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Both short and long sleep durations are
associated with cognitive impairment among
community-dwelling Chinese older adults

Gongwu Ding, MPH, Jinlei Li, PhD", Zhiwei Lian, MSc

Abstract

N

N\

This study aims to examine the association between sleep duration and cognitive impairment in community-dwelling Chinese older \

adults.

The associations between sleep duration and cognitive function have been widely studied across various age ranges but are of
particular importance among older adults. However, there are inconsistent findings regarding the relationship between sleep duration

and cognitive function in the literature.

This study is an observational cross-sectional study. We analyzed data from 1115 Chinese individuals aged 60 and older from 3
Chinese communities (Beijing, Hefei, and Lanzhou). Cognitive impairment was defined as a Mini-Mental State Examination total score
less than 24 points. Odds ratios (ORs) of associations were calculated and adjusted for potential confounders in logistic regression

models.

The prevalence of cognitive impairment was 25.7% (n=287). Controlling for all demographic, lifestyle factors, and coexisting
conditions, the adjusted OR for cognitive impairment was 2.54 (95% Cl=1.70-3.80) with <6hours sleep and 2.39 (95% Cl=1.41-

4.06) with >8hours sleep.

Both short and long sleep durations were related to worse cognitive function among community-dwelling Chinese elderly adults.

Abbreviations:
Examination, OR = odds ratios.

Keywords: aging, cognitive impairment, self-report, sleep duration

AD = Alzheimer disease, BMI = body mass index, Cl = confidence interval, MMSE = Mini-Mental State

1. Introduction

As the world population ages, an increasing number of people
will begin to have age-related disorders, including cognitive
impairment."! In China, more than 10% of older individuals
experience cognitive impairment, ranging from mild deficits to
dementia.>¥! Therefore, studying the risk factors to reduce the
incidence of cognitive impairment is becoming an increasingly
important area of research.*!

The associations between sleep duration and cognitive function
have been widely studied across various age ranges but are of
particular importance among older adults, given that changes in
sleep duration and cognitive performance are quite prevalent in
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this group. Studies investigating the relationship between sleep
duration and cognitive function in older adults have reported
inconsistent findings.* ! A study in Spain showed that long, but
not short, sleep duration was associated with decreased cognitive
function.! Self-reported low sleep quality among postmenopausal
women was reported to be associated with decreased cognitive test
performance and difficulty in concentrating.!® A study in Finland
reported that short and long sleep durations were associated with
both objectively assessed and self-reported decreases in cognitive
functioning.l’! However, the Nurses’ Health Study showed that
neither long nor short sleep duration was associated with a decline
in cognitive function after a 2-year follow-up.”!

We expanded on these previous studies by recruiting a
community-dwelling elderly population sample from 3 cities in
China to evaluate the association between self-reported sleep
hours and short and long sleep durations with global cognitive
function.

2. Materials and methods

2.1. Participants

Participants were selected from 3 cities in China: Beijing (North
China), Hefei (Central China), and Lanzhou (Northwest China).
We randomly selected 1 aged community from each city, and
from November 2017 to May 2018, approximately 400 residents
aged over 60 years old were randomly selected from each
community. Data collection methods and ethical approvals have
been described previously.! The study protocols were approved
by the Chinese Academy Medical Sciences, and all participants
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provided written informed consent. The questionnaires were
completed by trained nurses. We excluded those with severe
mental disorders and hearing impairments, and the final sample
size was 11135 in this study (85 incomplete questionnaires, 7.1%).
Age was divided into 3 groups: 60 to 69, 70 to 79, and over 80
years. Education levels were classified into 3 categories: primary
school and under, middle school, and college and over.

2.2. Cognition measurement

The Mini-Mental State Examination (MMSE) screening test was
administered to participants by trained nurses. The MMSE is a
measure of general cognitive function that measures orientation
to time and place, attention and calculation, language and
memory.!"% The MMSE has good sensitivity (71%-92%) and
specificity (56%-96 %) in screening for cognitive impairment and
dementia.!”! The summed scores from the MMSE ranged from 0
to 30, where higher values denoted better cognitive functioning.
Cognitive impairment was defined as having MMSE scores of less
than 24 points.

2.3. Sleep hours and covariates

We collected self-reported sleep duration as an estimate of hours
of nightly sleep in the 2 weeks prior to the interview, using the
following question: “During the past 2 weeks, how many hours,
on average, did you sleep each night?” Respondents reported the
number of hours in 30-minute increments. The responses ranged
from 3 to 12hours of sleep with a median of 7hours. We
examined self-reported sleep hours in categories of short sleep (<
6hours) and long sleep (> 8 hours), with 6 to 8 hours of nightly
sleep as the reference. Body mass index (BMI) was calculated
based on weight and height and divided into categories using the
recommended cutoffs of <18.5, 18.5 to 25, 25 to 30, and >30.
Smoking status was classified as either smoker or nonsmoker in
the past 2 years. Persons who self-reported consumption of beer,
wine, or cocktails were classified as consumers of alcohol. Salty
taste and dessert preference were dichotomized based on whether
the participant had diet preferences in the past 2 years (self-
reported). Physical activities were assessed by frequency (0 =
never, 1 = sometimes, 2 = often). In the analysis, persons who
self-reported “sometimes” and “often” were classified as
participants, while those who self-reported “never” were
classified as nonparticipants. Coexisting conditions such as
hypertension, stroke, diabetes, and cancer were self-reported by
the participants.

2.4. Analysis

Descriptive statistics were generated for the demographic
variables, including age, sex, education, BMI, lifestyle factors,
and coexisting conditions. The results are presented as the mean
+ standard deviation or median (interquartile range) for the
continuous variables according to the distribution of the data and
as the proportion for categorical variables. The distribution of
sleep hours was compared between demographic variables,
lifestyle factors, and coexisting conditions. x2 tests or ANOVA
were used to compare between groups. For the associations
between short, long, and normal sleep durations and cognitive
impairment, we first performed a univariate logistic regression
analysis, followed by a model adjusted for age, sex, and
education; and finally, a model that further accounted for

Medicine

coexisting conditions. The associations between sleep and
cognitive impairment were determined, and 95% confidence
intervals (CIs) were calculated for the odds ratio (OR) estimates.
All analyses were performed using Stata version 15.0.

3. Results

There were 1115 participants (age >= 60 years), ranging in age
from 60 to 99 years, who completed the cognition test and social
support questionnaire. After the cognitive function screening
(median MMSE score was 24; p25-p75: 19-28), 287 (25.7%)
elderly participants were considered cognitively impaired in this
study. Age and sex were strongly associated with cognitive
impairment. We divided the participants into 3 groups based on
age; the prevalence of cognitive impairment in the advanced age
groups was higher than that in the lower age group (P=.002).
The female participants showed lower cognitive function than the
male participants (P<.001). A higher education level was
associated with a reduced risk of cognitive impairment (P <.001).
Cognitive impairment was different among the BMI groups, and
this was consistent with findings in the literature.!'>1?! Lifestyle
factors, except dessert preference, may be associated with
cognitive performance in this study. Hypertension patients were
more likely to have cognitive impairment, while the differences
were not significant between the diabetes, stroke, and cancer
patients and nonpatients in this study (Table 1).

Table 2 presents the characteristics of the overall sample and
across categories of sleep duration. Self-reports of < 6hours of
sleep were observed in 16.5% (n=184) of the sample, and reports
of > 8hours of sleep were observed in 9.7% (n=108). The
participants reporting > 8 hours or <6 hours of sleep were older,
had lower BMI and lower education experience than participants
reporting 6 to 8hours of sleep. The older persons who had
lifestyle risk factors such as smoking, drinking alcohol or tea, and
salty taste preferences had a longer duration of sleep than those
without these factors. Participants who engaged in physical
activities seemed to have normal sleep duration in this study.
There were no significant differences in the sex ratio, dessert
preference or frequencies of diabetes, stroke, or cancer among the
groups.

Self-reported sleep durations were associated with cognitive
impairment in this study. Figure 1 demonstrates the inverted U-
shaped function of the MMSE scores by sleep duration across
ages and sexes. Table 3 shows the crude and adjusted ORs for
cognitive impairment according to hours of sleep. With the 6 to 8
hours sleep duration as the referent, the crude ORs for cognitive
impairment were 3.45 (95% CI=2.46-4.83) in those with <6
hours sleep and 2.18 (95% CI=1.42-3.35) in those with >8
hours sleep. Controlling for age, sex, and education, the adjusted
OR for cognitive impairment was 2.78 (95% CI=1.93-4.02) in
those with <6hours sleep and 2.25 (95% CI=1.40-3.63) in
those with >8hours sleep. We continued to adjust for all
demographic variables, lifestyle factors, and coexisting con-
ditions in the full model and found that the associations between
both short and long durations of sleep and cognitive impairment
were still significant, with adjusted ORs of 2.54 (95% CI=1.70-
3.80) and 2.39 (95% CI=1.41-4.06), respectively.

4. Discussion

We enrolled 1115 residents in 3 urban communities to
assess the associations between sleep duration and cognitive
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Demographic variables, lifestyle factors, and coexisting conditions of the 1115 participants.

Total Cognitive impairment X2 P values
N %

Total 1115 287 25.7
Sex

Male 435 74 17

Female 680 213 31.3 28.43 <.001
Age groups

60-69 471 99 21

70-79 354 94 26.6

80+ 290 94 324 12.37 .002
BMI

<185 55 24 43.6

18.5-25 637 192 30.1

25-30 364 65 17.9

>30 59 6 10.2 34.99 <.001
Education

Primary school and under 535 231 43.2

Middle school 419 45 10.7

College and over 132 1 8.3 152.5 <.001
Lifestyle factors

Smoking 151 21 139 13.52 <.001

Alcohol consumption 150 19 129 16.19 <.001

Tea 480 94 19.6 15.01 <.001

Dessert preference 370 97 26.2 0.05 821

Salty taste preference 197 36 18.3 6.91 .009

Physical activities 373 66 17.7 20.32 <.001
Coexisting conditions

Diabetes 169 40 237 0.45 504

Hypertension 381 45 11.8 58.75 <.001

Stroke 75 20 26.7 0.036 .849

Cancer 21 2 9.5 2.94 .086

impairment. The distributions of sleep duration were different
among the groups based on lifestyle factors. The persons
without risk factors such as smoking, drinking, and engaging in
less physical activities tended to have normal daily sleep
durations (6-8 hours). Lower BMI and chronic diseases may be

associated with either short or long sleep durations. Both short
and long sleep durations were significantly associated with
cognitive impairment among the elderly individuals in this
study after adjusting for demographic factors, lifestyle factors,
and coexisting conditions.

The characteristics of the overall sample and across categories of sleep duration.

Mean + SD or N (%) Total <6 h 6-8 h >8 h P values
Men 435 (39.0) 61 (33.2) 323 (39.2) 51 (47.2)
Women 680 (61.0) 123 (66.8) 500 (60.8) 57 (52.8) .057
Age, yr 731+88 73.9+8.7 72.8+8.9 73.9+8.6 194
BMI (kg/m?) 243+48 23.4+4.4 24.6+4.9 23.4+43 .001
Systolic blood pressure (mm Hg) 134.8+15.5 134.6+15.5 134.9+15.4 134.3+16.0 915
Diastolic blood pressure (mm Hg) 78.9+10.8 78.8+10.5 79.1+10.8 775+11.2 .356
Primary school and under 535 (49.3) 117 (63.6) 366 (46.1) 52 (48.2) <.001
Lifestyle factors
Smoking 151 (13.7) 15 (8.2) 116 (14.3) 20 (18.9) 026
Alcohol consumption 150 (13.7) 17 9.3) 112 (13.8) 21 (20.2) .036
Tea 480 (44.7) 60 (34.5) 368 (46.1) 52 (50.5) .009
Dessert preference 370 (33.7) 65 (35.9) 261 (32.3) 44 (41.1) 151
Salty taste preference 197 (17.9) 32 (17.7) 137 (16.9) 28 (26.4) .055
Physical activities 373 (35.5) 51 (28.8) 290 (37.6) 32 (31.4) .057
Coexisting conditions
Diabetes 169 (15.2) 22 (11.9) 129 (15.7) 18 (16.7) 401
Hypertension 381 (34.2) 46 (25.0) 299 (36.3) 36 (33.3) 013
Stroke 75 (6.7) 9 4.9 54 (6.6) 12 (11.1) 115
Cancer 21 (1.9 1(0.5) 18 (2.2) 2 (1.9 333
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Figure 1. The mean MMSE scores and sleep durations by age and sex.

Although not the focus of the present study, sleep duration
categories were associated with sociodemographic and lifestyle
variables, in accordance with a number of prior studies.!*?! In the
present sample, the short sleepers tended to be less educated; the
long sleepers tended to have lifestyle risk factors such as smoking
and drinking. Smoking has been related to both short and long
durations of sleep among Iranian women.!"*! Self-reported long
sleepers were more likely to have reported increased alcohol
intake in a dietary nutrition study in the US,"*! which may have
important health consequences. Many studies have investigated

the associations between sleep duration and obesity, but the
results have been inconsistent. Short sleep durations were
associated with lower BMI in a cohort study in Japan."S! The
Shanghai Women’s Health Study found that high BMI, waist to
hip ratio, and waist circumference were associated with long
sleep durations after adjustment for energy intake and other
confounders."®!In this study, people with normal sleep durations
had higher BMI than those with short or long sleep durations.
The relationship between sleep duration and BMI could be
reciprocal, and physiologic studies are needed to Dbetter

Association of sleep duration with cognitive impairment among Chinese community-dwelling elderly individuals.

Cognitive impairment

Sleep hours Total N % Crude OR 95% Cl Adjusted OR" 95% Cl Adjusted OR' 95% CI
<6h 184 (16.5) 85 46.2 3.45 2.46-4.83 2.78 1.93-4.02 2.54 1.70-3.80
6-8 h 823 (73.8) 164 19.9 1 1 1

>8h 108 (9.7) 38 352 2.18 1.42-3.35 2.25 1.40-3.63 2.39 1.41-4.06

*adjusted for age, sex and education.
"adjusted for age, sex, education, lifestyle factors, and coexisting condition.
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understand the effect of sleep duration on weight regulation.!®!

Short sleep duration was inversely associated with tea consump-
tion. A possible explanation for our finding is the development of
a tolerance to the sleep-reducing effects of caffeine.*®! Further
study on the association between sleep duration and tea
consumption is necessary to obtain causal inferences. It is
beyond the scope of the current paper to speculate regarding these
associations, but it should be noted that these differences may
play a role in how cognitive impairment is associated with sleep.
For this reason, future studies should also include these covariates
in any analysis.

Our findings are consistent with studies in the literature where
findings have been mixed but have tended to suggest that shorter
or longer sleep durations, or both, are associated with worse
cognitive function.!*'”'8] Short or long sleep durations were
found to be an important sleep-related factor that was
independently associated with memory impairments in the
Guangzhou Biobank Cohort Study.!'”! Short sleep duration
has been cross-sectionally associated with initial cognitive
impairment.'*®! The Nurses’ Health Study cohort found that
women who reported a short duration of sleeping (<5 h/night)
were at increased risk for cognitive impairment in cross-sectional
analyses.””! A community-based study of men and women over
60 years old reported that short sleep durations were significantly
associated with lower cognitive function, particularly in tests of
attention/concentration and orientation.”!! Poor sleep was
reported to be associated with impaired cognitive function in a
study of older women with osteoporotic fractures.??! Although
the data are limited, these results could suggest that self-reported
sleep was associated with impaired cognitive function. One
hypothesis to explain this is that factors that regulate the
perception of sleep quality may also be related to a brain state
that affects cognitive function.'**! The associations in this work
were based on a cross-sectional design, and reverse causation
may exist. Thus, it is also possible that diminished cognitive
function results in a brain state that leads to altered sleep
perception.

The association between long sleep duration and cognitive
impairment has been found in some previous studies. A study in
Spain concluded that long sleep durations were associated with
poorer cognitive function in older adults from the general
population: the risk of cognitive impairment increased across
sleep duration groups from 7 to > 11 hours."*'In a cross-sectional
study in people aged 75 to 85 years in both sexes, it was observed
that those who reported longer sleep duration performed
significantly worse on a measure of verbal short-term memo-
ry.** Long sleep duration could reflect both a greater
physiological need for sleep and a mechanism to compensate
for poor quality sleep.”! A relationship between sleep breathing
disorders, which are fairly frequent in elderly people, and
cognitive impairment has also been observed.*®! Long sleep
duration could also be explained by sleep fragmentation.
Fragmented sleep measured by actigraphy was associated with
worse global cognitive function, independent of sleep duration, in
a cross-sectional analysis of the Rush Memory and Aging
Project.*”!

Our study had several limitations. First, this study was a cross-
sectional study and cannot provide causal relationships between
sleep duration and cognitive impairment. Additional longitudinal
studies are needed to validate the findings. Second, residual
confounding effects from unmeasured variables were possible
and may have contributed to the observed associations. Sleep
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duration is a complex physiological process that is influenced by
many factors, such as psychology, sleeping habits, and sleep
medication. Additionally, apolipoprotein E has been strongly
associated with cognition.”*®**! These unmeasured factors could
have confounded the associations under study. Third, sleep
duration was derived from a self-reported questionnaire item
without investigating the questionnaire reliability or objective
sleep patterns, which may have also introduced bias. Individuals
with cognitive impairment, especially those affected by memory
impairment may not accurately report the sleep duration. Further
studies with prospective designs and objective assessments of
sleep-related factors in addition to self-reported data are
warranted. Furthermore, studies of incident dementia suggest
that sleep problems increase the risk of dementia.*°=2! Sleep and
Alzheimer disease (AD) may have a bidirectional relationship.
However, an important consideration is that the diagnosis of AD
typically occurs years after the onset of pathological changes of
AD in the brain.®®! Studies with substantially longer follow-up
times rather than cross-sectional trials are needed to discern the
directionality and underlying mechanisms of the relationship
between AD and sleep abnormalities.!**! Last, it is possible that
the associations may not be fully generalizable outside of this
study because the sample was comprised only of those from 3
urban communities.

In summary, the present study showed that both long and short
sleep durations were related to cognitive function among Chinese
community-dwelling older individuals. Less than optimal
demographics, an unhealthy lifestyle, and poor health conditions
were related to short or long sleep durations.['®! Future research
is necessary to better understand the mechanisms by which sleep
duration might be associated with cognitive function. Interven-
tional studies based on sleep treatment for the prevention of
cognitive impairment are needed in the future.

5. Ethics

The study protocols and participant consent forms were
approved by the Chinese Academy Medical Sciences
(X170315009); all participants provided written informed
consent.
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