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Aim: The effect of sleep duration on cognitive function has been reported. However, the studies about the combined effects of total
sleep duration and midday napping on cognition in elders were limited and inconclusive. We aimed to investigate the associations
between total sleep duration, midday napping and cognitive function among middle-aged and older Chinese adults.
Methods: Based on the 3rd wave of the China Health and Retirement Longitudinal Study (CHARLS) in 2015, a total of 9218
participants aged ≥45 years with completed cognition measurements were included. Cognitive functions were assessed by a combined
global cognition score of episodic memory and mental status. Information about sleep-related variables, demographic characteristics,
and health status were collected by validated questionnaires. Multivariate linear regression models were performed to evaluate the
associations between total sleep duration, midday napping, and cognitive function. Stratified analyses were used to explore the
potential effect modifier.
Results: Overall, the global cognition score was 10.38 ± 4.30 among the participants (mean age: 61.5 ± 8.7 years). For sleep duration,
both short sleep and long sleep duration were significantly associated with the increased risk of cognitive impairment after controlling
for demographics and other confounders. Compared with sleeping for 7h per day, the adjusted β-coefficient and 95% CI of the risk of
cognitive impairment was −0.967 (95% CIs: −1.191, −0.742) for ≤5h, −0.257 (−0.498, −0.016) for 6h, −0.424 (−0.650, −0.198) for 8h
and −0.664 (−0.876, −0.452) for ≥9h. The combined effect analysis indicated that subjects with extended or without naps had
a significantly higher risk of cognitive impairment in the ≤5h sleep time group (ref: 7h) and in extended nappers or without naps group
(ref: short nappers). Subjects with extended naps or without naps might increase the risk of cognitive impairment, especially those
having ≤5h total sleep time. Stratified analysis showed that participants aged ≥60 years without social activity increased the risk of
cognitive decline.
Conclusion: An inverted U-shaped association was observed between total sleep duration and cognitive function in Chinese elders,
especially in those aged ≥60 years or without social activity. Short midday naps could mitigate the deleterious effects of poor sleep
quality and shorter sleep duration on cognitive function. The findings could help us identify the vulnerable population and decrease the
burden of cognitive impairment.
Keywords: cognitive function, sleep, midday napping, epidemiology, China

Introduction
Cognitive impairment, which refers to the problems with learning and memory, language, executive function, under-
standing judgment, etc., is one of the major health challenges facing most countries around the world.1–3 According to
the World Health Organization reports, 10 million older Chinese adults will have dementia by 2050.4 Studies have
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indicated that cognitive impairment significantly increased the risk of functional dependence and poor life quality in older
adults.5,6

As one of the largest developing countries of the world, China nowadays faces serious challenges of cognitive
impairment among the elderly due to the population aging.7 An analysis showed that there had been approximately
31 million people with cognitive impairment in China,8 which posed a heavy burden on both individuals and society.2

Prior studies have identified sleep might be a potential determinant of cognitive function.9,10 Some studies found that
insufficient sleep, even a few hours less, could cause decreased concentration,11 while excessive sleep might also increase
the risk of cognitive impairment.12,13 For midday napping, Blackwell et al found that longer napping duration was
associated with the increased risk of cognitive impairment,14 but other studies have found conversely beneficial effects of
napping on cognitive function.15 Midday napping might also relate to negative night sleep outcomes including shorter
sleep duration and frequent nocturnal awakening.16

Taken together, the average age of subjects, the measurement of sleep duration and sample size of the studies might
contribute to these contradictory results. However, few studies have been conducted to investigate the combined effects
of sleep duration and midday napping on cognitive performance. Therefore, it is crucial to explore and identify the role of
midday napping in alleviating cognitive impairment in the Chinese elderly throughout the sleep period.

In this study, we aimed to investigate the associations between total sleep duration, midday napping and cognitive
function among middle-aged and elders in China, by a nationwide population-based cross-sectional study.

Methods
Study Design and Participants
This study was based on the 3rd wave of the Chinese Health and Retirement Longitudinal Study (CHARLS) in 2015,
a nationally representative survey conducted among Chinese community-dwelling residents aged 45 years and older and
their spouses. The detailed study design and sampling methods for the CHARLS project are reported in the previous
literature.17 To summarize, the nationwide baseline survey was conducted in 150 counties/districts and 450 villages/
resident committees from 28 provinces of China from June 2011 to March 2012, and 17,708 respondents were included.
The information about demographic characteristics, health status and function, family structure, biomarkers, and
community-level data were collected in the CHARLS project.

In this study, we used the 3rd wave follow-up data from CHARLS, conducted in 2015 and involving 21,095
respondents. We excluded respondents aged less than 45 years and those who have not completed indicators of cognitive
function test, sleep duration, and other covariates. Finally, a total of 9218 participants were included in the final analyses.
The details about the participants enrolled in our study were clearly shown in the Flowchart (Figure 1).

Ethics approval was obtained from the Biomedical Ethics Review Committee of Peking University (IRB00001052-
11015). Written informed consents were obtained from each participant.

Measurement of Cognitive Function
Cognitive function was captured using two measures in line with previous work:18,19 the memory score and the mental
status score. The memory score was measured by the immediate and delayed recall of 10 Chinese words that were read to
the respondents. The immediate recall required respondents to immediately repeat ten Chinese nouns just read to them,
and the delayed recall required them to repeat the same list of words 4 minutes later.20,21 The final score ranged from 0 to
10, calculated by averaging the immediate and delayed recall scores. The mental status score includes questions on
orientation, vasoconstriction, and numeric ability. Orientation was assessed by asking respondents to name today’s date
(month, day, year), and season, and the day of the week. Vasoconstriction was assessed by asking respondents to
accurately redraw a previously shown picture. Numeric ability was assessed through the serial sevens test, which asks
respondents to subtract 7 from 100 (up to 5 times), and whether additional explanation or aid such as a paper and pencil
was needed to complete the task. The total score of mental status ranged from 0 to 11. The overall cognition score was
the sum of the memory score and the mental status score, which ranged from 0 to 21.22
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Sleep Duration and Midday Napping Variables
In this study, night sleep duration was assessed by the question “During the past month, how many hours of actual sleep
did you get at night (average hours for one night)?” The duration of midday napping was assessed by the question,
“During the past month, how long did you take a nap after lunch in general?” To measure the duration of napping, the
participants were categorized into four napping groups: non-nappers (0 minutes), short nappers (≤30 minutes), moderate
nappers (30–90 minutes), and extended nappers (>90 minutes).23

Total sleep duration can be obtained by the sum of night sleep duration and midday napping. In this study, total sleep
duration was divided into five categories: ≤5 h, 6 h, 7 h, 8 h, and ≥9 h.24

Covariates
The demographic characteristics including age, gender, body mass index (BMI), waist circumstances (WC), residential
locations (urban vs non-urban), marital status, education level as well as behavior factors including current smoking (yes
vs no), current drinking (yes vs no) and social activities (yes vs.no, which assessed by asking respondents’ participation
in social-related activities, such as interacting with friends or assisting others) were collected in this study.

Figure 1 Flowchart of the participants included in this study.
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The health-related factors including self-rated health (poor, fair, good), hypertension, diabetes, and depressive
symptoms were also collected. Individuals with hypertension were assessed by the question of “Have you ever been
diagnosed with hypertension by a physician?” Diabetes was defined by the question “Have you ever been diagnosed with
diabetes by a physician?” Depressive symptoms were assessed by using the 10-item Center for Epidemiological Studies
Depression Scale (CES-D-10)23,25 that contained 10 questions about the depressive feelings and behaviors of the
respondents during the last week. Each item has 4 response options valued from 0 to 3 successively. The total score
ranges from 0 to 30, with a higher score indicating a higher level of depressive symptoms. The prior survey has shown
that a cutoff score ≥10 was used to identify the respondents who had significant depressive symptoms.25

Statistical Analysis
The cognitive function score, demographic characteristics, and health-related status were summarized in the subjects, and
each subgroup was stratified by total sleep duration. Differences in demographic characteristics and potential covariables
of cognitive function were analyzed using the Chi-square test for categorized variables and the one-way analysis of
variance (ANOVA) or Kruskal–Wallis H-test for continuous variables.

Multivariable linear regression models were used to explore the associations between total sleep duration, midday
napping, and cognitive function among middle-aged and older Chinese. The results are presented as β-coefficient and
95% Confidence intervals (95% CIs), using total sleep duration of 7 hours/night and midday napping of 1–30 minutes as
the reference groups, which were based on previous studies that suggested that 7 hours of sleep and ≤30 minutes nap
were beneficial.26 Both the crude model and adjusted models were fit to investigate the independent effect of total sleep
duration, midday napping, and cognitive function among the subjects. The covariates included age, gender, BMI, WC,
residential locations, marital status, education level, current smoking, current drinking, social activities, self-rated health,
hypertension, diabetes, and depressive symptoms. To determine whether the independent effect of total sleep duration or
midday napping on cognitive function, we further conducted crude and adjusted multivariable analysis of total sleep
duration or midday napping stratified by subgroups on cognition score among the participants.

To examine the modification effects of several significant variables, stratified analyses were performed for gender
(males vs females); age (<60 years vs ≥60 years); current smoking (yes vs no); current drinking (yes vs no); social
activity (yes vs no). We statistically examined the differences in effects between the paired strata as follows:

Q̂1 � Q̂2 � 1:96
ffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffi

SÊ21 � SÊ22
q

where Q̂1 and Q̂2 were the adjusted estimates in each stratum, and sÊ1and sÊ2 were the corresponding standard errors.27

All the statistical analyses were carried out using SPSS software (version 24.0). A two-sided p-value <0.05 was
considered statistically significant in this study.

Results
The demographic characteristics of all the participants and according to total sleep duration are summarized in Table 1.
We evaluated 9218 participants aged ≥45 years from 28 provinces in China. The average age of the subjects was 61.5 ±
8.7 years, and nearly one-half of the participants were male. The percent of participants who reported sleeping ≤5h, 6h,
7h, 8h, and ≥9h per day were 22.0%, 15.0%, 17.8%, 19.1%, and 26.1%, respectively. Detailed characteristics of overall
participants and according to total sleep duration groups are presented in Table 1.

According to the multivariable linear regression model, a U-shaped relationship was observed between total sleep
duration and risk of cognitive impairment among the participants in our study. After controlling the confounders, we
found that the adjustedβ-coefficient and 95% CI of cognitive function among the subjects were −1.132 (95% CI: −1.356,
−0.908) (Model II) for ≤5h sleep duration per day, −0.291 (−0.533, −0.048) for 6h, −0.390 (−0.618, −0.612) for 8h and
−0.612 (−0.825, −0.399) for ≥9 h when compared to those sleeping for 7h a day (Table 2). The results were robust when
further adjusted for health-related status, hypertension, diabetes, and depressive symptoms (Model III) (Table 2). The
trend analysis showed a significant dose-effect relationship among different subgroups stratified by total sleep duration
(P-values for trend from 5 to 7 h and from 7 to 9 h < 0.001). For midday napping, we observed that both the extended
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napping time (−0.748 (−1.019,-0.478), P < 0.001, Model III) and those without midday napping (−0.741 (−0.972,-0.510),
P < 0.001, Model III) were independently associated with the increased risk of cognitive impairment when compared to
those with short napping times (Table S1).

The stratified analyses showed that the cognitive function score was higher in males and those aged younger than 60
years compared with females and those aged ≥60 years. And the cognitive score was generally highest in groups of a 7h
total sleep duration (Figure 2, Figure S1). The adjusted regression models showed that the subjects aged ≥60 years had

Table 1 Characteristics of the Participants in Different Subgroups Stratified by the Total Sleep Duration in the Study† [Mean ± SD/N
(%)]

Variables Total
(n=9218)

Total Sleep Duration P-value

≤ 5h
(N=2025)

6h
(N=1382)

7h
(N=1639)

8h
(N=1762)

≥ 9h
(N=2410)

Cognitive function scores 10.38±4.30 9.03±4.40 10.97±4.06 11.31±4.03 10.87±4.21 10.19±4.32 <0.001

Age (years) 61.5±8.7 62.6±9.0 60.9±8.6 60.7±8.5 60.8±8.5 61.9±8.9 <0.001

Male (%) 4507 (48.9) 730 (36.0) 4507 (48.9) 880 (53.7) 897 (50.9) 1330 (55.2) <0.001
BMI (kg/m2) 23.81±3.67 23.57±3.67 23.62±3.54 23.86±3.56 24.07±3.81 23.88±3.70 <0.001

Waist Circumference (cm) 86.53±10.38 85.55±10.26 85.82±10.06 86.82±10.11 87.30±10.53 86.99±10.66 <0.001

Residential locations (%)
Urban 3397 (36.9) 678 (33.5) 546 (39.5) 674 (41.1) 700 (39.7) 799 (33.2) <0.001

Non-urban 5821 (63.1) 1347 (66.5) 836 (60.5) 965 (58.9) 1062 (60.3) 1611 (66.8)

Married (%) 7703 (83.6) 1588 (78.4) 7703 (83.6) 1403 (85.6) 1508 (85.6) 2045 (84.9) <0.001
Self-reported health status

(%)

Poor 1712 (18.6) 608 (30.0) 1712 (17.1) 239 (14.6) 264 (15.0) 365 (15.1) <0.001
Fair 5270 (57.2) 1108 (54.7) 838 (60.6) 978 (59.7) 1006 (57.1) 1340 (55.6)

Good 2236 (24.2) 309 (15.3) 308 (22.3) 422 (25.7) 492 (27.9) 705 (29.3)

Educational level (%)
Illiterate 2247 (24.4) 681 (33.6) 243 (17.6) 328 (20.0) 382 (21.7) 613 (25.4) <0.001

≤ Primary education 3893 (42.2) 873 (43.1) 617 (44.6) 675 (41.2) 696 (39.5) 1032 (42.8)

≥ Secondary education 3078 (33.4) 471 (23.3) 522 (37.8) 636 (38.8) 684 (38.8) 765 (31.7)
Current smoking (%) 4194 (45.5) 773 (38.2) 619 (44.8) 787 (48.0) 808 (45.9) 1207 (50.1) <0.001

Current drinking (%) 3261 (35.4) 577 (28.5) 504 (36.5) 631 (38.5) 656 (37.2) 893 (37.1) <0.001

Social activity (%) 4253 (46.1) 862 (42.6) 659 (47.7) 806 (49.2) 867 (49.2) 1059 (43.9) <0.001
Hypertension (%) 2343 (25.4) 539 (26.6) 350 (25.3) 399 (24.3) 443 (24.3) 612 (25.4) 0.625

Diabetes (%) 668 (7.2) 172 (8.5) 88 (6.4) 122 (7.4) 115 (6.5) 171 (7.1) 0.099
Depressive symptoms (%) 3096 (33.6) 1051 (51.9) 477 (34.5) 494 (30.1) 467 (26.5) 607 (25.2) <0.001

Note: †The sum of the numbers and percentages (%) in the paired groups might not be equal to the total number or 100% due to the missing values.

Table 2 Associations Between Total Sleep Duration and Cognitive Function Among the Participants in the Study

Total Sleep Duration (Hour) P for Trend (5
to 7)

P for Trend (7
to 9)

≤ 5 6 7 8 ≥9

Model

I

−2.283 (−2.558,
−2.007)***

−0.344 (−0.647,
−0.041)*

Ref −0.448 (−0.732,
−0.164)**

−1.119 (−1.384,
−0.854)***

<0.001 <0.001

Model

II

−1.132 (−1.356,
−0.908)***

−0.291 (−0.533,
−0.048)*

Ref −0.390 (−0.618,
−0.162)***

−0.612 (−0.825,
−0.399)***

<0.001 <0.001

Model

III

−0.967 (−1.191,
−0.742)***

−0.257 (−0.498,
−0.016)*

Ref −0.424 (−0.650,
−0.198)***

−0.664 (−0.876,
−0.452)***

<0.001 <0.001

Notes: Model I: Crude model. Model II: Adjusted for gender, age, BMI, WC, residential locations, marital status, education level, current smoking, current drinking, social
activity. Model III: multivariable model with additional adjusted for self-reported health status, hypertension, diabetes, depressive symptoms based on Model II. *P < 0.05, **P
< 0.01, ***P < 0.001.
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a significantly higher risk of cognitive impairment when total sleep duration was less than 5 hours compared with those
aged younger than 60 years (P = 0.047) (Figure 3). We also found that the participants without social activity had
a significantly higher risk of cognitive impairment than those having social activity when sleep duration was less than 5
hours (P = 0.031) (Figure 3). However, no significant differences were found between subgroups among current smoking
or current drinking under different sleep duration (P was all >0.05) (Figure S2).

We further explore the combined effects of midday napping on cognitive function by stratified by different total sleep
duration. The result showed that both the extended napping (≥90 min) and non-napping would increase the risk of
cognitive impairment, especially in those sleep duration ≤5h. Compared with short nappers (0–30min), those with
extended napping and without napping had a significantly higher risk of cognitive impairment by the adjusted β-
coefficient and 95% CI of −1.688 (−2.639, −0.737) and −0.721 (−1.200, −0.242) in the group of ≤5h total sleep time,
respectively. More details are shown in Table 3.

A sensitivity analysis was conducted to examine the robustness of the results. We excluded the participants with
dementia from the analysis as previous studies did,28 because dementia is a consequence of cognitive impairment. The
results showed that the relationship between total sleep time, midday napping, and cognitive function did not change
materially (Tables S2 and S3).

Discussion
In this nationally representative population-based study, a U-shaped relationship was observed between total sleep
duration and cognitive function among middle-aged and older Chinese adults. Compared with participants with 7h
sleep per day, both short sleep (≤5h) and extended sleep duration (≥9h) were independently associated with the increased
risk of cognitive impairment. The combined effect analyses indicated that subjects with short total sleep coupled with
extended napping or no napping had a higher risk of cognitive impairment than those sleep for 7h with short midday

Figure 2 Mean scores of cognitive functions with different total sleep duration in the participants stratified by age and gender.
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napping. Stratified analyses showed that participants aged ≥60 years lack social activity had a significantly higher risk of
cognitive impairment when having poor sleep duration.

Consistent with the previous studies, our studies suggested both short sleep and extended sleep duration were
associated with the increased risk of cognitive function. A cross-sectional study conducted in Guangzhou, China showed
that short or long sleep duration was an important sleep-related factor, which was independently associated with memory
impairment in older people.29 Moreover, a cohort study that included 15,385 female nurses aged ≥70 years indicated that
participants sleeping ≤5 hours/day or ≥9 hours/day had worse global cognition than those sleeping 7 hours/day, and the

Figure 3 Association between total sleep duration and cognitive function score stratified by gender, age and social activity.

Table 3 Associations Between Midday Napping and Cognitive Function in Different Subgroups Stratified by Total Sleep Duration †

Total Sleep Duration (Hour) Midday Napping Duration

Non-Nappers Short Nappers Moderate Nappers Extended Nappers

Model I
≤5 −0.869 (−1.487, −0.252) ** Ref −0.728 (−1.474, 0.018) * −1.957 (−3.185, −0.729) **
6 −1.209 (−1.863, −0.555) *** Ref −0.463 (−1.189, 0.263) −1.974 (−3.001, −0.947) ***
7 −0.907 (−1.502, −0.313) ** Ref −0.180 (−0.781, 0.422) −1.729 (−2.521, −0.937) ***
8 −2.093 (−2.746, −1.440) *** Ref −0.684 (−1.360, −0.008) * −1.660 (−2.430, −0.891) ***
≥9 −1.780 (−2.505, −1.055) *** Ref −0.055 (−0.688, 0.578) −0.513 (−1.157, 0.131)
Model II
≤5 −0.718 (−1.199, −0.237) ** Ref −0.652 (−1.232, −0.072) * −1.707 (−2.658, −0.756) ***
6 −0.767 (−1.324, −0.211) ** Ref −0.335 (−0.953, 0.282) −0.959 (−1.831, −0.088) *
7 −0.643 (−1.139, −0.146) * Ref −0.076 (−0.580, 0.429) −0.907 (−1.569, −0.246) **
8 −0.762 (−1.293, −0.231) ** Ref −0.263 (−0.808, 0.283) −0.704 (−1.330, −0.077) *
≥9 −0.664 (−1.252, −0.077)* Ref −0.071 (−0.582, 0.439) −0.425 (−0.944, 0.095)
Model III
≤5 −0.721 (−1.200, −0.242) ** Ref −0.642 (−1.221, −0.063) * −1.688 (−2.639, −0.737) ***
6 −0.777 (−1.333, −0.221) ** Ref −0.256 (−0.873, 0.362) −0.876 (−1.746, −0.006) *
7 −0.735 (−1.228, −0.242) ** Ref −0.129 (−0.629, 0.371) −0.849 (−1.504, −0.195) **
8 −0.730 (−1.256, −0.204) ** Ref −0.197 (−0.738, 0.344) −0.621 (−1.242, 0.000) *
≥9 −0.674 (−1.258, −0.090) * Ref −0.030 (−0.538, 0.478) −0.373 (−0.890, 0.144)

Notes: Model I: Crude model. Model II: Adjusted for gender, age, BMI, WC, residential locations, marital status, education level, current smoking, current drinking, social
activity. Model III: multivariable model with additional adjusted for self-reported health status, hypertension, diabetes, depressive symptoms based on Model II. *P < 0.05, **P
< 0.01, ***P < 0.001.
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differences were equivalent to nearly two additional years of age.24 However, most of the studies explored the
independent effect of total sleep duration on cognitive function without considering the role of midday napping. In
this study, the combined effects of total sleep duration and midday napping showed that subjects with short sleep duration
coupled with no napping or extended napping had a higher risk of cognitive impairment than those with regular sleep
duration.

The possible reasons for either short or long sleep duration per day leading to the reduction of cognition can be
explained as follows: firstly, insufficient sleep might contribute to neurodegeneration by promoting neuroinflamma-
tion and disrupting neurogenesis, especially in hippocampal areas, a key neuroanatomical region for memory.30

Secondly, excess sleep duration might be an initial symptom of an undetected subclinical neurodegenerative disease.
Evidence has been reported that a substantial amount of Ab begins to accumulate before an individual is diagnosed
with mild cognitive impairment. Inflammatory cytokines such as C-reactive protein and interleukin-6 induced by
these pathologic proteins are associated with increased habitual sleep duration, which might explain our findings.31–
33 Besides, there are many factors related to extended sleep duration, such as sleep-disordered breathing (SDB), old
age, various chronic diseases, sleep fragmentation, etc., which might be related to the decline of cognitive
function.12

In our study, we observed that participants aged ≥60 years, and those who lacked social activity had a significantly
higher risk of cognitive impairment when total sleep duration was ≤5 hours. A prior observational study showed that
older age could increase the risk of mild cognitive impairment among older adults.34 With age, the number of
dopaminergic receptors declines; many brain structures show volumetric shrinkage; white matter becomes less dense;
and brains of even very high functioning individuals are frequently characterized by destructive neurofibrillary plaques
and tangles,35 which lead to cognitive impairment. For social activity, many studies have supported that it could affect
cognitive abilities by increasing the complexity of the social environment or even directly affecting the deposition of
amyloid beta-protein (Aβ) that makes up the amyloid plaques in Alzheimer’s disease.36,37 Consistent with previous
studies, we found that those with current smoking or alcohol consumption status have a higher risk of cognitive
impairment when having short or extended sleep compared to those having 7h of total sleep duration. Studies showed
that cigarette smoke has numerous cytotoxic chemicals like carbon monoxide, nitrosamines, aryl hydrocarbon, phenolic,
and polynuclear aromatic compounds.38 It is known to cause neuroendocrine alteration and initiation of the neurode-
generative process.39 For alcohol consumption, prior evidence indicates that alcohol inhibits glutamate receptors, which
could damage the brain and cognition due to thiamine deficiency. Deficiency of thiamine has been linked to oxidative
stress, excitotoxicity, inflammatory responses, dysfunction of the blood–brain barrier, and lactic acidosis. Ethanol could
also be directly neurotoxic.40

For the relationship between midday napping and cognitive function, we found that a short midday napping could
help individuals get better cognition ability. This result was consistent with some previous studies. Appropriate midday
napping was a benefit to cognitive function, but extended midday napping might be harmful to cognitive function.23,41

A study performed among 3037 older adults in China showed that intermediate afternoon naps were beneficial for
cognition, while long afternoon naps were detrimental.41 In our study, the combined effect analyses indicated that those
who have too long sleep at noon but too short sleep at night may be related to worse cognition due to the irregular
biological bell.

The possible reason for intentional daytime napping limited to a certain duration may benefit cognition by increasing
total sleep time42 per day or avoiding and reducing daytime sleepiness.43 However, unintentional dozing or uncontrol-
lable napping may be a sign of dementia, rather than a good habit for better health. Some studies have indicated that
daytime sleepiness is associated with cognitive impairment and dementia.12,44 The mechanism may be that daytime
sleepiness may be caused by obstructive sleep apnea syndrome and other organic or mental pathologic condition, which
has been shown to associate with cognitive impairment by leading to repeated anoxia and the cerebral white matter
change.28 Another possible explanation is that daytime sleepiness has been associated with metabolic disorders, such as
obesity or type 2 diabetes, which may increase the risk for cognitive impairment.45,46

To our knowledge, this was one of the few cross-sectional studies to examine the associations between total sleep
duration, midday napping, and cognitive function among middle-aged and older Chinese adults. Furthermore, the
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nationally representative sample of Chinese adults was used in our study, which presented more convincing results with
adequate statistical power. Thirdly, the stratified analysis could help us to identify the potentially vulnerable character-
istics of cognitive impairment among the participants.

This study has several limitations. First, the same as all other cross-sectional studies, we cannot establish a causal
relationship between sleep duration and cognitive function. Second, the information about the sleep duration was based
on self-reported, which may introduce recall bias. However, it is hard to make an accurate assessment for each
participant in such a large-scale study. Third, some potential confounding factors such as sleep quality and sleep-
disordered breathing might be existed, for which this information was not available in the CHARLS study. For all these
aforementioned limitations, the findings should be interpreted with caution before the extension to other populations and
research.

Conclusions
This nationwide cross-sectional study suggested that a U-shaped relationship between total sleep duration and cognitive
impairment among middle-aged and older Chinese adults. Shorter sleep duration or extended midday napping signifi-
cantly increased the risk of cognitive impairment, especially in those aged ≥60 years and without social activity.
Appropriate napping time (1–30min) could mitigate the adverse effects of poor sleep on cognition. The findings of the
study strengthen the rationale to keep proper total sleep time per day, as well as arrange napping time properly to
maintain better cognition.

Abbreviations
CHARLS, Chinese Health and Retirement Longitudinal Study; BMI, Body Mass Index; WC, Waist Circumstance; 95%
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