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ABSTRACT

Objectives To investigate the status of sleep disorders
and their association with comprehensive frailty in the
community-dwelling older adults.

Design A cross-sectional study.

Setting Six community healthcare centres in Xi’an City,
Northwest China.

Participants A total of 2647 community-dwelling older
adults completed the study.

Primary and secondary outcome measures The
primary outcomes included frailty and sleep disorders,
measured with the Comprehensive Frailty Assessment
Instrument and Pittsburgh Sleep Quality Index (PSQI),
respectively. The secondary outcomes were potential
factors associated with frailty.

Results The participants averaged 5.23+2.94 in the total
score of the PSQI, with a poor sleep quality prevalence

of 19.9%. Individuals with poor sleep quality are more
likely to have mild and high frailty, with an OR of 1.64
and 2.81, respectively. Both shortened (<5 hours) and
prolonged (>8 hours) sleep duration are associated with
higher level of frailty. Poor overall sleep, poor subjective
sleep quality, extended sleep latency, sleep disturbances,
use of sleeping medication and daytime dysfunction were
associated with higher level of frailty (with a correlational
coefficient of 0.237, 0.201, 0.223, 0.197, 0.087 and 0.378,
respectively).

Conclusion Sleep disorders are common problems
among community-dwelling older adults, the severity of
which rises with the increase in frailty level. Poor overall
sleep quality, poor subjective sleep quality, extended sleep
latency, sleep disturbances, daytime dysfunction and
abnormal sleep duration are associated with frailty.

INTRODUCTION

Frailty is a common geriatric syndrome phys-
ically characterised by declines in function
and reserves across multiple physiological
systems, accompanied by increased vulner-
ability to stressors.' > Despite the ongoing
debates on the operative definition of
frailty, the conceptual framework of phys-
ical phenotype and accumulation of age-
related deficits are currently dominating

STRENGTHS AND LIMITATIONS OF THIS STUDY

= A large-scale multicentred survey was conducted,
which enhanced the sample representativeness and
the accuracy of estimates.

= Multiple statistical analysis strategies were em-
ployed to examine the association between frailty
and sleep disorders, the consistent results of which
improved the reliability of the association.

= Due to the nature of a cross-sectional design, a
causal relationship between frailty and sleep disor-
ders could not be established.

the field.?? Instruments developed based on
these two concepts, such as the Frailty Pheno-
type, FRAIL (Fatigue, Resistance, Ambula-
tion, Illnesses and Loss of weight) scale and
Frailty Index, measure frailty with the presen-
tation of definable clinical manifestations.' *
However, the chronic nature of the condition
highlights the necessity of a comprehensive
frailty concept comprising multidimensional
constructs.

With the accumulation of research
evidence, Gobbens and colleagues proposed
an integral conceptual model of frailty and
developed the Tilburg Frailty Indicator, an
instrument that measures frailty from phys-
ical/physiological, psychological and social
perspectives.” ® Individuals with frailty spend
the majority of their time in the community,
thus their surrounding environment could
play an important role in the development
and progression of frailty. Under this back-
ground, the Comprehensive Frailty Assess-
ment Instrument (CFAI) was developed to
measure frailty with environmental indicators
in addition to physical, psychological and
social domains.” A comprehensive assessment
of frailty regards an individual as a social integ-
rity and facilitates targeted management.

As frailty is an ageing-related condition, the
rapidly accelerating population ageing has
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made frailty a worldwide health concern. The reported
prevalence of frailty in different studies was highly hetero-
geneous due to the difference in study setting and assess-
ment instrument. The pooled prevalence of frailty was
estimated to exceed 10% among community-dwelling
older adults, and this figure tripled when confined to
comprehensive frailty.” ¥ The burden of frailty is also
highlighted by its significant association with a spectrum
of adverse health outcomes, such as increased risk of
falls, fractures, cognitive declines, emotional disorders,
social isolation, hospitalisation and compromised health-
related quality of life.! '’ The research evidence suggests
that frailty could increase the mortality rate of older
adults by up to 50%."

Sleep plays fundamental biological functions for
human bodies, allowing for the maintenance, repair
and building of the body. High-quality sleep promotes
growth and development and improves cognitive perfor-
mance and psychological well-being.'” Unfortunately, a
large proportion of older adults are suffering from sleep
disorders, and thus become vulnerable to the subsequent
consequences, ranging from microstructural abnormality
to increased mortality, through multiple functional
declines."*"’

Among the various associated factors of frailty, sleep
disorders have been frequently identified as the key
contributors to the condition. Research evidence has
consistently shown an association between sleep quality
and frailty.'”® ' Both shortened and prolonged sleep
duration could increase the risk of frailty.* *! In a large-
scale prospective cohort study, individuals maintaining a
comprehensive healthy sleep pattern, defined as a sleep
duration of 7-8hours/day without insomnia or snoring,
were reported to be less likely to demonstrate worsening
frailty status and more likely to demonstrate improving
frailty during a median follow-up period of 8 years.*
Based on the analysis of 1022 participants who have
been followed for up to 16 years in the Rush Memory
and Ageing Project, Cai et al found that several patterns
of circadian rest-activity disturbances, such as decreased
rhythm strength, reduced stability and increased varia-
tion of cycle length, are associated with an increased risk
of incident frailty and accelerated progress of frailty over
time.” The potential association between other patterns
of sleep disorders, such as insomnia symptoms, excessive
daytime sleepiness, prolonged sleep latency, low sleep
efficiency, disturbed sleep-wake pattern and sleep disor-
dered breathing, and increased level of frailty has also
been reported in the literature.”” ** However, such asso-
ciations are inconclusive until further sound evidence is
available."®

Despite the flourishing evidence regarding the status of
sleep disorders and their association with frailty among
older adults, the remaining research gaps make further
investigations guaranteed. On the one hand, relevant
studies are still lacking, especially studies based on the
analysis of large-scale cross-sectional data, rather than
retrospective data, as well as studies focused on other

patterns of sleep disorders as abovementioned. On the
other hand, in the majority of existing studies, frailty was
measured with exclusively physical-origin instruments,
making the investigation on the association between sleep
disorders and comprehensive frailty unfeasible.'® ** **
Thus, this large-scale cross-sectional study was conducted
with the objectives to investigate the status of sleep disor-
ders and their association with comprehensive frailty,
as measured with the CFAI in the community-dwelling
older adults.

METHODS
The reporting of this study adhered to the Strengthening
the Reporting of Observational Studies in Epidemiology

statement.”

Study design, setting and participants

This is a multicentre cross-sectional study conducted in
six community healthcare centres in Xi’an City, a metrop-
olis in Northwestern China, from March to August 2021.
The community healthcare centres in China are public
institutions established to provide primary healthcare
services to the citizens in defined regions. The duties
include building health records, providing basic medical
treatments, implementing health prevention strategies,
organising health education, regular health check-ups
and home visits, etc.

The target population was community-dwelling older
adults. The inclusion criteria for eligibility were (1)
aged>60 years; (2) had a health record in the community
healthcare centres; (3) had sufficient communication
ability and (4) consented to participation. Individuals
were excluded in the following conditions: (1) received
hospitalised treatments in the preceding month; (2)
during the recovery period of a surgery or an accident
that limits mobility (eg, fracture) and (3) with a clinical
diagnosis of mental disorders, malnutrition or malignant
cancer.

The research participants were sampled from the six
research sites using simple random sampling method. The
sample size calculation formula for correlational studies
was used to determine the sample size: N = ((Z,  ,+Z
13/2)/C) + 3.2 In the formula, C=0.5 x In((1+4r)/(1-1)).
A minimum of weak correlation (r=0.2-0.4) between
sleep quality and frailty was expected in this study.”” Take
0=0.05and PB=0.2, a minimum number of 200 partici-
pants was required in this study. This study is based on a
secondary analysis of the data from a prevalence study that
scheduled 3000 participants, which accounts for 1.6%o
of the population aged>60 years (1.88million) in Xi’an
City.”®* All available data were included in the current
analysis to improve the precision of statistical estimates.

1-

Measures

Socio-demographic and health-related information

A self-designed socio-demographic and health-related
information sheet was used to collect data from the
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research participants. The socio-demographic informa-
tion included age, gender, marital status, educational level
and living status. Health-related information included
body mass index (BMI), types of medication taken,
comorbid chronic diseases (with a clinical diagnosis) and
number of hospitalisations in the preceding 12 months.

Frailty

The CFAI was employed to measure frailty.7 % The
23-item CFAI is a comprehensive frailty assessment instru-
ment developed based on the integral conceptual model,
measuring the condition from the physiological, psycho-
logical, social and environmental domains. For the phys-
iological domain, the participants are asked to indicate
how long they have been hampered by their health status
in performing the following activities: ‘Less demanding
activities like carrying shopping bags’, ‘Walking up a hill
or stairs’, ‘Bending or lifting’ and ‘Going for a walk’.
The answers and scoring options are O=‘not at all’, 1=*3
months or less” and 2=‘more than 3 months’, resulting in
a sum ranging from 0 to 8.

The psychological domain consists of two measure-
ments. The first measurement is mood disorders which
are assessed with the following five propositions: ‘Feeling
unhappy’, ‘Losing self-confidence’, ‘Unable to cope with
problems’, ‘Feeling pressure’ and ‘Feeling worth nothing
anymore’. The answer and scoring options are 0=‘not at
all’, 1=‘not more than usual’, 2=‘more than usual’ and
3=‘considerably more than usual’. Adding these scores
could result in a sum score of 0-15. The other measure-
ment is emotional loneliness assessed with the following
three propositions: ‘I experience a general sense of
emptiness’, ‘I miss having people around me’ and ‘I often
feel rejected’. The answer and scoring options are: 0=‘1
completely disagree’, 1= disagree’, 2=‘1 neither agree
nor disagree’, 3=1 agree’ and 4=‘1 completely agree’.
Adding the item scores results in a sum score of 0-12.

The social domain consists of social loneliness and
social support network. Social loneliness is measured
through three propositions: ‘There are plenty of people
I can lean on when I have problems’, “There are many
people I can trust completely’ and ‘There are enough
people I feel close to’. As these propositions are positively
stated, the scoring options are reversed as 4= completely
disagree’, 3=‘1 disagree’, 2=‘I neither agree nor disagree’,
1=T agree’ and 0=1 completely agree’, with a sum score

ranging from 0 to 12. Furthermore, the participants are
asked which of the following persons they could rely
on for help if necessary: partner, son, daughter-in-law,
daughter, son-in-law, grandchildren, brother or sister (-in-
law), family, neighbours and friends. For each source of
social support, the respondent can rely on a score of 0
if assigned; otherwise, the score is 1. Therefore, the sum
score of the social support network is between 0 and 10.

For the environmental domain, five propositions are
used to assess the respondent’s actual housing and envi-
ronmental conditions: ‘My house is in a bad condition’,
‘My house is not comfortable’, ‘It is difficult to heat my
house’, “There is insufficient comfort in my house’ and ‘I
do not like the neighbourhood’. The answer and scoring
options are: 0= completely disagree’, 1=1 disagree’,
2=‘1 neither agree nor disagree’, 3=‘1 agree’ and 4=1
completely agree’ and the sum score ranges from 0 to 20.

Based on a standard scoring algorithm (table 1), equal
weight was given to each domain, with the maximum
domain scores of 25 and total score of 100. Higher scores
indicate a higher level of frailty. A total score of 0-21.9,
22.0-38.8 and 38.9-100.0 is classified as no-low, mild and
high frailty, respectively.”’ The original version of the CFAI
showed good internal consistency reliability (Cronbach’s
0=0.812) and construct validity.” The Chinese version of
the instrument exhibited acceptable psychometric prop-
erties among community-dwelling older adults. *'

Sleep disorders

The Pittsburgh Sleep Quality Index (PSQI) was employed
to identify sleep disorders.” The 19-item PSQI assesses
the informants’ overall sleep quality and disturbance
during the past month. Following a standard scoring
algorithm, the 19 items can generate seven component
scores and a global score. The possible range of the PSQI
total score is 0-21, with higher scores indicating poorer
sleep quality. A total score of >7 is regarded as poor sleep
quality for the Chinese population. Both the original and
Chinese versions of the PSQI are of sufficient reliability
and validity.**

Procedures and ethical considerations

On the completion of sampling, the research assistants
from the community healthcare centres contacted the
eligible individuals via phone calls, introduced the study
objectives and procedures, and invited them to join.

Table 1

Scoring algorithm for calculating the domain and total scores of the CFAI

CFAIl domains Scoring algorithm

Physiological domain
Psychological domain
Social domain
Environmental domain

Total score Sum of the domain scores

CFAIl, Comprehensive Frailty Assessment Instrument.

(sum of physical domain items)x25/8
(sum of mood disorder items)x12.5/15 + (sum of emotional loneliness items)x12.5/12

(sum of psychological domain)x25/20

(sum of social loneliness items)x12.5/12 + (sum of social support network items)x12.5/10

Yu X, et al. BMJ Open 2025;15:e088030. doi:10.1136/bmjopen-2024-088030



Home visits were arranged with interested participants,
during which they were provided with an information
sheet that outlined the key study details. Written informed
consent was obtained from the participants before the
commencement of data collection. Subsequently, objec-
tive variables were measured by independent physical
examiners from the research sites while subjective data
were collected by trained investigators via individual
face-to-face interviews. The investigators simultaneously
entered the participants’ data into an online electronic
questionnaire. Input of responses to key questions/items
was set as compulsory and limited to rational ranges, so
that valid questionnaires could be maximised. Training
and competency assessments were arranged before the
study to minimise information bias and maximise inter-
rater consistency.

The study obtained permissions from the participating
community healthcare centres. An information sheet
detailing the study was provided to the participants.
Written informed consent forms were obtained before
data collection. The participants’ rights and safety were
protected by adhering to the Declaration of Helsinki,
local laws and institutional policies.

Statistical analysis plan

The IBM SPSS V.24.0 was used for data analysis. Contin-
uous data were described as mean+SD when normally
distributed, while categorical data as n (%). One-way
analysis of variance and y” test were used, where appro-
priate, to compare the difference in socio-demographic
and health-related variables and sleep disorders across
different levels of frailty. Multinomial logistic regression
with the adjustment of potential confounding variables
was employed to examine the independent associa-
tion between sleep quality and frailty. Existing evidence
suggested that both shortened and prolonged sleep dura-
tion are associated with frailty;*” *® therefore, sleep dura-
tion in this study was categorised as normal (5-8 hours),
shortened (<bhours) or prolonged (>8hours) based
on the absolute night sleep time, and examined for the
independent association with frailty using adjusted multi-
nomial logistic regression. The Pearson correlation anal-
ysis was employed to investigate the correlation between
scores in the PSQI (total score and domain scores except
the sleep duration domain) and the total score in the
CFAI The statistical significance level for all inferential
statistics was set to 0i=0.05, two-sided.

Patient and public involvement

Patients and/or the public were not involved in the
design, or conduct, or reporting, or dissemination plans
of this research.

RESULTS

Participants’ recruitment

A total of 3923 potentially eligible individuals were
approached to recruit the scheduled 3000 participants,

representing a response rate of 76.5%. The main reasons
for refusing to participate were no interest, schedule
conflict and lack of time. After screening, 2647 (88.2%)
valid questionnaires remained and were included in the
statistical analyses.

Socio-demographic and health-related characteristics and
frailty status of the samples

The average age of the research participants was
68.59+6.13 years. Women accounted for 58.9% of the
samples. More than half of the participants were with
abnormal body weight based on the classification of BMI.
Around 90% of the participants had chronic diseases, of
which hypertension was the most commonly reported
condition. Approximately one-quarter of the participants
were hospitalised in the preceding 12 months.

The participants averaged 27.77+10.13 in the total
score of the CFAI. According to the classification criteria,
1478 (55.8%) and 390 (14.8%) of the participants were
with mild and high comprehensive frailty, respectively.
The detailed socio-demographic and health-related char-
acteristics and frailty status of the samples are presented
in table 2.

Sleep disorders among community-dwelling older adults

The participants scored 5.23+2.94 in the total score of
the PSQI, with a poor sleep quality prevalence of 19.9%.
Of the total sample, 3.2% and 12.5% had shortened and
prolonged sleep duration, respectively (table 3).

There are significant differences in the PSQI total score,
the PSQI domain scores and the prevalence of poor sleep
quality and abnormal sleep duration across different
levels of frailty, suggesting a gradually rising tendency in
the severity of sleep disorders with the increase of frailty
level (table 3).

The association of sleep disorders with frailty among
community-dwelling older adults

The results of multinomial logistic regression showed
that older adults with poor sleep quality are more likely
to have mild and high frailty after the adjustment of
potential confounding variables, with an OR of 1.61 and
2.64, respectively (table 4). Similarly, older adults with
shortened sleep duration are at a higher risk of having
mild frailty (OR: 2.62), while those with prolonged sleep
duration are at a higher risk of having mild and high
frailty compared with their counterparts with normal
sleep duration, with an OR of 1.39 and 1.64, respectively
(table 5).

The result of Pearson correlation analysis demon-
strated a positive correlation between the total score of
the PSQI and CFAI (r=0.237, p<0.001), indicating a signif-
icant association of poor sleep quality with a higher level
of frailty. Poor subjective sleep quality, extended sleep
latency, sleep disturbances, use of sleeping medication
and daytime dysfunction were also found to be associated
with a higher level of frailty (table 6).
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Table 2 Socio-demographic and health-related characteristics of the total samples and the comparison between different

levels of frailty (n=2647)

Total samples

Intergroup comparison

No-low frailty group

Mild frailty group

High frailty group

(n=2647) (n=779) (n=1478) (n=390)

Variables MeanzSD/n (%) MeanxSD/n (%) Meanz=SD/n (%) Meanz=SD/n (%) P value

Age (years) 68.59+6.13 67.03+5.61 68.97+6.14 70.29+6.41 <0.001*

Gender
Female 1560 (58.9) 417 (53.5) 904 (61.2) 239 (61.3) 0.001t
Male 1087 (41.1) 362 (46.5) 574 (38.8) 151 (38.7)

Marriage status
Married 2293 (86.6) 686 (88.1) 1289 (87.2) 318 (81.5) 0.005t
Unmarried/divorced/widowed 354 (13.4) 93 (11.9) 189 (12.8) 72 (18.5)

Educational level
Primary school or below 628 (23.7) 156 (20.0) 349 (23.6) 123 (31.5) <0.001t
Middle school 955 (36.1) 283 (36.3) 547 (37.0) 125 (32.1)

High school 821 (31.0) 255 (32.7) 447 (30.2) 119 (30.5)
College or above 243 (9.2) 85 (11.0) 135 (9.1) 23 (5.9)

Living status
Empty nesters 596 (22.5) 165 (21.2) 327 (22.1) 104 (26.7) 0.092t
Non-empty nesters 2051 (77.5) 614 (78.8) 1151 (77.9) 286 (73.3)

BMI (kg/m?) 23.91+3.13 23.95+3.10 23.99+3.11 23.55+3.27 0.047*
BMI<18.5, underweight 94 (3.6) 19 (2.4) 50 (3.4) 25 (6.4) 0.013t
18.5<BMI<24, normal body weight 1281 (48.4) 396 (50.8) 700 (47.4) 185 (47.4)
24<BMI<28, overweight 1034 (39.1) 292 (37.5) 589 (39.9%) 153 (39.2)

BMI>28, obese 238 (8.9) 72 (9.3) 139 (9.3) 27 (7.0)

Comorbid chronic diseases
Yes 2371 (89.6) 699 (89.7) 1329 (89.9) 343 (87.9) 0.519t
No 276 (10.4) 80 (10.3) 149 (10.1) 47 (12.1)

Hypertension
Yes 1209 (45.7) 331 (42.5) 680 (46.0) 198 (50.8) 0.0261
No 1438 (54.3) 448 (57.5) 798 (54.0) 192 (49.2)

Diabetes
Yes 479 (18.1) 133 (17.1) 276 (18.7) 70 (17.9) 0.6411
No 2168 (81.9) 646 (82.9) 1202 (81.3) 320 (82.1)

Number of hospitalisations in the preceding 12 months
0 2021 (76.4) 637 (81.8) 1112 (75.2) 272 (69.7) <0.001t
1 480 (18.1) 118 (15.1) 278 (18.8) 84 (21.5)

2 100 (3.8) 17 (2.2) 62 (4.2) 21 (5.4)
>3 46 (1.7) 7 (0.9 26 (1.8) 13 (3.3)

Frailty (CFAI)

CFAI_TOTAL 27.77+10.13 16.34+4.17 29.31+4.49 44.78+5.10 0.000*

CFAI_PHYS (physiological domain) 8.27+5.66 3.52+3.98 9.29+4.64 13.85+4.91 <0.001*
CFAI_PSYCH (psychological domain) 5.36+3.91 2.35+2.39 5.87+3.37 9.39+3.74 <0.001*
CFAI_SOC (social domain) 9.94+3.68 8.94+3.40 10.13+3.82 11.21£3.17 <0.001*
CFAI_ENV (environmental domain) 4.21+4.97 1.53+2.79 4.01+4.09 10.32+6.05 <0.001*

*One-way analysis of variance.
X

BMI, body mass index; CFAI, Comprehensive Frailty Assessment Instrument.
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Table 3 Sleep disorders of the total samples and the comparison between different levels of frailty (n=2647)

Intergroup comparison

Total sample

No-low frailty group

Mild frailty group High frailty group

Variable Mean=SD/n (%) Mean=SD/n (%) Mean=SD/n (%) Mean=SD/n (%) P value
PSQI total score 5.23+2.94 4.48+2.64 5.29+2.90 6.49+3.16 <0.001*
Normal sleep quality (<7) 2112 (80.1) 676 (87.0) 1168 (79.4) 268 (68.7) <0.001t
Poor sleep quality (>7) 526 (19.9) 101 (13.0) 303 (20.6) 122 (31.3)
Subjective sleep quality 1.13+0.67 0.96+0.62 1.15+0.67 1.36+0.68 <0.001*
Sleep latency 1.04+0.83 0.80+0.78 1.09+0.82 1.31+0.87 <0.001*
Sleep duration 0.92+0.92 0.96+0.90 0.90+0.93 0.93+0.91 0.315*
Normal (5-8 hours) 2231 (84.3) 690 (88.6) 1226 (82.9) 315 (80.8) <0.001t
Shortened (<5 hours) 86 (3.2) 14 (1.8) 60 (4.1) 12 (8.1)
Prolonged (>8 hours) 330 (12.5) 75 (9.6) 192 (13.0) 63 (16.1)
Habitual sleep efficiency 0.55+0.94 0.53+0.95 0.55+0.95 0.54+0.90 0.838*
Sleep disturbances 0.94+0.43 0.85+0.46 0.95+0.39 1.08+0.47 <0.001*
Use of sleeping medication 0.11+0.47 0.07+0.37 0.11+0.47 0.20+0.64 <0.001*
Daytime dysfunction 0.54+0.71 0.30+0.54 0.53+0.68 1.06+0.86 <0.001*

*One-way analysis of variance.
+X2 Test.
PSQlI, Pittsburgh Sleep Quality Index.

DISCUSSION

This large-scale cross-sectional study showed a high prev-
alence of sleep disorders among community-dwelling
older adults. The results also supported the hypothesised
association between sleep disorders and comprehensive
frailty. Specifically, poor overall sleep quality, poor subjec-
tive sleep quality, extended sleep latency, sleep distur-
bances, use of sleeping medication, daytime dysfunction
and shortened and prolonged sleep duration are found to
be associated with higher levels of comprehensive frailty.

Sleep disorders are common among community-dwelling
older adults
Sleep disorders are detrimental to individuals at all age
groups due to the association with a wide range of adverse
health outcomes.” The result of this study indicated that
community-dwelling older adults are suffering from
various patterns of sleep disorders. In a recent large-scale
cross-sectional study conducted in China, community-
dwelling older adults averaged 5.33 in the total score
of the PSQI, indicating poor sleep quality. The result is
highly agreed with that of the current study.” Such find-
ings were also reported in studies originating from other
countries.”® " Similarly, the reported prevalence of poor
sleep quality among community-dwelling older adults in
existing studies is comparable to the figure in the current
study, which confirms the challenging situation of the
condition.” * Various factors could contribute to the
high prevalence of poor sleep quality among older adults,
such as chronic disease, medication taking, emotional
problems and social isolation.™

Both insufficient and excessive amounts of sleep
are associated with adverse health outcomes, such

as cardiovascular diseases, depressive symptoms and
increased all-cause mortality.'” * In the current study,
the average night sleep time of the participants was
7.10hours, which meets the international recommenda-
tions of 7-8hours every day for older adults.*’ However,
among the old adults involved in the current study, 3.2%
had a sleep duration of less than 5hours with another
12.5% slept more than 8 hours every night. The reported
prevalence of shortened and prolonged sleep duration in
different studies was highly heterogeneous, possibly due
to the difference in geographic region, ethnicity, specific
age group and measurement of sleep duration.**™**
Nevertheless, it is apparent that undesirable sleep dura-
tion is common among older adults.

Various patterns of sleep disorders are associated with higher
levels of frailty among community-dwelling older adults
Sleep disorders could have both direct and indirect effects
on frailty."®* On the one hand, sleep disorders could lead
to symptoms such as fatigue, unsteady gait and physical
inactivity, which are the featured manifestations of frailty.
On the other hand, sleep disorders could result in altered
metabolic and inflammatory pathways, such as decreased
levels of insulin-like growth factor-1 and increased level
of interlukin-6 and C-reactive protein, which are the
major mechanisms of frailty." *° Besides, multiple patterns
of sleep disorders could cause psychological and social
problems, such as depression and loneliness, which are
known contributors of frailty.

Poor sleep quality was found to be significantly associ-
ated with increased level of frailty in the current study. To
be specific, itwas indicated that community-dwelling older
adults with poor sleep quality are more likely to have mild
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Table 4 The adjusted multinomial logistic regression on the association between sleep quality and frailty (n=2647)

Level of frailty Independent variables OR 95% Cl P value
Mild frailty*
Sleep quality Poor (PSQI>7) 1.61 1.25 to 2.06 <0.001
Normal (PSQI<7) Reference - -
Age 1.06 1.04 to 1.07 <0.001
Gender Female 1.36 1.14to 1.64 <0.001
Male Reference = =
Marriage status Unmarried/divorced/widowed 0.85 0.64to 1.12 0.240
Married Reference - =
Educational level Primary school or below 1.21 0.86to 1.70 0.284
Middle school 1.19 0.87 to 1.63 0.285
High school 117 0.84 to 1.61 0.354
College or above Reference - -
BMI BMI<18.5, underweight 1.46 0.84 to0 2.53 0.178
24<BMI<28, overweight 1.13 0.94 to 1.37 0.205
BMI>28, obese 1.05 0.77 to 1.45 0.753
18.5<BMI<24, normal body weight  Reference - -
Hypertension Yes 1.06 0.88 to 1.26 0.562
No Reference - -
Number of hospitalisations in the 1 1.21 0.951t0 1.54 0.129
preceding 12 months
2 1.87 1.07 to 3.25 0.027
>3 2.03 0.87 to 4.77 0.103
0 Reference - -
High frailty*
Sleep quality Poor (PSQI>7) 2.64 1.94 to 3.60 <0.001
Normal (PSQI<7) Reference - -
Age 1.08 1.06 to 1.11 <0.001
Gender Female 1.28 0.95to 1.60 0.119
Male Reference = =
Marriage status Unmarried/divorced/widowed 1.20 0.84 to 1.71 0.322
Married Reference = =
Educational level Primary school or below 2.37 1.38 t0 4.08 0.002
Middle school 1.61 0.95 to 2.71 0.075
High school 1.93 1.14 10 3.27 0.015
College or above Reference - -
BMI BMI<18.5, underweight 2.65 1.39 to 5.05 0.003
24<BMI<28, overweight 1.09 0.83 to 1.42 0.554
BMI>28, obese 0.71 0.43t01.16 0.171
18.5<BMI<24, normal body weight  Reference - -
Hypertension Yes 1.24 0.96 to 1.60 0.104
No Reference - -
Number of hospitalisations in the 1 1.39 1.00to 1.93 0.047
preceding 12 months
2 2.38 1.21t0 4.68 0.012
>3 3.77 1.44 t0 9.87 0.007
Reference = =

*The reference is no-low frailty.

BMI, body mass index; PSQI, Pittsburgh Sleep Quality Index.
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Table 5 The adjusted multinomial logistic regression on the association between sleep duration and frailty (n=2647)

Level of frailty Independent variables OR 95% ClI P value
Mild frailty*
Sleep duration Shortened (<5 hours) 2.62 1.44 t0 4.78 0.002
Prolonged (>8hours) 1.39 1.05 to 1.86 0.024
Normal (5-8 hours) Reference - -
Age 1.06 1.04 to 1.07 <0.001
Gender Female 1.39 1.16to 1.67 <0.001
Male Reference = =
Marriage status Unmarried/divorced/widowed 0.81 0.62 to 1.07 0.146
Married Reference = =
Educational level Primary school or below 1.28 0.87to 1.74 0.235
Middle school 1.20 0.87 to 1.64 0.265
High school 1.18 0.86 to 1.63 0.304
College or above Reference - -
BMI BMI<18.5, underweight 1.45 0.83 to 2.51 0.190
24<BMI<28, overweight 1.12 0.92 to 1.35 0.265
BMI>28, obese 1.06 0.77 to 1.45 0.731
18.5<BMI<24, normal body weight Reference - -
Hypertension Yes 1.05 0.88 to 1.26 0.583
No Reference - -
Number of hospitalisations in the 1 1.24 0.98 to 1.59 0.077
preceding 12 months
2 1.96 1.13 t0 3.40 0.017
>3 2.19 0.94 to 5.12 0.071
0 Reference = =
High frailty*
Sleep duration Shortened (<5 hours) 1.89 0.84 to 4.24 0.122
Prolonged (>8hours) 1.64 1.13 to 2.38 0.009
Normal (5-8 hours) Reference - -
Age 1.08 1.06 to 1.11 <0.001
Gender Female 1.28 0.99 to 1.67 0.061
Male Reference - -
Marriage status Unmarried/divorced/widowed 1.16 0.81to 1.67 0.408
Married Reference - =
Educational level Primary school or below 2.53 1.48 t0 4.34 <0.001
Middle school 1.68 1.00 to 2.82 0.051
High school 2.01 1.19t0 3.39 0.009
College or above Reference - -
BMI BMI<18.5, underweight 2.65 1.40 to 5.05 0.003
24<BMI<28, overweight 1.07 0.82 to 1.40 0.635
BMI>28, obese 0.73 0.45to0 1.19 0.207
18.5<BMI<24, normal body weight Reference = =
Hypertension Yes 1.25 0.97 to 1.61 0.085
No Reference - -
Number of hospitalisations in the 1 1.44 1.04 to 1.99 0.028
preceding 12 months
2 2.48 1.27 t0 4.85 0.008
>3 4.42 1.70to 11.48 0.002
0 Reference — —

*The reference is no-low frailty.
BMI, body mass index.
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Table 6 The Pearson correlation analysis on the correlation
between sleep disorders and frailty (n=2638)

Frailty (CFAI)

Sleep quality (PSQI) R 95% ClI P value
Total score 0.237 0.201t00.273 <0.001
Subjective sleep quality 0.201 0.164t0 0.237 <0.001
Sleep latency 0.223 0.187t0 0.259 <0.001
Habitual sleep efficiency  0.005 -0.033 to 0.043 0.789
Sleep disturbances 0.197 0.160t0 0.233 <0.001
Use of sleeping medication 0.087 0.049to 0.125 <0.001
Daytime dysfunction 0.378 0.345t00.410 <0.001

CFAIl, Comprehensive Frailty Assessment Instrument; PSQl,
Pittsburgh Sleep Quality Index.

and high frailty, with an OR of 1.61 and 2.64, respectively.
Existing evidence tends to be consistently concurred with
the current study."* ™’ ***” A recent systematic review with
meta-analysis demonstrated that older adults with poor
sleep quality have 1.49-fold higher odds of being frail
compared with their counterparts.”” A similar conclu-
sion was also drawn in several earlier relevant systematic
reviews.'® ** The OR tended to be greater when investi-
gating the association with comprehensive frailty,* which
might be due to the accumulative effects of sleep quality
on the multiple domains of comprehensive frailty.*’

This study also showed that community-dwelling older
adults with both shortened and prolonged sleep dura-
tion are at a higher risk of being frail. Even though the
results of different studies are slightly heterogeneous, the
syntheses of available evidence tend to present a U-shar
association between sleep duration and frailty.*’ *' ** This
might be because older adults with perceived sleep prob-
lems are prone to report more symptoms of extreme sleep
duration. Nevertheless, it is worthy noticing that the oper-
ational definition of normal, shortened and prolonged
sleep duration varies greatly across studies. Thus, to estab-
lish a more precise pattern of association between sleep
duration and frailty, further studies with identical defini-
tion of sleep duration categories are worthwhile.

Both extended sleep latency and daytime dysfunc-
tion were demonstrated to be associated with frailty in
the current study, which is consistent with the findings
of recent evidence syntheses.” ** This study also showed
that poor subjective sleep quality and sleep disturbances
are associated with higher level of frailty. Such associ-
ations have also been reported in relevant studies.*” **
The associations between these patterns of sleep disor-
ders and frailty could be explained by two reasons. First,
individuals with the disorders are subjected to depres-
sive symptoms, which are known contributors of frailty.*
Additionally, drowsiness, which is among the manifesta-
tions of frailty, is usually a concomitant syndrome of these
sleep disturbances. Acknowledged that existing evidence
tends to support the associations between these patterns
of sleep disorders and frailty, cautions should be taken

when making the conclusion due to the limited quantity
of original studies.

A statistically significant but very weak association was
found between the use of sleeping medication and higher
level of frailty in the current study. Evidence on the associ-
ation between these two variables is quite rare. In recent
studies, the investigators reported that older adults who
have poor sleep quality in the domain of sleeping medi-
cation use are significantly more vulnerable to frailty.”"*!
This could be explained by the findings of many studies
that the risk of frailty rises with the number of medications
taken.” Differently, the small correlational coefficient in
the current study might be due to the employment of
a comprehensive frailty assessment. No association was
detected between habitual sleep efficiency and frailty
in the current study. Similar studies exhibited inconclu-
sive findings, which could be due to the difference in
ethnicity, specific age group of research participants and
the operational definition of frailty.*” * ** In view of the
scarcity of existing evidence and the inconsistent results
across studies, further investigations on the association
of sleeping medication use and habitual sleep efficiency
with frailty are worthwhile.

Strengths and limitations

This study has several notable strengths. For one thing, it
is among the few studies that investigated the correlation
between sleep quality and comprehensive frailty, the find-
ings of which generated new knowledge in the field. For
another, this study is featured with its large sample size
and the inclusion of multiple research sites, which could
improve the precision of estimates.

Despite these strengths, the findings of this study should
be interpreted with the caution of its limitations. First, causal
inference cannot be made due to the nature of a cross-
sectional study design. Second, all participants were from one
single city in Northwest China, which would downgrade the
generalisability of the findings. Third, the primary variables,
for example sleep disorders, were measured in a subjective
manner, which could introduce detection bias to the study.

Implications

Acknowledged that existing evidence tended to support the
association of sleep disorders with frailty among older adults,
further large-scale multicentred studies with longitudinal
designs are desirable before a causal relationship could be
substantially established. To enhance the internal validity of
future studies, researchers are encouraged to take advantage
of technology-enabled instruments to measure study vari-
ables more accurately, for example, using actigraphy or wear-
able devices to measure sleep disorders.

Although some physiological changes in sleep are a normal
part of the ageing process, sleep disorders should not be
regarded as an inherent part of the process. Instead, health-
care professionals should pay attention to improve the sleep
quality of older adults. As a modifiable factor, the improve-
ment of sleep quality possesses the potential to prevent or
even revert frailty.
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CONCLUSIONS

Sleep disorders are common problems among community-
dwelling older adults, the severity of which rises with the
increase in frailty level. Poor overall sleep quality, poor subjec-
tive sleep quality, extended sleep latency, sleep disturbances
and daytime dysfunction are associated with frailty. Both
shortened and prolonged sleep duration are associated with
frailty.

Author affiliations

"The Nursing Department, Shaanxi Provincial People’s Hospital, Xi'an, Shaanxi,
China

%Department of Hepatobiliary Surgery, Shaanxi Provincial People’s Hospital, Xi’an,
Shaanxi, China

SDepartment of Neurology, Shaanxi Provincial People’s Hospital, Xi'an, Shaanxi,
China

4Department of Surgery, Shaanxi Provincial People’s Hospital, Xi'an, Shaanxi, China
SCenter of Kidney Disease and Dialysis, Shaanxi Provincial People’s Hospital, Xi‘an,
Shaanxi, China

%Director’s Office, Shaanxi Provincial People’s Hospital, Xi’an, Shaanxi, China

"The Nursing Department, The Second Affiliated Hospital of Air Force Military
Medical University, Xi‘an, Shaanxi, China

Acknowledgements We appreciate the participating community healthcare
centres for the kind assistance and coordination. Special acknowledgement is given
to the research participants for their cooperation.

Contributors XY and YZ conceptualised and supervised the study. DW, LY, ZS
and JJ led the field study. XL, HW, YZ and QH coordinated and supervised the
implementation of the study. XY prepared the manuscript. LY critically revised the
manuscript. All authors approved the final manuscript. XY is responsible for the
overall content as guarantor.

Funding This study was granted by the Department of Science and Technology
of Shaanxi Province, P. R. China (reference identifier: 2022ZDLSF03-15;
2024SF-ZDCYL-01-11) and Shaanxi Provincial People’s Hospital (reference
identifier: 2022JY-19). The grant bodies played no role in the development and
implementation of the study and the interpretation of the findings.

Competing interests None declared.

Patient and public involvement Patients and/or the public were not involved in
the design, or conduct, or reporting or dissemination plans of this research.

Patient consent for publication Not applicable.

Ethics approval This study involves human participants and was approved by
Ethical Committee of the Shaanxi Provincial People’s Hospital, reference identifier:
2021-R001. Participants gave informed consent to participate in the study before
taking part.

Provenance and peer review Not commissioned; externally peer reviewed.

Data availability statement Data are available upon reasonable request. Data are
available upon reasonable requests by contacting the corresponding author through
the following email address: zhangyulian0307@126.com.

Open access This is an open access article distributed in accordance with the
Creative Commons Attribution Non Commercial (CC BY-NC 4.0) license, which
permits others to distribute, remix, adapt, build upon this work non-commercially,
and license their derivative works on different terms, provided the original work is
properly cited, appropriate credit is given, any changes made indicated, and the use
is non-commercial. See: http://creativecommons.org/licenses/by-nc/4.0/.

ORCID iD
Xingfeng Yu http://orcid.org/0000-0002-9353-7637

REFERENCES
1 Hoogendijk EO, Afilalo J, Ensrud KE, et al. Frailty: implications for
clinical practice and public health. Lancet 2019;394:1365-75.
2 Fried LP, Tangen CM, Walston J, et al. Frailty in older adults:
evidence for a phenotype. J Gerontol A Biol Sci Med Sci
2001;56:M146-56.

3

4

20

21

22

23

24

25

26

27

28

29

Rockwood K, Mitnitski A. Frailty in relation to the accumulation of
deficits. J Gerontol A Biol Sci Med Sci 2007;62:722-7.

Morley JE, Malmstrom TK, Miller DK. A simple frailty questionnaire
(FRAIL) predicts outcomes in middle aged African Americans. J Nutr
Health Aging 2012;16:601-8.

Gobbens RJ, Luijkx KG, Wijnen-Sponselee MT, et al. Toward a
conceptual definition of frail community dwelling older people. Nurs
Outlook 2010;58:76-86.

Gobbens RJJ, van Assen MALM, Luijkx KG, et al. The Tilburg

Frailty Indicator: psychometric properties. J Am Med Dir Assoc
2010;11:344-55.

De Witte N, Gobbens R, De Donder L, et al. The comprehensive
frailty assessment instrument: development, validity and reliability.
Geriatr Nurs 2013;34:274-81.

Almohaisen N, Gittins M, Todd C, et al. Prevalence of Undernutrition,
Frailty and Sarcopenia in Community-Dwelling People Aged 50
Years and Above: Systematic Review and Meta-Analysis. Nutrients
2022;14:1537.

Zhou Q, Li Y, Gao Q, et al. Prevalence of Frailty Among Chinese
Community-Dwelling Older Adults: A Systematic Review and Meta-
Analysis. Int J Public Health 2023;68:1605964.

Kojima G. Frailty as a Predictor of Future Falls Among Community-
Dwelling Older People: A Systematic Review and Meta-Analysis. J
Am Med Dir Assoc 2015;16:1027-33.

Hanlon P, Nicholl BI, Jani BD, et al. Frailty and pre-frailty in middle-
aged and older adults and its association with multimorbidity and
mortality: a prospective analysis of 493 737 UK Biobank participants.
Lancet Public Health 2018;3:€323-32.

Baranwal N, Yu PK, Siegel NS. Sleep physiology, pathophysiology,
and sleep hygiene. Prog Cardiovasc Dis 2023;77:59-69.

Lu L, Wang S-B, Rao W, et al. The Prevalence of Sleep Disturbances
and Sleep Quality in Older Chinese Adults: A Comprehensive Meta-
Analysis. Behav Sleep Med 2019;17:683-97.

Tsiknia AA, Parada H Jr, Banks SJ, et al. Sleep quality and sleep
duration predict brain microstructure among community-dwelling
older adults. Neurobiol Aging 2023;125:90-7.

Chang YH, Chen YC, Ku LJ, et al. Association between sleep health
and intrinsic capacity among older adults in Taiwan. Sleep Med
2023;109:98-103.

Li M, Wang N, Dupre ME. Association between the self-reported
duration and quality of sleep and cognitive function among middle-
aged and older adults in China. J Affect Disord 2022;304:20-7.
Svensson T, Saito E, Svensson AK, et al. Association of Sleep
Duration With All- and Major-Cause Mortality Among Adults in Japan,
China, Singapore, and Korea. JAMA Netw Open 2021;4.

Wai JT, Yu DF. The relationship between sleep-wake disturbances
and frailty among older adults: A systematic review. J Adv Nurs
2020;76:96-108.

Balomenos V, Ntanasi E, Anastasiou CA, et al. Association Between
Sleep Disturbances and Frailty: Evidence From a Population-Based
Study. J Am Med Dir Assoc 2021;22:551-8.

Sun R, Xie Y, Jiang W, et al. Effects of different sleep disorders

on frailty in the elderly: a systematic review and meta-analysis of
observational studies. Sleep Breath 2023;27:91-101.

Chen S, Wang Y, Wang Z, et al. Sleep Duration and Frailty Risk
among Older Adults: Evidence from a Retrospective, Population-
Based Cohort Study. J Nutr Health Aging 2022;26:383-90.

Zhu'Y, Fan J, Lv J, et al. Maintaining healthy sleep patterns and frailty
transitions: a prospective Chinese study. BMC Med 2022;20:354.
Cai R, Gao L, Gao C, et al. Circadian disturbances and frailty risk in
older adults. Nat Commun 2023;14:7219.

Pourmotabbed A, Boozari B, Babaei A, et al. Sleep and frailty

risk: a systematic review and meta-analysis. Sleep Breath
2020;24:1187-97.

von EIm E, Altman DG, Egger M, et al. Strengthening the
Reporting of Observational Studies in Epidemiology (STROBE)
statement: guidelines for reporting observational studies. BMJ
2007;335:806-8.

Hulley SB, Cummings SR, Browner WS, et al. Designing Clinical
Research: An Epidemiologic Approach. 4th edn. Philadelphia, PA:
Lippincott Williams & Wilkins, 2013.

Wang D, Ma Y. Multivariate statistical analysis and application of
SPSS. 2nd edn. Shanghai: East China University of Science and
Technology Press, 2018.

Yu X, Shi Z, Wang D, et al. Prevalence and associated factors of
frailty among community dwelling older adults in Northwest China: a
cross-sectional study. BMJ Open 2022;12:e060089.

Xi’an Municipal Bureau of Statistics, National Bureau of Statistics
Survey Office in Xi’an. Xi’an Statistical Yearbook 2023. Beijing: China
Statistics Press, Beijing Info Press, 2024.

10

Yu X, et al. BMJ Open 2025;15:2088030. doi:10.1136/bmjopen-2024-088030


http://creativecommons.org/licenses/by-nc/4.0/
http://orcid.org/0000-0002-9353-7637
http://dx.doi.org/10.1016/S0140-6736(19)31786-6
http://dx.doi.org/10.1093/gerona/56.3.m146
http://dx.doi.org/10.1093/gerona/62.7.722
http://dx.doi.org/10.1007/s12603-012-0084-2
http://dx.doi.org/10.1007/s12603-012-0084-2
http://dx.doi.org/10.1016/j.outlook.2009.09.005
http://dx.doi.org/10.1016/j.outlook.2009.09.005
http://dx.doi.org/10.1016/j.jamda.2009.11.003
http://dx.doi.org/10.1016/j.gerinurse.2013.03.002
http://dx.doi.org/10.3390/nu14081537
http://dx.doi.org/10.3389/ijph.2023.1605964
http://dx.doi.org/10.1016/j.jamda.2015.06.018
http://dx.doi.org/10.1016/j.jamda.2015.06.018
http://dx.doi.org/10.1016/S2468-2667(18)30091-4
http://dx.doi.org/10.1016/j.pcad.2023.02.005
http://dx.doi.org/10.1080/15402002.2018.1469492
http://dx.doi.org/10.1016/j.neurobiolaging.2023.02.001
http://dx.doi.org/10.1016/j.sleep.2023.06.016
http://dx.doi.org/10.1016/j.jad.2022.02.039
http://dx.doi.org/10.1001/jamanetworkopen.2021.22837
http://dx.doi.org/10.1111/jan.14231
http://dx.doi.org/10.1016/j.jamda.2020.08.012
http://dx.doi.org/10.1007/s11325-022-02610-5
http://dx.doi.org/10.1007/s12603-022-1766-z
http://dx.doi.org/10.1186/s12916-022-02557-0
http://dx.doi.org/10.1038/s41467-023-42727-z
http://dx.doi.org/10.1007/s11325-020-02061-w
http://dx.doi.org/10.1136/bmj.39335.541782.AD
http://dx.doi.org/10.1136/bmjopen-2021-060089

30

31

32

33

34

35

36

37

38

39

40

41

42

Witte ND, Hoeyberghs L, Verte E, et al. The comprehensive frailty
assessment instrument enables to detect multidimensional frailty in
community dwelling older people. har 2018;07:1-6.

Wang K, Chen C, Li S. Reliability and Validity of Chinese Version of
Comprehensive Frailty Assessment Instrument. CJRT 2017;23:72-6.
Buysse DJ, Reynolds CF 3rd, Monk TH, et al. The Pittsburgh Sleep

Quality Index: a new instrument for psychiatric practice and research.

Psychiatry Res 1989;28:193-213.

Moreno-Tamayo K, Manrique-Espinoza B, Morales-Carmona E, et al.
Sleep duration and incident frailty: The Rural Frailty Study. BMC
Geriatr 2021;21:368.

K Pavlova M, Latreille V. Sleep Disorders. Am J Med 2019;132:292-9.

Cai Y, Xue Y, Li M, et al. Sleep quality and its influencing factors in
the elderly. Modern Preventive Medicine 2020;47:3174-8.

Joo HJ, Kwon KA, Shin J, et al. Association between sleep quality
and depressive symptoms. J Affect Disord 2022;310:258-65.
Denison HJ, Jameson KA, Sayer AA, et al. Poor sleep quality and
physical performance in older adults. Sleep Health 2021;7:205-11.
Shi WY, Guo MH, Du P, et al. Association of sleep with anxiety in the
elderly aged 60 years and older in China. Zhonghua Liu Xing Bing
Xue Za Zhi 2020;41:13-9.

Nelson KL, Davis JE, Corbett CF. Sleep quality: An evolutionary
concept analysis. Nurs Forum 2022;57:144-51.

Chen R, Chen Q, Lu G, et al. Sleep duration and depressive
symptoms in Chinese middle-aged and older adults: The moderating
effects of grip strength. J Affect Disord 2023;339:348-54.
Hirshkowitz M, Whiton K, Albert SM, et al. National Sleep
Foundation’s updated sleep duration recommendations: final report.
Sleep Health 2015;1:233-43.

Liu Y, Wheaton AG, Chapman DP, et al. Prevalence of Healthy Sleep
Duration among Adults--United States, 2014. MMWR Morb Mortal
Wkly Rep 2016;65:137-41.

43

44

45

46

47

48

49

50

51

52

Zhang XF, Liu F, Liu WP, et al. Relationship between sleep duration
and depressive symptoms in middle-aged and elderly people

in four provinces of China. Zhonghua Liu Xing Bing Xue Za Zhi
2021;42:1955-61.

Whinnery J, Jackson N, Rattanaumpawan P, et al. Short and long
sleep duration associated with race/ethnicity, sociodemographics,
and socioeconomic position. Sleep 2014;37:601-11.

Lu Z-X, Sang N, Liu R-C, et al. The causal relationship between
sleep disturbances and the risk of frailty: a two-sample Mendelian
randomization study. Eur J Ageing 2024;21:9.

Cohen Cl, Benyaminov R, Rahman M, et al. Frailty: A
Multidimensional Biopsychosocial Syndrome. Med Clin North Am
2023;107:183-97.

Xu L, Tao X, Lou Y, et al. Sleep quality, frailty and overall health
among community-dwelling older people: A longitudinal study. J Adv
Nurs 2024;80:328-38.

Sun XH, MaT, Yao S, et al. Associations of sleep quality and sleep
duration with frailty and pre-frailty in an elderly population Rugao
longevity and ageing study. BMC Geriatr 2020;20:9.

Yu J, Rawtaer |, Fam J, et al. Sleep correlates of depression

and anxiety in an elderly Asian population. Psychogeriatrics
2016;16:191-5.

Mizuno T, Godai K, Kabayama M, et al. Age Group Differences in the
Association Between Sleep Status and Frailty Among Community-
Dwelling Older Adults: The SONIC Study. Gerontol Geriatr Med
2023;9.

Arias-Fernandez L, Smith-Plaza AM, Barrera-Castillo M, et al. Sleep
patterns and physical function in older adults attending primary
health care. Fam Pract 2021;38:147-53.

Ensrud KE, Blackwell TL, Ancoli-Israel S, et al. Sleep disturbances
and risk of frailty and mortality in older men. Sleep Med
2012;13:1217-25.

Yu X, et al. BMJ Open 2025;15:e088030. doi:10.1136/bmjopen-2024-088030

11


http://dx.doi.org/10.12715/har.2018.7.13
http://dx.doi.org/10.1016/0165-1781(89)90047-4
http://dx.doi.org/10.1186/s12877-021-02272-0
http://dx.doi.org/10.1186/s12877-021-02272-0
http://dx.doi.org/10.1016/j.amjmed.2018.09.021
http://dx.doi.org/10.1016/j.jad.2022.05.004
http://dx.doi.org/10.1016/j.sleh.2020.10.002
http://dx.doi.org/10.3760/cma.j.issn.0254-6450.2020.01.004
http://dx.doi.org/10.3760/cma.j.issn.0254-6450.2020.01.004
http://dx.doi.org/10.1111/nuf.12659
http://dx.doi.org/10.1016/j.jad.2023.07.059
http://dx.doi.org/10.1016/j.sleh.2015.10.004
http://dx.doi.org/10.15585/mmwr.mm6506a1
http://dx.doi.org/10.15585/mmwr.mm6506a1
http://dx.doi.org/10.3760/cma.j.cn112338-20200930-01210
http://dx.doi.org/10.5665/sleep.3508
http://dx.doi.org/10.1007/s10433-024-00804-2
http://dx.doi.org/10.1016/j.mcna.2022.04.006
http://dx.doi.org/10.1111/jan.15790
http://dx.doi.org/10.1111/jan.15790
http://dx.doi.org/10.1186/s12877-019-1407-5
http://dx.doi.org/10.1111/psyg.12138
http://dx.doi.org/10.1177/23337214231205432
http://dx.doi.org/10.1093/fampra/cmaa085
http://dx.doi.org/10.1016/j.sleep.2012.04.010

	Sleep disorders and the association with frailty among community-­dwelling older adults in Northwest China: a cross-­sectional study
	Abstract
	Introduction﻿﻿
	Methods
	Study design, setting and participants
	Measures
	Socio-demographic and health-related information
	Frailty
	Sleep disorders

	Procedures and ethical considerations
	Statistical analysis plan
	Patient and public involvement

	Results
	﻿﻿Participants’﻿﻿ recruitment
	Socio-demographic and health-related characteristics and frailty status of the samples
	Sleep disorders among community-dwelling older adults
	The association of sleep disorders with frailty among community-dwelling older adults

	Discussion
	Sleep disorders are common among community-dwelling older adults
	Various patterns of sleep disorders are associated with higher levels of frailty among community-dwelling older adults
	Strengths and limitations
	Implications

	Conclusions
	References


