community group exercise 

programme and home-based exercise with usual care for people aged 65 years and 

over in primary care. Health Technology Assessment, 18(49), 1–106. 

https://doi.org/10.3310/hta18490 

Jadczak, A. D., Makwana, N., Luscombe-Marsh, N. D., Visvanathan, R., & Schultz, T. J. (2016). 

Effectiveness of exercise interventions on physical function in community-dwelling frail 

older people: an umbrella review protocol. JBI Database of Systematic Reviews and 

Implementation Reports, 14(9), 93–102. https://doi.org/10.11124/JBISRIR-2016-003081 

Janssen, I., Shepard, D. S., Katzmarzyk, P. T., & Roubenoff, R. (2004). The healthcare costs of 

sarcopenia in the United States. Journal of the American Geriatrics Society, 52(1), 80–

85. Retrieved from http://www.ncbi.nlm.nih.gov/pubmed/14687319 

Jorgensen, M. G., Laessoe, U., Hendriksen, C., Bruno, O., Nielsen, F., Aagaard, P., & Grønbech 

Jørgensen, M. (2013). Efficacy of Nintendo Wii Training on Mechanical Leg Muscle 

Function and Postural Balance in Community-Dwelling Older Adults: A Randomized 

Controlled Trial. MEDICAL SCIENCES Cite Journal as: J Gerontol A Biol Sci Med Sci, 68(7), 

845–852. https://doi.org/10.1093/gerona/gls222 

Landi, F., Calvani, R., Picca, A., Tosato, M., Martone, A. M., D’Angelo, E., … Marzetti, E. 

(2018). Impact of habitual physical activity and type of exercise on physical 

performance across ages in community-living people. PLoS ONE, 13(1), 1–12. 

https://doi.org/10.1371/journal.pone.0191820 

Lang, P.-O., Michel, J.-P., & Zekry, D. (2009). Fax +41 61 306 12 34 E-Mail karger@karger.ch 

Frailty Syndrome: A Transitional State in a Dynamic Process. Gerontology, 55, 539–549. 

https://doi.org/10.1159/000211949 

MacLeod, C., Rutherford, E., Campbell, L., Ebsworthy, G., & Holker, L. (2002). Selective 

attention and emotional vulnerability: Assessing the causal basis of their association 

through the experimental manipulation of attentional bias. Journal of Abnormal 

Psychology, 111(1), 107–123. https://doi.org/10.1037/0021-843X.111.1.107 

Mehra, S., Visser, B., Dadema, T., Van Den Helder, J., Engelbert, R. H. H., Weijs, P. J. M., & 

Kröse, B. J. A. (2018). Translating behavior change principles into a blended exercise 

intervention for older adults: Design study. Journal of Medical Internet Research, 20(5), 

1–19. https://doi.org/10.2196/resprot.9244 



27 
 

Miller, K. L., Magel, J. R., & Hayes, J. G. (2010). The effects of a Home-Based Exercise 

Program on Balance Confidence, Balance Performance and Gait in Debilitated, 

Ambulatory Communtiy-Dwelling Older Adults: A pilot Study. Journal of Geriatric 

Physical Therapy, 33(2), 85–91. Retrieved from 

http://gradworks.umi.com/14/81/1481978.html 

Morley, J. E., Vellas, B., van Kan, G. A., Anker, S., Bauer, J. M., Bernabei, R., … Walston, J. 

(2014). Fraily concensus: A call to action. Journal of the American Medical Directors 

Association, 14(6), 392–397. https://doi.org/10.1016/j.jamda.2013.03.022.Frailty 

Nagaia, K., Miyamato, T., Okamae, A., Tamaki, A., Fujioka, H., Wada, Y., … Domen, K. (2018). 

Physical activity combined with resistance training reduces symptoms of frailty in older 

adults: A randomized controlled trial. Archives of Gerontology and Geriatrics, 

76(December 2017), 41–47. https://doi.org/10.1016/j.archger.2018.02.005 

Neumann, S., Kwisda, S., Krettek, C., & Gaulke, R. (2017). Comparison of the grip strength 

using the martin-vigorimeter and the JAMAR-dynamometer: Establishment of normal 

values. In Vivo, 31(5), 917–924. https://doi.org/10.21873/invivo.11147 

Pahor, M., Guralnik, J., Ambrosius, W. T., Blair, S., Bonds, D., Church, T. S., … Williamson, J. D. 

(2014). Effect of structured physical activity on prevention of major mobility disability in 

older adults: the LIFE Study randomized clinical trial. National Institutes of Health, 

311(23), 2387–2396. https://doi.org/10.1016/j.bmcl.2009.08.098 

Podsiadlo, D., & Richardson, S. (1991). The Timed “Up & Go”: A Test of Basic Functional 

Mobility for Frail Elderly Persons. Journal of the American Geriatrics Society, 39, 142–

148. 

Radloff, L. S. (1977). The CES-D Scale : A Self-Report Depression Scale for Research in the 

General Population. Applied Psychological Measurement, 1(3), 385–401. 

Rogers, W. A., & Mitzner, T. L. (2017). Envisioning the Future for Older Adults: Autonomy, 

Health, Well-being, and Social Connectedness with Technology Support. Futures, 87, 

133–139. https://doi.org/10.1016/j.futures.2016.07.002 

Santos-Eggimann, B., Cuénoud, P., Spagnoli, J., & Junod, J. (2009). Prevalence of frailty in 

middle-aged and older community-dwelling Europeans living in 10 countries. Journals of 

Gerontology - Series A Biological Sciences and Medical Sciences, 64(6), 675–681. 

https://doi.org/10.1093/gerona/glp012 

Savva, G. M., Donoghue, O. A., Horgan, F., O’Regan, C., Cronin, H., & Kenny, R. A. (2013). 



28 
 

Using Timed Up-and-Go to Identify Frail Members of the Older Population. The Journals 

of Gerontology Series A: Biological Sciences and Medical Sciences, 68(4), 441–446. 

https://doi.org/10.1093/gerona/gls190 

Schaubert, K. L., & Bohannon, R. W. (2005). Reliability and Validity of three strength 

measures obtained from community-dwelling elderly persons. Journal of Strength and 

Conditioning Research, 19(3), 717–720. 

Seino, S., Nishi, M., Murayama, H., Narita, M., Yokoyama, Y., Nofuji, Y., … Shinkai, S. (2017). 

Effects of a multifactorial intervention comprising resistance exercise, nutritional and 

psychosocial programs on frailty and functional health in community-dwelling older 

adults: A randomized, controlled, cross-over trial. Geriatrics and Gerontology 

International, 17(11), 2034–2045. https://doi.org/10.1111/ggi.13016 

Sugimoto, H., Demura, S., Nagasawa, Y., & Shimomura, M. (2014). Changes in the physical 

functions of pre-frail elderly women after participation in a 1-year preventative exercise 

program. Geriatrics and Gerontology International, 14(4), 975–982. 

https://doi.org/10.1111/ggi.12198 

Tikkanen, P., Lönnroos, E., Sipilä, S., Nykänen, I., Sulkava, R., & Hartikainen, S. (2015). Effects 

of comprehensive geriatric assessment-based individually targeted interventions on 

mobility of pre-frail and frail community-dwelling older people. Geriatrics & 

Gerontology International, 15(1), 80–88. https://doi.org/10.1111/ggi.12231 

Trombetti, A., Hars, M., Hsu, F. C., Reid, K. F., Church, T. S., Gill, T. M., … Kaplan, R. M. (2018). 

Effect of Physical Activity on Frailty: Secondary Analysis of a Randomized Controlled 

Trial. Annals of Internal Medicine, 168(5), 309–316. https://doi.org/10.7326/M16-2011 

Uematsu, A., Hortobágyi, T., Tsuchiya, K., Kadono, N., Kobayashi, H., Ogawa, T., & Suzuki, S. 

(2018). Lower extremity power training improves healthy old adults’ gait biomechanics. 

Gait and Posture, 62(March), 303–310. https://doi.org/10.1016/j.gaitpost.2018.03.036 

van Iersel, M. B., Munneke, M., Esselink, R. A. J., Benraad, C. E. M., & Olde Rikkert, M. G. M. 

(2008). Gait velocity and the Timed-Up-and-Go test were sensitive to changes in 

mobility in frail elderly patients. Journal of Clinical Epidemiology, 61(2), 186–191. 

https://doi.org/10.1016/j.jclinepi.2007.04.016 

von Bastian, C. C., & Oberauer, K. (2014). Effects and mechanisms of working memory 

training: a review. Psychological Research, 78(6), 803–820. 

https://doi.org/10.1007/s00426-013-0524-6 



29 
 

Weening-Dijksterhuis, E., de Greef, M. H. G., Scherder, E. J. A., Slaets, J. P. J., & van der 

Schans, C. P. (2011). Frail Institutionalized Older Persons. American Journal of Physical 

Medicine & Rehabilitation, 90(2), 156–168. 

https://doi.org/10.1097/PHM.0b013e3181f703ef 

Yamako, G., Chosa, E., Totoribe, K., Fukao, Y., & Deng, G. (2017). Quantification of the sit-to-

stand movement for monitoring age-related motor deterioration using the Nintendo 

Wii Balance Board. PLOS ONE, 12(11), e0188165. 

https://doi.org/10.1371/journal.pone.0188165 

Zigmond, A. S., & Snaith, R. P. (1983). The Hospital Anxiety and Depression Scale. Acta 

Psychiatrica Scandinavica, 67(6), 361–370. 

 

 



30 
 

  



31 
 

Appendices 

Tables 
Table 1 

Conditions for exclusion 

Physical conditions Psychological conditions 

Painful arthritis, spinal stenosis, amputation or 

painful foot lesion that affect balance and mobility. 

Severe depression 

Neurodegenerative pathology (central or peripheral 

nerve system) 

Schizophrenia 

Neuromuscular disease Bipolar dysfunction in the past five years 

Stroke in the past two years Other psychotic disorders 

Ischemic attack in the past two years Substation related disorders in the past two years 

Notable head injury with loss of consciousness, skull 

fracture or persistent cognitive disturbances 

 

Epilepsy  

Significant visual disturbance  

Significant hearing disturbance  

Severe heart disease  

Symptoms of respiratory failure  

Untreated high blood pressure  

Cancer   

Endocrine disease  

Orthostatic hypotension  
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Table 2 

Baseline characteristics for the control and intervention groups 

 Control group 

(n=32) 

Intervention  

Group (n=13) 

P value 

Age (years) 78.19 (±5.29) 73.77 (±9.39) 0.1310 

Sex (%female) 84.38% 46.15% 0.0216* 

Anthropometrics    

Height (m) 1.62(±0.08) 1.66 (±0.11) 0.2724 

Weight (kg) 72.94 (± 13.71) 77.69 (±14.95) 0.3089 

BMI (kg/m^2) 27.62 (±4.58) 28.21 (±4.26) 0.6936 

MMSE 27.8333 (±2.80) 28.15 (±1.77) 0.2815 

 

BMI: Body Mass Index; MMSE: Mini Mental State Examination 

 
 
 
Table 3 

Frailty criteria at baseline and at 6 months follow-up 

Frailty criteria T0 

Intervention 

group (n=11) 

T0 

Control group 

(=26) 

T0 

Total 

T1 

Intervention 

group (n=11) 

T1 

Control group 

(n=26) 

T1 

Total 

Robust (%) 0 0 0 7 (63.64) 6 (23.08) 13 (35.14) 

1 criterion 

Pre-frail (%) 

7 (63.64) 20 (76.92) 27 (72.97) 3 (27.27) 12  (46.15) 15 (40.54) 

2 criteria 

Pre-frail (%) 

4 (36.36) 6  (23.08) 10 (27.03) 0 7 (26.92) 7 (18.92) 

3 criteria 

Frail (%) 

0 0 0 1 (9.09) 1 (3.85) 2 (5.41) 

4 criteria 

Frail (%) 

0 0 0 0  0 0  

Total (%) 11 (29.73) 

 

26 (70.27) 37 (100) 11 (29.73) 26 (70.27) 37 (100) 
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Table 4 

Distribution of frailty criteria 

  Unintentional 

weight loss (n) 

Handgrip 

strength (n) 

Exhaustion 

(n) 

Gait speed 

(n) 

Physical 

activity (n) 

IG T0 8 2 4 1 0 

T1 1 2 1 1 1 

CG T0 2 22 2 4 2 

T1 1 16 9 3 0 

IG: Intervention group; CG: control group 

 

 

Table 5 

Balance scores at baseline and at 6 months follow-up 

 T0 

Intervention 

group 

(n=11) 

T0 

Control 

group 

(n=26) 

T0 

Total 

(n=37) 

T1 

Intervention 

group 

(n=11) 

T1  

Control 

group 

(n=26) 

T1 

Total 

(n=37) 

Score 3 (%) 8 (72.73) 22 (84.62) 30 (80.08) 10 (90.09) 23 (88.46) 33 (89.19) 

Score 2 (%) 2 (18.18) 4 (15.38) 6 (16.22) 1 (9.09) 2 (7.69) 3 (8.11) 

Score 1 (%) 1 (9.09) 0 1 (2.70) 0 1 (3.85) 1 (2.7) 

Score 0 (%) 0 0 0 0 0 0 

Total (%) 11 (29.73) 26 (70.27) 37 (100) 11 (29.73) 26 (70.27) 37 (100) 
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Table 6 

Characteristics of physical functioning at baseline and 6 months follow-up 

Characteri

stics 

T0 

Interventi

on group 

(n=11) 

SD T0 

Control 

group 

(n=26) 

SD Between 

group  

p-value 

T1 

Interventi

on group 

(n=11) 

SD T1 

Control 

group 

(n=26) 

SD Between 

group 

p-value 

T0T1 

Interventi

on group 

T0  T1 

Control 

group 

Grip 

strength 

(kg) 

31.23 (2.39) 17.25  (1.55) <.0001* 32.75  (2.39) 19.05  (1.55) <.0001* 0.12 0.0068* 

TUG (s) 13.75  (0.77) 9.90  (0.50) 0.0001*  9.54  (0.77) 9.72  (0.50) 0.84 0.0001* 0.68 

4MWT (s) 4.16  (0.27) 4.33  (0.17) 0.59 4.22  (0.27) 4.24  (0.17) 0.95 0.71 0.43 

4MWT+DT 

(s) 

6.23  (0.88) 6.68  (0.57) 0.67 6.42  (0.88) 6.60  (0.58) 0.87 0.87 0.92 

IPAQ 

(kcal) 

8397.93  (1437.10) 2433.98  (934.75) 0.0009* 8982.12  (1437.10) 2567.22  (954.14) 0.0004* 0.76 0.92 

TCST (s) 13.74  (1.00) 14.96  (0.65) 0.31 12.45  (1.00) 13.52  (0.65) 0.37 0.12 0.0101* 

 

TUG: Timed Up and GO; 4MWT: 4 Meter Walk Test; 4MWT+ DT: 4 Meter Walk Test with Dual Task; IPAQ: International Physical Activity Questionnaire; TCST: Timed Chair Stand Test 
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Figure 

  

Screening of participants in the My-
AHA project (n=45) 

Intervention 
group (n=13) 

Control group 
(n=32) 

Drop out IG 
(n=2) 

Baseline testing (n=45) at 0 months 

Drop out CG 
(n=6) 

Follow-up  testing (n=37) at 6 months 

Intervention 
group (n=11) 

Control group 
(n=26) 

Figure 1. Flowchart 
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