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and Huilan Xu*

Department of Social Medicine and Health Management, Xiangya School of Public Health, Central
South University, Changsha, China

Background: Sleep status, including sleep quality and nap duration, may be
associated with frailty and cognitive impairment in older adults. Older adults
living in nursing homes may be more prone to physical and cognitive frailties.
This study aimed to investigate the association between sleep quality and nap
duration, and cognitive frailty among older adults living in nursing homes.

Methods: This study included 1,206 older adults aged > 60 years from nursing
homes in Hunan province, China. A simple frailty questionnaire (FRAIL scale)
was used and Mini-Mental State Examination was conducted to assess physical
frailty and cognitive impairment, respectively, to confirm cognitive frailty. The
Pittsburgh Sleep Quality Index was used to assess the sleep quality. Nap
duration was classified as follows: no, short (<30 min), and long (>30min)
napping. Multinomial logistic regression was conducted to estimate the odds
ratio (OR) and 95% confidence interval (Cl).

Results: The prevalence of cognitive frailty among the older adults in nursing
homes was 17.5%. Approximately 60.9% of the older adults had a poor sleep
quality. Among the 1,206 participants, 43.9% did not take naps, 29.1% had
short naps, and 26.9% had long naps. After adjusting for all covariates, poor
sleep quality (OR 2.53; 95% CI 1.78-3.59; P < 0.001) and long nap duration
(OR 1.77; 95% Cl 1.19-2.64; P = 0.003) were associated with higher odds of
cognitive frailty, but short nap duration (OR 0.60; 95% C1 0.40-0.89; P =0.012)
was associated with low prevalence of cognitive frailty.

Conclusion: Poor sleep quality and long nap duration are significantly
associated with high risk of cognitive frailty among the older adults in nursing
homes. Short nap duration was associated with low prevalence of cognitive
frailty. However, these associations require further validation in older adults.

Clinical trial registration: https://osf.io/57hv8.
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Introduction

The process of global aging is accelerating, and the global
population of older adults is increasing with the development of
society and the improvement of medical technology. The family
pension system is the most traditional pension system in China,
but the family pension function cannot take on new functions
because of changes in Chinese family patterns (1). In addition,
older adults with lower self-care abilities tend to choose nursing
homes that can provide professional care because of poorer
health and increased life expectancy. Nursing homes in China
rely on social resources to provide institutional care for older
adults as a social welfare system (2). Therefore, an increasing
number of older adults will choose to live in nursing homes.

As a subtype of frailty (3), cognitive frailty has recently
become a new research direction in the field of modern
geriatric medicine. Cognitive frailty was first proposed by
an international consensus group in 2013, and it refers
to a heterogeneous clinical manifestation characterized by
simultaneous presence of both physical frailty and cognitive
impairment, excluding Alzheimer’s disease or other dementia
diseases (4). On this basis, Ruan et al. further refined the concept
of cognitive frailty in 2015, and cognitive impairment in their
definition was caused by physical pre-frailty and physical frailty
(5). Many studies have found that cognitive frailty is common
among older adults, although studies in this field are still in
the preliminary stage. Generally, the prevalence of cognitive
frailty in community-dwelling older adults is 9% (6), and that in
Chinese nursing homes is 27.1% (7). In addition, cognitive frailty
is associated with high risk of a range of adverse outcomes such
as malnutrition (8), negative emotional problems (9), disability
(10), and death (11).

It has become an academic consensus that sleep status is
related to the health of older adults, particularly sleep quality
and nap duration. A previous study showed that in nursing
home, the prevalence of poor sleep quality among older residents
is 60.3% (12). In Chinese nursing homes, the prevalence of
poor sleep quality among older adults is 67.3% (13). Sleep
problems have a significant impact on the functional status and
quality of life of older adults (14) and even increase the risk
of mortality (15). Naps are also an important component of
individual sleep status. A review of the literature showed that
the proportion of older adults taking naps ranges from 20 to
60% worldwide, and that it has exceeded 55% of older adults
in China (16). In addition, long nap duration, from numerous
studies, was associated with many adverse outcomes in older
adults, including depressive symptoms (17) and diabetes (18).

Current studies have explored factors related to cognitive
frailty in order to provide a theoretical basis for prevention.
It has been shown that various factors are associated with
cognitive frailty, such as physical activity (19) and nutrition
(20). Moreover, many studies have shown that both physical
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frailty and cognitive impairment are associated with sleep status,
including sleep quality (21, 22) and nap duration (23, 24). There
are still insufficient studies related to the association between
sleep status and cognitive frailty, except for a study on the
association of nighttime sleep duration with cognitive frailty
among community-dwelling older adults in 2021 (25). Few
studies have systematically investigated the association between
sleep quality and nap duration, and cognitive frailty among older
adults in nursing homes.

Sleep status plays an important role in health as a part of
people’s daily lives. Early screening and intervention have the
positive significance for the health of older adults, considering
that sleep status can be improved. Simultaneously, older adults
in nursing homes are a potential group of individuals with
cognitive frailty, because they are in the context of population
aging. And cognitive frailty is reversible (26). Therefore,
this study aimed to target older adults in nursing homes
in Hunan province and investigate the association between
sleep quality and nap duration, and cognitive frailty among
older adults. This study provides evidence for promoting
the physical and cognitive status of older adults in nursing
homes in the field of sleep health, including sleep quality and

nap duration.

Methods

Participants

In this study, a multistage sampling method was used to
select a representative sample of older adults in nursing homes
in Hunan province. First, we selected cities in western, northern,
southern, and central Hunan (i.e., divided by region): Huaihua,
Shaoyang, Changde, and Xiangtan cities. Subsequently, half
of the counties/districts in each city were randomly selected.
This study included all nursing homes in each selected
county/district, for a total of 15 nursing homes. Finally, all older
adults eligible for this study were recruited from selected nursing
homes. Older adults in the selected nursing homes were included
in our study if they met the following inclusion criteria: (1) age
60 years or older; (2) duration of entrance into nursing homes of
>3 months; and (3) communicated and voluntarily cooperated
to participate in this study. However, older adults were excluded
if they (1) were unconscious or comatose, (2) suffered from
severe illness (e.g., heart failure in stage IV, tumor with multiple
metastases, chronic renal failure in the uremic stage, and other
serious organic diseases), (3) had audiovisual impairment and
language communication difficulties, and (4) had Alzheimer’s
disease or other types of dementia.

This was a cross-sectional study, and the protocol was
registered on the Open Science Framework (Registration doi:
https://doi.org/10.17605/OSF.IO/57HVS).
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From July 2021 to December 2021, 1,565 older adults were
recruited for this study with the support of the Civil Affairs
Bureau. Among them, 29 participants lived for <3 months,
and 322 participants diagnosed with Alzheimer’s disease, and 8
participants with missing data. Finally, we included a total of
1,206 participants.

Measurements

Physical frailty assessment

We used a simple frailty questionnaire (FRAIL scale) to
assess the physical frailty of the participants (27). The scale has
5 items: fatigue, resistance, ambulation, illnesses, and loss of
weight. Dong et al. validated the Chinese version of the FRAIL
scale for older adults in China, and the results showed that it had
good sensitivity, specificity, test-retest reliability, and internal
consistency (28).

Each item is scored with 0-1 point, and they require a
“yes” or “no” answer which one point was given to any positive
response. Finally, the scores of all the items were accumulated,
and the total score range was 0-5 points. Physical frailty was
indicated when the total score on the FRAIL scale was >3 points,
and physical pre-frailty was indicated when the total score was 1
or 2 points.

Cognitive function assessment

Mini-Mental State Examination (MMSE) was conducted to
assess cognitive function (29). The scale consists of 30 questions
and includes five dimensions: orientation, memory, attention
and calculation, recall, and language ability. The Chinese version
of MMSE also shows good reliability and validity (30).

Each question was scored 1 or 0 point for correct or incorrect
answers/non-responsive, respectively, and the total score was
in the range of 0-30 points. According to the education of
the participants, this study used MMSE to evaluate cognitive
impairment criteria as follows: illiteracy < 17 points, primary
school < 20 points, and secondary school and above <24
points (31).

Definition of cognitive frailty

In our study, cognitive frailty was defined as the presence of
both cognitive impairment and physical pre-frailty or physical
frailty following Ruan’s proposed definition (5), which means
the MMSE score
demonstrates cognitive impairment, and the FRAIL scale score
is>1.

Referring to previous study groups (25, 32), our study

it meets both the results of measures:

divided the included participants into five groups according to
physical frailty and cognitive function status: (1) robust group:
neither had physical frailty, physical pre-frailty, nor cognitive
impairment; (2) physical pre-frailty group: older adults with
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only physical pre-frailty and without cognitive impairment; (3)
physical frailty group: older adults with only physical frailty
and no cognitive impairment; (4) cognitive impairment group:
older adults who only had cognitive impairment but neither
had physical pre-frailty nor physical frailty; (5) cognitive frailty
group: older adults with both cognitive impairment and physical
pre-frailty or physical frailty.

Sleep quality assessment

The Pittsburgh Sleep Quality Index (PSQI) was used in
our study to investigate the sleep quality of older adults over
the past month (33). The PSQI covers seven components:
subjective sleep quality, sleep latency, sleep duration, habitual
sleep efficiency, sleep disturbances, use of sleeping medication,
and daytime dysfunction. The Chinese version of the PSQI has
also been effectively tested in older adults in China (34). The
results showed that the PSQI has good reliability and validity,
with a Cronbach’s a coefficient of 0.68.

The score for each dimension ranged from 0 to 3 points,
and the final PSQI total score was accumulated with the scores
of each dimension, with a full score of 21 points. In addition,
higher PSQI scores indicate poor sleep quality. A PSQI score of
>7 indicates poor sleep quality (34).

Nap duration assessment

We used the following question: “During the past month,
how long did you usually nap?” to collect data on nap duration
from the participants. In this study, napping only referred to
take a nap after lunch. After reviewing the literature (35), 30 min
was found to be a common cut-off time for naps. Thus, the
participants were divided into three groups: (1) no napping:
the participants did not take naps; (2) short nap duration: nap
duration < 30 min; and (3) long nap duration: nap duration >
30 min.

Covariates

The covariates included sociodemographic information,
health-related
Sociodemographic information included age, sex, ethnicity,

lifestyle ~ behaviors,  and conditions.
residence, education, marital status, economic source, income,
and number of children. Education was collected by asking the
participants about their highest educational level, and divided
into illiteracy, primary school, secondary school and above.
Marital status was divided into married, widowed, and other.
Income was divided into < 2,000 RMB (Ren Min Bi), 2,001-
5,000 RMB and > 5,001 RMB. Lifestyle behaviors included
smoking history (never/former/current) and drinking history
(never/current) over the past month. Health-related conditions
included number of chronic diseases (0/1/2/>3), medicines

taken (0/1/>2), painful areas (0/1/>2),and depressive symptoms
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TABLE 1 Characteristics of the participants according to physical frailty and cognitive function status.

10.3389/fpubh.2022.963105

Characteristics Overall Robust Physical Physical Cognitive Cognitive P-value
(n=1,206) (n = 469) pre-frailty frailty impairment frailty
(n=142) (n=182) (n=1202) (n=211)
Age (years)* 77.32 + 8.87 76.11 + 8.66 78.30 £8.21 79.75 £ 8.63 76.43 + 8.83 78.11 £9.49 <0.001**
Age (years) (n, %) <0.001
60-69 273 (22.6) 125 (26.7) 26 (18.3) 26 (14.3) 53(26.2) 43 (20.4)
70-79 378 (31.3) 163 (34.8) 41 (28.9) 45 (24.7) 66 (32.7) 63 (29.9)
80-89 473 (39.2) 154 (32.8) 68 (47.9) 98 (53.8) 71 (35.1) 82 (38.9)
>90 82 (6.8) 27 (5.8) 7 (4.9) 13(7.1) 12 (5.9) 23 (10.9)
Sex (n, %) 0.086
Males 597 (49.5) 252 (53.7) 73 (51.4) 78 (42.9) 92 (45.5) 102 (48.3)
Females 609 (50.5) 217 (46.3) 69 (48.6) 104 (57.1) 110 (54.5) 109 (51.7)
Ethnicity (n, %) 0.632
Han 1,186 (98.3) 460 (98.1) 138 (97.2) 179 (98.4) 200 (99.0) 209 (99.1)
National minority 20(1.7) 9(1.9) 4(2.8) 3(1.6) 2(1.0) 2(0.9)
Residence (n, %) 0.058
Urban 798 (66.2) 295 (62.9) 93 (65.5) 122 (67.0) 151 (74.8) 137 (64.9)
Rural 408 (33.8) 174 (37.1) 49 (34.5) 60 (30.0) 51(25.2) 74 (35.1)
Education (1, %) <0.001
Tliteracy 110 (9.1) 55 (11.7) 17 (12.0) 18 (9.9) 2(1.0) 18 (8.5)
Primary school 647 (53.6) 272 (58.0) 66 (46.5) 80 (44.0) 122 (60.4) 107 (50.7)
Secondary school and above 449 (37.2) 142 (30.3) 59 (41.5) 84 (46.2) 78 (38.6) 86 (40.8)
Marital status (n, %) <0.001
Married 507 (42.0) 217 (46.3) 56 (39.4) 42 (23.1) 97 (48.0) 95 (45.0)
Widowed 575 (47.7) 177 (37.7) 82 (57.7) 132 (72.5) 82 (40.6) 102 (48.3)
Others 124 (10.3) 75 (16.0) 4(2.8) 8 (4.4) 23(11.4) 14 (6.6)
Economical source (1, %) <0.001
Pensions 836 (69.3) 320 (68.2) 93 (65.5) 111 (61.0) 159 (78.7) 153 (72.5)
Family supports 321 (26.6) 115 (24.5) 47 (33.1) 69 (37.9) 40 (19.8) 50 (23.7)
Others 49 (4.1) 34 (7.2) 2(1.4) 2(1.1) 3(1.5) 8(3.8)
Income (1, %) 0.650
<2,000 RMB 40 (3.3) 12 (2.6) 7(4.9) 6(3.3) 9 (4.5) 6(2.8)
2,000-5,000 RMB 1,114 (92.4) 442 (94.2) 127 (89.4) 166 (91.2) 183 (90.6) 196 (92.9)
>5,001 RMB 52 (4.3) 15(3.2) 8 (5.6) 10 (5.5) 10 (5.0) 9 (4.3)
Number of children (n, %) <0.001
0 110 (9.1) 79 (16.8) 7 (4.9) 5(2.7) 6 (3.0) 13 (6.2)
1 259 (21.5) 102 (21.7) 41 (28.9) 46 (25.3) 28 (13.9) 42 (19.9)
>2 837 (69.4) 288 (61.4) 94 (66.2) 131 (72.0) 168 (83.2) 156 (73.9)
Number of chronic diseases (1, %) <0.001
0 103 (8.5) 54 (11.5) 5(3.5) 7(3.8) 31 (15.3) 6(2.8)
1 265 (22.0) 142 (30.3) 17 (12.0) 23 (12.6) 69 (34.2) 14 (6.6)
2 319 (26.5) 147 (31.3) 36 (25.4) 48 (26.4) 50 (24.8) 38 (18.0)
>3 519 (43.0) 126 (26.9) 84 (59.2) 104 (57.1) 52 (25.7) 153 (72.5)
Number of medicines taken (n, %) 0.021
0 259 (21.5) 112 (23.9) 26 (18.3) 29 (15.9) 51 (25.2) 41 (19.4)
1 430 (35.7) 168 (35.8) 39 (27.5) 69 (37.9) 79 (39.1) 75 (35.5)
>2 517 (42.9) 189 (40.3) 77 (54.2) 84 (46.2) 72 (35.6) 95 (45.0)
(Continued)
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TABLE 1 (Continued)

10.3389/fpubh.2022.963105

Characteristics Overall Robust Physical
(n=1,206) (n=469) pre-frailty
(n=142)
Number of painful areas (1, %)
0 637 (52.8) 300 (64.0) 68 (47.9)
1 93(7.7) 38 (8.1) 4(2.8)
>2 476 (39.5) 131 (27.9) 70 (49.3)
Depressive symptoms (1, %)
No 889 (73.7) 391 (83.4) 99 (69.7)
Yes 317 (26.3) 78 (16.6) 43 (30.3)
Smoking history (1, %)
Never 675 (56.0) 262 (55.9) 69 (48.6)
Formal 389 (32.3) 123 (26.2) 61 (43.0)
Current 142 (11.8) 84 (17.9) 12 (8.5)
Drinking history (1, %)
Never 950 (78.8) 386 (82.3) 107 (75.4)
Current 256 (21.2) 83(17.7) 35 (24.6)
Sleep quality (n, %)
Good sleep quality 471 (39.1) 235 (50.1) 51 (35.9)
Poor sleep quality 735 (60.9) 234 (49.9) 91 (64.1)
Napping duration (1, %)
No napping 530 (43.9) 205 (43.7) 65 (45.8)
Short nap duration 351 (29.1) 177 (37.7) 33(23.2)
Long nap duration 325 (26.9) 87 (18.6) 44 (31.0)

"Data are presented as mean + standard deviation (SD).
" P-values were obtained by analysis of variance (ANOVA), and P < 0.001.

assessed with Geriatric Depression Scale-15 (GDS-15) (36). This
indicates that older adults have depressive symptoms when the
GDS-15 score is >8 points. The study showed that GDS-15 has
good reliability and validity for older adults in China, with a
Cronbach’s a coefficient of 0.79 (37).

Statistical methods

All the analyses were performed using IBM SPSS version
26.0. Categorical variables were described as n (%), and
continuous variables were described as mean =+ standard
deviation (SD). The characteristics of the participants were
presented according to physical frailty and cognitive function
status, and differences among the five groups were compared
by chi-square test and one-way analysis of variance (ANOVA).
Taking cognitive frailty as the dependent variable, multinomial
logistic regression was conducted to analyze the association
between sleep status and cognitive frailty among older adults
in nursing homes. The adjustments for potential confounders
included age, sex, ethnicity, residence, education, marital status,
economic source, income, number of children, smoking history,

drinking history, number of chronic diseases, number of
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Physical Cognitive Cognitive P-value
frailty impairment frailty
(n=182) (n=202) (n=211)

<0.001

46 (25.3) 128 (63.4) 95 (45.0)

14(7.7) 19(9.4) 18 (8.5)

122 (67.0) 55(27.2) 98 (46.4)
<0.001

93 (51.1) 170 (84.2) 136 (64.5)

89 (48.9) 32(15.8) 75 (35.5)
<0.001

104 (57.1) 134 (66.3) 106 (50.2)

74 (40.7) 48(23.8) 83(39.3)

4(22) 20 (9.9) 22(104)
0.116

137 (75.3) 161 (79.7) 159 (75.4)

45 (24.7) 41(203) 52 (24.6)
<0.001

57 (31.3) 68(33.7) 60 (28.4)

125 (68.7) 134 (66.3) 151 (71.6)
<0.001

79 (43.4) 88 (43.6) 93 (44.1)

43(23.6) 50 (24.8) 48 (22.7)

60 (33.0) 64 (31.7) 70 (33.2)

medicines taken, number of painful areas, and depressive
symptoms. The odds ratio (OR) and 95% confidence interval
(CI) were conducted. P < 0.05 was specified to determine the
significant effect.

Results

A total of 1,206 participants, including 597 men and 609
women, were included in our study. The age of the participants
was 77.32 % 8.87 years. In our study, 60.9% (n = 735) of the
participants with poor sleep quality. A total of 43.9% (n = 530)
of the older adults did not take naps, and 29.1% (n = 351)
and 26.9% (n = 325) reported short and long nap durations,
respectively. In addition, the study found that 17.5% of the
participants (n = 211) had cognitive frailty, 16.7% (n = 202)
had cognitive impairment, and 11.8% (n = 142) had physical
pre-frailty without cognitive impairment. Physical frailty with
intact cognitive function accounted for 15.1% (n = 182) of the
participants. Additional details are presented in Table 1.

The participants were divided into five groups according to
physical frailty and cognitive function status. The differences
between the participants in the groups are shown in Table I.
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There were statistically significant differences in age, education,
marital status, economic source, number of children, number of
chronic diseases, number of medicines taken, number of painful
areas, depressive symptoms, smoking history, sleep quality, and
nap duration according to the results of the chi-squared test and
one-way analysis of variance (ANOVA) (P < 0.001).

The association between sleep quality and frailty and
cognitive function is shown in Table 2, which is presented before
and after adjustment for potential confounders. Compared to
older adults with good sleep quality in the robust group, the
results showed that those with poor sleep quality had the
significantly higher prevalence of cognitive frailty (OR 3.06;
95% CI 2.11-4.46; P < 0.001) before the adjustments. Poor
sleep quality was associated with higher risk of cognitive frailty
(OR 2.95; 95% CI 2.04-4.25; P < 0.001) after adjusting for
sociodemographic factors. Finally, the estimated OR for poor
sleep quality changed slightly (OR 2.53; 95% CI 1.78-3.59; P
< 0.001) after adjusting for all the covariates compared with
the robust participants with good sleep quality. In addition,
in this study, sleep quality was also positively associated with
physical pre-frailty, physical frailty, and cognitive impairment.
More details are presented in Table 2.

Table 3 shows the association between nap duration and
cognitive frailty. This study used older adults who did not take
naps in the robust group as a reference, and the results showed
that short nap duration was associated with low prevalence of
cognitive frailty (OR 0.57; 95% CI 0.36-0.90; P = 0.016) before
adjusting, but long nap duration was significantly associated
with high risk of cognitive frailty among the older adults (OR
2.04;95% CI 1.28-3.24; P = 0.003) at the same time. In addition,
after adjusting for age, sex, ethnicity, residence, education,
marital status, economic source, income, number of children,
short nap duration decreased the risk of cognitive frailty (OR
0.56; 95% CI 0.36-0.88; P = 0.012), but decreased the risk of
cognitive frailty, but long nap duration increased the risk of
cognitive frailty (OR 2.08; 95% CI 1.32-3.27; P = 0.001). Finally,
short nap duration was significantly associated with lower risk
of cognitive frailty (OR 0.60; 95% CI 0.40-0.89; P = 0.012) after
adjusting for all the covariates. Meanwhile, long nap duration
in the older adults was associated with higher prevalence of
cognitive frailty (OR 1.77; 95% CI 1.19-2.64; P = 0.003). Nap
duration was associated with physical pre-frailty, physical frailty,
and cognitive impairment. More details on these associations are
presented in Table 3.

Discussion

This study is the first to investigate the association between
sleep quality and nap duration, and cognitive frailty among older
adults in nursing homes. Our study showed that older adults
with poor sleep quality and long nap duration were at the higher
risk of cognitive frailty in nursing homes than robust older
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TABLE 2 Associations of sleep quality with cognitive frailty according to unadjusted and adjusted logistic regression models (n = 1,206).

Cognitive frailty

Cognitive impairment

Physical frailty

Physical pre-frailty

Robust

P-value OR 95% CI  P-value OR 95%CI P-value

P-value OR 95% CI

95% CI

OR

Model?

Reference

Reference

Reference

Reference

Reference

Good quality sleep

<0.001 2.11 1.46-3.05 <0.001 3.06 2.11-4.46 <0.001

1.91-4.45

2.92

Reference 2.03 1.34-3.07 0.001

Poor sleep quality

Model®

Reference

Reference

Reference

Reference

Reference

Good quality sleep

<0.001 1.99 1.41-2.82 <0.001 2.95 2.04-4.25 <0.001

1.93-4.35

2.90

1.94 1.30-2.91 0.001

Reference

Poor sleep quality

Model®

10.3389/fpubh.2022.963105

Reference

Reference

Reference

Reference

Reference

Good quality sleep

<0.001

1.78-3.59

<0.001 1.98 1.40-2.79 <0.001 2.53

1.53-3.16

2.20

0.003

1.79 1.22-2.64

Reference

Poor sleep quality

Model: adjusted for age, sex, ethnicity, residence, education, marital status, economic source, income, number of children, number of chronic diseases, number of medicines taken, number of painful areas, depressive symptoms, smoking history, and

Model®: adjusted for age, sex, ethnicity, residence, education, marital status, economic source, income, and number of children.

Reference: The robust group composed of older adults with good sleep quality was the reference group.

OR, odds ratio; CI, confidence interval.

Model *: unadjusted.
drinking history.
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adults. However, short nap duration was associated with lower
risk of cognitive frailty.

In our study, the prevalence of cognitive frailty among older
adults in Chinese nursing homes was 17.5%. Wang et al. found
that the prevalence of cognitive frailty was 15.6% among 268
older adults in nursing homes in Nanchang province (38). A
possible reason for the difference in the prevalence of cognitive
frailty may be related to the multiple measurements used in
their study to assess cognitive impairment. However, Zhou et al.
found that cognitive frailty was as high as 27.1% among 303
older adults in nursing homes in Chongging province (7). This
may be related to the lack of uniformity in the operational
definitions and measurements of cognitive frailty and fewer
participants in their study, resulting in the different prevalence
of cognitive frailty among older adults. These studies showed
high prevalence of cognitive frailty among older adults, although
the results were different. At the same time, cognitive frailty
has been proven to be reversible (26), and early prevention and
intervention are necessary to promote healthy aging.

Notably, older adults with poor sleep quality were more
likely to experience cognitive frailty in our study. Many previous
studies have already investigated sleep quality from the two
aspects of physical frailty and cognitive impairment, which
laid the foundation for exploring the association between sleep
quality and cognitive frailty. A study on community-dwelling
older adults from Hong Kong found that insomnia symptoms
assessed with PSQI were common among physically frail older
adults (39). In addition, using the same scale to assess sleep
quality, a German study including individuals aged 50-80 years
found that those with poor sleep quality, difficulties initiating
sleep, and short sleep time in bed were at increased risk of
mild cognitive impairment (40). Poor sleep quality significantly
mediates the association between frailty severity and cognitive
outcomes (41). In addition, an important study investigated
the association between nighttime sleep duration and cognitive
frailty, and the results showed that long sleep duration (>=9h)
was significantly associated with high prevalence of cognitive
frailty among community-dwelling Chinese aged 50 and older
(25). It is impossible to effectively assess the sleep quality
of individuals because nighttime sleep duration is only one
dimension. However, our study used the PSQI, which includes
multiple dimensions of sleep quality assessment, to provide
a comprehensive assessment of individual sleep quality and
to better investigate the association between sleep quality and
cognitive frailty. Poor sleep quality is not only related to severe
frailty in older adults but is also associated with cognitive
impairment; thus, to a certain extent, it is associated with
cognitive frailty.

Moreover, lower odds risk of cognitive frailty was observed
in older adults with short nap durations, but long nap duration
was associated with higher risk of cognitive frailty. Many
previous studies have investigated nap duration related to both
physical frailty and cognitive impairment. Most studies have
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supported that napping is significantly associated with quality of
sleep at night. A study on self-reported napping and nocturnal
sleep demonstrated that the longer the older adults napped, the
worse the quality of sleep at night (42). A study on older adults
living in Italian communities found that napping was associated
with both personality characteristics and consequences of their
nighttime sleep disturbances (43). Among Chinese older adults,
Lin found that napping was associated with delayed sleep onset,
shorter sleep duration, reduction in sleep duration and light
sleep (44). Thus, decreased sleep quality caused by long nap
duration can lead to frailty (45). Moreover, older adults with
longer nap durations in American communities have been
associated with worse performance on cognitive tests (46).
Longer nap duration seems to be related to different degrees of
frailty and cognitive impairment in older adults and is associated
with higher risk of cognitive frailty. On the other hand, Japanese
community-dwelling older adults took a short nap less (than
30min) to reduce the risk of cognitive impairment (23). In
contrast, older adults in China who took a short nap were more
likely to have lower cognitive scores (47). Possible reasons for the
differences in results may be the different measurement used to
assess cognitive impairment, the groups divided by the different
duration of naps and different cultural background. Given the
current studies, the field of short nap duration, whether it is
associated with low prevalence of frailty and cognitive frailty
among older adults, still needs further studies.

Regarding the association between frailty and cognitive
impairment, a review suggested that their pathophysiological
mechanisms may overlap (48). However, the mechanisms
underlying the association between sleep status and cognitive
frailty among older adults require further studies. Studies have
shown several potential mechanisms for the association between
sleep status, frailty, and cognitive impairment. In terms of
sleep quality, a meta-analysis of sleep and frailty showed that
sleep disorders lead to high levels of inflammatory markers
such as C-reactive protein (CRP) and factor VIII, and these
immunological changes are one of the main causes of frailty
(45). Meanwhile, a study showed that people with cognitive
impairment had higher levels of CRP (49). In terms of nap
duration, a study reported that excessive daytime naps and
Alzheimer’s dementia may have a bidirectional relationship
or share common pathophysiological mechanisms (24). In
addition, longer nap duration generally resulted in more sleep
inertia (50), which resulted in decreased ability to think and
perform (51). Meanwhile, longer nap duration can lead to lower
quality sleep at night (52), which further exacerbates frailty
and cognitive impairment. In addition, short nap durations
may be associated with better cognitive function, which may
affect cognitive frailty (23). However, the potential mechanism
between short nap duration and frailty, and cognitive frailty
needs to be further explored in the future.

It can be suggested that older adults in nursing homes
are a group of individuals with a huge potential to develop
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TABLE 3 Associations of nap duration with cognitive frailty according to unadjusted and adjusted logistic regression models (n = 1,206).

Robust Physical pre-frailty Physical frailty Cognitive impairment Cognitive frailty
OR 95% CI P-value OR 95% CI P-value OR 95% CI P-value OR 95% CI P-value

Model?

No napping Reference Reference Reference Reference Reference

Short nap duration Reference 0.51 0.31-0.85 0.009 0.56 0.34-0.92 0.022 0.61 0.40-0.94 0.025 0.57 0.36-0.90 0.016
Long nap duration Reference 1.70 1.03-2.81 0.039 191 1.16-3.15 0.011 1.67 1.08-2.58 0.022 2.04 1.28-3.24 0.003
Model®

No napping Reference Reference Reference Reference Reference

Short nap duration Reference 0.53 0.32-0.86 0.011 0.57 0.35-0.91 0.019 0.65 0.43-0.97 0.035 0.56 0.36-0.88 0.012
Long nap duration Reference 1.63 1.00-2.66 0.049 1.87 1.16-3.01 0.010 1.78 1.17-2.70 0.007 2.08 1.32-3.27 0.001
Model®

No napping Reference Reference Reference Reference Reference

Short nap duration Reference 0.59 0.37-0.94 0.025 0.63 0.41-0.96 0.032 0.66 0.44-0.98 0.041 0.60 0.40-0.89 0.012
Long nap duration Reference 1.60 1.01-2.52 0.045 1.80 1.18-2.72 0.006 1.71 1.14-2.58 0.010 1.77 1.19-2.64 0.003

Model*: unadjusted.

Model®: adjusted for age, sex, ethnicity, residence, education, marital status, economic source, income, and number of children.

Model®: adjusted for age, sex, ethnicity, residence, education, marital status, economic source, income, number of children, number of chronic disease, number of medicines taken, number of painful areas, depressive symptoms, smoking history, and

drinking history.

Reference: The robust group composed of older adults who did not take naps was the reference group.
OR, odds ratio; CI, confidence interval.
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cognitive frailty, especially those with poor sleep quality or
long nap duration. As the development of cognitive frailty
is reversible (26), effective interventions for older adults are
necessary. National departments need to establish relevant laws
and policies, improve the healthcare system, and develop a
comprehensive and affordable health and social care delivery
system to provide older adults in nursing homes with medical
services that can intervene with sleep status and alleviate or
prevent cognitive frailty.

This study has several limitations. First, because this
was a cross-sectional study, it only explored the effects of
sleep quality and nap duration on cognitive frailty among
older adults in nursing homes, and a causal relationship
between sleep quality, nap duration, and cognitive frailty
could not be concluded. Second, this study used a self-
report questionnaire to investigate older adults, and the
information obtained had a certain measurement deviation
from objective reality. Third, the participants in our
study were older adults from nursing homes in Hunan
province; therefore the results may not be applicable to
older adults in nursing homes located in other provinces
of China.

Conclusions

In summary, poor sleep quality and long nap duration
were significantly associated with high prevalence of cognitive
frailty among older adults in Chinese nursing homes. However,
short nap duration decreased the risk of cognitive frailty. As
nursing homes can manage older adults in a unified way,
taking reasonable intervention measures, including sleep quality
and nap duration, can provide new ways to effectively prevent
cognitive frailty in older adults in nursing homes.
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