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Abstract

Background Previous studies have identified an association between physical
frailty and Activities of Daily Living (ADL) impairment in older adults; how-
ever, the relationship between psychological frailty, social frailty, and ADL im-
pairment remains unclear. Objective To investigate the association between
multidimensional frailty and its individual dimensions with ADL impairment
among rural older adults, thereby providing evidence for disability prevention
in this population. Methods A cross-sectional study design was employed. From
July to September 2021, older adults aged $ $60 years (n=1,298) from 30 admin-
istrative villages across 2 municipalities (prefectures) in Guizhou Province were
selected using multistage cluster sampling. Data on demographic characteris-
tics, chronic disease status, and sleep quality were collected via questionnaires.
Multidimensional frailty was assessed using the Chinese version of the Tilburg
Frailty Indicator (TFI), and ADL impairment was evaluated using the ADL
scale. Binary logistic regression was conducted to analyze the effects of mul-
tidimensional frailty and its dimensions on ADL impairment, with calculation
of the multivariate-adjusted population attributable risk percentage (PARc%).
Results Among 1,298 older adults, 498 (38.37%) exhibited ADL impairment,
40 (3.08%) had Basic Activities of Daily Living (BADL) impairment, and 494
(38.06%) had Instrumental Activities of Daily Living (IADL) impairment; 382
(29.43%) had multidimensional frailty, 319 (24.58%) had physical frailty, 567
(43.68%) had psychological frailty, and 69 (5.32%) had social frailty. Binary
logistic regression analysis revealed that after adjusting for confounders (sex,
age, education level, marital status, sleep quality), multidimensional frailty,
physical frailty, and psychological frailty significantly affected ADL, IADL, and
BADL impairment (P<0.05). Further analysis of population attributable risk
demonstrated that multidimensional frailty had the greatest attributable risk
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for BADL impairment [PARc% (95%CI) = 24.6 (19.1, 27.1)], while psychologi-
cal frailty showed relatively large attributable risks for ADL, BADL, and IADL
impairment [PARc% (95%CI) = 18.4 (12.1, 24.5), 23.6 (3.2, 33.7), and 19.4
(12.4, 24.7), respectively]. Conclusion Multidimensional frailty, as well as its
physical and psychological dimensions, significantly impacts ADL, BADL, and
TADL impairment among rural older adults, with psychological frailty constitut-
ing a substantial contributor to disability. Enhanced screening and intervention
for multidimensional frailty, particularly psychological frailty, may reduce dis-
ability risk in older adults.
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Abstract

Background: Previous studies have confirmed a correlation between physical
frailty and impairment of activities of daily living (ADL) in the elderly, but it
remains unclear whether psychological and social frailty are similarly associated
with ADL impairment. Objective: To investigate the relationship between
multi-dimensional frailty and its individual dimensions with ADL impairment
among rural elderly populations, providing evidence for disability prevention.
Methods: A cross-sectional study was conducted from July to September
2021. Using multi-stage cluster sampling, we selected 1,298 elderly adults aged
$ $60 years from 30 administrative villages across 2 municipalities in Guizhou
Province. Data were collected via questionnaires covering demographic charac-
teristics, chronic disease status, and sleep quality. Multi-dimensional frailty was
assessed using the Chinese version of the Tilburg Frailty Indicator (TFI), while
ADL impairment was evaluated with the ADL scale. Binary logistic regression
was employed to analyze the effects of multi-dimensional frailty and its dimen-
sions on ADL impairment, with multifactor-adjusted population attributable
risk percentages (PARc%) calculated. Results: Among 1,298 participants, 498
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(38.37%) had ADL impairment, 40 (3.08%) had basic ADL (BADL) impair-
ment, and 494 (38.06%) had instrumental ADL (IADL) impairment. Multi-
dimensional frailty was present in 382 individuals (29.43%), physical frailty in
319 (24.58%), psychological frailty in 567 (43.68%), and social frailty in 69
(5.32%). After adjusting for confounders (sex, age, education, marital status,
and sleep quality), binary logistic regression revealed that multi-dimensional
frailty, physical frailty, and psychological frailty significantly affected ADL,
TADL, and BADL impairment (P<0.05). Population attributable risk anal-
ysis demonstrated that multi-dimensional frailty had the greatest impact on
BADL impairment [PARc% (95%CI) = 24.6 (19.1, 27.1)], while psychological
frailty showed relatively high attributable risk for ADL, BADL, and IADL im-
pairment [PARc% (95%CT) = 18.4 (12.1, 24.5), 23.6 (3.2, 33.7), and 19.4 (12.4,
24.7), respectively]. Conclusion: Multi-dimensional frailty, particularly physi-
cal and psychological frailty, is associated with ADL, BADL, and IADL impair-
ment among rural elderly, with psychological frailty contributing substantially
to disability risk. Enhanced screening and targeted interventions for multi-
dimensional frailty, especially psychological dimensions, may reduce disability
risk in this population.

Keywords: Frailty; Multi-dimensional frailty; Activities of daily living; Aged;
Rural health; Logistic model; Population attributable risk

Introduction

Disability in older adults refers to the inability to independently perform any
activity related to daily living, including eating, dressing, toileting, bathing,
making phone calls, or shopping—collectively termed activities of daily living
(ADL) impairment [1]. China’s aging population presents an increasingly serious
challenge, with rural areas experiencing faster aging rates than urban centers
[2]. Disability represents a prominent issue in this demographic transition [3],
adversely affecting quality of life while imposing heavy caregiving burdens on
families and society [4]. It is projected that by 2030, China will have 62.9 million
disabled or semi-disabled elderly individuals [5].

Frailty is a reversible [6] and preventable [7] condition, and early identification
with effective intervention can reverse or slow its progression and prevent ad-
verse health outcomes. Based on the integral conceptual model, Gobbens et
al. [8] proposed the concept of multi-dimensional frailty, encompassing physi-
cal, psychological, and social dimensions. While previous research has focused
primarily on physical frailty and its association with ADL impairment [9], the
relationship between psychological and social frailty and ADL impairment re-
mains unclear. Relative to physical frailty, psychological and social frailty may
be more amenable to non-pharmacological interventions, making exploration
of their associations with ADL impairment crucial for health promotion. This
study examines rural elderly in Guizhou Province to investigate the relationship
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between multi-dimensional frailty and ADL impairment.

Methods

Study Design and Participants This cross-sectional study was conducted
from July to September 2021 using data from the follow-up survey of the
“Guizhou Han-Bouyei Thyroid Function and Cognitive Function Cohort Study”
[National Natural Science Foundation of China (81860598)]. A multi-stage sam-
pling method was employed: first, two municipalities were randomly selected
from all prefecture-level cities in Guizhou Province; then one county/district
was randomly selected from each municipality; subsequently, five townships
were randomly chosen from each selected county/district, and three administra-
tive villages from each township. All permanent residents in the selected villages
were invited to participate (n=1,298).

Inclusion criteria: (1) local residence for more than six months; (2) age $ $60
years; (3) signed informed consent and ability to complete examinations and
questionnaires. Exclusion criteria: (1) severe mental illness; (2) severe vi-
sual/hearing impairment or aphasia preventing survey completion. The study
was approved by the Guizhou Medical University Ethics Committee (Approval
No. 2018-092).

Data Collection After obtaining informed consent, trained interviewers con-
ducted face-to-face interviews and completed questionnaires on participants’
behalf. The questionnaire included: (1) basic demographics (sex, age, ethnic-
ity, education, marital status, chronic disease status); (2) Chinese version of the
Tilburg Frailty Indicator (TFI) [8]; (3) ADL scale [10]; and (4) Chinese version
of the Pittsburgh Sleep Quality Index (PSQI) [11].

Multi-dimensional Frailty Assessment: The TFI scale, developed by Gob-
bens et al. [8] and translated into Chinese by Xi et al. [12], assesses three di-
mensions: (1) Physical frailty (8 items: self-rated health, weight loss, walking
ability, balance, vision, hearing, grip strength, fatigue); (2) Psychological frailty
(4 items: memory decline, depressive symptoms, anxiety, coping ability); and
(3) Social frailty (3 items: living alone, lack of social relationships, reduced so-
cial support). Items are dichotomously scored, with total scores ranging from
0-15. Multi-dimensional frailty is defined as total score $ $5; dimension-specific
frailty is defined as physical score $ $3, psychological score $ $2, or social score
$ $2 [13]. In this study, the scale demonstrated a Cronbach’s a coefficient of
0.662 and KMO value of 0.713.

ADL Assessment: The ADL scale, comprising both Basic ADL (BADL) and
Instrumental ADL (IADL) components, evaluates 14 items related to daily self-
care and social activities [10]. Each item is scored 1-4: 1=%can do indepen-
dently,” 2=“with some difficulty,” 3=“needs assistance,” and 4=“unable to do.”
Total scores range from 14-56, with higher scores indicating greater impairment.
An item score $ $2 indicates impairment in that activity; BADL or TADL im-
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pairment is defined as $ $1 impaired item within the respective domain, and
ADL impairment is defined as impairment in either BADL or TADL [14].

Sleep Quality Assessment: The PSQI scale, translated and revised by Liu et
al. [15], assesses sleep quality over the past month across seven domains (total
score 0-21), with scores <7 indicating good sleep quality and $ $7 indicating
poor sleep quality [11].

Quality Control During preparation, the questionnaire was refined through
pilot testing and expert review, with interviewers receiving standardized train-
ing. During implementation, interviewers strictly followed protocols. During
data processing, unclear responses were verified with interviewers or partici-
pants. Data were double-entered using EpiData 3.1, with consistency checks
performed to ensure accuracy.

Statistical Analysis Data were analyzed using SPSS 20.0. Continuous vari-
ables with normal distribution were expressed as mean+SD, and categorical
variables as percentages. Chi-square tests compared ADL impairment preva-
lence across participant characteristics. Binary logistic regression analyzed the
effects of frailty on ADL impairment. Population attributable risk percentages
(PARc%) were calculated using Bruzzi’s formula [16]: PARc% = 1 - 3(Pj/Rj),
where Pj represents the proportion of cases in stratum j and Rj represents the
adjusted relative risk in stratum j. Statistical significance was set at a=0.05
(two-tailed).

Results

Participant Characteristics Among 1,298 participants, 536 (41.29%) were
male and 762 (58.71%) female, with ages ranging from 60-96 years (mean
72.7$+$6.3). Ethnic distribution included 680 (52.39%) Han and 618 (47.61%)
non-Han individuals. Education levels: 969 (74.65%) illiterate/semi-illiterate,
207 (15.95%) primary school, and 122 (9.40%) junior high school or above. Mar-
ital status: 822 (63.33%) married, 476 (36.67%) unmarried/widowed/divorced.
Chronic diseases were present in 756 (58.24%) participants. Sleep quality was
good in 871 (67.10%) and poor in 427 (32.90%). Multi-dimensional frailty was
present in 382 (29.43%), physical frailty in 319 (24.58%), psychological frailty in
567 (43.68%), and social frailty in 69 (5.32%). ADL impairment was observed
in 498 (38.37%), BADL impairment in 40 (3.08%), and IADL impairment in
494 (38.06%).

ADL Impairment Prevalence by Participant Characteristics ADL im-
pairment prevalence differed significantly by sex, age, education, marital status,
and sleep quality (P<0.05). TADL impairment prevalence differed significantly
by sex, age, ethnicity, education, marital status, and sleep quality (P<0.05).
BADL impairment prevalence differed significantly by age, chronic disease sta-
tus, and sleep quality (P<0.05). ADL and IADL impairment rates differed
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significantly between those with and without multi-dimensional frailty, physi-
cal frailty, psychological frailty, and social frailty (P<0.05). BADL impairment
rates differed significantly between those with and without multi-dimensional
frailty, physical frailty, and psychological frailty (P<0.05), but not between
those with and without social frailty (P>0.05) .

Binary Logistic Regression Analysis Using ADL, TADL, and BADL im-
pairment as dependent variables (no=0, yes=1), and multi-dimensional frailty,
physical frailty, psychological frailty, and social frailty as independent vari-
ables (no=0, yes=1), with sex (female=0, male=1), age (60-69=1, 70-79=2,
80+=3), education (illiterate/semi-illiterate=1, primary=2, junior high+=3),
marital status (unmarried=0, married=1), and sleep quality (good=0, poor=1)
as covariates, binary logistic regression models revealed that multi-dimensional
frailty, physical frailty, and psychological frailty significantly affected ADL,
IADL, and BADL impairment (P<0.05). Social frailty showed no significant
effect on any ADL domain (P>0.05) .

Population Attributable Risk Amnalysis Further analysis of population
attributable risk showed multi-dimensional frailty had the greatest impact on
BADL impairment [PARc% (95%CI) = 24.6 (19.1, 27.1)]. Psychological frailty
demonstrated substantial attributable risk for ADL, BADL, and TADL impair-
ment [PARc% (95%CI) = 18.4 (12.1, 24.5), 23.6 (3.2, 33.7), and 19.4 (12.4,
24.7), respectively] .

Discussion

This study found a multi-dimensional frailty prevalence of 29.43% among rural
elderly in Guizhou, lower than rates reported in other Chinese regions such
as Harbin [17], possibly due to our rural sample’s engagement in agricultural
activities. Notably, psychological frailty prevalence (43.68%) exceeded physical
(24.58%) and social frailty (5.32%), highlighting the need for attention to mental
health in this population.

Consistent with previous research, physical frailty significantly affected ADL,
BADL, and TADL impairment [18,19], with the strongest effect on BADL. While
social frailty showed no significant association—possibly due to simpler social
networks in rural settings limiting its health impact—psychological frailty sig-
nificantly affected all ADL domains. This may be because psychological frailty
components (subjective memory decline, depression, anxiety) are established
ADL impairment risk factors [20-22], and psychologically frail elders exhibit re-
duced physical activity, a strong behavioral predictor of ADL impairment [23].

Population attributable risk analysis revealed that psychological frailty con-
tributed more substantially to disability than physical frailty, underscoring its
importance for prevention. This contrasts with some studies [24] that found no
association between psychological frailty and ADL impairment, possibly because
rural elderly may be more sensitive to psychological factors’ health effects [25].
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However, this cross-sectional design cannot establish temporal relationships or
causality. Additionally, the sample was limited to rural Guizhou, potentially
restricting generalizability. Future prospective cohort studies with broader geo-
graphic representation are needed.

In conclusion, multi-dimensional frailty, particularly physical and psychological
dimensions, significantly impacts ADL impairment among rural elderly, with
psychological frailty representing a major attributable risk factor. Given that
multi-dimensional frailty is preventable and reversible, especially psychological
frailty, rural healthcare providers should implement routine screening and tar-
geted interventions to reduce disability risk.
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