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Sleep duration trajectories and all-cause
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Abstract

Background China is among the largest and fastest aging countries. The elderly population is more vulnerable,
with higher proportion of inappropriate sleep duration and risk of mortality, compared with young and middle-
aged adults. Single-measured sleep duration has been associated with mortality, but the health effects of long-term
sleep duration trajectories remain unknown. This study aimed to explore the prospective associations between sleep
duration trajectories and all-cause mortality among Chinese elderly.

Methods Participants (n=3,895; median age: 82 years; females: 53.3%) who reported sleep duration in all three
surveys (2005, 2008, and 2011) from the community-based Chinese Longitudinal Healthy Longevity Survey (CLHLS)
were followed up until 2019 (about 8 years). We identified sleep duration trajectories by latent class mixed model and
explored their association with all-cause mortality using Cox hazard proportional regression and Laplace regression
models. Further, stratified analysis by demographic characteristics and lifestyles and sensitivity analysis by lag effect,
health-related factors, and inverse probability weighting were used to verify the robustness of the association. In
addition, we explored the threshold effect of baseline sleep duration on the risk of all-cause mortality.

Results We documented 1,881 all-cause deaths during 16,689 person-years of follow-up. Five sleep duration
trajectories were identified: moderately increased trajectory (28.1%), rapidly increased trajectory (7.2%), persistent
sleep trajectory of 7 h (33.7%), moderately decreased trajectory (21.3%), and rapidly decreased trajectory (9.7%).
Compared with the persistent sleep trajectory of 7 h, the multivariable-adjusted HRs (95%C/) for moderately increased
trajectory, rapidly increased trajectory, moderately decreased trajectory, and rapidly decreased trajectory were 1.21
(1.08,1.36),1.21 (1.01, 1.44),0.95 (0.82, 1.10), and 0.93 (0.78, 1.11), respectively; and the corresponding difference

in median survival time (95%C/) were -0.53 (-1.01,-0.05), -0.43 (0.16,-1.02), 0.26 (-0.34, 0.86), and 0.25 (-0.51, 1.02),
respectively. Stratified and sensitivity analyses showed consistent results. Threshold analysis indicated a sharply
increased risk of mortality in participants whose sleep exceeds 9 h (HR=1.20, 95%Cl: 1.11, 1.30).
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Conclusion Compared with the persistent sleep trajectory of 7 h, moderately and rapidly increased sleep duration
trajectories were associated with higher subsequent mortality in Chinese elderly. Those who report sleep exceeding

9 h may be at high risk for all-cause mortality.

Keywords Sleep duration trajectory, All-cause mortality, CLHLS, Chinese elderly

Introduction

Recently, the proportion of the elderly population has
accelerated. According to the United Nations report,
761 million (9.3%) people worldwide are 65 years old
and above [1]. In China, 190 million (13.5%) people are
65 years old and above, making it one of the largest and
fastest aging countries [2]. Unlike young and middle-aged
adults, elderly people are more physically and mentally
vulnerable and at higher risk for disease (e.g., stroke,
cardiovascular disease, cancer) and mortality [3, 4], and
therefore require more attention. Good sleep is involved
in the self-repair and metabolism of organisms to pro-
mote health; while poor sleep may increase the risk of
adverse health outcomes by influencing factors such
as biological rhythms, and physical and psychological
changes [5]. The sleep duration of the young and middle-
aged population may be quite different from that of the
elderly population, and the American Academy of Sleep
Medicine’s recommendations for sleep duration varies by
age group: 7-9 h for adults, and 7-8 h for elderly adults
[6]. Studies have shown that older adults had a higher
proportion of inappropriate sleep duration (£6 or 29 h;
40.0-56.9% vs. 32.8-37.8%) [7-9] and a higher preva-
lence of multimorbidity (34.9-62.8% vs. 13.6—32.5%)
[8-12] compared with young and middle-aged people.
Therefore, more research among Chinese elderly could
help develop targeted interventions and public health
strategies to improve their overall health and well-being.

Previous studies have shown a U-shaped association
between sleep duration and all-cause mortality [13], i.e.,
both long and short sleep duration increase the risk of
all-cause mortality. However, most current studies only
measured sleep duration once and did not capture the
changes in sleep duration trajectory, which may more
comprehensively reflect its impact on circadian rhythm
[14]. The few available studies on sleep trajectories sug-
gested that those with greater sleep variability or extreme
long or short sleep are detrimental to physical and men-
tal health [15-17], but there was little evidence between
the sleep duration trajectory and the risk of all-cause
mortality.

Some studies on sleep duration and mortality only
considered linear differences in sleep duration between
the two waves of surveys and reported a higher risk of
all-cause mortality in older individuals with significant
changes in sleep duration [18-20]. This assumption of
purely linear variation was extremely sensitive to mea-
surement error and prone to misclassification, leading

to a bias in the true association between fluctuations in
sleep duration and adverse health outcomes [15]. We
found only one study explored the relationship between
sleep trajectories and mortality among middle-aged
adults, and their study found a higher mortality risk for
sleep trajectories of persistent less than 5 h and decreas-
ing from 7 to 5 h among 4 different sleep trajectories [21].
It is well known that the elderly population may have a
significantly different sleep duration trajectory than
middle-aged adults because their sleep duration usually
decreases naturally with age [6, 22]. Therefore, the evi-
dence for long-term sleep duration trajectories and risk
of all-cause mortality among elderly adults is insufficient
and further research is urgently needed.

In this study, based on the Chinese Longitudinal Sur-
vey of Healthy Longevity (CLHLS) database, we used the
latent class mixed model from a life-course perspective to
identify trajectories for three repeated measurements of
sleep duration (2005, 2008, and 2011 year). And the asso-
ciation with subsequent all-cause mortality risk (until the
2019 year) was assessed after fully controlling for con-
founding factors such as demographic characteristics,
lifestyle, and health information. Since sleep reduction
with aging was a normal physiological phenomenon in
the elderly, we hypothesized that participants with long
sleep duration or with increased sleep duration trajectory
had an increased risk of all-cause mortality compared to
participants with persistent healthy sleep duration. In
addition, we evaluated the association of sleep duration
measured at baseline (the wave of the 2011 year) with
the risk of all-cause mortality, and used threshold effects
analysis to identify the appropriate sleep duration for the
Chinese elderly.

Methods

Study design and participants

This study used data from the Chinese Longitudinal Sur-
vey of Healthy Longevity (CLHLS), an ongoing, open,
community-based cohort established in 1998 [23-26].
During 1998-2018, the CLHLS conducted eight follow-
up surveys in 23 provinces in China using a targeted, dis-
proportionate sampling method to select approximately
half of the counties and cities to obtain a sufficient num-
ber of older adults. The CLHLS collected information on
demographic characteristics, lifestyle, and health status
with follow-up every 3—4 years to understand the health
risk factors in people aged 65 and over, especially those
aged 80 and over [23]. The study was conducted through
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in-home, face-to-face interviews with trained physicians
from community hospitals and public health workers
from the Centers for Disease Control and Prevention. A
previous study has shown that the non-response rate of
CLHLS was very low, the data attrition (average per wave
was 4.85%) was similar to that of large Western cohorts,
and the data quality was generally good [27].

Information on sleep duration in the CLHLS database
was collected from 2005; therefore, participants surveyed
in 2005, 2008, and 2011 were potentially eligible for this
study, and the baseline for this analysis was 2011 (e.g.,
the date when completing the 2011 survey). Of the 4,191
participants, we excluded 56 participants with miss-
ing sleep duration information from surveys in 2005,
2008, and 2011 waves, 25 participants with the missing
date of death, and 215 participants without any follow-
up, resulting in 3,895 participants included in the study
(eFig. 1). We compared baseline characteristics (demo-
graphic characteristics, lifestyle, and health information)
between the included and excluded populations and the
result showed that no statistical differences were found
for most baseline characteristics such as age, sex, marital
status, education, economic status, body type, sleep qual-
ity, diet score, current exercise, self-rated health, cogni-
tive function, depressive status, chronic disease, and
hypertension; only a few baseline characteristics were
found to be statistically different (P<0.05): compared to
the included population, a lower proportion of illiterates
(53.6% vs. 46.3%), current drinkers (18.9% vs. 12.1%) and
current smokers (19.5% vs. 12.5%) in the excluded popu-
lation (eTable 1).

Assessment of sleep duration

In three waves of surveys from 2005 to 2011, sleep dura-
tion within 24 h was assessed by the question “How long
do you sleep normally including napping recently?”. Sleep
duration within 24 h without differentiating between
nighttime sleep duration and daytime naps is also often
used in epidemiological studies [28], and studies have
shown that nighttime sleep duration and sleep duration
within 24 h have similar effects on health outcomes (e.g.,
all-cause mortality, dementia) [29, 30]. Previous stud-
ies have found a moderate correlation (r=0.45-0.57)
between subjective reports of habitual sleep and objec-
tive measured sleep (e.g., sleep logs, wrist actigraphy)
[31-33], and its validity has been validated [33]. Con-
sidering the proportion of participants with sleep dura-
tion less than 5 h or more than 11 h was relatively low:
253 (6.5%), 214 (5.5%), and 326 (8.4%) people slept for
less than 5 h in the 2005, 2008, and 2011 wave, respec-
tively; 174 (4.5%), 208 (5.3%), and 337 (8.6%) people slept
for more than 11 h in the 2005, 2008, and 2011 wave,
respectively (eFig. 2), as well as referring to the grouping
of sleep duration trajectories in previous studies [15, 21,
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34], we divided sleep duration into 7 groups (<5, 6, 7, 8,
9,10,and 211 h).

Outcome

We used all-cause mortality as an outcome indicator.
During two follow-up visits (2014, 2018-2019), partici-
pants’ survival status and date of death were obtained
from death certificates or interviews with next of kin,
local resident councils, or community physicians [23-25].

Assessment of covariates

The covariates were chosen based on previous studies
in this field [24, 25] and were collected in 2011. Demo-
graphic characteristics information included sex (male,
female), age, residence (city, town, rural), education (illit-
eracy, educated), occupation (farmers, others), marital
status (married, others), economic status (rich, general,
poor); health information included body type (under-
weight, normal, overweight), self-rated health (good, fair,
poor), chronic disease (yes, no), cognitive function (nor-
mal, impairment), activities of daily living (normal, dis-
abled), depression (yes, no), and hypertension (no, yes);
lifestyle information included sleep quality (good, fair,
poor), smoking status (never, former, current), drinking
status (never, former, current), current exercise (no, yes),
and diet score.

The body mass index was calculated based on weight
(kg) divided by the square of the height (m). According
to the Chinese standard [35], body type was divided into
three categories: underweight (<18.5 kg/m?), normal
(18.5-23.9 kg/m?), and overweight (>24 kg/m?). Chronic
diseases included diseases with high incidence among the
elderly in China [36]. Participants who self-reported one
or more of the following conditions were considered as
having chronic diseases: diabetes, heart disease, bronchi-
tis, emphysema, pneumonia, asthma, stroke, or cerebro-
vascular disease [37]. Cognitive function was assessed by
the Mini-mental State Examination (MMSE). The MMSE
scale had 24 items, including general ability, attention
and numeracy, reaction, memory, language comprehen-
sion, and self-coordination, with a total of 30 points,
and was divided into cognitively normal (=24 points)
and impaired (<24 points) [38]. Depressive status was
assessed by the Center for Epidemiologic Studies Short
Depression Scale (CES-D), which consisted of 7 items
(each with a score between 0 and 4). The score of depres-
sion was 0 to 28 points, and the higher the score, the
more serious the depression. Those with scores higher
than 10 points were considered in a depressive state [39].
The dietary diversity score was assessed by 10 items: fresh
fruits, vegetables, meat, fish, and other aquatic products,
eggs, soy products, pickled vegetables, sugar, tea, and
garlic. Responses for each item were always (1 point) to
rarely (3 points), whereas responses for sugar and pickled
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vegetables were reversely coded before summing. The
total score of the dietary pattern was 30 points, and the
lower the score, the healthier the diet [26]. When infor-
mation on the 2011 covariates was missing (missing val-
ues for occupation, education, and marital status were 6,
9, and 13 cases, respectively; missing rate<5%), we filled
in the data using data from the 2005 or 2008 surveys.

Statistical analyses

We used the latent class mixed model, a group-based tra-
jectory modeling approach (R, lcmm package), to identify
subgroups with similar sleep duration trajectories during
the three consecutive surveys from 2005 to 2011. Briefly,
we fitted models with different numbers and forms of
potential trajectories (linear, and quadratic slope) by
maximum likelihood. Bayesian Information Criterion
(BIC) and Entropy were used to determine the optimal
form and number of the trajectory. Based on a previous
study [40], the proportion of participants in each trajec-
tory should be at least 5% of the population. Finally, we
also tested discriminative ability by the posterior prob-
ability of group membership.

The Chi-square test was used for comparing unordered
categorical data and the Kruskal-Wallis test was used for
ordinal data and nonnormal continuous data. We used
Kaplan-Meier analysis to assess the survival trends in dif-
ferent trajectories of sleep duration. Person-years were
calculated from the date of completion of the question-
naire in 2011 to the date of death, loss to follow-up, or
the end of follow-up (July 31, 2019), whichever came
first. We assessed the association between trajectories
of sleep duration and all-cause mortality using Cox pro-
portional hazards regression and Laplace regression
models. Laplace regression complements Cox regression
analysis, which estimates differences in time to experi-
ence death events. Results are expressed as hazard ratios
(HRs) and 95% confidence intervals (CIs) and differences
(95%CI) in median survival time. The MV1 model was
adjusted for demographic information (sex, age, place of
residence, education, occupation, economic status, and
marital status). The MV2 model was further adjusted
for health information (self-rated health, chronic dis-
ease, depression, cognitive function, activities of daily
living, and hypertension). The MV3 model was further
adjusted for lifestyle factors (body type, drinking status,
smoking status, current exercise, sleep quality, and diet
score). Schoenfeld’s residuals test was used to evaluate
the proportional hazards (PH) assumption. Further, we
performed the stratified analysis by age, sex, body type,
smoking status, drinking status, current exercise, and
sleep quality. And we also used likelihood ratio tests to
assess statistical interactions between variables for com-
paring models with and without multiplicative interac-
tion terms. For comparison with previous studies, we
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assessed the association of sleep duration at baseline
(the wave of 2011) with the risk of all-cause mortality by
restricted spline curve and threshold effect analysis.

Several sensitivity analyses were used to verify the
robustness of the results. Firstly, we considered a two-
year lag analysis to address potential reverse causation
by excluding older adults who died within two years after
baseline. Secondly, we restricted participants to good
self-rated health, normal cognitive function, no depres-
sion, no chronic disease, and no hypertension, and reas-
sessed the association of sleep duration trajectories
with all-cause mortality. Thirdly, to further enhance the
comparability between different trajectory groups, we
also assessed the association between sleep duration tra-
jectories and all-cause mortality by inverse probability
weighting. Finally, based on previous studies [23, 41], we
reassessed the association of sleep duration trajectories
with all-cause mortality after excluding those partici-
pants who reported extreme sleep duration (<3 or >16 h;
excluded if reported once in all three waves).

All statistical analyses were implemented using
Empower (R) (www.empowerstats.com, X & Y solu-
tions, inc. Boston MA) and R (http://www.R-project.
org). A 2-sided P value<0.05 was considered statistically
significant.

Results

The median (IQR) age of the 3,895 elderly was 82 (76, 91)
years, and 53.3% of them were female. There was 1,881
death during the 16,689 person-years of the follow-up
period (median follow-up was 3.5 years).

Trajectories of sleep duration in the elderly from 2005 to
2011

Using the latent class mixed model, we identified 5 dif-
ferent sleep trajectories in older adults from 2005 to 2011
(eTable 2): 1,095 (28.1%) people have increased sleep
duration from 8 to 9 h (moderately increased trajectory),
279 (7.2%) people have increased sleep duration from 6
to 9 h (rapidly increased trajectory), 1,313 (33.7%) people
have a persistent sleep duration of 7 h (persistent sleep
trajectory of 7 h), 832 (21.3%) people have decreased
sleep duration from 7 to 5 h (moderately decreased tra-
jectory), 376 (9.7%) people have decreased sleep duration
from 8 to 5 h (rapidly decreased trajectory) (Fig. 1). We
calculated the posterior probability of each individual
being a member of 5 trajectory groups and assigned them
to the trajectory group with the largest posterior prob-
ability of membership. The posterior probabilities of the
5 trajectory groups were all greater than 0.70 (0.81, 0.76,
0.99, 0.83, and 0.71, respectively). This suggests that each
trajectory we fitted has high internal reliability and suf-
ficient discrimination among participants with different
sleep duration trajectories.
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Sleep duration trajectories (%)

— Moderately increased (28.1)

Sleep duration (h)
3

Rapidly increased (7.2)
- Persistent sleep of 7h (33.7)
== Moderately decreased (21.3)
Rapidly decreased (9.7)

2005 2008

2011

Time of follow-up waves (year)

Fig. 1 Sleep duration trajectories from 2005 to 2011 in the Chinese elderly

Baseline characteristics

Table 1 showed the baseline characteristics by sleep tra-
jectory groups. Compared with those who had persistent
sleep trajectory of 7 h, those with sleep duration change
(those who had decreased sleep trajectory or those who
had increased sleep trajectory) were older, had a higher
proportion of females, farmers, illiterates, poor economic
status, underweight, unhealthy diet, poor sleep quality,
never smokers, current exercisers, and poor health sta-
tus (self-rated poor health status, cognitive impairment,
depression). In addition, the proportion of chronic dis-
eases and hypertension was higher in the moderately
decreased trajectory. All P<0.05.

Trajectories of sleep duration and risk of all-cause
mortality

The survival curve for participants showed 5 sleep dura-
tion trajectories (moderately increased trajectory, rapidly
increased trajectory, persistent sleep trajectory of 7 h,
moderately decreased trajectory, and rapidly decreased
trajectory; eFig. 3) with median survival times of 4.47,
4.71, 7.75, 7.29, and 6.14 years, respectively; log-rank
P<0.001.

In the age-adjusted model, compared with the per-
sistent sleep trajectory of 7 h, the HR (95%ClI) for all-
cause mortality was 1.23 (1.09, 1.38) for the moderately
increased trajectory, 1.28 (1.07, 1.52) for the rapidly
increased trajectory, 1.01 (0.88, 1.15) for the moderately
decreased trajectory, and 1.05 (0.89, 1.25) for the rap-
idly decreased trajectory. Compared with the persistent
sleep trajectory of 7 h, the Laplace regression showed

that the median survival time (95%CI) was -0.72 years
(-1.20, -0.23) for the moderately increased trajectory,
-0.99 years (-1.62, -0.36) for the rapidly increased trajec-
tory, 0.02 years (-0.66, 0.71) for the moderately decreased
trajectory, and -0.25 years (-1.06, 0.56) for the rapidly
decreased trajectory. After adjusting for demographic
characteristic confounders (MV1), the association
remained unchanged: compared with the persistent sleep
trajectory of 7 h, the HRs (95%CI) were 1.23 (1.09, 1.38),
1.28 (1.07, 1.53), 1.03 (0.90, 1.18), and 1.05 (0.88, 1.24)
for moderately increased trajectory, rapidly increased
trajectory, moderately decreased trajectory, and rapidly
decreased trajectory, respectively; and the correspond-
ing difference in median survival time (95%CI) was -0.78
years (-1.30, -0.26), -0.77 years (-1.36, -0.18), -0.01 years
(-0.65, 0.62), and -0.05 years (-0.88, 0.78), respectively.
The association between increased sleep trajectory and
all-cause mortality remained statistically significant after
additional adjustment for health-related factors (MV2):
the HRs (95%CI) were 1.22 (1.09, 1.37), 1.23 (1.03, 1.46),
0.96 (0.84, 1.10), and 0.96 (0.81, 1.14) for moderately
increased trajectory, rapidly increased trajectory, mod-
erately decreased trajectory, and rapidly decreased tra-
jectory, respectively; and the corresponding difference
in median survival time (95%CI) was -0.61 years (-1.08,
-0.14), -0.74 years (-1.32, -0.17), 0.04 years (-0.53, 0.60),
and -0.02 years (-0.81, 0.76), respectively. After further
controlling for confounding by lifestyle confounders
(MV3), we found that the association was weaker: com-
pared with the persistent sleep trajectory of 7 h, the mul-
tivariable-adjusted HRs (95%CI) were 1.21 (1.08, 1.36),
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Table 1 Characteristics of participants according to sleep duration trajectories
Characteristics Sleep duration trajectories P-value
Mod- Rapidly Persistent Mod- Rapidly
erately increased sleep erately decreased
increased (n=279) of 7h decreased (n=376)
(n=1,095) (n=1,313) (n=832)

Female, n(%)
Age, years, median (/QR)

Place of residence, n(%)
City
Town
Rural
Illiteracy, n(%)
Farmers, n(%)
Economic status, n(%)
Rich
General
Poor
Married, n(%)
Sleep quality, n(%)
Good
Fair
Poor
Drinking status, n(%)
Never
Former
Current
Smoking status, n(%)
Never
Former
Current
Current exercise, n(%)
Diet score, median (/QR)

Self-rated health, n(%)

Good

Fair

Poor
Body type, n(%)

Underweight

Normal

Overweight
Cognitive impairment, n(%)
Depression, n(%)
Chronic disease, n(%)
Hypertension, n(%)

573(52.3) 154(552) 638(486) 496(59.6) 216(574)
86.0(780, 850(780, 800(750, 800(750, 83.0(76.0, <0.001

94.0) 93.0) 88.0) 86.0) 91.0)

<0.001

189(17.3) (20.8)  314(239) 194(233) 46 (12.2)

384 (35.1) (32.3)  459(350) 295(355) 156(415)

522 (47.7) 31(470) 540(41.1)  343(412) 174 (46.3)
625 (57.1) (59.1)  640(48.7) 439(528) 218(580) <0.001
764 (69.8) (69.5) 816(62.1) 516(620) 282(750) <0.001
<0.001

204 (18.6) 58(20.8) 260(19.8) 136(16.3) 53 (14.1)

707 (64.6) 75(627) 857(653) 528(63.5) 230(61.2)

184 (16.8) 46 (165)  196(149) 168(20.2) 93 (24.7)
411(37.5) 91(326) 621(473) 358(43.0) 135(359) <0.001
<0.001

886 (80.9) 204 (73.1) 941 (71.7) 269(32.3) 104 (27.7)

152(13.9) 49(17.6) 288(21.9) 277(333) 131(3498)

57(5.2) 26 (9.3) 84 (64) 286(344) 141(37.5)
0.157

692 (63.2) 181(649) 804(61.2) 555(66.7) 249 (66.2)

183 (16.7) 46 (16.5)  241(184) 147(17.7) 61(16.2)

220(20.1) 52(186) 268(204) 130(15.6) 66 (17.6)
0.029

691 (63.1)  171(61.3) 769(586) 527 (63.3) 236(62.8)

2(194) 42 (15.1)  261(199) 164 (19.7) 64 (17.0)

192(17.5) 66(23.7) 283(21.6) 41(16.9) 76 (20.2)

( (

627 (47.8)  394(36.0) 102(366) 372(447) 118(314) <0.001
220(200, 230(200, 230(200, 23.0(200, 220(19.0, <0.001

24.0) 25.0) 25.0) 25.0) 24.0)
<0.001
530(484) 128(459) 632(48.1) 299(359) 131(34.8)
377 (344) 88(31.5) 477(363) 311(374) 133(354)
188(17.2) 63(226) 204 (155) 222(26.7) 112(29.8)
<0.001
9(29.1) 96 (344) 308(235) 206248 124(33.0)
590(539) 138(49.5) 712(542) 450(54.1) 188(50.0)
186 (17.0) 45(16.0)  293(223) 176(21.2) 64 (17.0)
497 (454) 126(45.2) 381 (29.0) 1(302) 159(423) <0.001
447 (40.8)  126(45.2)  445(33.9) 5(379) 186495 <0.001
389(35.5) 110(394) 516(393) 370(445) 133(354) 0.001
404 (36.9) 100(35.8) 528(40.2) 365(43.9) 142(37.8) 0.017
)

Moderately increased trajectory (from 8 to 9 h), rapidly increased trajectory (from 6 to 9 h), moderately decreased trajectory (from 7 to 5 h), rapidly decreased

trajectory (from 8to 5 h)

The Chi-square test was used for comparing unordered categorical data and the Kruskal-Wallis test was used for ordinal data and nonnormal continuous data, and

bold values indicated statistical significance P<0.05

The missing values for occupation, education, and marital status were 6, 9, and 13, respectively

1.21 (1.01, 1.44), 0.95 (0.82, 1.10), and 0.93 (0.78, 1.11)
for moderately increased trajectory, rapidly increased
trajectory, moderately decreased trajectory, and rapidly
decreased trajectory, respectively; and the corresponding

difference in median survival time (95%CI) was -0.53
years (-1.01, -0.05), -0.43 years (0.16, -1.02), 0.26 years
(-0.34, 0.86), and 0.25 years (-0.51, 1.02), respectively.
(Table 2).
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Table 2 HRs (95%C) of all-cause mortality and median survival
time according to sleeping duration trajectories

Sleep duration Age-adjusted MV1 MV2 MV3
trajectories
Cases/per-  Adjusted HRs (95%CI) P-value
son-years
Moder- 648/4,265 1.23(1.09, 1.23 1.22 1.21
atelyin- 1.38) 0.001 (1.09, (1.09, (1.08,1.36)
creased 1.38) 1.37) 0.001
0.001 0.001
Rap- 164/1,081 1.28(1.07, 1.28 1.23 1.21(1.01,
idly in- 1.52) 0.006 (1.07, (1.03, 1.44)0.033
creased 1.53) 1.46)
0.006 0.023
Persis- 542/5910 1.00 1.00 1.00 1.00
tent
sleep
of7h
Moder- 346/3,789 1.01(0.88,1.15) 1.03 096  095(0.82,
atelyde- 0917 (0.90, (0.84, 1.10)0.500
creased 1.18) 1.10)
0.714  0.595
Rap- 181/1,644 1.05(0.89, 1.25) 1.05 0.96 0.93(0.78,
idly de- 0.522 (0.88, (081, 1.11)0448
creased 1.24) 1.14)
0.589 0629

median survival time Differences (95%C/) in median survival

(years) time (years)P-value
Moder- 447 -0.72 (-1.20, -0.78 -0.61 -0.53
atelyin- -0.23) 0.004 (-1.30, (-1.08, (-1.01,
creased -0.26) -0.14) -0.05)
0.003 0.011 0.030
Rap- 471 -0.99 (-1.62, -0.77 -0.74 -043(0.16,
idly in- -0.36) 0.002 (-1.36, (-1.32, -1.02)0.150
creased -0.18) -0.17)
0.010 0.011
Persis- 7.75 0.00 0.00 0.00 0.00
tent
sleep
of 7h
Moder- 7.29 0.02 (-0.66, -0.01 0.04 0.26 (-0.34,
atelyde- 0.71) 0.950 (-0.65, (-0.53, 0.86)0.393
creased 062) 0.60)
0.967 0.899
Rap- 6.14 -0.25 (-1.06, -005 -002 0.25(-051,
idly de- 0.56) 0.550 (-0.88, (-0.81, 1.02)0518
creased 0.78) 0.76)
0912 0959

Abbreviation: HR, hazard ratio; Cl, confidence interval

Moderately increased trajectory (from 8 to 9 h), rapidly increased trajectory
(from 6 to 9 h), moderately decreased trajectory (from 7 to 5 h), rapidly
decreased trajectory (from 8 to 5 h)

MV1 model was adjusted for sex (male, female), age (continuous), place of
residence (city, town, rural), education (illiteracy, educated), occupation
(farmers, others), economic status (rich, general, poor), marital status (married,
others). MV2 model was further adjusted for self-rated health (good, fair, poor),
chronic disease (no, yes), depression (no, yes), cognitive function (normal,
impairment), hypertension (no, yes). MV3 model was further adjusted for
drinking status (never, former, current), smoking status (never, former, current),
current exercise (no, yes), sleep quality (good, fair, poor), diet score (continuous),
body type (underweight, normal, overweight)

The bold values indicated statistical significance P<0.05
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Stratified and sensitivity analyses

In stratified analyses, the association of sleep duration
trajectories and risk of all-cause mortality were con-
sistent in subgroups with different ages, sex, body type,
smoking status, drinking status, current exercise, and
sleep quality, all P for interaction>0.05 (Table 3).

We performed several sensitivity analyses. Firstly, when
we excluded older adults who died within two years of
follow-up, we found a similar association of sleep dura-
tion trajectories with all-cause mortality risk. Secondly,
to further control the confounding of healthy factors, we
restricted participants to good self-rated health, normal
cognitive function, no depression, no chronic disease,
and no hypertension, the association between sleep dura-
tion trajectories and the risk of all-cause mortality was
consistent. Thirdly, We also assessed the association
of sleep trajectories with the risk of all-cause mortality
using inverse probability weighting and found consistent
results. Finally, the association of sleep duration trajecto-
ries with all-cause mortality remained robust after those
participants who reported extreme sleep duration were
excluded (Table 4).

Sleep duration at baseline and all-cause mortality
Restrictive spline curves showed an inverse L-shaped
association for sleep duration at baseline with risk of all-
cause mortality, and threshold effect analysis showed that
the best cut-off value was about 9 h, indicating a sharply
increased risk of all-cause mortality in participants
whose sleep duration exceeds 9 h (P for overall associa-
tion<0.001, P for non-linear association=0.007) (Fig. 2).

Discussion

Main findings

In the current analysis, we found 5 trajectories of sleep
duration in three consecutive surveys from 2005 to 2011
among the Chinese elderly. Compared with the persistent
sleep trajectory of 7 h, the risk of all-cause mortality was
higher in the moderately increased trajectory and rapidly
increased trajectory, and the median survival time was
shorter. These associations persisted after controlling for
demographic characteristics, health-related factors, and
lifestyle factors. Further, an inverse L-shaped association
was found for sleep duration at a single baseline measure-
ment with the risk of all-cause mortality, that is, when
sleep duration exceeded 9 h, the risk of all-cause mortal-
ity increased dramatically. To the best of our knowledge,
this was the first prospective study to explore the associa-
tion of longitudinal sleep duration trajectories with the
risk of all-cause mortality in an elderly population.

Comparison with other studies
Conventional evidence supported a J-shaped association
between sleep duration at a single baseline and all-cause



Page 8 of 12

1095

(2023) 23

Ding et al. BMC Public Health

pa1e.-4|95 ‘(SISY10 ‘PaLIeW) sNiels [elliew ‘(100d ‘[eIauab ‘Udli) SN1els DILOU0DS ‘(SI9Y10 ‘Sidwlie)) uoiednddo ‘(pa1esnps ‘Aoesall

50°0>4d @duedylubis [eJ13s11eIS PAIEdIPUI SaN|eA PlOq Y|

319511 10128} UONEDYIIRILS DY) J0) 1dIX3 ‘(SNONUIIUOD) 21025 131p ‘(100d “ie) ‘poob) Alijenb daajs ‘(saK ‘Ou) 3S1249X3 JUDLIND ‘(JUBIIND 4WIIO 4BASU) SN1LLS BUIOWS ‘(JULIND 4SWIO) 4BASU) Sh1eLS
Buryuup ‘(ybramiano ‘lewsou ‘ybramiapun) adA1 Apoq ‘(sak ‘ou) uoisuspadAy ‘(pajgesip ‘jewou) bulal] Aj1ep Jo saiiAllde ‘(Juswiledwl ‘|ewiou) uolduny aAINUBOd ‘(sak ‘ou) uoissaidap ‘(sak ‘ou) aseasip d1uoayd ‘(1ood e} ‘poob) yyjeay

1) UoNEINPS ‘(Jedn. ‘umo) ‘A11d) 9UspIsal Jo ade|d ‘(sieak 08 < ‘08S) abe ‘(9]eway ‘Bew) X35 40) PASNIPY,

(Y 01 8 wouy) K10123(ea) paseasdap A|pides ‘(Y 03 £ woly) K101d3(el) paseasdap A|a1e1apow ‘(Y 6 01 9 wody) K1013fes) paseasdul A|pides ‘(Y 6 01 g woly) K10133(el) paseadul K|a1esapoy

|eAJIS1UI 3DUIPYUOD ‘| ‘oNlel piezey ‘YH :u ADIQQY
STV 0 (£LT'1'LS0) 80 88€°0(CC'L'09°0) S80 001 G880 (S6'L '95°0) SO'L LOV0(E6'L VL0 6L L 0£5'7/86C 65 1004
€//°0(0€'1'0£0)960 8180 (97’1 'SL°0) L60 00'L 9v0°0 (8T°C‘L0°L) TS'L 6v0°0 (€£°1 ‘'00°L) LE'L YSL'€/LEY 168 Jleq
86C°0(SL°1'790) $80 S0 (90'L '£90) ¥8°0 00'L Y80 (Cr'L'e60)SL'L 700°0 (Z¥'L ‘80°L) ¥T'L GOE'0L/9vL'L YO¥'T poos

ST€0 Ayjenp daays
L0 (891 '88°0) ¢T'L €680(SC'L'££0)8610 00'L SLL0(9L'L'V60) 6T L 0S0°0 (6%°'L ‘00°L) TT'L GSS'L/879 €191 SIA
810°0(96°0 '29°0) L£L°0 8600 (€0'L "L£°0) 980 00'L yLLIO(8Y1'960)61L 00°0 (b¥'L 'LO°L) ¥T'L YEL'6/ESC'L T8C'T ON

9/00 9S1249X7 JUdND
L76'0 (951 '99°0) ¢O'L 6590 (VE'L '€9°0) T6'0 00'L 00%°0 (¥8'L '8£°0) 0T'L 9870 (551 '88°0) £1'L 8ye'e/cee 9¢L LNy
8690(99°1LL0) 60'L LECO(PL'L '85°0) T80 00'L S¥0°0 (9€°T 10°L) ¥S'L 1010 (591 '96°0) 9T'L 81£'7/€9¢ 8/9 Jowliod
7900 (10'L '590) 180 80C°0 (£0'L '¥£°0) 680 00'L €710 (8L 'S6°0) 8L'L 1000 (6¥°L LL L) 6T'L ¥29'0L/961'L 18¥'T JonSN

1510 sniels bununa

6¥0°0

660 (L1 ¥50) 180 €290 (621 '590) 2610 00'L €£70 (281 VY80 vT'L (z9'L'00°L) £LT'L 10€'€/SS€E 8SL aln)
£60°0 (80T '¥6°0) OF'L ¥05°0 (ET'L '99°0) 06'0 00'L 1000 (SL'E ‘TEL) ¥O'T 900°0 (¥8'L ‘TL'L) €¥°L 8€6'T/E0V €V/ JoWliod
S70°0(£6°0°L9°0) L0 7600 (€0'L '0£°0) S8°0 00'L 97T 0 (S¥'L'C60)SLL T00°0 (87°'L‘0OL°L) 8T'L YrY'0L/ECL'L Y6ET JEVEIN]

€600 smejs bupjows
9vT0(SLT'780) €L /850 (€91 '940) LL'L 001 T00°0 (SS'€ ‘€€°L) L1'T ¥0L'0 (V8L ¥6°0) TE'L S0L'€/19T ¥9L Wb1emIanQ
7900 (L0°L'090) 820 S87°0 (#1'L'9°0) €60 00'L 6,70 (051 '6810)9L'L L000 (ES°L LLL) LE'L 611'6/956 80T [PULION

€00°0

%590 (ST'1'0L0) ¥6'0 7500 (001 '09°0) 820 00'L 0£0°0(2L'1'86°0) 0E'L (99°L“LL'L) 9€°L G98'€/¥99 €50'L Wbremiapun

celo adA1 Apog
€020 (60°L '£90) 580 TS0 (SLL'LL0)¥60 00'L TEE0 ('L '88°0) EL'L PSL0 (PEL'S60) 1L €76'8/8L6 /0T Slewsa4
87/0(££1'080) SO'L G/90(81'L'£L0)960 00'L €70°0 (0£°L°10°L) LE'L 1000 (0S°L '80°L) 8T'L 9v/'L/€06 818'L Sle

7810 XoS
G970 (60°L '€£°0) 680 €070 (90°L '5£°0) 680 00'L 600°0 (6S°L £0°L) OE'L L00'0>(8¥'L‘ELL) 6T'L €559'2/9tyl 091'T 08<
8LT0(£1'1'L50) T80 €810 (60°L '€90) €80 00'L 9Tr0 (L' 1'6L70) L1'L 900°0 (Z£°L‘OL°L) O¥'L 9€1'6/5SY SEL'L 08>

950 sieak ‘aby

uonoe y £ jo dasg|s
-1 pasea.dap A|pidey paseasdap A|o1esspoy paseasnul Apidey paseasnul Kj91esspopy
‘_o“_m. anjeA-d (1D9%S6) SYHx ‘sa110)d3(e1) uoneinp das|s sieak-uosiad/sased sdnoibgng

sasAjeue uonedyiels ‘Aijelioul asned-|je Jo sk dY3 pue salio1dafel) uoneinp daajs Usamiag UoNeDOSSY € ajqeL



Ding et al. BMC Public Health (2023) 23:1095 Page 9 of 12
Table 4 Sensitivity analyses of the association between trajectories of sleep duration and the risk of all-cause mortality
Outcomes n Cases/person-years Sleep duration trajectories, HRs (95%CI) P-value
Moderately  Rapidly Persis- Moderately Rapidly
increased increased tent decreased  decreased
sleep
of7h
1. % Excluded of participants who died within two-years of follow-up
3,091 1,078/15,860 1.31(1.13, 1.13(0.89, 1.00 0.96 (0.80, 0.84 (0.66,
1.53) 0.001 1.46) 0.303 1.15) 0.655 1.07)0.154
2.°Limiting population to:
Good self-rated health 1,720 757/7,670 1.39(1.16, 1.19(0.90, 1.00 0.82 (0.64, 0.93(0.69,
1.66)<0.001 1.59)0.208 1.05) 0.109 1.25) 0.630
Normal cognitive function 2481 907/11,997 1.27 (1.07, 1.12 (0.86, 1.00 0.93 (0.76, 1.00 (0.77,
1.50) 0.006  1.47)0.396 1.13) 0453 1.28) 0.977
No depression 2,376 951/11,091 1.25(1.06, 1.14(0.88, 1.00 0.92(0.75, 0.98 (0.74,
1.48) 0.007 1.48) 0.308 1.12) 0417 1.28) 0.861
No chronic disease 2,377 1,121/10,546 1.21(1.04, 1.32(1.05, 1.00 0.94 (0.78, 0.90(0.72,
1.41) 0.014 1.67) 0.018 1.14) 0.559 1.13) 0362
No hypertension 2,356 1,176/9,997 1.34(1.15, 1.39(1.11, 1.00 0.86 (0.71, 0.90 (0.73,
1.55)<0.001 1.73) 0.003 1.04) 0.124 1.12) 0.364
3.PInverse probability weighting
3,895 1,881/16,689 1.21(1.06, 1.13 (0971, 1.00 0.86 (0.74, 0.91(0.73,
1.38) 0.006 1.40) 0.261 1.01) 0.066 1.13)0.379
4.2Excluded those participants who reported extreme sleep duration (<3 or > 16 h)
3,591 1,727/15,407 1.22(1.09, 1.23(1.02, 1.00 0.96 (0.82, 0.98 (0.81,
1.38) 0.001 1.48) 0.032 1.12)0.579 1.18) 0.824

Abbreviation: HR, hazard ratio; Cl, confidence interval

Moderately increased trajectory (from 8 to 9 h), rapidly increased trajectory (from 6 to 9 h), moderately decreased trajectory (from 7 to 5 h), rapidly decreased
trajectory (from 8to 5 h)

@ Adjusted for sex (male, female), age (continuous), place of residence (city, town, rural), education (illiteracy, educated), occupation (farmers, others), economic
status (rich, general, poor), marital status (married, others), self-rated health (good, fair, poor), chronic disease (no, yes), depression (no, yes), cognitive function
(normal, impairment), activities of daily living (normal, disabled), hypertension (no, yes), body type (underweight, normal, overweight), drinking status (never,
former, current), smoking status (never, former, current), current exercise (no, yes), sleep quality (good, fair, poor), diet score (continuous)

b Propensity weight was based on: sex (male, female), age (continuous), place of residence (city, town, rural), education (illiteracy, educated), occupation (farmers,
others), economic status (rich, general, poor), marital status (married, others), self-rated health (good, fair, poor), chronic disease (no, yes), depression (no, yes),
cognitive function (normal, impairment), activities of daily living (normal, disabled), hypertension (no, yes), body type (underweight, normal, overweight), drinking

status (never, former, current), smoking status (never, former, current), current exercise (no, yes), sleep quality (good, fair, poor), diet score (continuous)

The bold values indicated statistical significance P<0.05

mortality [19, 42], which suggested that long sleep (=9 h)
was associated with a higher risk of all-cause mortality
than short sleep (<6 h), possibly because short sleep was
a normal physiological phenomenon in the elderly [43].
However, there are also studies reporting U-shaped asso-
ciations [20], which may be related to confounding fac-
tors of unmeasured diseases or subclinical symptoms,
and those studies did not fully account for the confound-
ing of physical and mental health. Our study found the
optimal threshold for single measured sleep duration
and demonstrated an increased risk of all-cause mortal-
ity when sleep duration exceeded 9 h in the elderly after
controlling for confounders. This provided new evidence
to explore appropriate sleep durations for older adults
and confirmed that long sleep (=9-10 h) increases the
risk of morbidity and mortality proposed by the Ameri-
can Academy of Sleep Medicine for older adults [6].

In our study, there were statistically significant differ-
ences in baseline characteristics between sleep trajectory

groups. The older population in the increased sleep tra-
jectory group was older, had a higher proportion of
underweight body type, and had worse health outcomes.
This was unsurprising and understandable, given that the
increased sleep duration group was dominated by older
adults who tend to have lower metabolisms, lower socio-
economic status, unhealthy diets, and leaner body types
[17]. In addition, many studies suggest that increased
sleep trajectory may be a marker of morbidity (hyper-
tension, diabetes, depression, etc.) [6, 44], suggesting
that older adults who reported increased sleep duration
should be taken seriously.

Previous studies from the United States and Singapore
with two waves of surveys reported that the HR (95%CI)
of all-cause mortality for sleep duration increasing from
7 to 8 h to 29 h was 1.70 (1.30, 2.22) [19] and 1.43 (1.25,
1.64) [20], respectively, compared with persistent sleep
duration of 7 h, while the risk of all-cause mortality was
not significant when sleep duration decreased in the
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Fig. 2 Spline curve for the association of sleep duration at baseline with
all-cause mortality

Adjusted for sex (male, female), age (continuous), place of residence (city,
town, rural), education (illiteracy, educated), occupation (farmers, others),
economic status (rich, general, poor), marital status (married, others), self-
rated health (good, fair, poor), chronic disease (no, yes), depression (no,
yes), cognitive function (normal, impairment), hypertension (no, yes), body
type (underweight, normal, overweight), drinking status (never, former,
current), smoking status (never, former, current), current exercise (no, yes),
sleep quality (good, fair, poor), diet score (continuous)

elderly population, which was consistent with our finding.
We extended this finding in terms of longitudinal sleep
duration trajectories, and our findings remained robust
in stratified and sensitivity analyses. A study from China
showed that decreased and persistent short sleep dura-
tion trajectories increased the risk of all-cause mortality
[21], which contradicts our results, possibly because their
participants were mostly middle-aged rather than elderly.
This study complemented the evidence on the trajectory
of increased sleep duration and risk of all-cause mortal-
ity in older adults from a life-course perspective of aging
after controlling for confounders.

Potential mechanisms

While the exact mechanisms through which sleep dura-
tion affects mortality may still be unclear, there are sev-
eral potential pathways involved. Firstly, sleep duration
in the elderly usually decreases naturally with age [22],
so it is against the rules of healthy aging to sleep longer.
This abnormal phenomenon may be associated with
fatigue, decreased immune system, metabolic disorders,
and inflammation [45-47], thus increasing the risk of
a range of diseases such as cardiovascular disease and
cancer, both of which are major causes of mortality. Sec-
ondly, long sleep duration has been shown to have nega-
tive effects on cognitive function [48], including memory,
attention, and decision-making, which can lead to a range
of health problems such as falls and injuries [49], and
ultimately may lead to premature mortality. Thirdly, there
is much evidence that long sleep duration may affect
mental and emotional health [47, 50], where stress and
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dysfunctional hypothalamic-pituitary-adrenal axis activ-
ity may ultimately lead to unintentional injuries and an
increased risk of mortality [51]. Finally, Abnormal mela-
tonin secretion in older adults with long sleep duration
may also have high daily sleep variability [52, 53], dis-
rupting biorhythmic homeostasis and further reducing
anti-inflammatory capacity [54, 55], so this feedback can
further induce a variety of chronic diseases (e.g. depres-
sion, cognitive impairment, diabetes, stroke) and even
mortality [56—59], which may be another potential mech-
anism. These mechanisms suggest that this increased
sleep duration trajectory in the elderly is an important
marker of abnormal aging and should be alerted.

Strengths and limitations

Strengths of this study include a prospective cohort,
longitudinal follow-up, large sample size, fully adjusted
covariates, and modeling using a longitudinal sleep
duration trajectory approach. Likewise, several limita-
tions also exist in our study. Firstly, sleep duration was
self-reported, but obtaining objective and detailed sleep
duration was often not feasible in large prospective stud-
ies. Studies have shown that self-reported sleep duration
is moderately correlated with objective measures (e.g.,
sleep logs, polysomnography) [31, 60], indicating that
self-reported sleep duration can also be used in epidemi-
ological studies. Secondly, as the CLHLS database does
not contain variables for daytime napping and nighttime
sleep, it limits our further research. Thirdly, although we
excluded people who died within two years of follow-up
and the trend of association was consistent, the follow-up
period for this study was short (2011-2019; only 8 years),
so reverse causality may still be inevitable. Fourthly, the
participants in this study were Chinese elderly, and the
findings cannot be generalizable to young adults and
other ethnic populations. Finally, although we included as
many covariates as possible in the multivariate-adjusted
model, confounding variables such as sleep disturbance
(e.g., sleep apnea, sleep disruption, insomnia), medica-
tion use, fatigue, and stress were not collected, and the
interpretation of the results should be cautious. Our
study supplements the evidence at an advanced age and
provides a basis for guiding healthy sleep in the elderly.
In future studies, we should obtain as many dimensions
of sleep behavior as possible to more scientifically explain
the association between long-term sleep duration trajec-
tories and all-cause mortality.

Conclusions

Our study found that, unlike the middle-aged population,
in Chinese older adults, compared with persistent sleep
trajectory of 7 h, moderately increased trajectory and
rapidly increased trajectory were both associated with
shortened survival time and a higher risk of all-cause
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mortality. Combined with previous studies, it should be
taken seriously when older adults show signs of increased
sleep duration, especially when sleep duration exceeded
9 h. Our study enriches the use of sleep duration trajec-
tories in health outcomes and also provides a new view
of all-cause mortality research. In the future, our study
suggests that health workers should improve sleep health
education for older people, especially when they report
increased sleep duration trajectory or long sleep dura-
tion. In addition, the government and the community
should pay close attention to the changing regularities of
sleep duration in the elderly population and conduct bet-
ter sleep behavior cohort studies in the future to suggest
appropriate sleep duration for the elderly.
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