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older adults: a national longitudinal
population-based cohort study
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Abstract

Background: Frailty in older adults is a common geriatric syndrome that could be prevented; thus, coping strategies
for the aging population are essential. Self-management behaviors may represent cost-effective strategies to prevent
physical frailty in community-dwelling older adults. This study aimed to describe the changes in frailty status among
community-dwelling older adults in Taiwan and investigate the association between transitions of self-management
behaviors and frailty status over 4 years of follow-up (2007 to 2011).

Methods: Data were retrieved from the Taiwan Longitudinal Study of Aging (TLSA), years 2007 and 2011. In this pro-
spective cohort study, 1283 community-dwelling older adults aged 65 years and older without cognitive impairment
were recruited. Frailty was defined based on Fried's frailty phenotype. Self-management behaviors (maintaining body
weight, quitting smoking or no smoking, drinking less or no drinking, exercising, keeping diet control, and maintain-
ing a regular lifestyle) were assessed using a questionnaire. Multinomial logistic regression analyses were used to
investigate the associations between changes in self-management behaviors and in frailty status. The age group was
further stratified to examine the moderation effect in the relationship between changes in self-management behav-
iors and in frailty status among older adults.

Results: The prevalence of frailty was 8.7% at baseline and 14.9% after 4 years of follow-up, with 196 (15.3%) deaths.
Overall, 514 (40.1%) participants maintained their frailty status, 424 (33.0%) worsened, and only 149 (11.6%) improved.
Being aged >75years old, having chronic diseases, and an absence of self-management behaviors were associated
with frailty at baseline and after follow-up. Among individuals aged 65-74, compared to those who maintained no
self-management behaviors, those who decreased the exercise behaviors (yes-to-no) had a higher risk of worsening
(RRR= 2.518), while increasing (no-to-yes) and maintaining (yes-to-yes) frequent physical exercise were associated
with a lower risk of worsening (RRR =0.466 and 0.572, respectively) than stable frailty; those who maintained body
weight (yes-to-yes) were associated with a lower risk of worsening (RRR=0.327) than stable frailty after controlling
for individual covariates and chronic diseases. Among individuals over 75 years old, compared to no exerciser, older

*Correspondence: wcl@mail.cmu.edu.tw; mengchihlee@gmail.com

6 School of Nursing, China Medical University, No. 100, Sec. 1, Jingmao Rd.,,
Beitun Dist,, Taichung City 406040, Taiwan

° Department of Family Medicine, Taichung Hospital, Ministry of Health
and Welfare, No. 199, Sec. 1, San-Min Road, Taichung 40201, Taiwan

Full list of author information is available at the end of the article

©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.


http://creativecommons.org/licenses/by/4.0/
http://creativecommons.org/publicdomain/zero/1.0/
http://creativecommons.org/publicdomain/zero/1.0/
http://crossmark.crossref.org/dialog/?doi=10.1186/s12877-022-03578-3&domain=pdf

To et al. BMC Geriatrics (2022) 22:874

Page 2 of 12

old who decreased their physical exercise had a higher risk of frailty worsening (RRR=3.255), and increasing frequent
physical exercise (no-to-yes) was associated with an improvement in frailty status (RRR=3.684). Age was a moderator
between the effects of maintaining body weight on frailty worsening. There were no associations between the behav-
joral transitions of smoking, drinking, diet control, or regular lifestyle on the frailty status changes.

Conclusions: Maintaining body weight and frequent physical exercise increased the ratio of frailty stability among
individuals 65-74 years old. Increasing exercise behavior is the only factor to improve their frailty status among

older adults aged 75 years and over. Older adults should be encouraged to perform adequate physical exercise and
maintain a healthy body weight to maintain the frailty status in younger old aged 65-74 years, and especially perform
more frequent exercise to improve frailty status in older old over 75 years.
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Background

Populations throughout the world are aging rapidly.
About 14.5% of the population were aged >65years old
in 2018, and this rate is predicted to increase to 20.7%
by 2026 in Taiwan [1]. Frailty is a clinical syndrome
characterized by functional impairment and vulnerabil-
ity to stressors [2]. It is a precursor to disability [3] and
increases the risk of various adverse health outcomes,
such as falls, fractures, dependency, hospitalization,
and mortality [4]. However, frailty is a dynamic process
involving frequent transitions to states of greater or lesser
frailty over time [5-7]. The transitions between frailty
states were first reported by Gill et al. [5], who assessed
754 community-living adults aged 70years or older every
18 months over a period of 54months. Overall, 57.6%
of the individuals experienced at least one frailty transi-
tion, and participants were more likely to transition to
states of greater frailty (43.3%) than lesser frailty (23.0%)
[5]. A subsequent meta-analysis of 16 cohort studies that
examined frailty transitions reported that 40.6% (95% CI:
36.7-44.7%) of individuals transitioned from non-frail
to pre-frail, 18.2% (95% CI: 14.9-21.7%) from prefrail to
frail, and only 3.3% (95% CI: 1.6—5.5%) transitioned from
frail to non-frail over a mean follow-up of 3.9years [8].
Therefore, more attention should be paid to the factors
associated with the change in frailty status in order to
identify measures to prevent the progression of frailty.

A broad range of risk factors is associated with the
prevalence of frailty, including sociodemographic, clini-
cal, lifestyle, psychological, and biological factors [9].
Healthy lifestyle behaviors are recognized as factors
associated with preventing frailty [10-12]. Multifacto-
rial interventions, including physical exercise, nutrition,
psychosocial programs, and cognitive training, effec-
tively improve functional health and frailty among adults
over 65years old [13, 14]. Moreover, previous obser-
vations found that underweight, overweight, or obese
people were at higher risk of becoming frailty and had
a higher mortality risk [12, 15]. Prolonged smoking may
also increase the likelihood of frailty and death [16]. In

contrast, low-moderate alcohol drinking (< 2 drinks per
day for men) was associated with improvements in frailty
status among frail or pre-frail individuals at baseline [12].

Thus, it is necessary to evaluate the long-term effects of
self-management behaviors, including maintaining body
weight, quitting smoking or no smoking, drinking less or
no drinking, exercising, keeping diet control, and main-
taining a regular lifestyle, on changes in frailty status.
However, at present, relatively scarce data on the asso-
ciations between these factors in the prevention of frailty
are available. We used a national survey to investigate
the relationships between changes in frailty status and in
self-management behavior over time with various covari-
ates of individual characteristics. A 4-year national lon-
gitudinal population-based cohort study was conducted
to describe the changes in frailty status in community-
dwelling older adults in Taiwan and investigate the effect
of changes in self-management behaviors on changes in
frailty status.

Methods

Source of data and participants

The Taiwan Longitudinal Study on Aging (TSLA) is a
national representative population-based cohort study
conducted by the National Institute of Family Planning
(1965-2000) and The University of Michigan’s Popula-
tion Studies Centre (PSC), funded by The National Insti-
tute on Aging (NIA) and the Government of Taiwan [17].
The TLSA began in 1989 with follow-up periods of 3 to
4 years. Data are collected from participants aged 60 or
older using a self-reported questionnaire through face-
to-face interviews, with high response rates of 88.3 to
92% in Wave I to Wave VII. More details of the TLSA
sample design and data collection were provided in a pre-
vious study [18].

This study analyzed data from the cohorts surveyed
in 2007 and 2011; details of these cohorts are shown in
Fig. 1. Eligible participants were community-dwelling
older adults aged 65years and older. We excluded par-
ticipants with cognitive impairment (a Short Portable
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Baseline subjects in 2007, N = 4534
(Male = 2271, Female = 2263)

Exclusion criteria (n = 3251)
- Age < 65-years-old, n = 1834
- Living in an institution,n =111

A 4

- SPMSQ < 8, n= 1246

- Missing data: n = 60 (frailty status +
alive interview incomplete + survival
status unknown)

Final sample studied in 2007
N = 1283 (Male = 798, Female = 485)

Four years of follow up

A

Alive, interview complete
in 2011, n=1087

A 4

}

Deceased in 2011,
n=196

Final sample studied in 2011
N =1087 (Male = 650, Female = 437)

Fig. 1 Flow Chart of Study Sample Selection from the Taiwan Longitudinal Study of Aging (TLSA)

Mental Status Questionnaire score, SPMSQ < 8) [19], liv-
ing in an institution, or incomplete frailty data in 2007.
The study sample comprised 1283 community-dwelling
adults aged 65 years or older at baseline (Fig. 1).

Measures

Frailty assessment

Frailty was assessed using the modified versions [20] of
Fried’s frailty phenotype [21], which includes five com-
ponents: shrinking, weakness, exhaustion, slowness, and
low physical activity. This modified frailty definition is
extensively utilized and has already been validated [20,
22, 23]. Shrinking was considered a lack of appetite that
occurred frequently or most of the time in the previous
week. For those answering “not applicable” in poor appe-
tite was scored as no shrinking. Weakness was defined
as having any difficulty lifting or carrying something
weighing 11-12kg (like two packs of rice). For those
answering “not know” in carrying was scored as posi-
tive weakness. Exhaustion was considered when subjects
answered: “I could not get going” or “I felt everything I
did was an effort” often (over 4 days) in the last week. For
those answering “not applicable” or “not know” in these
two items was scored as positive exhaustion. Individuals
who had or were unable to walk 200-300m were classi-
fied as slow. Individuals who did not engage in an outside

activity (e.g., walking, hiking, running, or gardening) at
least once or twice per week were considered low activ-
ity. Frailty scores ranged from 0 to 5 on the five afore-
mentioned items; a higher score indicates poorer frailty
status. Respondents who fulfilled at least three of the five
items were considered frail; those who met fewer than
three criteria were considered non-frail.

Change in frailty status

Change in frailty status was calculated by subtracting the
baseline score from the 4-year follow-up score, which
was then classified into three categories: improvement
(<0), worsening (>0), and stability (= 0).

Self-rmanagement behaviors

Participants were asked: “In the past year, have you used
some measures in daily life to prevent or control chronic
disease?” with six options 1) weight control, 2) quitting
smoking or no smoking, 3) drinking less or no drinking,
4) taking regular exercise (> 3 times/week and 30 mins/
time), 5) eating a healthy diet (a more balanced diet), 6)
keeping a regular lifestyle, avoid sitting up for the night,
reducing life stress, enough sleep, regular meals... etc.
Participants who answered “yes” to the above item were
considered positive for that self-management behavior.
Changes in self-management behaviors between 2007
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and 2011 were classified as 1) maintained no (no to no),
2) decreased (yes to no), increased (no to yes), and main-
tained yes (yes to yes). Not applicable in smoking or
drinking less were considered as no smoking or drink-
ing and classified into the “maintained yes” (yes-to-yes)
group in these two behaviors.

Personal characteristics

Demographic data included age, gender, education
level, marital status, area of residence, and chronic dis-
eases. Age was categorized into two groups: 65—74years
and > 75years. Education level was classified into lower
(illiteracy and elementary school) and higher (junior high
school to senior high education and above). The area of
residence was categorized into city + urban and rural.
Chronic diseases were classified as “yes” and “no” for
diabetes mellitus, heart disease, stroke, cancer, lung dis-
ease, renal disease, and muscular-skeletal diseases (joint
arthritis, hip fracture, and osteoporosis).

Data analysis

Descriptive statistics for personal characteristics and
self-management behaviors are presented as frequen-
cies and percentages for categorical variables. The Chi-
squared test was used to compare the distribution of
personal characteristics and self-management behaviors
between the groups with each frailty status. The asso-
ciation between changes in self-management behaviors
and changes in frailty status after follow-up was exam-
ined using multinomial logistic regression analyses. The
multivariate model included all significant covariates
from the univariate analysis and the six self-management
behaviors. Frailty stability (no changes in frailty score)
and maintained no self-management behavior were set as
the reference group in the outcome and independent var-
iables, respectively. The relative risk ratio (RRR) was cal-
culated. In addition, we further stratified the age group
(65—74 years versus >75years) to examine the modera-
tion effect of age in the relationship between changes
in self-management behavior and in frailty status. Data
were processed using SPSS version 26.0 (IBM, Inc., Chi-
cago, IL, USA). The significance level was set at a =0.05;
all tests were two-tailed.

Results

The characteristics of the participants classified by frailty
status are shown in Table 1. Almost half of the partici-
pants were > 75years old (46.8%), with a higher propor-
tion of males (62.2%) than females (37.8%). Almost
three-quarters (72.3%) of the participants were mar-
ried, and more than half (60.8%) had only obtained a
lower level of education. Of the 1283 respondents, 91.3%
(1171) were classified as non-frail and 8.7% (112) as frail
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at baseline. Older age, female sex, low educational attain-
ment, and a history of heart disease, stroke, lung disease,
renal disease, and muscular-skeletal disease were signifi-
cantly associated with frailty at baseline.

During the 4-year follow-up, there were 196 (15.3%)
deaths, and 191 (14.9%) participants became frail. Bivari-
ate analysis showed that being over a 75-years-old and
having chronic illnesses were associated with a higher
risk of being frail (the participants who passed away were
classified as frail), whereas being married was associated
with a decreased risk of frailty after the 4-year follow-up
(Table 1).

Regarding self-management behaviors, the majority of
participants maintained a regular lifestyle (73.7%), per-
formed diet control (68.4%), participated in regular exer-
cise (67.5%), quitted smoking or did not smoke (64.7%),
and drank less or did not drink (64.5%) (Table 1). Par-
ticipants who reported maintaining their body weight,
exercising, performing diet control, and keeping a regu-
lar lifestyle had a lower risk of being frail at baseline and
follow-up.

Table 2 shows the transitions of frailty status and self-
management behaviors between baseline and after 4
years of follow-up. Overall, 514 (40.1%) participants
maintained their frailty status, 424 (33.0%) worsened, and
only 149 (11.6%) improved. For changes in self-manage-
ment behaviors, most of those who maintained behaviors
stayed frailty stability.

Table 3 presents multinomial logistic regression analy-
ses of the self-management behaviors changes on the
frailty status changes between 2007 and 2011, adjusted
for personal characteristics and chronic disease. In
Model 1 univariate analysis, compared to those who
maintained no self-management behaviors, those who
maintained (yes-to-yes) or increased their self-manage-
ment behaviors (no-to-yes) in maintaining body weight,
exercise, diet control, and regular lifestyle had a lower
risk of frailty worsening rather than frailty stability. Par-
ticipants who decreased exercise behaviors (yes-to-no)
had a higher risk (RRR=2.39) of frailty worsening, while
maintaining frequent exercise (yes-to-yes) was associated
with a lower ratio (RRR =0.451) of improving their frailty
status rather than remaining stable. Personal character-
istics of those over 75years, female sex, and a history of
heart disease were significantly associated with a higher
risk of frailty worsening (RRR =1.429 ~ 1.689) over frailty
stability. In addition, participants with heart disease and
muscular-skeletal disease had a higher ratio of frailty
improvement than over stability (RRR=2.373 and 1.717,
respectively) (Table 3, Model 1).

After controlling individual covariates and chronic dis-
eases, the final multivariate multinomial logistic regres-
sion model (Table 3, Model 2 Multivariate) showed that



To et al. BMC Geriatrics (2022) 22:874 Page 5 of 12
Table 1 Characteristics of participants on frailty in older adults (N=1283)
Variables 2007 2011
Non-frail Frail Non-frail Frail Death
n=1171 n=112 pt n =896 n=191 n=196 p?
N (%) N (%) N (%) N (%) N (%)
Personal characteristics at baseline
Age (year) in 2007
65174 649 (55.4) 34 (30.4) <0.001 549 (61.3) 60 (31.4) 74 (37.8) <0.001
>75 522 (44.6) 78 (69.6) ’ 347 (38.7) 131 (68.6) 122 (62.2) ’
Gender
Male 749 (64.0) 49 (43.8) <0.001 555 (61.9) 95 (49.7) 148 (75.5) 0774
Female 422 (36.0) 63 (56.3) ) 341 (38.1) 96 (50.3) 48 (24.5) )
Marital Status
Divorced/Widowed/
Separated/Single 313 (26.8) 38 (33.9) 0.104 225 (25.1) 72 (37.7) 54 (27.6) 0.006
Married 857 (73.2) 74 (66.1) 670 (74.9) 119 (62.3) 142 (72.4)
Educational level®
Lower 699 (59.7) 81 (72.3) 0.009 538 (60.0) 126 (66.0) 116 (59.2) 0.402
Higher 472 (40.3) 31(27.7) ’ 358 (40.0) 65 (34.0) 80 (40.8) ’
Area of residence
City + Urban 806 (68.8) 74 (66.1) 0548 607 (67.7) 135 (70.7) 138 (70.4) 0322
Rural 365 (31.2) 38 (33.9) ' 289 (32.3) 56 (29.3) 58 (29.6) '
Diseases
Diabetes mellitus 177 (15.1) 24 (21.4) 0.079 123 (13.7) 32 (16.8) 46 (23.5) 0.004
Heart disease 279 (23.8) 48 (42.9) <0.001 199 (22.2) 70 (36.6) 58 (29.6)  <0.001
Stroke 45 (3.8) 19 (17.0)  <0.001 30(3.3) 15(7.9) 19 (9.7) <0.001
Cancer 52 (4.4) 8(7.1) 0.196 27 (3.0) 7(3.7) 26 (13.3)  <0.001
Lung disease 144 (12.3) 24 (21.4) 0.006 92 (10.3) 33 (17.3) 43 (21.9)  <0.001
Renal disease 112 (9.6) 20(17.9) 0.006 72 (8.0) 26 (13.6) 34(17.3) <0.001
Muscular skeletal disease® 366 (31.3) 62 (55.4) <0.001 279 (31.2) 81 (42.4) 68 (34.7) 0.011
Self-management behaviours
Maintain body weight 404 (34.5) 28 (25.0) 0.042 314 (35.0) 33(17.3) - <0.001
Quit smoking or no smoking 654 (73.1)° 176 (45.4)° <0.001 761 (84.9)° 168 (88.0)° - 0.282
Drinking less or no drinking 651 (72.7)¢ 176 (45.4)° <0.001 799 (89.2)¢ 180(94.2)° - 0.034
Exercise 838 (71.6) 28 (25.0) <0.001 619 (69.1) 37 (19.4) - <0.001
Diet control 816 (69.7) 62 (55.4) 0.002 584 (65.2) 95 (49.7) - <0.001
Regular lifestyle 873 (74.6) 72 (64.3) 0.018 684 (76.3) 103 (53.9) - <0.001

2 Chi-square tests (two-tailed). In 2011, p value was calculated by coding “Death” as frail

b Quit smoking, not applicable/no smoking was coded as “Yes”in 2007 and 2011

¢ Drinking less, not applicable/no drinking was coded as “Yes”in 2007 and 2011

4 Educational level: Lower: illiterate + elementary school, higher: from junior high school to senior high education and above

€ Muscular skeletal disease includes joint arthritis, hip fractures, and osteoporosis

decreasing the exercise behaviors (yes-to-no) had a
higher risk of worsening in frailty states (RRR=2.726);
maintaining frequent physical exercise (yes-to-yes) pre-
dicted a lower risk of worsening (RRR=0.621) and a
lower ratio of improving their frailty status (RRR =0.542)
rather than remaining stable. Participants who main-
tained body weight (yes-to-yes) had a lower risk of wors-
ening by 58.3% (RRR=0.417) and a lower ratio of frailty
improvement (RRR=0.493) rather than remaining sta-
ble. However, there were no associations between the
behavioral transitions of smoking, drinking, diet control,
or regular lifestyle on the frailty status changes. There-
fore, people who maintained body weight and frequent

physical exercise were associated with a higher ratio of
frailty stability compared to those who maintained no
behaviors. Being aged >75 years old remained a prognos-
tic factor for frailty worsening. In addition, a history of
heart disease also predicted frailty stability.

Additionally, the moderation analysis stratified by age
groups is also shown in Table 3. Age was a moderator
between changes in self-management behaviors and in
frailty status. In participants 65—74 years old, the risk of
maintaining body weight and frequent physical exercise
on the frailty worsening were almost similar to the phe-
nomenon of the whole older adults. However, ex-smok-
ers or no smokers had a higher risk of frailty worsening
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Table 2 Transitions of frailty status and self-management behaviors between baseline and follow-up
2011, Changes in Frailty status
Stability, n (%)  Improvement, n (%) Worsening, n (%) Death, n (%) Total
Frailty status in 2007
Non-frail 486 (41.5) 119 (10.2) 407 (34.7) 159 (13.6) 1171
Frail 28 (25.0) 30 (26.8) 17 (15.2) 37 (33.0) 112
Total 514 (40.1) 149 (11.6) 424 (33.0) 196 (15.3) 1283
Self-management Behaviors between 2007 and 2011
Maintain body weight
Maintained No 224 (32.7) 78 (11.4) 240 (35.1) 142 (20.8) 684
Decreased (Yes to No) 89 (44.9) 30 (15.2) 79 (39.9) _ 198
Increased (No to Yes) 84 (50.3) 24 (14.4) 59 (35.3) _ 167
Maintained Yes 117 (50.0) 17 (7.3) 46 (19.6) 54 (23.1) 234
Quit smoking or no smoking
Maintained No 64 (22.6) 17 (6.0) 44 (15.6) 158 (55.8) 283
Decreased (Yes to No) 16 (48.5) 1(3.0) 16 (48.5) _ 33
Increased (No to Yes) 80 (47.1) 21 (12.3) 69 (40.6) _ 170
Maintained Yes 354 (44.4) 110 (13.8) 295 (37.0) 38 (4.8) 797
Less drinking or no drinking
Maintained No 48 (18.7) 8 (3.1 34 (13.2) 167 (65.0) 257
Decreased (Yes to No) 12 (66.7) 3(16.7) 3 (16.6) _ 18
Increased (No to Yes) 105 (52.8) 31 (15.6) 63 (31.6) _ 199
Maintained Yes 349 (43.1) 107 (13.2) 324 (40.1) 29 (3.6) 809
Exercise
Maintained No 88 (30.1) 37 (12.7) 91 (31.2) 76 (26.0) 292
Decreased (Yes to No) 57 (26.5) 17 (7.9) 141 (65.6) _ 215
Increased (No to Yes) 58 (46.4) 36 (28.8) 31 (24.8) _ 125
Maintained Yes 311 (47.8) 59 (9.1) 161 (24.7) 120 (18.4) 651
Diet control
Maintained No 75 (29.5) 24 (9.5) 78 (30.7) 77 (30.3) 254
Decreased (Yes to No) 99 (42.9) 25(10.8) 107 (46.3) B 231
Increased (No to Yes) 68 (45.0) 33(21.9) 50 (33.1) B 151
Maintained Yes 272 (42.0) 67 (10.4) 189 (29.2) 119 (18.4) 647
Regular life
Maintained No 43 (26.9) 16 (10.0) 47 (29.4) 54 (33.7) 160
Decreased (Yes to No) 80 (41.2) 19 (9.8) 95 (49.0) _ 194
Increased (No to Yes) 89 (50.0) 39 (21.9) 50 (28.1) _ 178
Maintained Yes 302 (40.2) 75 (10.0) 232 (30.9) 142 (18.9) 751
(RRR=2.437) than stable frailty in the younger old. Discussion

Adversely, maintaining body weight or quitting smok-
ing behaviors were less likely associated with frailty
worsening in people over 75years. Among individuals
over 75years old, exercise was the only factor affecting
their frailty status. Compared to no exerciser, older old
who decreased their physical exercise was associated
with a higher risk of frailty worsening (RRR=3.255)
as the younger old did. Furthermore, older old with
increased frequent physical exercise (no-to-yes) was
significantly associated with an improvement in frailty
status (RRR=3.684), which was not significant in the
younger old and the whole groups.

This study used national data to describe the changes in
frailty status among community-dwelling older adults in
Taiwan and investigate the changes in self-management
behaviors on the changes in frailty status over 4 years.
The prevalence of frailty was 8.7% at baseline and 14.9%
after 4 years of follow-up; 15.3% of participants died dur-
ing follow-up. The prevalence of frailty in our study was
similar to reports from Japan (8.7%) [24] and a rural set-
ting in China (8.7%) [25] but slightly higher than analyses
conducted in Hong Kong (6.3%) [26], Korea (7.8%) [27],
and lower than data from the US (15.3%) [28], European
countries (12%) [29], and the estimated global prevalence
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Table 3 Changes of sel-management behaviors on changes in frailty status with age stratification by multinomial logistic regression (N=1087)

(2022) 22:874

Changes of Self-

Model T Univariate (Reference: Stabillty)

Model 2 Multivariate (Reference: Stability)

behaviors Tmprovement Worsenin Tmprovement Worsening
RRR" (95% C) 7 RRR (95% C1) 7 RRR (95% C) 7 RRR (95% C1) 7
Total Sample (N = 1087)
Maintain body weight
Maintained No (ref.) - - - - - - - -
Decreased (Yes to No) 0968 (0595,1.576)  0.896  0.828(0.582,1.180) 0297  1207(0.705,2.065) 0493  0.781(0.525,1.162) ~ 0.223
Increased (No to Yes) 0821(0487,1383) 0457  0.656(0.449,0.958)  0.029  0.772(0433,1379) 0382 0762 (0496, 1.170) 0214
Maintained Yes 0417(0236,0.738)  0.003  0367(0249,0.540)  <0.001 0493 (0.258,0.941)  0.032 0417 (0.264,0.656)  <0.001
Quit smoking or no smoking
Maintained No (ref.) - - - - - - .
Decreased (Yes to No) 0235(0029,1.902)  0.175  1.455(0.659,3212) 0354  0320(0.039,2.657) 0291  1707(0.730,3.992) 0218
Increased (No to Yes) 0988(0482,2.028) 0974 1255(0.760,2.071) 0375  0955(0430,2.125) 0911  1.729(0.977,3.059)  0.060
Maintained Yes 1170 (0.658,2.081)  0.594  1212(0.801, 1.833) 0362  1.065(0.542,2.003)  0.856  1.040(0.630,1.715) 0878
Drinking less or no drinking
Maintained No (ref.) - - - - - - - -
Decreased (Yes to No) 1500 (0.345,6.524) 0589 0353(0.092,1347)  0.127 1863 (0.401,8.664) 0427 0409 (0.100,1675) 0214
Increased (No to Yes) 1771(0.758,4.140)  0.187  0.847(0494,1.452) 0546  1.664(0.658,4206) 0282  0.910(0.490,1689)  0.765
Maintained Yes 1840 (0.844,4010)  0.125  1311(0824,2.086) 0254  1594(0.687.3.697) 0278  1.350(0.793,2299) 0269
Exercise
Maintained No (ref.) - - - - - - - -
Decreased (Yes to No) 0709(0365,1378) 0311  2392(1.564,3.658) <0.001 0800 (0400, 1.599) 0528  2.726(1.729.4296)  <0.001
Increased (No to Yes) 1476 (0.838,2.600)  0.177  0.517(0.306,0.874)  0.014  1389(0.756,2.551) 0290 0613 (0353,1.067)  0.083
Maintained Yes 0451(0281,0.725)  0.001 0501 (0353,0.710)  <0.001  0542(0318,0.925)  0.025  0.621(0.416,0.928)  0.020
Diet control
Maintained No (ref.) - - - - - - - -
Decreased (Yes to No) 0789 (0418, 1.490) 0465  1.039 (0.684,1.579)  0.857  0.855(0426,1.717)  0.660  0.798 (0.492,1295) 0362
Increased (No to Yes) 1517 (0.816,2.819) 0.8 0.707(0.436,1.147) 0160 1348 (0.678,2.681) ~ 0.394  0.887(0.516,1.525)  0.664
Maintained Yes 0770(0452,1310) 0335 0.668(0.463,0.965)  0.031  1.065(0551,2.058)  0.853  0.882(0.550,1.415)  0.602
Regular lifestyle
Maintained No (ref.) - - - - - - - -
Decreased (Yes to No) 0.638 (0.298, 1.367) 0.248 1.086 (0.653, 1.808) 0.750 0.725 (0.319, 1.644) 0.441 1.124 (0.632, 2.000) 0.690
Increased (No to Yes) 1178(0.593,2.339)  0.641  0.514(0.300,0.882)  0.016  1232(0.578,2.625)  0.589  0.705(0.386, 1.288) 0255
Maintained Yes 0.667(0356,1250) 0206  0.703 (0.449,1.100)  0.123  0.966(0459,2.029) 0926  1.105(0.634,1.926)  0.725
Personal characteristics
>75 years of age LI37(0.785,1.648) 0497 1689 (1.302,2.191)  <0.001  1.066(0.719, 1.581) 0749 1575 (1187,2.088)  0.002
Female 1388(0.958,2.010)  0.083  1.429(1.098, 1.859)  0.008  1.070(0.676,1.693)  0.774 1396 (0.995,1.960)  0.053
Married 0923(0610,1.395)  0.702 0789 (0.592,1.052)  0.107 - - - -
Higher education level 0.865(0.594,1.258)  0.448  0.836(0.642,1.089)  0.184 - - - -
Chronic diseases
Diabetes mellitus 0937(0550,1.595)  0.809  1.035(0.718,1492)  0.855 - - - -
Heart disease 2373(1.588,3.546)  <0.001  1677(1.235,2278)  0.001  2242(1.460,3443) <0.001 1617 (1.156,2.261)  0.005
Stroke 1766 (0.741,4211) 0200 1.622(0.835,3.149)  0.153 - - - -
Cancer 0.601(0.174,2.078)  0.421  0.998 (0.486,2.050)  0.996 - - - -
Lung disease 1439(0.827.2504)  0.198  1383(0921,2.077)  0.118 - - - -
Renal disease 1388(0.755,2.552) 0291  1.235(0.785,1.943)  0.362 - - - -
Muscular skeletal disease  1.717 (1.180,2.499)  0.005  1.087(0.825,1433) 0553  1.496(0.993,2.255)  0.054  0.854(0.624,1.168)  0.323
Among indviditals 65-74 years old (N - 609)
Maintain body weight
Maintained No (ref.) - - - - - - - -
Decreased (Yes to No) 0912(0480,1.736) 0780  0.798(0490,1.298) 0364  1.149(0556,2374) 0708  0.742(0423,1302) 0299
Increased (No to Yes) 0711(0.361,1399) 0324 0576(0345,0.964) 0036 0743 (0350, 1.578)  0.440  0.616 (0341, L.I111)  0.107
Maintained Yes 0396(0.193,0.811)  0.011  0338(0201,0.570)  <0.001 0462 (0.199,1.074)  0.073  0.327(0.174,0.614)  0.001
Quit smoking or no smoking
Maintained No (ref.) - - - - - - - -
Decreased (Yes to No) 1.68x10% (1.68x10°%, 1818(0.618,5352) 0278  2.29x10%(2.29%10%, 2422(0.724,8.103)  0.151
1.68%10%) 229%10%)
Increased (No to Yes) 1161 (0479,2812) 0742 1.596(0.762,3.341) 0215 1330(0489,3.619) 0577  2437(1.043,5.698)  0.040
Maintained Yes 1018(0493,2.101) 0963 1.743(0.942,3.226)  0.077  0871(0360,2.110) 0760 1524 (0.714,3253) 0277
Drinking less or no drinking
Maintained No (ref.) - - - - - - - -
Decreased (Yes to No) 0889(0.156,5.073)  0.895  0491(0.117,2.054) 0330  1314(0203,8492) 0774  0.515(0.110,2414) 0400
Increased (No fo Yes) 1108 (0.416,2949) 0838 0.680(0.329,1.405) 0298 0982 0.738(0318,1.713)  0.480
Maintained Yes 1121(0467,2.604)  0.798  1.061 (0.571,1.968)  0.852 0938 0.969(0.472,1.988)  0.932
Exercise
Maintained No (ref.) - - - - - - - -
Decreased (Yes to No) 0.641 (0.285,1.438) 0280  2.210(1.242,3.933)  0.007  0.676 (0.287,1.592) 0371  2.518(1.346,4.711)  0.004
Increased (No to Yes) 0907(0445,1852) 0789  0.408(0.199,0.837)  0.015  0.846(0393,1.820)  0.668 0466 (0.217,1.000)  0.050
Maintained Yes 0263(0.142,0.487)  <0.001  0.434(0.268,0.704)  0.001  0300(0.149,0.602) ~ 0.001  0.572(0.328,1.000)  0.050
Diet control
Maintained No (ref.) - - - - - - - -
Decreased (Yes to No) 0696(0301,1.613) 0399  0994(0556,1.776) 0983  0.811(0.318,2.067)  0.661  0.812(0.409,1612) 0551
Increased (No to Yes) 1.143(0503,2.596)  0.750  0.648(0333,1.264) 0203  1.065(0428,2.645)  0.893  0.802(0.376,1.710)  0.568
Maintained Yes 0746 (0380, 1.462) 0393 0.671 (0408, 1.104)  0.116 1266 (0.534.3.001) 0593  0.964 (0.496, 1873) 0915
Regular lifestyle
Maintained No (ref.) - - - - - - - -
Decreased (Yes to No) 0.781(0298,2051) 0616 0989 (0.501,1952) 0974 0960 (0331,2783) 0939  1088(0.493,2400) 0834
Increased (No to Yes) 1.006(0.424,2390) 0989  0.438(0219,0.876) 0020  1325(0507,3.459)  0.566  0.674(0.305,1491) 0330
Maintained Yes 0650 (0293, 1.441) 0289  0.636(0356, 1.135)  0.126  1.116(0430,2.895)  0.822  1.058(0.506,2212)  0.882
Personal characteristics
Female 1,529 (0.946,2.472)  0.083  2.019(1.412,2.886)  <0.001  1.492(0.776,2.867)  0.230 1799 (1.100,2.945)  0.019
Married 0917(0.509,1.653)  0.773 0766 (0501, 1.173) 0220 - - - -
Higher education level 0815(0496,1339) 0419  0550(0375,0.808)  0.002  1081(0.619,1.889) 0784  0.725(0.466,1.128)  0.154
Chronic diseases
Diabetes mellitus 1288(0.678,2.445) 0439 1.054 (0.638, 1.740)  0.838 - - - -
Heart discase 2338(1357,4.029)  0.002  1755(1136,2709) 0011  2032(1127,3.663)  0.018  1.713(1.057,2777)  0.029
Stroke 2692(0.833,8.700)  0.098  2252(0.843,6.015)  0.105 - - - -
Cancer 0356(0.045,2.818) 0328  1.076(0403,2.874)  0.883 - - - -
Lung disease 2262(1.033,4956)  0.041  1965(1.041,3.707) 0037  1923(0.825.4.482)  0.130  1847(0.917,3719)  0.086
Renal discase 1343(0.602,2.995) 0471 1.681(0.942,3.002)  0.079 - - - -
Muscular skeletal disease 1887 (1.156,3.083)  0.011 1313 (0.899,1917) 0159 1591 (0917,2760) ~ 0.099 0953 (0.614,1478) 0828
Among individuals over 75 years old (N = 478)
Maintain body weight
Maintained No (ref.) - - - - - - - -
Decreased (Yes to No) 1051(0498,2218) 0897  0.875(0520,1472) 0614  1168(0.500,2727) 0720  0.778 (0437,1386) 0394
Increased (No to Yes) 1039(0456,2367) 0927  0.823(0461,1.469) 0510  0766(0.297,1.977) 0581  0.951(0.494,13828) 0879
Maintained Yes 0459 (0.178,1.185)  0.108  0445(0247,0.247)  0.007  0.543(0.184,1.601) 0269  0.552(0.278,1.097)  0.090
Quit smoking or no smoking
Maintained No (ref.) - - - - - - - -
Decreased (Yes to No) 0.800 (0.078, 8.189) 0.851 1.371(0.396, 4.755) 0.619 1.366 (0.121, 15.373) 0.801 1.385(0.373,5.138) 0.627
Increased (No to Yes) 0.727(0.209,2.533) 0617  1.013(0.495,2.072) 0972  0511(0.128,2.042) 0342 1.182(0.526,2.656)  0.686
Maintained Yes 1441(0556,3.735) 0452 0901 (0498,1.632) 0731  1113(0.388,3.193) 0843  0.697(0.354,1372) 0296
Drinking less or no drinking
Maintained No (ref.) - - - - - - - -
Decreased (Yes to No) 6.667 0219 2.95x10% (2.95x10%, 10079 (0.401, 0160 461x10% (4.61x10%,
(0.323, 137.403) 2.95x10%) 253.247) 461x10%)
Increased (No to Yes) 6.500(0.793,53.271)  0.081 1100 (0.488,2.480) 0818  7.945(0.862,73.186)  0.067 1365 (0.528,3.532)  0.521
Maintained Yes 6.963(0.909,53315) 0062  1.679(0.828,3403)  0.151 5582 (0.662,47.040) O0.114  2287(0.990,5283)  0.053
Exercise
Maintained No (ref.) - - - - - - - -
Decreased (Yes to No) 0.848 (0.258, 2.789) 0.786 2.654 (1.407, 5.005) 0.003 1.025 (0.288, 3.648) 0.969 3.255(1.634, 6.485) 0.001
Increased (No to Yes) 3467(1317.9.122) 0012 0754(0340,1.673) 0487  3.684 (1256, 10.801)  0.018  0.894(0.382,2.096)  0.797
Maintained Yes 1025(0461.2279) 0953 0.604(0362,1.005) 0052  1345(0.538,3365) 0526  0.720(0.400,1299) 0275
Diet control
Maintained No (ref.) - - - - - - - -
Decreased (Yes to No) 0930 (0.348,2484) 0885  1047(0566,1.934) 0885  0.895(0.295,2709)  0.844  0.747(0.365,1528) 0424
Increased (No to Yes) 2179(0.831,5713)  0.113  0779(0.380,1.595) 0494 1533 (0.496,4738) 0458 0871 (0.382,1.987)  0.742
Maintained Yes 0808 (0.339,1925)  0.630  0.689(0397.1.198)  0.187  0.806(0.273,2383)  0.697  0.808 (0.399,1.636) 0554
Regular lifestyle
Maintained No (ref.) - - - - - - - -
Decreased (Yes to No) 0473(0.136,1.642) 0238 1.095(0497,2410) 0822 0429(0.109,1.686) 0226  1.147(0.477,2756) 0759
Increased (No to Yes) 1600 (0514,4.982) 0417  0.690 (0287, 1.658) 0407  1.090(0300,3.957)  0.896  0.790(0.301,2.075)  0.632
Maintained Yes 0.682(0.245,1895) 0463 0750 (0.367.1.534) 0431  0.677(0.190,2416) 0548  1.148(0.477.2.763)  0.758
Personal characteristics
Female 1209 (0.674,2.169) 0525  1.017(0.681,1.518)  0.936 - - - -
Married 0973 (0.535,1.766) 0927 0953 (0.637.1.426) 0816 - - -
Higher education level 0.921(0.517,1.641) 0781  1122(0.762.1.652) 0560 - - -
Chronic diseases
Diabetes mellitus 0.511(0.189,1383)  0.18 1003 (0.582,1.727) 0993 - - - -
Heart disease 2386(1306,4360)  0.005  1466(0.946,2271)  0.087  2886(1.493,5580)  0.002  1469(0913,2362)  0.113
Stroke 1068 (0.280,4.074) 0924 1116(0452,2752) 0812 - - - -
Cancer 0910 (0.184,4496) 0907 0905 (0312,2.628) 0855 - - - -
Lung disease 0915(0409.2.044) 0828  0927(0542, 1.585) 0781 - - - -
Renal disease 1448 (0.567,3.699)  0.439  0.841 (0.404, 1.748)  0.642 - - - -
Muscular skeletal disease 1.485 (0.828, 2.661) 0.185 0.848 (0.563, 1.276) 0.428 - - - -

@ RRR Relative Risk Ratio, C/ confidence interval
Model 1: Univariate multinomial logistic regression

Model 2: Multivariate multinomial logistic regression adjusting for covariates of personal characteristics and chronic diseases
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of frailty (10.7%) [30]. The wide range in the reported
prevalence of frailty across these studies may be due
to differences in the characteristics of the populations
(races, geographical area) and the effect of phenotypic
components [30, 31]. However, overall, the prevalence
of frailty at baseline in this study is compatible with the
rates for other countries.

We examined the changes in frailty status after 4 years
of follow-up among community-dwelling older adults.
The majority of participants maintained their frailty sta-
tus (40.1%) (Table 2). In addition, frailty state improve-
ment (11.6%) was higher than previous estimates in Israel
(2.1%) [6], Ireland (6%) [32], Italy (8.2%) [12], U.S (8.3%)
[33], and China (9.2%) [34], but lower than that reports
in Germany (14%) [7], Indonesia (14.8%) [35], 15.1% in
Spain [36], Hong Kong (17.9%) [37], Japan (18%) [15],
and Malaysia (22.9%) [38]. Transitions to greater frailty
are more common than transitions to lesser frailty [5,
10, 33, 39], as we found in this study. The proportion
of frailty transition in our study was comparable to a
recent meta-analysis study, which revealed that over
a mean of 3.9years, half or more of older adults stayed
in the same frailty status, roughly 10% improved, and
nearly 40% worsened [8]. Furthermore, our data revealed
that the majority of non-frail subjects maintained their
status after 4 years of follow-up, which was consistent
with previous research in other populations [12, 15, 32,
37, 40]. The wide variations in the follow-up period for
each cohort, differences in the regions of study, national
income levels, frailty measurements, and the inclusion of
mortalities may limit comparisons of the rates of frailty
transitions across different studies [8, 41]. Previous stud-
ies only assessed the effects of risk factors such as older
age and diseases on the reversal of frailty [42]. Thus,
the effects of modifiable factors associated with frailty
improvement were poorly explored.

Individuals with healthy behavioral habits such as body
weight maintenance, exercise, diet control, and regular
lifestyle had a lower risk of being frail in our univariate
multinomial logistic regression model. The final multi-
nomial logistic regression model revealed that partici-
pants aged 65 to 74 who decreased exercise behaviors
had a higher risk (2.518) of worsening transition. In
contrast, those who maintained regular exercise had
a lower risk of frailty worsening as well as a lower ratio
of improving their frailty status rather than remaining
stable in the latter year after adjusting for personal and
disease covariates (Table 3, Model 2). Moreover, main-
taining appropriate body weight was also associated
with a lower risk of worsening their frailty status rather
than remaining stable after adjusting for personal and
disease covariates (Table 3, Model 2). These results sug-
gested that among the younger old group, exercise and
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maintaining appropriate body weight might significantly
stabilize frailty status compared to those who maintained
no behaviors. Adversely, maintaining body weight was
less likely associated with the change in frailty status in
people over 75years. However, increasing physical exer-
cise was associated with a higher ratio (3.684) of improve-
ment in frailty status, and decreasing exercise behavior
had a higher risk of frailty worsening (3.255) than stable
frailty among the older old group. Currently, exercise
with nutrition-based therapies has provided the most
evidence for delaying frailty worsening [43]. Our finding
was in line with previous studies, which highlighted that
low levels of physical exercise elevated the probability of
worsening transition [12, 38]. In comparison, perform-
ing more regular physical activity reduced probability of
frailty worsening [10, 11, 44] and a greater likelihood of
frailty improvement [10, 44]. Our results indicate that it
is beneficial to encourage seniors aged 65-74 to maintain
regular exercise with any type of exercise that may poten-
tially increase the likelihood of frailty state stability and
improve their status even aged 75years and over. Do not
give up on exercise, and never start too late. Individual-
ized exercise programs tailored to frailty status and other
chronic diseases are necessary to reduce the progression
of frailty and prevent adverse outcomes.

Besides, this study also found that maintaining appro-
priate body weight was associated with a higher ratio
of frailty stability among younger old aged 65—74 years
after adjusting for personal and disease covariates
(Table 3, Model 2), not overweight or underweight.
Abdominal obesity has been proven to be associated
with greater frailty [35, 45] and mortality [12]. A higher
body mass index (BMI) was associated with new-onset
frailty [15, 46] and a higher risk of frailty worsening
[12]. Increasing BMI also hampered recovering robust-
ness [36, 47]. Excessive weight gain is a major risk
factor for metabolic syndrome, negatively affecting car-
diovascular systems [48]. In contrast to obesity, being
underweight was less likely to worsen frailty but associ-
ated with a higher risk of mortality [12]. It is critical to
maintain a healthy body weight to avoid frailty status in
younger old aged 65—74 years.

In addition, this study found that ex-smokers or never-
smokers were associated with a higher risk of frailty
worsening in the younger old group, but not in the older
old group. This result was different from the study of Pol-
lack et al. [33], that use of tobacco products, either in
the past or currently, was a predictor of the progression
of frailty [33]. Smoke is a contradictory factor in health,
such as cognitive improvement [49]. This cognitive
improvement effect of tobacco use may affect younger
elders’ frailty status. Further studies are recommended
to explore the association between smoking behavior and
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frailty transition in community-dwelling older adults.
The results of multivariate models in this study showed
that the behavioral transitions of drinking, diet control,
or regular lifestyle were not associated with the changes
in frailty status after adjusting covariates. Maintaining
body weight and exercise could potentially lessen the
likelihood of frailty progression for the younger old, and
exercise was the only factor to improve their frailty status
in the older old group.

We found that participants aged 75years or above had
an increased risk of frailty worsening (Tables 1 & 3). Pre-
vious studies also found that older age increased the risk
of frailty worsening [12, 37], and younger age was asso-
ciated with a higher probability of frailty improvement
[37, 42]. As people get older, they gradually undergo age-
related degeneration that leads to decreased functional
capacity and physiological reserves, making individuals
more vulnerable to adverse health outcomes [21, 50].
Thus, it is essential to develop strategies to prevent frailty
in high-risk older age groups. The present study found
that maintaining body weight, quitting smoking, and
exercising are frailty protectors for younger old adults,
but only exercise is the protector for older old adults. Age
was a moderator in the relationship between the transi-
tions of maintaining body weight and frailty status. We
should consider age as a crucial factor when developing
the intervention to prevent the progression of frailty and
maintain non-frail status in different age groups.

In this study, females were at a higher risk of frailty at
baseline (Table 1), which was consistent with other stud-
ies [9, 30, 51]; moreover, being female remained a risk
factor for change in frailty state in young old aged 65-74,
but not in older old over 75years (Table 3). Compared
to men of the same age, women were more likely to be
frail due to poorer grip strength, lower average amounts
of lean body mass and muscle strength, and increased
prevalence of sarcopenia during the aging process [21].
The more steady and progressive decline in females could
lead to a higher increase in vulnerability to frailty in
women than in males. Men were previously reported to
be significantly more likely to maintain non-frail status,
while women tend to develop prefrailty [8, 39]. Neverthe-
less, a recent population-based cohort study of older per-
sons aged 70 and older in Germany indicated that men
worsened more frequently than women [7]. Our finding
showed that the female gender was the significant prog-
nostic factor for frailty worsening in younger old below
75years. Lower mortality and higher frailty may lead to
a prolonged life span, though with a lower quality of life
among females. However, there is no gender difference
among older old over 75years.

Besides, individuals with chronic illnesses including
heart disease, stroke, lung disease, and renal disease at
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baseline were at higher risk of frailty (Table 1), and heart
disease remained a factor for the change in frailty status
(Table 3, Model 2). These results are consistent with pre-
vious studies, which reported that a higher number of
comorbidities were significantly associated with frailty
[12, 28, 37]. However, in the younger old group, heart dis-
ease was associated with a higher ratio of frailty improve-
ment (RRR=2.032) as well as worsening (RRR=1.713)
rather than remaining stable (Table 3, Model 2). This
may indicate that frailty status in patients aged 65-74
with heart disease can be improved or worsened depend-
ing on the other factors. The high prevalence of frailty
in high-risk populations poses a public health challenge,
and efficient strategies must be developed to prevent and
reduce the disease burden.

This study was a prospective longitudinal cohort sur-
vey of a nationally representative sample. The large sam-
ple size and high follow-up rates enabled an accurate
estimation of the changes in frailty status after 4 years of
follow-up, which could enhance the generalizability of
these results among community-dwelling older adults in
Taiwan. Notably, this study took into account the changes
in self-management behaviors at the baseline and 4 years
afterward, using multinomial logistic regression analy-
sis to give a more holistic advice. The current study also
explored the moderation effect of age between transi-
tions of self-management behaviors and frailty status and
revealed that the beneficial effect of self-management
behaviors on changes in frailty status is different among
younger old and older old adults. Cognitively impaired
individuals (SPMSQ < 8) were excluded to avoid bias due
to misreported information. As this cohort of seniors was
followed up for 4 years, high attrition rates due to death
and missing data were unavoidable. Moreover, this study
utilized a secondary database to identify frailty using self-
reported measures. This approach may lead to recall bias
and misclassification and produce higher frailty estimates
than performance-based measures [52]. Self-manage-
ment behaviors were evaluated using simple questions
that are straightforward but less precise than standard-
ized measures, which may lead to under-or overestima-
tion of the actual relationships between self-management
behaviors and frailty. We used the Fried frailty pheno-
type, which may represent a lower prevalence of frailty
than other broader phenotypes [30]. Notwithstanding,
the Fried frailty phenotype is the most extensively vali-
dated scale and has been adopted for various epidemio-
logical cohorts, which could enable comparisons between
studies [53]. Finally, because of the study’s design, we do
not have frailty information during the period of baseline
to follow-up. It is possible that older persons who became
frail at the beginning of the study (first 12—24 months)
may reduce their physical activity due to frailty. Such a
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reverse association between exercise and frailty cannot
be excluded in this study. Future research to make a more
frequent assessment in a yearly manner may ameliorate
this limitation.

Conclusions

This study used national data to investigate the changes
in frailty status after a 4-year follow-up among Taiwan-
ese community-dwelling older adults. The prevalence
of frailty was 8.7% at baseline and 14.9% after 4 years
of follow-up, with 196 (15.3%) deaths. Overall, the
majority of the participants maintained or worsened
their frailty status; only 11 % of them had improved.
For younger old aged 65-74years who maintained
their body weight and kept frequent physical exer-
cise are associated with a higher ratio of frailty sta-
bility after controlling for individual covariates and
chronic diseases. Among older adults aged 75 years and
over, increasing exercise behavior is the only factor to
improve their frailty status. There were no associations
between the behavioral transitions of smoking, drink-
ing, diet control, or regular lifestyle on the frailty status
changes. Older adults should be encouraged to perform
adequate physical exercise and maintain a healthy body
weight to maintain frailty stability in younger old aged
65—-74years, and especially perform more frequent
exercise to improve frailty status in older old over
75years. Health providers and policymakers should
provide insights to help the elderly and caregivers to
understand the importance of maintaining body weight
and frequent exercise in older adults.
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