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Abstract 

Background: Little is known about the effects of maintaining healthy sleep patterns on frailty transitions.

Methods: Based on 23,847 Chinese adults aged 30–79 in a prospective cohort study, we examined the associations 
between sleep patterns and frailty transitions. Healthy sleep patterns included sleep duration at 7 or 8 h/d, without 
insomnia disorder, and no snoring. Participants who persisted with a healthy sleep pattern in both surveys were 
defined as maintaining a healthy sleep pattern and scored one point. We used 27 phenotypes to construct a frailty 
index and defined three statuses: robust, prefrail, and frail. Frailty transitions were defined as the change of frailty 
status between the 2 surveys: improved, worsened, and remained. Log-binomial regression was used to calculate the 
prevalence ratio (PR) to assess the effect of sleep patterns on frailty transitions.

Results: During a median follow-up of 8.0 years among 23,847 adults, 45.5% of robust participants, and 10.8% of pre-
frail participants worsened their frailty status, while 18.6% of prefrail participants improved. Among robust participants 
at baseline, individuals who maintained sleep duration of 7 or 8 h/ds, without insomnia disorder, and no-snoring 
were less likely to worsen their frailty status; the corresponding PRs (95% CIs) were 0.92 (0.89–0.96), 0.76 (0.74–0.77), 
and 0.85 (0.82–0.88), respectively. Similar results were observed among prefrail participants maintaining healthy sleep 
patterns. Maintaining healthy sleep duration and without snoring, also raised the probability of improving the frailty 
status; the corresponding PRs were 1.09 (1.00–1.18) and 1.42 (1.31–1.54), respectively. Besides, a dose-response rela-
tionship was observed between constantly healthy sleep scores and the risk of frailty transitions (P for trend < 0.001).

Conclusions: Maintaining a comprehensive healthy sleep pattern was positively associated with a lower risk of wors-
ening frailty status and a higher probability of improving frailty status among Chinese adults.
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Background
Frailty, which usually occurs in the elderly, can increase 
vulnerability due to the decline in function and energy 
reserve of multi-organ systems. It also affects young 
adults with chronic diseases or other disorders [1, 2]. 
Frailty status can worsen due to biological aging or illness 
and improve due to body recovery. Besides, maintaining 
a healthy lifestyle could also improve the frailty status. A 
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recent study based on China Kadoorie Biobank (CKB) 
reported that adherence to a healthy lifestyle (i.e., non-
smoking, nonheavy alcohol drinking) could lower the risk 
of frailty worsening [3].

Nowadays, people who complain about poor sleep 
quality have been getting younger. Unfortunately, young 
adults are more vulnerable to acute and chronic sleep 
deficiency than older adults [4]. Previous prospective 
studies explored the associations between sleep behaviors 
at baseline and the subsequent frailty status. However, 
the effects of unhealthy sleep duration were still incon-
clusive [5–7]. A prospective study with a small sample 
reported the association between sleep difficulties and 
worsening frailty [8]. Few studies focused on the effect of 
snoring, a more common sleep problem in adults, which 
was associated with risks of major chronic diseases [9, 
10]. In addition, sleeping patterns, consisting of behav-
iors above, their overall effect on frailty transitions was 
unclear yet. Besides, evidence about the impact of main-
taining healthy sleep patterns on frailty transitions was 
scarce, and no studies examined the associations among 
young and middle-aged adults.

Therefore, we conducted the present study based 
on the large population-based cohort, aimed to exam-
ine the effect of different sleep patterns and maintain-
ing healthy sleep patterns on frailty transitions, and the 
dose-response relationship between healthy sleep scores 
and frailty transitions among middle-aged adults and the 
elderly.

Methods
Study design and participants
The CKB study is a prospective cohort study that 
recruited 512,725 adults aged 30–79 years living in 10 
regions across China. Extensive questionnaire data, 
physical measurements, and blood samples were col-
lected upon baseline assessment in 2004–2008, led by 
trained health workers. Besides, periodic resurveys were 
conducted in 2008 and 2013–2014 in a random sam-
ple of 5% surviving participants. The second resurvey 
added several detailed items in the questionnaire and 
physical examination. Details of CKB design have been 
described previously [11]. The CKB study was approved 
by the Ethics Review Committee of the Chinese Center 
for Disease Control and Prevention (Beijing, China, 
005/2004) and the Oxford Tropical Research Ethics 
Committee, University of Oxford (Cambridge, United 
Kingdom, 025-04). All participants provided written 
informed consent in the CKB study.

In the present study, we included the participants who 
completed both the baseline and second resurvey with-
out missing values on the variables for frailty index (FI) 

construction. We excluded frail participants at baseline 
from the present analyses to avoid reverse causality.

Assessment of sleep pattern
Detailed information on sleep patterns and other covari-
ates was collected through a laptop-based questionnaire 
at baseline and resurvey, including sociodemographic 
characteristics (age, sex, study areas, highest education), 
smoking status, and alcohol consumption.

Questionnaire for sleep patterns in CKB surveys was 
shown in the Additional file  1: Text S2. The present 
study defined the following sleep patterns. (a) Short/
long habitual sleep duration: participants were asked, 
“How many hours do you typically sleep per day (includ-
ing naps)?” Sleep duration could only be reported on an 
hourly basis. Short sleep duration was defined as 6  h/d 
or less, while long sleep duration was defined as 9 h or 
more, according to the American National Sleep Founda-
tion [12]. (b) Insomnia disorder: participants were asked 
for the insomnia symptoms for at least 3 days/week in the 
past month, which were having difficulties in initiating 
or maintaining sleep (DIMS), early morning awakening 
(EMA), daytime dysfunction (DDF), and having to take 
medicine (herbal or sleeping pills) at least once a week 
to help sleep. According to the Diagnostic and Statistical 
Manual of Mental disorders (version 4) (DSM-4), those 
who reported either DIMS or EMA and reported DDF, or 
those who reported taking medicines to help sleep, were 
classified as having insomnia disorder [13, 14]. (c) Snor-
ing: participants self-reported their usual snoring status 
during sleep as often, sometimes, and never/I do not 
know. Those who chose the first two options were clas-
sified into the snoring group, and others were in the no-
snoring group. In our study, sleep duration (Spearman 
correlation coefficient = 0.63) and snoring (weighted-
Kappa = 0.69) showed good reproducibility among 
15,720 participants who completed a repeated question-
naire survey within 1~2 weeks after baseline. (d) Baseline 
healthy sleep scores: Previously, Fan and the colleagues 
developed an index score for healthy sleep pattern from 
multiple sleep behaviors (i.e., sleep duration, insom-
nia, snoring). It was replicated independently in a large 
cohort [15, 16]. In our study, participants were given 
one point for each of the three sleep patterns at baseline 
(sleep duration: 7 or 8  h/d, without insomnia disorder, 
without snoring). (e) Maintaining healthy sleep patterns: 
For each sleep pattern, participants were categorized 
into 2 groups (yes or no) according to whether the par-
ticipants maintained the healthy sleep pattern both at 
the baseline and the second resurvey and were assigned 
1 or 0 points for each sleep pattern. The total constantly 
healthy sleep scores were the number of maintaining 
healthy sleep patterns.
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FI construction and frailty transitions
Frailty index (FI) was one of the widely used measures of 
frailty status, which was developed by Mitnitski and col-
leagues [17]. FI included multiple health deficits across 
diverse physiological systems. Based on CKB baseline 
survey, we have constructed FI following a standard 
procedure, in which 28 deficits were selected. And the 
accelerated aging, measured by the FI, was associated 
with the risk of mortality [18]. The deficits included 14 
self-reported diagnoses of diseases (i.e., coronary heart 
disease, diabetes, cancer), 10 self-reported symptoms 
(i.e., insomnia symptoms, frequently cough, bowel move-
ments), and 4 physical measurements (i.e., body mass 
index [BMI], waist-to-hip-ratio [WHR], heart rate) [18]. 
Among them, BMI (kg/m2) was calculated by dividing 
weight (kg) by the square of standing height (m), WHR 
was the ratio of waist circumference to hip circumfer-
ence, and daily physical activity was calculated by multi-
plying the metabolic equivalent of tasks (METs) for each 
kind of activity by the number of hours spent on the cor-
responding activity per day and then summing up the 
MET-hours for all activities [19].

The FI construction for the second resurvey was 
slightly different on disease history. For example, 
chronic heart disease (CHD) was included in the base-
line survey, but in more detailed categories in the sec-
ond resurvey, including acute myocardial infarction, 
angina, or other ischemic heart diseases, individuals 
with any of the 3 subtypes were categorized as the CHD 
patients. In addition, we included the incident cases 
during the follow-up period. All other variables were 
measured in the same way.

In the present study, we removed the insomnia symp-
toms from the construction of FI, leaving 27 items in the 
FI construction for both surveys. Then, we cut frailty 
into three statuses according to FI: robust (FI ≤ 0.10), 
prefrail (0.10 < FI < 0.25), and frail (≥ 0.25) [18]. Accord-
ingly, the frailty transitions were defined by the change 
of frailly status from baseline to the second resurvey, 
which included robust remained, robust worsening (from 
robust to prefrail or frail), prefrail remained, prefrail 
improvement (from prefrail to robust), and prefrail wors-
ening (from prefrail to frail).

Statistical analysis
The present study first described the baseline characteris-
tics and sleep patterns by frailty transitions, adjusting for 
sex, age, and study area. Then, we examined the associa-
tions between baseline sleep patterns and frailty transi-
tions. Participants who remained in their frailty status 
at baseline were set as the reference group, respectively 
(i.e., robust remained vs. worsening, prefrail remained vs. 

improved, prefrail remained vs. worsening). Considering 
that the odds ratio may overestimate the effect with high-
prevalence outcomes [20], we used log-binomial regres-
sion to estimate the prevalence ratios (PR) and 95%CI 
[21], adjusting for sex, age, study area (urban or rural), 
highest education (higher than middle school or not), 
smoking status (current smoker or not), and alcohol con-
sumption (daily drinker or not).

Furthermore, we examined whether maintaining 
healthy sleep patterns was associated with frailty tran-
sitions. Besides, we assessed the effects of baseline and 
constantly healthy sleep scores on the frailty transitions 
and tested their linear trend by treating the scores as con-
tinuous variables. All models were log-binomial regres-
sion with the same adjustment of the covariates above. 
In addition, considering the differences in sleep patterns 
and frailty status between older and younger partici-
pants [12, 22], we performed the sensitivity analyses by 
examining the associations above among those aged < 60 
(n = 18,995). Besides, we further adjusted for the major 
diseases and medication statuses at baseline (had disease 
and medication, had disease but without medication, 
without disease) separately for cardiovascular diseases 
(including coronary heart disease, stroke or transient 
ischemic attack, hypertension) and their medications 
(including aspirin, angiotensin-converting enzyme 
inhibitors, β-blocker, diuretics, statins, and calcium 
antagonists) and diabetes and its medications (including 
chlorpropamide, metformin, and insulin) in the sensitiv-
ity analysis. Statistical analysis was performed in Stata 
16.0, and the graphs were plotted with R 4.0.5. Two-tailed 
P < 0.05 indicated statistical significance.

Results
Descriptive analysis
Among the 512,725 CKB participants, 25,041 completed 
both the baseline and second resurvey. After excluding 
those with missing values for FI construction (1 missed 
BMI, 4 missed WHR, 779 missed forced vital capacity) 
or those who were frail at baseline (n = 410), a total of 
23,847 were included in this study (Fig. 1).

During the median 8.0 (interquartile range: 7.4–8.6) 
years follow-up, 45.5% had worsening frailty status in the 
secondary resurvey among the 14,325 robust participants 
at baseline. Of the 9522 baseline prefrail participants, 
10.8% became frail, and 18.6% became robust in the sec-
ond resurvey.

Compared with participants who remained in their 
baseline frailty status, those who worsened were more 
likely to be elder, urban residents, more likely to have 
cardiovascular diseases or diabetes and the correspond-
ing medication, and more likely to have long or short 
sleep duration at baseline. In contrast, participants 
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who improved their frailty status were more likely to be 
younger, rural residents, more likely to sleep 7~8 h/d, and 
more unlikely to snore during sleep at baseline (P < 0.05) 
(Table 1).

Associations between sleep patterns and frailty transitions
For the participants robust at baseline, short sleep dura-
tion had a 5% increased risk (95% CI: 1.01–1.10) of wors-
ening frailty status in the secondary resurvey than those 
who slept 7 or 8 h/d at baseline; those who snored at 
baseline had 13% (95% CI: 1.09–1.17) increased risk of 
worsening frailty status than those who did not snore, 
while among the participants prefrail at baseline, those 
who slept 6 h/d or less or those with insomnia disorder 
at baseline had 40% (95% CI: 1.23–1.58) and 53% (95% 
CI: 1.23–1.89) increased risk of frailty in the secondary 
resurvey respectively, and those who snored at baseline 
were less likely to improve their frailty status (PR = 0.78, 
95% CI: 0.71–0.84) (Table  2). Similar associations were 
observed among individuals aged < 60 and in analysis 

additionally adjusting for major diseases and medica-
tion statuses at baseline (see Additional file 1: Table S1, 
Table S2).

As to constantly healthy status, constantly healthy 
sleep duration (7 or 8 h/d), constantly without insomnia 
disorder, and constantly no-snoring of baseline robust 
participants, were associated with 8% (PR = 0.92, 95% 
CI: 0.89–0.96), 24% (PR = 0.76, 95% CI: 0.74–0.77), and 
15% (PR = 0.85, 95% CI: 0.82–0.88) lower risk of wors-
ening frailty status. Among the baseline prefrail partici-
pants, constantly healthy sleep duration (PR = 0.74, 95% 
CI: 0.65–0.84) and without insomnia disorder (PR = 0.27, 
95% CI: 0.25–0.29) could lower the risk of worsening 
frailty status. Besides, constantly healthy sleep duration 
and no snoring could increase the possibility of improv-
ing the frailty status of baseline prefrail participants 
(Table  3). Associations for sensitivity analysis adjusting 
for major diseases and medication statuses at baseline 
were similar to the results above (see Additional file  1: 
Table  S3), while constantly healthy sleep duration was 
not associated with improving the frailty status among 
those younger than 60 years old (see Additional file  1: 
Table S4).

Dose‑response relationship between sleep scores 
and frailty transitions
We observed a dose-response relationship between sleep 
scores and the frailty transitions. With the increasing 
baseline healthy sleep scores, the risk of robust or pre-
frail worsening decreased, and the possibility of prefrail 
improvement increased (P linear trend < 0.001). Among 
participants robust at baseline, compared with those 
who scored 0~1 point, the PRs (95%CI) of worsening the 
frailty status were 0.95 (0.91–0.98) and 0.85 (0.81–0.89) 
for those who scored 2, 3 points, respectively. Similar 
results were observed in prefrail worsening participants. 
While among participants prefrail at baseline, compared 
with those who scored 0~1 points, the corresponding 
PRs (95%CI) of improving the frailty status were 1.09 
(0.98–1.21) and 1.34 (1.19–1.50) for those who scored 2 
and 3 points (Fig. 2A, see Additional file 1: Table S5).

Consistent with baseline healthy sleep scores, dose-
response relationships were observed between constantly 
healthy sleep scores and the risk of frailty transitions 
during follow-up (all P linear trend < 0.001) (Fig. 2B, see 
Additional file  1: Table  S5). Furthermore, the beneficial 
effect of constantly healthy sleep scores was larger than 
that of the baseline scores. Besides, we observed similar 
dose-response relationships for those aged < 60 years and 
in the analysis adjusting for major diseases and medica-
tion statuses at baseline (see Additional file 1: Table S1, 
S2, S3 and S4).

Fig. 1 Sample selection of the study. CKB, China Kadoorie Biobank; 
FI, frailty index
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Table 1 Baseline characteristics of 23,847 participants by transitions of frailty

Baseline characteristics were adjusted for sex, age, and study areas, except for the 3 variables

Baseline characteristics Baseline robust Baseline prefrail

Remained Worsening P Improvement Remained Worsening P

N (%) 7808 (54.5) 6517 (45.5) 1775 (18.6) 6716 (70.5) 1031 (10.8)

Sociodemographic
 Male 38.9 38.3 0.485 40.6 37.8 33.0 < 0.001

 Urban 41.3 44.3 < 0.001 38.5 43.9 54.7 < 0.001

 Age (years) 46.7 51.4 < 0.001 50.4 55.1 59.1 < 0.001

 Lower than middle school 46.8 49.5 < 0.001 59.0 58.1 59.0 0.975

Lifestyle factors
 Current smoker 26.4 28.4 0.001 26.8 27.3 29.5 0.068

 Current drinker 52.7 53.1 0.028 50.5 49.5 46.9 0.597

Diseases status and medication
 Had cardiovascular diseases and 
medication

0.9 1.9 < 0.001 4.4 8.6 10.4 < 0.001

 Had diabetes and medication 0.2 0.5 0.009 0.8 3.2 5.4 < 0.001

Sleep duration (h/d) 0.001 < 0.001

 7 or 8 64.5 61.9 60.9 58.8 52.0

 ≤ 6 18.7 20.6 21.7 23.5 30.4

 ≥ 9 16.8 17.5 17.4 17.8 17.7

Insomnia 0.168 0.001

 No 98.3 97.9 95.6 95.6 92.6

 Yes 1.7 2.1 4.4 4.4 7.4

Snoring < 0.001 < 0.001

 No 61.8 54.8 52.5 43.9 42.6

 Yes 38.2 45.2 47.5 56.1 57.4

Baseline healthy sleep scores < 0.001 < 0.001

 0~1 14.0 17.7 20.0 24.1 30.7

 2 47.0 49.3 49.5 52.1 48.7

 3 39.0 33.0 30.4 23.8 20.6

Table 2 Associations between baseline sleep patterns and frailty transitions

The multivariable model was adjusted for sex, age, study area, highest education, smoking status, and alcohol consumption

Abbreviations: PR prevalence ratio

Baseline sleep 
patterns

Baseline robust Baseline prefrail

Worsening (%) PR (95%CI) Worsening (%) PR (95%CI) Improvement (%) PR (95%CI)

Sleep duration (h/d)
 7 or 8 44.0 1.00 9.5 1.00 19.5 1.00

 ≤ 6 51.5 1.05 (1.01–1.10) 15.2 1.40 (1.23–1.58) 15.8 0.95 (0.85–1.06)

 ≥ 9 44.0 1.03 (0.98–1.08) 9.5 1.07 (0.90–1.26) 19.6 0.94 (0.85–1.04)

Insomnia
 No 45.4 1.00 10.6 1.00 18.6 1.00

 Yes 50.2 1.08 (0.97–1.20) 15.7 1.53 (1.23–1.89) 19.1 1.05 (0.87–1.26)

Snoring
 No 41.8 1.00 10.2 1.00 21.6 1.00

 Yes 50.7 1.13 (1.09–1.17) 11.3 1.07 (0.95–1.20) 16.2 0.78 (0.71–0.84)
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Discussion
In the present study, we found that sleep behaviors, 
including sleep duration ≤ 6  h/d, insomnia, or snoring, 
increased the risk of worsening the frailty status, while 
snoring decreased the possibility of improving the pre-
frail status. Maintaining healthy sleep patterns could 
prevent the worsening of frailty status and improve their 
frailty status. Such associations showed in dose-response 
relationships for both baseline and constantly healthy 
sleep scores.

Existing cross-sectional studies showed mixed results 
on the relationship between sleep duration and frailty 

[23–25]. Few studies explored relationships in prospec-
tive cohort study design. A Mexican cohort study of 309 
older adults reported that participants who slept less than 
5 h/d had a higher risk of frailty at 4.4 years of follow-up 
(RR = 1.80, 95% CI: 1.04–3.11) [5]. A Spanish prospective 
study of 1309 older adults demonstrated that adequate 
sleep duration (7~8 h/d) was associated with a substan-
tial reduction in the risk of frailty [7]. Our study observed 
similar results. Short sleep duration could be an early 
marker of poor health status (such as heart disease or 
obesity). Such poor condition leads to an increased risk 
of frailty [26]. Though we did not observe the association 

Table 3 Associations between constantly healthy sleep patterns and frailty transitions

Constantly healthy sleep patterns mean maintaining the healthy sleep patterns at baseline and secondary resurvey. The multivariable model was adjusted for sex, 
age, study area, highest education, smoking status, and alcohol consumption

Abbreviations: PR prevalence ratio

Constantly healthy 
sleep patterns

Baseline robust Baseline prefrail

Worsening (%) PR (95%CI) Worsening (%) PR (95%CI) Improvement (%) PR (95%CI)

Constantly healthy Sleep duration (7 or 8h/d)
 No 48.2 1.00 12.2 1.00 17.5 1.00

 Yes 41.5 0.92 (0.89–0.96) 8.3 0.74 (0.65–0.84) 20.7 1.09 (1.00–1.18)

Constantly without insomnia disorder
 No 58.8 1.00 19.0 1.00 16.1 1.00

 Yes 43.8 0.76 (0.74–0.77) 9.4 0.27 (0.25–0.29) 19.1 1.12 (0.99–1.26)

Constantly no–snoring
 No 49.3 1.00 11.3 1.00 16.5 1.00

 Yes 40.3 0.85 (0.82–0.88) 9.9 0.90 (0.79–1.02) 23.3 1.42 (1.31–1.54)

Fig. 2 Dose-response Relationships between sleep scores and frailty transitions. The forest plots showed the relationships between baseline (panel 
A), constantly healthy sleep scores (panel B), and robust worsening (left panel), prefrail worsening (middle panel), prefrail regression (right panel), 
which were with the semi-log horizontal axis. Multivariable model was adjusted for sex, age, study area, highest education, smoking status, and 
alcohol consumption. P for trend were all < 0.001
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between long sleep duration and frailty, some previous 
studies reported an adverse effect of long sleep duration; 
the possible reason was that they focused on cognitive 
frailty, which was different from physical frailty in the 
present study [5, 6, 27].

The associations between insomnia and frailty were 
consistent in both prospective and cross-sectional stud-
ies [25, 28, 29]. A prospective study of 14,208 older 
adults used sleep medication as a proxy for insomnia 
disorder and reported an increased risk of frailty (haz-
ard ratio [HR] = 1.35,95% CI:1.13–1.61) [30]. Besides, 
another prospective study of 3844 older adults showed a 
bidirectional relationship between insomnia and frailty, 
which indicated that insomnia might be an early index 
of frailty [28].

Snoring was reported as an unhealthy sleep behavior 
among Chinese and western population. Participants 
with habitual snoring had increased risks of cardiovascu-
lar diseases [9, 31] and diabetes [32], due to the hypoxia 
caused by stenosis of the upper airway [33], the process 
of atherosclerosis led by large swings in pleural pressure 
during snoring [34], while only one prospective cohort 
study (3220 Korean women) focused on the associations 
between snoring and frailty. Consistent with us, it found 
that snoring increased the risk of frailty (HR = 1.68, 95% 
CI: 1.16–2.43) [35].

The present study was the largest prospective study 
on the relationship between transitions of sleep pat-
terns and frailty status. Previous studies with small 
sample sizes have considered frailty transitions during 
follow-up. A prospective study based on National Social 
Life, Health and Aging Project, with a 5-year follow-up 
(n = 615), adjusted for the baseline frailty status when 
examining the associations between sleep fragmentation 
and the frailty [36]. While another cohort study from 
2013 to 2018 (n = 306) calculated the frailty transition 
between the two waves of their study, they only found 
out that sleep difficulties were positively associated with 
the transition from robust to prefrail status (odds ratio 
[OR] = 1.76, 95% CI: 1.07–2.90) [8]. In addition, the pre-
sent study used healthy sleep scores to integrate multiple 
dimensions of sleep behaviors and observed the cumula-
tive effects on frailty transitions. Such beneficial effects 
of constantly healthy sleep scores were more prominent 
than baseline, highlighting the importance of maintain-
ing healthy sleep patterns for frailty prevention.

The biological mechanisms by which sleep affects 
frailty were complex. Short sleep duration or insomnia 
caused an immediate reduction of testosterone levels and 
therefore resulted in oxidative stress and chronic inflam-
mation. Also, it might aggravate the hormone secretion 
imbalance, which is suggested to be related to frailty 
[5, 37, 38]. While snoring caused the interruptions of 

breathing during sleep, leading to the disruption of rapid-
eye-movement sleep and nocturnal hypoxemia, the latter 
was suggested to be a pathway of sympathetic activation 
and frailty [39, 40].

To our best knowledge, the present study was the first 
to examine the association between maintaining healthy 
sleep patterns and the frailty transitions between the two 
waves of a large cohort study in Chinese adults. Our results 
showed the benefit of maintaining healthy sleep patterns 
for participants with different frailty statuses, for it could 
not only lower the risk of worsening frailty status, but it 
could also elevate the probability of improving frailty sta-
tus. In addition, our study assessed comprehensively sleep 
behaviors in a broader age span, as sleep problems were 
common among young adults. Besides, the dose-response 
relationship in both baseline and maintaining healthy sleep 
with frailty transitions highlighted the cumulative effect of 
different sleep patterns on frailty transition. However, our 
study had several limitations. First, the CKB study did not 
evaluate the cognitive function deficit at baseline,; there-
fore, we could not construct the FI representing cognitive 
decline. Second, although questions for sleep patterns were 
from standardized questionnaires [13, 14], these questions 
had not been validated in our population, which might lead 
to the possibility of misclassification. However, measure-
ment errors may be non-differential in prospective study 
design, and the associations were more likely to be biased 
toward the null, while further research using validated 
activity monitors and other devices was necessary to meas-
ure sleep behaviors objectively. Third, considering the fluc-
tuation of the insomnia symptoms, we only collected the 
symptoms within one month might not be long enough to 
capture participants with chronic insomnia disorder [41, 
42]. Fourth, we did not measure some variables relevant to 
potential biological mechanisms and potential modification 
effects, such as hormone levels, and oxyhemoglobin satura-
tion, we could not estimate their effects on the association 
between sleep and frailty. In addition, due to the nature of 
observational study, we could not estimate the causal rela-
tionship. Future Mendelian randomization studies were 
necessary for the causal inference. Last, only the survival 
participants could complete the secondary resurvey. The 
possible selection bias should be considered when we 
extend the findings to a broader population.

Conclusions
In this prospective cohort study of Chinese adults, keep-
ing healthy sleep patterns was positively associated with 
lower risks of frail and prefrail worsening and a higher 
probability of prefrail status improving. Such relation-
ships were in a dose-response manner, especially for 
those maintaining healthy sleep patterns. Our study 
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highlighted the importance of adherence to a long-term 
healthy sleep pattern to better frailty status.

Abbreviations
CKB: China Kadoorie Biobank; FI: Frailty index; BMI: Body mass index; WHR: 
Waist-to-hip-ratio; FVC: Forced vital capacity; MET: Metabolic equivalent of 
tasks; PR: Prevalence ratio.

Supplementary Information
The online version contains supplementary material available at https:// doi. 
org/ 10. 1186/ s12916- 022- 02557-0.

Additional file 1: Text S1. Members of the China Kadoorie Biobank 
Collaborative Group. Text S2. Questionnaire for the sleep patterns in 
the survey of China Kadoorie Biobank. Table S1. Associations between 
Baseline Sleep Patterns and Frailty Transitions among Participants Aged 
< 60. Table S2. Associations between Baseline Sleep Patterns and Frailty 
Transitions Adjusted for Major Diseases and Medication. Table S3. Asso-
ciations between Constantly Healthy Sleep Patterns and Frailty Transitions 
Adjusted for Major Diseases and Medication. Table S4. Associations 
between Constantly Healthy Sleep Patterns and Frailty Transitions among 
Participants Aged < 60. Table S5. Associations between Sleep Scores and 
Frailty Transitions.

Acknowledgements
The most important acknowledgment is to the participants in the study and 
the members of the survey teams in each of the 10 regional centers, as well as 
to the project development and management teams based at Beijing, Oxford, 
and the 10 regional centers.

Authors’ contributions
LL and JL conceived and designed the study. LL, ZC, and JC, members of the 
China Kadoorie Biobank Steering Committee, designed and supervised the 
whole study, obtained funding, and, together with CYu, YG, PP, LY, YChen, HD, 
FL, XY, and DA, acquired the data. YZ and JF analyzed the data. YZ drafted the 
manuscript. JF and CYu helped to interpret the results. CYu contributed to the 
critical revision of the manuscript for important intellectual content. CYu is the 
guarantor. All authors read and approved the final manuscript.

Funding
This work was supported by National Natural Science Foundation of China 
(81941018, 82192900, 82192901, 82192904, 91846303, 91843302). The CKB 
baseline survey and the first re-survey were supported by a grant from 
the Kadoorie Charitable Foundation in Hong Kong. The long-term follow-
up is supported by grants from the UK Wellcome Trust (212946/Z/18/Z, 
202922/Z/16/Z, 104085/Z/14/Z, 088158/Z/09/Z), grants (2016YFC0900500, 
2016YFC1303904) from the National Key R&D Program of China, National 
Natural Science Foundation of China (81390540), and Chinese Ministry of 
Science and Technology (2011BAI09B01). The funders had no role in the study 
design, data collection, data analysis and interpretation, writing of the report, 
or the decision to submit the article for publication.

Availability of data and materials
The dataset supporting the conclusions of this article is available on study 
website (http:// www. ckbio bank. org) for access policy and procedures.

Declarations

Ethics approval and consent to participate
The study protocol was approved by the Ethics Review Committee of the 
Chinese Center for Disease Control and Prevention (Beijing, China: 005/2004) 
and the Oxford Tropical Research Ethics Committee, University of Oxford (UK: 
025–04). All participants provided written informed consent before taking part 
in the study.

Consent for publication
Not applicable.

Competing interests
The authors declare that they have no competing interests.

Author details
1 Department of Epidemiology & Biostatistics, School of Public Health, Peking 
University, 100191 Beijing, China. 2 Peking University Center for Public Health 
and Epidemic Preparedness & Response, Beijing 100191, China. 3 Fuwai Hos-
pital, Chinese Academy of Medical Sciences, Beijing 100037, China. 4 Chinese 
Academy of Medical Sciences, Beijing 100730, China. 5 Medical Research Coun-
cil Population Health Research Unit at the University of Oxford, Oxford OX3 
7LF, UK. 6 Clinical Trial Service Unit & Epidemiological Studies Unit (CTSU), 
Nuffield Department of Population Health, University of Oxford, Oxford OX3 
7LF, UK. 7 NCDs Prevention and Control Department, Qingdao CDC, Qing-
dao 266033, Shandong, China. 8 China National Center for Food Safety Risk 
Assessment, Beijing 100022, China. 

Received: 19 June 2022   Accepted: 8 September 2022

References
 1. Williams AM, Krull KR, Howell CR, Banerjee P, Brinkman TM, Kaste SC, 

et al. Physiologic frailty and neurocognitive decline among young-adult 
childhood cancer survivors: a prospective study from the St Jude Lifetime 
Cohort. J Clin Oncol. 2021;39(31):3485–95.

 2. Fried LP, Hadley EC, Walston JD, Newman AB, Guralnik JM, Studenski S, 
et al. From bedside to bench: research agenda for frailty. Sci Aging Knowl 
Environ. 2005;2005(31):pe24.

 3. Fan J, Yu C, Pang Y, Guo Y, Pei P, Sun Z, et al. Adherence to healthy lifestyle 
and attenuation of biological aging in middle-aged and older Chinese 
adults. J Gerontol A Biol Sci Med Sci. 2021;76(12):2232–41.

 4. Zitting K-M, Münch MY, Cain SW, Wang W, Wong A, Ronda JM, et al. Young 
adults are more vulnerable to chronic sleep deficiency and recurrent 
circadian disruption than older adults. Sci Rep. 2018;8(1):11052.

 5. Moreno-Tamayo K, Manrique-Espinoza B, Morales-Carmona E, Salinas-
Rodríguez A. Sleep duration and incident frailty: the Rural Frailty Study. 
BMC Geriatr. 2021;21(1):368.

 6. Zhao Y, Lu Y, Zhao W, Wang Y, Ge M, Zhou L, et al. Long sleep duration 
is associated with cognitive frailty among older community-dwelling 
adults: results from West China Health and Aging Trend study. BMC 
Geriatr. 2021;21(1):608.

 7. Pérez-Tasigchana RF, Sandoval-Insausti H, Donat-Vargas C, Banegas JR, 
Rodríguez-Artalejo F, Guallar-Castillon P. Combined impact of traditional 
and nontraditional healthy behaviors on frailty and disability: a prospec-
tive cohort study of older adults. J Am Med Dir Assoc. 2020;21(5):710.
e1–9.

 8. Cheung DSK, Kwan RYC, Wong ASW, Ho LYW, Chin KC, Liu JYW, et al. 
Factors associated with improving or worsening the state of frailty: a 
secondary data analysis of a 5-year longitudinal study. J Nurs Scholarsh. 
2020;52(5):515–26.

 9. Wei Y, Lv J, Guo Y, Bian Z, Fan J, Du H, et al. Age-specific associations 
between habitual snoring and cardiovascular diseases in China: a 10-year 
cohort study. Chest. 2021;160(3):1053–63.

 10. Xiong X, Zhong A, Xu H, Wang C. Association between self-reported 
habitual snoring and diabetes mellitus: a systemic review and meta-
analysis. J Diabetes Res. 2016;2016:1958981.

 11. Chen Z, Chen J, Collins R, Guo Y, Peto R, Wu F, et al. China Kadoorie 
Biobank of 0.5 million people: survey methods, baseline characteristics 
and long-term follow-up. Int J Epidemiol. 2011;40(6):1652–66.

 12. Hirshkowitz M, Whiton K, Albert SM, Alessi C, Bruni O, DonCarlos L, et al. 
National Sleep Foundation’s sleep time duration recommendations: 
methodology and results summary. Sleep Health. 2015;1(1):40–3.

 13. American Psychiatric Association. Diagnostic and Statistical Manual of 
Mental Disorders. 4th ed; 1994.

 14. Guha MJA, Psychiatry NZJo. Diagnostic and Statistical Manual of Mental 
Disorders: DSM-5 5th ed 2009;29(3):36 - 37.

https://doi.org/10.1186/s12916-022-02557-0
https://doi.org/10.1186/s12916-022-02557-0
http://www.ckbiobank.org


Page 9 of 9Zhu et al. BMC Medicine          (2022) 20:354  

•
 
fast, convenient online submission

 •
  

thorough peer review by experienced researchers in your field

• 
 
rapid publication on acceptance

• 
 
support for research data, including large and complex data types

•
  

gold Open Access which fosters wider collaboration and increased citations 

 
maximum visibility for your research: over 100M website views per year •

  At BMC, research is always in progress.

Learn more biomedcentral.com/submissions

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

 15. Fan M, Sun D, Zhou T, Heianza Y, Lv J, Li L, et al. Sleep patterns, genetic 
susceptibility, and incident cardiovascular disease: a prospective study of 
385 292 UK biobank participants. Eur Heart J. 2020;41(11):1182–9.

 16. Li X, Xue Q, Wang M, Zhou T, Ma H, Heianza Y, et al. Adherence to a 
healthy sleep pattern and incident heart failure: a prospective study of 
408 802 UK Biobank participants. Circulation. 2021;143(1):97–9.

 17. Mitnitski AB, Mogilner AJ, Rockwood K. Accumulation of deficits as a 
proxy measure of aging. ScientificWorldJournal. 2001;1:323–36.

 18. Fan J, Yu C, Guo Y, Bian Z, Sun Z, Yang L, et al. Frailty index and all-cause 
and cause-specific mortality in Chinese adults: a prospective cohort 
study. Lancet Public Health. 2020;5(12):e650–e60.

 19. Du H, Bennett D, Li L, Whitlock G, Guo Y, Collins R, et al. Physical activity 
and sedentary leisure time and their associations with BMI, waist circum-
ference, and percentage body fat in 0.5 million adults: the China Kadoorie 
Biobank study. Am J Clin Nutr. 2013;97(3):487–96.

 20. Barros AJ, Hirakata VN. Alternatives for logistic regression in cross-sec-
tional studies: an empirical comparison of models that directly estimate 
the prevalence ratio. BMC Med Res Methodol. 2003;3:21.

 21. Skov T, Deddens J, Petersen MR, Endahl L. Prevalence proportion ratios: 
estimation and hypothesis testing. Int J Epidemiol. 1998;27(1):91–5.

 22. Fried LP, Tangen CM, Walston J, Newman AB, Hirsch C, Gottdiener J, et al. 
Frailty in older adults: evidence for a phenotype. J Gerontol A Biol Sci 
Med Sci. 2001;56(3):146–56.

 23. Baniak LM, Yang K, Choi J, Chasens ER. Long sleep duration is associated 
with increased frailty risk in older community-dwelling adults. J Aging 
Health. 2020;32(1):42–51.

 24. Kang I, Kim S, Kim BS, Yoo J, Kim M, Won CW. Sleep Latency in men and 
sleep duration in women can be frailty markers in community-dwelling 
older adults: the Korean Frailty and Aging Cohort Study (KFACS). J Nutr 
Health Aging. 2019;23(1):63–7.

 25. Moreno-Tamayo K, Manrique-Espinoza B, Ortiz-Barrios LB, Cárdenas-
Bahena Á, Ramírez-García E, Sánchez-García S. Insomnia, low sleep 
quality, and sleeping little are associated with frailty in Mexican women. 
Maturitas. 2020;136:7–12.

 26. Javaheri S, Redline S. Insomnia and risk of cardiovascular disease. Chest. 
2017;152(2):435–44.

 27. Åkerstedt T, Trolle-Lagerros Y, Widman L, Ye W, Adami HO, Bellocco R. 
Sleep duration and mortality, influence of age, retirement, and occupa-
tional group. J Sleep Res. 2021;31:e13512.

 28. Nemoto Y, Sato S, Kitabatake Y, Nakamura M, Takeda N, Maruo K, et al. 
Bidirectional relationship between insomnia and frailty in older adults: a 
2-year longitudinal study. Arch Gerontol Geriatr. 2021;97:104519.

 29. Fan J, Liu Y, Wang Q, Zhao H, Kong L, Li J. Association of insomnia and 
multidimensional frailty in community-dwelling older adults: a cross-
sectional survey. J Clin Nurs. 2022;31(1-2):167–73.

 30. Cil G, Park J, Bergen AW. Self-reported prescription drug use for pain and 
for sleep and incident frailty. J Am Geriatr Soc. 2019;67(12):2474–81.

 31. Endeshaw Y, Rice TB, Schwartz AV, Stone KL, Manini TM, Satterfield S, et al. 
Snoring, daytime sleepiness, and incident cardiovascular disease in the 
health, aging, and body composition study. Sleep. 2013;36(11):1737–45.

 32. Wei Y, Zheng B, Fan J, Lv J, Guo Y, Bian Z, et al. Habitual snoring, adiposity 
measures and risk of type 2 diabetes in 0.5 million Chinese adults: a 
10-year cohort. BMJ Open Diabetes Res Care. 2020;8(1):e001015.

 33. Cervantes Gracia K, Llanas-Cornejo D, Husi H. CVD and Oxidative Stress. J 
Clin Med. 2017;6(2):22.

 34. Cho JG, Witting PK, Verma M, Wu BJ, Shanu A, Kairaitis K, et al. Tissue 
vibration induces carotid artery endothelial dysfunction: a mechanism 
linking snoring and carotid atherosclerosis? Sleep. 2011;34(6):751–7.

 35. Choi SB, Lyu IS, Lee W, Kim DW. Increased fragility fracture risk in Korean 
women who snore: a 10-year population-based prospective cohort 
study. BMC Musculoskelet Disord. 2017;18(1):236.

 36. Guida JL, Alfini AJ, Gallicchio L, Spira AP, Caporaso NE, Green PA. Associa-
tion of objectively measured sleep with frailty and 5-year mortality in 
community-dwelling older adults. Sleep. 2021;44(7):zsab003.

 37. Piovezan RD, Abucham J, Dos Santos RV, Mello MT, Tufik S, Poyares D. The 
impact of sleep on age-related sarcopenia: possible connections and 
clinical implications. Ageing Res Rev. 2015;23(Pt B):210–20.

 38. Hall MH, Smagula SF, Boudreau RM, Ayonayon HN, Goldman SE, Harris 
TB, et al. Association between sleep duration and mortality is mediated 
by markers of inflammation and health in older adults: the Health, Aging 
and Body Composition Study. Sleep. 2015;38(2):189–95.

 39. Johansson P, Svensson E, Alehagen U, Jaarsma T, Broström A. The contri-
bution of hypoxia to the association between sleep apnoea, insomnia, 
and cardiovascular mortality in community-dwelling elderly with and 
without cardiovascular disease. Eur J Cardiovasc Nurs. 2015;14(3):222–31.

 40. Soysal P, Isik AT, Carvalho AF, Fernandes BS, Solmi M, Schofield P, et al. 
Oxidative stress and frailty: a systematic review and synthesis of the best 
evidence. Maturitas. 2017;99:66–72.

 41. American Psychiatric Association. Diagnostic and statistical manual of 
mental disorders. 5th ed; 2013.

 42. Ohayon MM. Chronic obstructive pulmonary disease and its association 
with sleep and mental disorders in the general population. J Psychiatr 
Res. 2014;54:79–84.

Publisher’s Note
Springer Nature remains neutral with regard to jurisdictional claims in pub-
lished maps and institutional affiliations.


	Maintaining healthy sleep patterns and frailty transitions: a prospective Chinese study
	Abstract 
	Background: 
	Methods: 
	Results: 
	Conclusions: 

	Background
	Methods
	Study design and participants
	Assessment of sleep pattern
	FI construction and frailty transitions
	Statistical analysis

	Results
	Descriptive analysis
	Associations between sleep patterns and frailty transitions
	Dose-response relationship between sleep scores and frailty transitions

	Discussion
	Conclusions
	Acknowledgements
	References


