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Abstract
Background: Previous research has shown that frailty leads to falls, institutionalization, hospitalization, and the loss
of functional capacity. While numerous intervention methods aim to reverse frailty, the most effective in older adults
is multicomponent exercise. Physical performance has been highlighted as a key factor in mobility, independence,
and the burden of chronic disease. Several studies have demonstrated an association between physical performance
and frailty; however, the relation between the two over the long term has not yet been fully investigated. Therefore,
the current study aims to examine how aspects of physical performance are associated with frailty in the long run for
older adults in Taiwan.
Methods: This nine-month longitudinal study employed the generalized estimating equation (GEE) modeling to
identify measures associated with frailty trajectory. A sample of 159 community-dwelling older adults was recruited
through purposive sampling in 12 community care centers in Taiwan. A quasi-experimental approach was adopted
in which participants were assigned to the control group or to receive a multicomponent exercise intervention and
examined sociodemographic, physical performance, and other factors at the baseline, post intervention (3 months),
and follow up (6 months) levels. The multicomponent exercise program was designed based on the principles of the
American College of Sports Medicine and comprised aerobic exercise, muscle-strengthening activities, balance train‑
ing, and stretching exercises once per week for 2 h per session for 12 weeks.
Results: After intervention, we found that the multicomponent exercise group exhibited better performance in the
2-minute step test than the control group (p < 0.05). Regarding long-term effects on frailty trajectories, the study finds
that age progression, being female, and longer completion time in the timed up and go test increase the probability
of frailty (p < 0.05). Conversely, more steps in the 2-minute step test and undertaking the multicomponent exercise
program reduced the long-term probability of frailty (p < 0.05).
Conclusions: This study is the first to explore the relation between indicators of physical performance and frailty
trajectory among older adults in Taiwan. Furthermore, we provided support for the efficacy of the multicomponent
exercise program in improving frailty status.
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Background
Facing the challenge of the fast-aging population, every
country is devoting substantial effort to maintain health
among older adults, including those who are healthy,
frail, disabled, and in need of care, and is developing the

© The Author(s) 2022. Open Access This article is licensed under a Creative Commons Attribution 4.0 International License, which
permits use, sharing, adaptation, distribution and reproduction in any medium or format, as long as you give appropriate credit to the
original author(s) and the source, provide a link to the Creative Commons licence, and indicate if changes were made. The images or
other third party material in this article are included in the article’s Creative Commons licence, unless indicated otherwise in a credit line
to the material. If material is not included in the article’s Creative Commons licence and your intended use is not permitted by statutory
regulation or exceeds the permitted use, you will need to obtain permission directly from the copyright holder. To view a copy of this
licence, visit http://creativecommons.org/licenses/by/4.0/. The Creative Commons Public Domain Dedication waiver (http://creativeco
mmons.org/publicdomain/zero/1.0/) applies to the data made available in this article, unless otherwise stated in a credit line to the data.

Chiu and Yu BMC Geriatrics

(2022) 22:559

framework for healthy aging [1–3]. Frailty is an important issue as people age because previous studies have
demonstrated that frailty leads to fall, institutionalization, hospitalization, and the loss of function capacity [4].
In addition, numerous studies have noted that exercise
is the most effective intervention for delaying or reversing frailty [5–10] regardless of how frailty is measured
[9], whether by the study of osteoporotic fractures (SOF)
index [11], Fried frailty phenotype [4, 12], or the frailty
index [13].
Many intervention methods could reverse frailty, where
exercise was the most effective one [14]; however, the
types of exercise could vary worldwide. According to
the recommendation of the U.S. Department of Health
and Human Services [15] for maintaining health among
older adults, the most suitable forms of exercise are the
multicomponent ones, such as balance training along
with aerobic and muscle-strengthening activities. Furthermore, extant literature has reported that multicomponent exercises can help older adults improve physical
performance [8, 16–23]. Moreover, previous scholars
have highlighted that physical performance is a key factor in mobility, independence, and the burden of chronic
diseases [24]. Several systemic reviews have indicated an
association between physical performance and frailty [23,
25], but how this relation develops in the long term has
not yet been fully investigated. Against this background,
it has been predicted that the program could help older
adults improve their physical performance and frailty status after intervention. Therefore, the current study aims
to examine associations of sociodemographic factors and
measures of physical performance with frailty in the long
run and the effect of the multicomponent exercise program on frailty in older adults in Taiwan.

Methods
We conducted a three-wave longitudinal quasi-experimental study with face to face in 9 months. The
participants were classified as a regular group and a multicomponent exercise group. The two groups underwent
the questionnaire assessment for data collection over
three time points from November 2018 to August 2019.
We collected the baseline data before the intervention
was implemented (Time 1), the intervention lasted for
3 months (Time 2), and the evaluation of multicomponent exercise maintenance was conducted after 6 months
(Time 3; (Fig. 1); every evaluation was assessed by the
same evaluators to maintain the test–retest validity.
Participants

The quasi-experimental research approach was adopted.
The study recruited community-dwelling older adults
through purposive sampling in 12 community care
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centers in Taipei and Taoyuan City. Those from six community care centers were assigned to the multicomponent exercise group and those from the other six to the
control group. The inclusion criteria of the six multicomponent exercise group were (1) aged > 65 years and joined
government programs to prevent or delay disability in
the community, (2) a score of ≥90 (mild or no disability)
in the Barthel activities of daily living (ADL) index, and
(3) living in the community and willing to communicate
in Chinese. The exclusion criteria were (1) diagnosis of
dementia and (2) recommendation from physicians to
avoid joining community activities based on the health
condition of older adults. The only difference between
the inclusion and exclusion criteria for the regular group
was older adults that did not undertake government programs to prevent or delay disability in the community;
other criteria were consistence.
Intervention

A multicomponent exercise program was designed based
on the principles of the American College of Sports Medicine. The study selected median-intensity exercises for
older adults, which included five sessions, namely, warmup, aerobic exercise, muscle-strengthening activities, balance training, and stretching exercise [26]. Interventions
during the first month were basic aerobic exercise and
muscle-strengthening activities using a resistance band
and a Swiss ball. The second month introduced advanced
aerobic exercise, muscle-strengthening activities, and
basic balance training. The third month was concentrated on muscle-strengthening activities and advanced
balance training. Based on past reference, a multicomponent exercise program spans 3–6 months. As a session
frequency ranging from once to thrice per week with a
session duration of 40–120 min has shown to improve
post-intervention physical performance and frailty status
in older adults, the current study employed a session frequency of once per week for 12 weeks with a duration of
2 h per session. The regular group was engaged in their
typical activities in the community.
Instrument

The questionnaire comprises the following parts.
(1) Demographics, such as age, gender (male/female),
level of education (elementary school/junior high
school/senior high school and above), numbers of
diseases (sum of items, such as hypertension, diabetes, cardiac disease, hyperlipidemia, and others),
falls in the last year, and exercise habits (Yes/No).
(2) Assessment of physical performance using the senior fitness test (SFT).
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Fig. 1 Flowchart indicating participant inclusion and exclusions

a. The four-stage balance test evaluates the static
balance and rate the ability of the participants
to stand in four poses using four instructions,
namely, “stand with your feet side-by-side” (Yes/
No), “place the instep of one foot so it is touching
the big toe of the other foot” (Yes/No), “tandem
stand: place one foot in front of the other, heel
touching toe” (Yes/No), and “stand on one foot”
(Yes/No). The sum the four items was considered
the final score (0–4).
b. Back scratch test (cm) measures flexibility in the
shoulder and the distance between the hands
when brought together behind the back.
c. Sit and reach flexibility (cm) demonstrates the
flexibility of the extremities, such as hamstrings
and the lower back.
d. Timed up and go test (seconds) illustrates the
mobility and ability of individuals to maintain
static and dynamic balance. The study assesses
the duration of time required for the participants
to walk across 2.44 m and turn back and sit down.

e. 2-minute step test (times) tests the aerobic and
lower-body muscle endurance. Basically, the
number of steps that participants can walk in 2
min is counted. Barring the indicator of timed
up and go, other indicators exhibited high scores
with improved physical fitness among older
adults but not vice versa [27].
(3) Functional performance: the ADL was used to
measure the difficulties in conducting daily activities, such as eating, transferring from bed to chair,
grooming, bathing, managing indoor mobility,
going up and down stairs, dressing, toileting, and
bowel and bladder incontinence [28]. The instrumental activities of daily living (IADL) was used to
examine skills and interaction with the environment
to fulfill daily tasks and activities (e.g., shopping);
ability to handle finances, use public transportation,
use telephones; housekeeping; food preparation;
use of medication; and laundry [29]. Performance in
each activity was assessed using a Likert-type scale
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ranging from 0 = no limitation to 3 = full limitation.
The scores for ADL and IADL were summed, where
high scores indicated worsening functional performance [30].
Mini-mental state examination (MMSE) was used
to determine the cognitive function of the participants, such as orientation, attention, memory,
language, and visual–spatial skills. Ten questions
with dichotomous responses (true or false) were
presented. The false items were summed and classified into four categories, namely, 0 = no cognitive
impairment (0–1 false items), 1 = mild impairment
(2–3 false items), 2 = moderate impairment (4–6
false items), and 3 = severe impairments (7–10 false
items) [31].
The Kihon checklist is a 25-item self-report questionnaire on physical activity, nutrition, oral function, house-boundedness, cognitive status, and
depression and uses dichotomous responses (Yes
or No). Scores may range from 0 to 25 with high
scores indicating high levels of need of care [32].
Quality of life (QOL) was examined using the EuroQol instrument (EQ-5D), which is composed of
five items, namely, mobility, self-care, daily activities, pain/discomfort, and anxiety/depression. Each
item was rated using three responses (1 = no problems; 2 = a few problems; and 3 = totally problems);
higher score indicated worse QOL [33].
Frailty was assessed using the Fried frailty phenotype, which is composed of the following items.

a. Weight loss: lose 5% of the current weight compared with that of the previous year (Yes/No).
b. Low levels of endurance and energy, that is, feeling exhausted or without energy in the previous
week (Yes/No).
c. Low levels of physical activity: the calorie consumption of the males was less than 383 cal per
week and 270 cal per week for the female ones.
d. Weakness: evaluation of the grip strength (kg) of
the participants; the cut-point standards for the
male and female respondents were less than 26
and 18 kg, respectively.
e. Slowness: the time (seconds) taken for the participants to walk 15 ft.; the cut-off point for walking speed was less than 0.8 m/s. If the participants
meet the three criteria, they were considered
frail, whereas meeting one or two criteria indicated prefrailty [4, 12].
We applied the generalized estimating equation (GEE)
model to identify possible factors correlated with the
outcome variable, frailty [34]. The GEE is a robust means
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of analyzing longitudinal data, as it can produce regression estimates for repeated measures of non-normally
distributed response variables, such as the outcome variable, frailty, in the current study. Moreover, GEE allows
both time-varying and individual difference variables to
be specified and uses all available data for each subject,
whether complete or partial [35]. Therefore, we included
all data in the GEE model. The sample size required for
a power of 0.8 was 103 participants, which was calculated using the G-power version 3.1 with α = 0.05, effect
size = 0.15 based on Cohen’s recommendation [35]. As
we assumed a 35% attrition rate based on extant literature, we recruited 159 community-dwelling older adults.
SPSS statistics 25.0 (IBM) was used for analysis. Written
informed consent was obtained from the participants.
The study was approved by the institutional review board
of Chang Gung medical foundation (IRB approval number: 201801317B0).

Results
The study recruited a total of 159 older adults with an
average age of 75.26 years. Most were females and with
an elementary school degree. On average, older adults
have 1.29 diseases with hypertension and diabetes as the
most common ones. Moreover, 25.8% of the participants
reported falls in the previous year; the majority (86.8%)
maintain exercise habits. We classified the participants
into the regular and multicomponent groups through
purposive sampling. The study found no significant difference in terms of age, gender, level of education, number of diseases, falls, exercise habits, and frailty between
groups (Table 1).
For the SFT, functional test, and the frailty status of
participants at Time 1, the study found that the regular
group exhibited better performance than the multicomponent exercise group in the four-stage balance, back
scratch, timed up and go, and 2-minute step tests as well
as the ADL index, IADL, and the Kihon checklist. Moreover, the study noted nonsignificant differences in baseline
values between the regular and multicomponent exercise
groups for all variables (p > 0.05). After the three-month
intervention, we found that the multicomponent exercise group displayed better performance in the 2-minute
step test compared with that of the regular group with a
significant difference in the two groups (p < 0.05). After
6 months, the multicomponent exercise group displayed
better performance in terms of the average scores of the
regular group in the timed up and go test, 2-minute step
test, and MMSE (Table 2).
For the long-term effect of frailty trajectories, the
study proposes that age progression, being females,
lack of exercise habits, longer duration in timed up and
go, and high scores in the Kihon checklist increase the
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Table 1 Sociodemographic characteristics of the participants
Regular group (n = 90)

Multicomponent exercise group
(n = 69)

Total (n = 159)

Mean ± SD

75.82 ± 7.61

74.52 ± 7.74

75.26 ± 7.67

Male

19 (21.1%)

10 (14.5%)

29 (18.2%)

Female

71 (78.9%)

59 (85.5%)

130 (81.8%)

Elementary school

60 (66.7%)

46 (66.7%)

106 (66.7%)

Junior high school

12 (13.3%)

13 (18.8%)

25 (15.7%)

Senior high school and above

18 (20.0%)

10 (14.5%)

28 (17.6%)

Age
Gender

Education

Diseases
Hypertension (Yes)

Mean ± SD

40 (44.4%)

1.20 ± 0.96

31 (44.9%)

1.41 ± 1.10

1.29 ± 1.03

Diabetes (Yes)

21 (23.3%)

11 (15.9%)

32 (20.1%)

No

67 (74.4%)

51 (73.9%)

118 (74.2%)

Yes

23 (25.6%)

18 (26.1%)

41 (25.8%)

No

12 (13.3%)

9 (13.0%)

21 (13.2%)

Yes

78 (86.7%)

60 (87.0%)

138 (86.8%)

71 (44.7%)

Fall

Exercise

Frailty (0–5)
Robust (0)

Mean ± SD

27 (30)

1.11 ± 0.98

34 (49.3)*

0.97 ± 1.16

1.05 ± 1.06

Prefrailty (1–2)

54 (60)

26 (37.7)

80 (50.3)

Frailty (> 3)

9 (10)

9 (13)

18 (11.3)

61 (38.4)

Statistics are displayed as Mean ± SD for the continuous variables and n (%) for the categorical variables

probability of frailty (p < 0.05). Alternatively, more steps
in the 2-minute step test and undertaking the multicomponent exercise program of the experiment group
reduced the probability of frailty in the long run (p < 0.05;
Table 3).

Discussion
The current study demonstrated that multicomponent
exercise could reduce the probability of frailty compared
with the regular group. In addition, growing old, being
females, lack of exercise, longer duration in the timed up
and go, and high scores in the Kihon checklist increase
the probability of frailty. Moreover, more steps in the
2-minute step test reduce the probability of frailty.
Frailty distribution

The study found that 11.3% of the older adults are classified under frail, whereas 50.3% belong to the prefrailty
category. This result was consistent with those of other
studies. For example, Long-Term Care Plan 2.0 projected
an estimated population of older adults with frailty of
approximately 5–16% in Taiwan [36]. Other surveys

demonstrated that the proportion of older adults with
frailty worldwide was 7.4–12.8% [21, 37–40], whereas
those at prefrailty ranged from 21 to 48.7% [21, 37–42].
In conclusion, we find that the distribution of frail and
prefrail older adults is corresponds to those of other
studies.
Factors associated with social demographics and physical
performance with frailty trajectory

The current study found that growing old [40, 42–44],
being female [40], and lack of exercise [21, 39] will
increase the probability of the frailty trajectory. Regarding physical performance, several cross-sectional studies
and systemic reviews demonstrated that physical performance was associated with frailty [23, 25]. Moreover,
these studies examined the multicomponent intervention difference using pre- and post-tests [18, 20, 45, 46].
However, only a few studies proved that relation between
physical performance of lower extremity ability, such
as short physical performance battery (SPPB) or single
indicators and frailty in the long run. A study conducted
in Brazil examined 353 older adults’ relation between
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Table 2 Evaluation of the physical performance (senior fitness test), cognition, and frailty between the two groups
Variables
(Mean ± SD)

Regular group (n = 90)
Time 1

Time 2

Four-stage balance
test

3.31 ± 0.74

3.36 ± 0.78

Back scratch test (cm)
Sit and reach flexibility
(cm)
Timed up and go (s)

10.06 ± 3.73

9.79 ± 3.88

82.21 ± 34.96

91.97 ± 30.89

IADL

0.46 ± 2.03

0.41 ± 1.62*, a

MMSE
Kihon
QOL
Frailty (0–5)

ΔTime 2–1 ∆Time3–2

Time 3

Time 1

Time 2

Time 3

P value

P value

3.36 ± 0.87

3.07 ± 0.93

3.29 ± 0.91

3.41 ± 0.72

0.27

0.18

−7.24 ± 14.75 − 10.64 ± 13.84 −6.53 ± 14.45

−1.52 ± 10.08 − 3.16 ± 9.88

2-minute step test
(times)
ADL

Multicomponent exercise group (n = 69)

0.40 ± 1.41

0.10 ± 0.43

4.79 ± 3.16

9.68 ± 0.75

1.11 ± 0.98

0.35 ± 1.33

0.06 ± 0.28

5.59 ± 3.79

9.69 ± 0.84

0.99 ± 1.11

−9.10 ± 13.88 − 11.63 ± 16.32 −11.22 ± 15.50 0.74

0.98

0.44 ± 7.63

−1.09 ± 8.06

− 2.69 ± 8.91

−1.97 ± 8.69

0

0.37

9.59 ± 3.32

10.33 ± 6.18

9.78 ± 5.01

9.35 ± 3.71

0.52

0.76

0.010*

0.42

72.75 ± 25.00*, a 75.04 ± 31.16
0.24 ± 1.33

0.07 ± 0.31

0.15 ± 0.58

4.53 ± 2.80

9.83 ± 0.42

1.41 ± 0.97

1.19 ± 3.31

0.70 ± 2.40

0.07 ± 0.31

5.09 ± 4.06

9.41 ± 1.09

0.97 ± 1.16

100.02 ± 31.40
1.75 ± 4.25

86.95 ± 29.37
1.16 ± 2.69

0.83 ± 2.45

0.38 ± 1.28

0.08 ± 0.32

0.03 ± 0.16

6.15 ± 4.34

5.76 ± 3.80

9.40 ± 1.27

9.57 ± 1.19

0.92 ± 1.16

1.27 ± 0.93

0.08

0.33

0.54

0.09

0.53

0.10

0.53

0.55

0.88

0.18

0.52

0.49

Robust (0)

27 (30)

39 (43.3)

11 (12.2)

34 (49.3) *

33 (47.8)

8 (11.6)

–

–

Prefrailty (1–2)

54 (60)

37 (41.1)

41 (45.6)

26 (37.7)

26 (37.7)

25 (36.2)

–

–

Frailty (> 3)

9 (10)

10 (11.1)

7 (7.8)

9 (13)

6 (8.7)

4 (5.8)

–

Dropout

0

4 (4.4)

31 (34.4)

0

4 (5.8)

32 (46.4)

–

–

Statistics are displayed as Mean ± SD for the continuous variables and n (%) for the categorical variables

* p < .05; ** p < .01; and *** p < .001. a Significant difference between the regular and multicomponent exercise groups across Times 1–3

Table 3 Generalized estimating equation model: multi-exercise intervention and frailty trajectories
Variables
Age

Beta

95% CI

Exp (B)

95% CI

P value*

0.02

0.01–0.04

1.02

1.01–1.04

< 0.001***

Gender (Ref: male)

Female

0.23

0.02–0.44

1.26

1.02–1.56

0.03*

Group (Ref: regular group)

Multicomponent
exercise group

−0.18

−0.35–0.02

0.83

0.71–0.98

0.03*

Hypertension (Ref: no)

Yes

Diabetes (Ref: no)

Yes

−0.03

− 0.18–0.13

Community Care Stations (Ref: no)

Yes

0.33

Fall (Ref: no)

Yes

Exercise (Ref: no)

Yes

0.97

0.84–1.14

0.74

− 0.25–0.13

0.94

0.78–1.14

0.55

0.13–0.52

1.39

1.14–1.68

< 0.001***

−0.05

−0.22–0.12

0.95

0.80–1.13

0.55

0.39

0.32–0.49

< 0.001***

−0.03

−1.15–0.72

− 0.14–0.08

0.97

0.87–1.09

0.61

− 0.17–0.04

0.94

0.85–1.04

0.21

− 0.00–0.00

1.09

0.99–1.00

0.30

0.00–0.01

1.00

0.99–1.00

0.28

0.04

0.02–0.07

1.04

1.02–1.07

0.001**

2 − minute step test (times)

−0.01

0.00–0.01

0.99

0.99–1.00

< 0.001***

1.00

0.95–1.05

0.99

ADL

0.04

−0.05–0.05

1.05

0.97–1.12

0.23

MMSE

0.03

−0.03–0.12

1.03

0.84–1.26

0.78

Kihon

0.08

−0.18–0.23
0.05–0.11

1.08

1.05–1.11

< 0.001***

QOL

0.07

−0.05–0.18

1.07

0.96–1.20

0.25

Four−stage balance test
Perceived health status
Back scratch test (cm)
Sit and reach flexibility (cm)
Timed up and go (s)
IADL

Ref. = reference group. * p < .05; ** p < .01; and *** p < .001

−0.06

−0.94

−0.07

−0.00

−0.01

0.00
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associated factors with frailty over 2 years and found
that low scores in the SPPB could predict the high probability of frailty [44]. One longitudinal study on aging in
Amsterdam observed the 25 predictors of frailty, such
as sociodemographic, lifestyle comorbidity, and physical
activity, and found that grip strength, which is an indicator of physical performance, is not associated with frailty
[43]. The relation between physical performance and
frailty thus required further clarification, and the current
study provides evidence that indicators of physical performance, such as the timed up and go and 2-minute step
tests within the SFT, could predict frailty in the long run.
Effect of multicomponent exercise on physical
performance and frailty

The findings of the current study are consistent with
previous research demonstrating that multicomponent
exercise can reverse frailty [8, 16–22]. After an intervention that lasted 12 weeks, the two groups in current study
displayed decreased scores for frailty. This notion is especially true for the multicomponent exercise group, whose
frailty proportion decreased from 13% (Time 1) to 8.7%
(Time 2) to 5.8% (Time 3).
Previous studies reported that cardiorespiratory
endurance will decrease 3–6% per year without exercise. By contrast, regular exercise could maintain the

cardiorespiratory endurance and function of older adults
[8, 17, 44, 47, 48]. This finding corresponds to that of
the current study, which found that that a multicomponent exercise program conducted over 12 weeks could
improve the indicators of physical performance, especially the 2-minute step test, particularly in the multicomponent group, and increase the cardiorespiratory
endurance of older adults. For flexibility, we found no
significant difference in the upper and lower extremity
tests, such as the sit and reach flexibility and the back
scratch test. Previous studies proved that improvement
in flexibility may occur across 20–24 weeks with training
at two times per week [49]. In addition, the control group
displayed a decreased flexibility compared with the intervention group and demonstrated that a lack of exercise
could lead to heavy deterioration with frailty compared
with the intervention group. The results indicate an
improvement in older adults with the exercise intervention and an increased capacity for functional fitness. For
the balance test, a meta-analysis reported that the multicomponent exercise program conducted across 12 weeks
could improve balance function. This result differed from
that of the current study. A possible reason could be that
the frequency of sessions in previous studies was more
than twice per week [50], whereas the current study conducted only one session per week.

Table 4 Comparison between the final participants and dropouts from the study

Age
Gender, n (%)
Education, n (%)

Diseases
Fall, n (%)
Exercise, n (%)
Frailty (0–5)
The four-stage balance test
Back scratch test (cm)
Sit and reach flexibility (cm)
Time up and go (sec)
2-minutes step test (times)
IADL
ADL
MMSE
Kihon
QOL

Final participants (n = 96)

Dropout (n = 63)

Mean ± SD

74.78 ± 7.32

75.98 ± 8.11

Female

77 (80.2)

53 (84.1)

Elementary School

65 (65.1)

41 (65.1)

Junior High School

11 (11.5)

14 (22.2)

Senior High and above

20 (20.8)

8 (12.7)

Mean ± SD

1.24 ± 1.08

1.37 ± 0.94

Yes

28 (29.2)

13 (20.6)

No

12 (12.5)

9 (14.3)

Yes

84 (87.5)

54 (85.7)

Mean ± SD

0.75 ± 0.65

0.70 ± 0.66

Mean ± SD

−7.78 ± 15.01

−8.46 ± 13.42

Male

No

Mean ± SD

Mean ± SD

Mean ± SD

Mean ± SD

Mean ± SD

Mean ± SD

Mean ± SD

Mean ± SD

Mean ± SD

Statistics are displayed as Mean ± SD for the continuous variables and n (%) for the categorical variables

19 (19.8)

68 (70.8)

3.26 ± 0.85

−1.16 ± 8.71
9.93 ± 4.15

83.2 ± 35.44
0.48 ± 2.04

0.30 ± 1.40

0.07 ± 0.36

4.88 ± 3.48

9.63 ± 0.91

10 (15.9)

50 (79.4)

3.13 ± 0.81

−1.56 ± 10.04
10.56 ± 5.94

72.86 ± 29.35
1.22 ± 3.4

0.87 ± 2.45

0.11 ± 0.41

4.98 ± 3.73

9.46 ± 0.93
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However, maintaining the exercise habit after intervention is recognized as a significant issue in the field
of health promotion It is important to help older adults
develop and increase their awareness of and skills and
abilities in exercise [51]. In addition, a study in the
Lancet highlighted a knowledge gap, where physical
activity guidelines for older adults have not been fully
integrated into primary and geriatric medical practice
and are missing from the core training of medical doctors and other healthcare providers [52]. The Taiwanese government has launched several national projects
to support greater engagement in exercise in Taiwan,
such as programs aiming to prevent or delay disability
in the community. This initiative has established certified 266 programs in Taiwanese communities that promote physical activity, nutrition, cognition training, fall
prevention, oral health, and complementary therapy
[53]. Furthermore, the Department of Health in Taiwan has established groups that monitor and supervise the quality and implementation of community
interventions [54]. However, the effects of multicomponent exercise programs are short-lived. Therefore,
the Taiwanese government still needs to develop more
concrete strategies to assist older adults in maintaining their exercise habits, such as devising feasible policy actions. Moreover, it should increase coordination
between government and nongovernment stakeholders, using community consensus and communication
to raise awareness of the benefits of physical activity
for older adults. Additionally, it should use technology
and innovation to create environments conducive to
increased physical activity, especially in low-resource
areas [55].

Conclusions
This study is the first to discuss the relation between the
indicators of physical performance and frailty trajectory
among older adults in Taiwan. Furthermore, we proved
that the multicomponent exercise program was effective
in improving the frailty status of the participants. However, this study has its limitations. First, the participants
were selected through purposive sampling; thus, it probably they may be concerned about their own health and
activities in the community. Therefore, external validity
may be limited. However, we found no significant difference in all sociodemographic information, physical
performance, and frailty between the participants of the
current study and those who withdrew before the follow
up (p > 0.05; Table 4). The current study provided valuable evidence among multicomponent exercise, physical
performance in the 2-minute step test, the timed up and
go, sociodemographic, and frailty.

Page 8 of 10

Abbreviations
ADL: Activities of daily living; IADL: Instrumental activities of daily living; MMSE:
Mini-mental state examination; QOL: Quality of life; SOF: Study of osteoporotic
fractures; SFT: Senior fitness test; GEE: Generalized estimating equation; SPPB:
Short physical performance battery.
Acknowledgments
All the authors express their gratitude to the older adults interviewed and the
project assistants.
Authors’ contributions
TYC performed all statistical analyses, interpreted the results, and wrote the
paper. HWY supervised the data analysis, interpreted the results and discus‑
sion, and contributed to revising the paper. The authors read and approved
the final manuscript.
Funding
This work was supported by the Ministry of Science and Technology in Taiwan
[Grant number: MOST 110–2314-B-845-002, MOST 107–2410-H-255-004] and
the Geriatric and Long-term Care Research Center, Chang Gung University of
Science and Technology [Grant number: ZRRPF3H0011].
Availability of data and materials
The datasets generated and analyzed during the current study are not pub‑
licly available because the data were collected through face-to-face interviews
but are available from the corresponding author and participants on reason‑
able request.

Declarations
Ethics approval and consent to participate
The participants provided written informed consent. The study was approved
by the institutional review board of Chang Gung medical foundation (IRB
approval number: 201801317B0). All procedures were conducted in accord‑
ance with the relevant guidelines and regulations.
Consent for publication
Not applicable.
Competing interests
The authors declare that they have no competing interests.
Author details
1
Department of Health and Welfare, College of City Management, University
of Taipei, Taipei City, Taiwan. 2 Department of Gerontological Care and Manage‑
ment, College of Nursing, Chang Gung University of Science and Technol‑
ogy, Taoyuan City, Taiwan. 3 Department of Family Medicine, Keelung Chang
Gung Memorial Hospital, Keelung City, Taiwan. 4 Geriatric and Long-term Care
Research Center, Chang Gung University of Science and Technology, Taoyuan
City, Taiwan.
Received: 3 May 2022 Accepted: 24 June 2022

References
1. World Health Organization: Active ageing - a policy framework. 2002.
2. World Health Organization. World report on ageing and health: World
Health Organization; 2015.
3. World Health Organization: Decade of healthy ageing. 2021.
4. Fried LP, Tangen CM, Walston J, Newman AB, Hirsch C, Gottdiener J, et al.
Frailty in older adults: evidence for a phenotype. J Gerontol A Biol Sci
Med Sci. 2001;56(3):M146–56.
5. Bray NW, Smart RR, Jakobi JM, Jones GR. Exercise prescription to reverse
frailty. Appl Physiol Nutr Metab. 2016;41(10):1112–6.
6. Travers J, Romero-Ortuno R, Bailey J, Cooney M-T. Delaying and reversing
frailty: a systematic review of primary care interventions. Br J Gen Pract.
2019;69(678):e61–9.

Chiu and Yu BMC Geriatrics

7.

8.

9.
10.

11.
12.
13.
14.
15.
16.

17.

18.

19.

20.

21.

22.
23.

24.
25.
26.
27.
28.

(2022) 22:559

Arc-Chagnaud C, Millan F, Salvador-Pascual A, Correas AG, Olaso-Gonza‑
lez G, De la Rosa A, et al. Reversal of age-associated frailty by controlled
physical exercise: the pre-clinical and clinical evidences. Sports Med
Health Sci. 2019;1(1):33–9.
Dun Y, Hu P, Ripley-Gonzalez JW, Zhou N, Li H, Zhang W, et al. Effective‑
ness of a multicomponent exercise program to reverse pre-frailty in
community-dwelling Chinese older adults: a randomised controlled trial.
Age Ageing. 2022;51(3).
Tolley APL, Ramsey KA, Rojer AGM, Reijnierse EM, Maier AB. Objectively
measured physical activity is associated with frailty in community-dwell‑
ing older adults: a systematic review. J Clin Epidemiol. 2021;137:218–30.
Racey M, Ali MU, Sherifali D, Fitzpatrick-Lewis D, Lewis R, Jovkovic M,
et al. Effectiveness of physical activity interventions in older adults with
frailty or prefrailty: a systematic review and meta-analysis. CMAJ Open.
2021;9(3):E728–43.
Ensrud KE, Ewing SK, Taylor BC, Fink HA, Cawthon PM, Stone KL, et al.
Comparison of 2 frailty indexes for prediction of falls, disability, fractures,
and death in older women. Arch Intern Med. 2008;168(4):382–9.
Fried L, IHW WJ F, Blass JP, Ettinger WH Jr, Halter JB, Ouslander JG. Princi‑
ples of geriatric medicine and gerontology. New York: McGrawHill; 1998.
p. 1387–402.
Rockwood K, Mitnitski A. Frailty in relation to the accumulation of deficits.
J Gerontol A Biol Sci Med Sci. 2007;62(7):722–7.
Theou O, Rockwood K. In: Karger AGS, editor. Frailty in aging: biological,
clinical and social implications; 2015.
U.S. Department of Health and Human Services. Physical activity guide‑
lines for Americans. U.S.: U.S. Department of Health and Human Services;
2018.
Kwon J, Yoshida Y, Yoshida H, Kim H, Suzuki T, Lee Y. Effects of a combined
physical training and nutrition intervention on physical performance and
health-related quality of life in prefrail older women living in the commu‑
nity: a randomized controlled trial. J Am Med Dir Assoc. 2015;16(3):263.
e1–8.
Ferreira CB, Teixeira PDS, Alves Dos Santos G, Dantas Maya AT, Ameri‑
cano do Brasil P, Souza VC, et al. Effects of a 12- week exercise training
program on physical function in institutionalized frail elderly. J Aging Res.
2018;2018:7218102.
Jadczak AD, Makwana N, Luscombe-Marsh N, Visvanathan R, Schultz TJ.
Effectiveness of exercise interventions on physical function in commu‑
nity-dwelling frail older people: an umbrella review of systematic reviews.
JBI Database System Rev Implement Rep. 2018;16(3):752–75.
Haider S, Grabovac I, Dorner TE. Effects of physical activity interventions
in frail and prefrail community-dwelling people on frailty status, muscle
strength, physical performance and muscle mass—a narrative review.
Wien Klin Wochenschr. 2019;131(11–12):244–54.
Kidd T, Mold F, Jones C, Ream E, Grosvenor W, Sund-Levander M, et al.
What are the most effective interventions to improve physical perfor‑
mance in pre-frail and frail adults? A systematic review of randomised
control trials. BMC Geriatr. 2019;19(1):184.
Chen LK, Hwang AC, Lee WJ, Peng LN, Lin MH, Neil DL, et al. Efficacy of
multidomain interventions to improve physical frailty, depression and
cognition: data from cluster-randomized controlled trials. J Cachexia
Sarcopenia Muscle. 2020;11(3):650–62.
Yu R, Tong C, Ho F, Woo J. Effects of a multicomponent frailty prevention
program in prefrail community-dwelling older persons: a randomized
controlled trial. J Am Med Dir Assoc. 2020;21(2):294.e1–294.e10.
Navarrete-Villanueva D, Gómez-Cabello A, Marín-Puyalto J, Moreno
LA, Vicente-Rodríguez G, Casajús JA. Frailty and physical fitness in
elderly people: a systematic review and meta-analysis. Sports Med.
2021;51(1):143–60.
Hall KS, Cohen HJ, Pieper CF, Fillenbaum GG, Kraus WE, Huffman KM, et al.
Physical performance across the adult life span: correlates with age and
physical activity. J Gerontol A Biol Sci Med Sci. 2017;72(4):572–8.
Jeoung BJ, Lee YC. A study of relationship between frailty and physical
performance in elderly women. J Exerc Rehabil. 2015;11(4):215–9.
Pescatello LS, Medicine ACoS, Riebe D, Thompson PD. ACSM’s guidelines
for exercise testing and prescription: Wolters Kluwer Health; 2014.
Rikli RE, Jones CJ. Senior fitness test manual. J Hum Kinet. 2013.
Collin C, Wade D, Davies S, Horne V. The Barthel ADL index: a reliability
study. Int Disabil Stud. 1988;10(2):61–3.

Page 9 of 10

29. Lawton MP, Brody EM. Assessment of older people: self-maintaining and
instrumental activities of daily living. Gerontologist. 1969;9(3):179–86.
30. Health promotion administration: 2015 Taiwan longitudinal study on
aging survey report; 2018.
31. Folstein MF, Folstein SE, McHugh PR. “Mini-mental state”. A practical
method for grading the cognitive state of patients for the clinician. J
Psychiatr Res. 1975;12(3):189–98.
32. Arai H, Satake S. English translation of the Kihon checklist. Geriatr Geron‑
tol Int. 2015;15(4):518–9.
33. Devlin N, Parkin D, Janssen B. Methods for Analysing and reporting EQ-5D
data: Springer International Publishing; 2020.
34. Zeger SL, Liang K-Y. Longitudinal data analysis for discrete and continu‑
ous outcomes. Biometrics. 1986;42(1):121–30.
35. Liang K-Y, Zeger SL. Longitudinal data analysis using generalized linear
models. Biometrika. 1986;73(1):13–22.
36. Ministry of Health and Welfare in Taiwan: Report on 10-year long-term
care plan in Taiwan (Version 2.0) (2017–2026). 2016.
37. Kojima G, Iliffe S, Taniguchi Y, Shimada H, Rakugi H, Walters K. Prevalence
of frailty in Japan: a systematic review and meta-analysis. J Epidemiol.
2017;27(8):347–53.
38. Yoshizawa Y, Tanaka T, Takahashi K, Fujisaki M, Iijima K. The associations
of frailty with regular participation in physical, cultural, and community
social activities among independent elders in Japan. [Nihon Koshu Eisei
Zasshi] Japan J Public Health. 2019;66(6):306–16.
39. Chen S, Chen T, Kishimoto H, Yatsugi H, Kumagai S. Associations of objec‑
tively measured patterns of sedentary behavior and physical activity with
frailty status screened by the frail scale in japanese community-dwelling
older adults. J Sports Sci Med. 2020;19(1):166–74.
40. He B, Ma Y, Wang C, Jiang M, Geng C, Chang X, et al. Prevalence and
risk factors for frailty among community-dwelling older people in
China: a systematic review and meta-analysis. J Nutr Health Aging.
2019;23(5):442–50.
41. Chang SH, Chien NH, Pui-Man Wai J, Chiang CC, Yu CY. Examin‑
ing the links between regular leisure-time physical activity, sitting
time and prefrailty in community-dwelling older adults. J Adv Nurs.
2021;77(6):2761–73.
42. Fhon JRS, Rodrigues RAP, Santos JLF, Diniz MA, EBd S, Almeida VC, et al.
Factors associated with frailty in older adults: a longitudinal study. Revista
de Saude Publica. 2018;52(0):74.
43. de Breij S, van Hout HPJ, de Bruin SR, Schuster NA, Deeg DJH, Huisman
M, et al. Predictors of frailty and vitality in older adults aged 75 years and
over: results from the longitudinal aging study Amsterdam. Gerontology.
2021;67(1):69–77.
44. Pegorari MS, Tavares D. Frailty-associated factors among Brazilian
community-dwelling elderly people: longitudinal study. Sao Paulo Med J.
2019;137(5):463–70.
45. Peterson MD, Rhea MR, Sen A, Gordon PM. Resistance exercise for
muscular strength in older adults: a meta-analysis. Ageing Res Rev.
2010;9(3):226–37.
46. Cadore EL, Rodríguez-Mañas L, Sinclair A, Izquierdo M. Effects of dif‑
ferent exercise interventions on risk of falls, gait ability, and balance
in physically frail older adults: a systematic review. Rejuvenation Res.
2013;16(2):105–14.
47. Fleg JL. Aerobic exercise in the elderly: a key to successful aging. Discov
Med. 2012;13(70):223–8.
48. Kramer AF, Colcombe SJ, McAuley E, Scalf PE, Erickson KI. Fitness, aging
and neurocognitive function. Neurobiol Aging. 2005;26(1):124–7.
49. Bird M, Hill KD, Ball M, Hetherington S, Williams AD. The long-term
benefits of a multi-component exercise intervention to bal‑
ance and mobility in healthy older adults. Arch Gerontol Geriatr.
2011;52(2):211–6.
50. Li Y, Gao Y, Hu S, Chen H, Zhang M, Yang Y, et al. Effects of multicompo‑
nent exercise on the muscle strength, muscle endurance and balance of
frail older adults: a meta-analysis of randomised controlled trials. J Clin
Nurs. 2022; n/a(n/a).
51. Rissel C. Empowerment: the holy grail of health promotion? Health
Promot Int. 1994;9(1):39–47.
52. Izquierdo M, Duque G, Morley JE. Physical activity guidelines for older
people: knowledge gaps and future directions. Lancet Healthy Longevity.
2021;2(6):e380–3.

Chiu and Yu BMC Geriatrics

(2022) 22:559

Page 10 of 10

53. Glance of programs to prevent or delay disability in Taiwan. 2021 https://
1966.gov.tw/LTC/lp-4025-201.html.
54. The Counselling Network Project of prevent or delay disability http://
www.hpa-healthnet-tota.org/35336300593177720171.html.
55. World Health Organization. Global action plan on physical activity
2018–2030: more active people for a healthier world: World Health
Organization; 2019.

Publisher’s Note

Springer Nature remains neutral with regard to jurisdictional claims in pub‑
lished maps and institutional affiliations.

Ready to submit your research ? Choose BMC and benefit from:

• fast, convenient online submission
• thorough peer review by experienced researchers in your field
• rapid publication on acceptance
• support for research data, including large and complex data types
• gold Open Access which fosters wider collaboration and increased citations
• maximum visibility for your research: over 100M website views per year
At BMC, research is always in progress.
Learn more biomedcentral.com/submissions

