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Study Objectives: To examine factors associated with self-reported sleep quality and duration among very old adults in China.

Design: Cross-sectional analysis of the 2005 wave of the Chinese Longitudinal Healthy Longevity Survey (CLHLS).

Setting: In-home interview with older adults in 22 provinces in mainland China.

Participants: A total of 15,638 individuals aged 65 and older (5,047 aged 65-79, 3,870 aged 80-89, 3,927 aged 90-99, and 2,794 aged 100 and
older, including 6,688 men and 8,950 women).

Interventions: N/A

Measurements and Results: Two self-reported sleep questions together with numerous sociodemographic and health status measures were used
in this study. Sixty-five per cent of Chinese elders reported good quality of sleep. The average number of self-reported hours of sleep was 7.5 (SD
1.9), with 13.1%, 16.2%, 18.0%, 28.0%, 9.2%, and 15.5% reporting <5, 6, 7, 8, 9, and = 10 hours, respectively (weighted). Multivariate analyses
showed that male gender, rural residence, Han ethnicity, higher socioeconomic status, and good health conditions were positively associated with
good quality of sleep. All other factors being equal, octogenarians, nonagenarians, and centenarians were more likely to have good sleep quality
than the young elders aged 65-79. Elders with poorer health status or older age were more likely to have either relatively shorter (< 6 h) or longer
(=10 h) sleep duration. Married elders were more likely to have an average duration between these two values. Except for some geographic varia-
tions, associations between all other factors and sleep duration were weak compared to the effects of health.

Conclusions: Age and health conditions are the two most important factors associated with self-reported sleep quality and duration. Good quality

of sleep among long-lived old adults may have some implications for achieving healthy longevity.
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ANUMBER OF STUDIES HAVE REPORTED THAT OLDER
AGE IS ASSOCIATED WITH INCREASED SLEEP PROB-
LEMS!® AND SHORTER SLEEP DURATION,*®* YET THE
association between older age and poor quality of sleep disap-
pears once physical and mental health conditions are consid-
ered.>*!* In addition to health, other sociodemographic, social
integration, and health behavior factors may be related to sleep
quality and duration. Women have more sleep problems than
men,"*!" and they are likely to sleep less.'? Ethnic/racial differ-
ences are also reported in the literature. For example, Whites
report more sleep problems than non-Whites,''* and African
Americans are more likely to report both short and long sleep
duration,' possibly because of racial/ethnic differences in pre-
disposition, lifestyle, and culture.'"® Yet, racial/ethnic differ-
ences are infrequently addressed outside of the United States.
Non-urban residence maintains or promotes good sleep qual-
ity, possibly because noise or pollution in urban areas disturbs
sleep.' In terms of socioeconomic status, some studies find that
low income and low education are associated with increased
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risk for insomnia'>'!'" and shorter daytime sleep,'® but other
studies find that income'® and education® are not associated with
sleep problems. Lower levels of emotional social support or
single marital status are also found to be associated with poor
sleep quality.*'"?° Finally, in terms of health behaviors, lack
of physical exercise,>'>**?! smoking,' and excessive alcohol
use?? reduce sleep quality. However, one study found that the
relationship between smoking, drinking, and exercise and sleep
quality among Chinese elders in Shandong Province was not
significant.’?

It is well documented that poor quality of sleep and insuf-
ficient or excessive hours of sleep are associated with poor
physical function, poor cognitive function, higher morbidity,
poor quality of life, and excessive mortality rates.***! However,
many studies have also shown that poor health is a risk factor
for poor sleep quality. For instance, self-reported sleep prob-
lems are significantly greater among those with higher levels of
depression/anxiety,'" chronic illnesses,"!''?° mental illness,"*!"
poor self-rated health,'*!'" and poor functional status.** Other
studies further articulated that the association between sleep
duration and mortality may be nonlinear.*'** Overall, the causal
relationship between sleep problems and health could be bi-
directional and complex.

All of this previous research has contributed to our under-
standing of sleep quality and duration in old ages. Yet, age pat-
terns of sleep quality and duration for the oldest-old, aged 80
years and older, remain largely unknown because most stud-
ies rely on data that lack relatively large samples of the oldest-
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old,' especially nonagenarians and centenarians who provide
the best opportunities to study healthy longevity. Furthermore,
there is a paucity of studies examining sleep quality and dura-
tion among the elderly from China, a country with the largest
elderly population in the contemporary world. So far, only a
couple of locally based studies with a small sample size have
investigated sleep issues among the Chinese elderly,'*" and
some have focused on Hong Kong or Taiwan. It is unclear
whether the empirical findings in Western countries will hold
in China, an Eastern developing country; for example, Chinese
elders have earlier average waking and bed times than their
Western counterparts.® In addition, with few exceptions,**-*
many studies model sleep duration as a continuous variable®*’
and do not examine possible non-linear associations between
sleep quality or sleep hours and health outcomes. Our research
aimed to investigate sleep quality, duration, and their associated
factors by using a nationally representative population-based
survey dataset from mainland China with the largest sample of
centenarians and nonagenarians in the current world.

DATA AND METHODOLOGY

Data Source

This study used data from the 2005 wave of the Chinese
Longitudinal Healthy Longevity Survey (CLHLS). The CL-
HLS, which began in 1998, is the first nationwide longitudinal
survey focusing on the oldest-old ever conducted in a develop-
ing country. Interviews were conducted in randomly selected
halves of the counties/cities in 22 of the 31 provinces in China.
Among 22 sampled provinces, 21 provinces are predominantly
populated by Han Chinese who normally have high accuracy
in age reporting; one province is predominantly populated by
those of Zhuang ethnicity who over the years have been cul-
turally and residentially integrated with the Han. The CLHLS
intended to interview all centenarians in the sampled counties/
cities with informed consent. For each centenarian with a pre-
designated random code, one nearby octogenarian and one
nonagenarian of pre-designated age and sex were randomly
chosen to be interviewed. The term “nearby” refers to the same
village or street, or the same town, county or city, when applica-
ble. This sampling strategy was designed to ensure comparable
numbers of randomly selected male and female octogenarians
and nonagenarians at each age from 80 to 99. We use the 2005
wave of the CLHLS because this was the first year that included
questions on self-reported sleep quality and duration. The 2005
wave interviewed 15,638 individuals aged 65 and older, with
5,047 young seniors aged 65 to 79, and 10,591 oldest-old se-
niors aged 80 and older (3,870 octogenarians, 3,927 nonagenar-
ians, and 2,794 centenarians); 6,688 respondents were men, and
8,950 were women.

In addition to data on sleep quality and hours of sleep, the
2005 wave collected data covering demographic characteris-
tics, family and household characteristics, lifestyle, diet, psy-
chological characteristics, economic resources, self-reported
health, self-reported life satisfaction, lower and upper extrem-
ity performance, instrumental activities of daily living (IADL),
activities of daily living (ADL), cognitive functioning, and
chronic disease. All information was obtained through in-home
interviews.

SLEEP, Vol. 33, No. 5, 2010

Several studies have shown that age reporting at very old
ages in the CLHLS was quite accurate, close to that in Aus-
tralia or Canada, and better than that in the United States, al-
though less accurate than those in Japan and Sweden.*®*! The
high quality of age reporting data in the CLHLS is mainly at-
tributable to the fact that Han Chinese and some ethnic minori-
ties use the Chinese lunar calendar and the Western calendar
plus animal years to remember their birthdays (in addition to
high quality data collection procedures adopted in the CLHLS
study).***' Indeed, Han Chinese, even if illiterate, can usually
provide a reliable date of birth for themselves or for their close
family members because the precise date of birth is important
for Chinese people in making decisions about major life events
such as matchmaking for marriage, date of marriage, and the
date to start building a house, among other events.* One study
using the 1981 census data showed that except for minorities in
Xinjiang Province, the death rate among the Chinese oldest-old
is quite accurate,” and the CLHLS had higher data quality in
age reporting than the census.** Systematic assessments of the
CLHLS regarding the reliability, validity, and consistency of
numerous other measures and the randomness of attrition re-
vealed good data quality.®

Variables

The 2005 CLHLS included one question about sleep qual-
ity: “how do you rate your sleep quality recently?”” Response
categories included: very good, good, fair, bad, and very bad.
We dichotomized the sleep quality measure into good/very
good (coded as 1) versus other (coded as 0). The survey also
included one question about self-reported daily hours of sleep:
“how many hours on average do you sleep every day including
napping?” In order to capture possible non-linear associations
between sleep duration and its associates, we followed a similar
categorization used by two previous studies**** and classified
sleep hours into <5, 6, 7, 8,9, and > 10 hours per day.

To capture a relatively full spectrum of sleep patterns at
old age, we attempted to examine as many factors as possible
that have been found to be associated with sleep quality and
hours of sleep in previous studies.**** These factors included
demographics, socioeconomic status (SES), family/social con-
nections, health practice, and health conditions. We further
tested geographic differences. Demographic variables included
chronological age, sex, ethnicity (Han vs. Non-Han), and ur-
ban/rural residence (urban vs. rural). We measured SES with
education (1+ years of schooling vs. 0), self-reported family
economic condition (good vs. other, as compared to other fami-
lies), and access to healthcare when in need (yes vs. no). We
measured social connection/support with current marital status
(married vs. no), number of living children, and living arrange-
ments (classified as living alone, living with spouse or family,
or living in an institution). Health practice included whether the
respondent was a smoker (yes vs. no) and whether the respon-
dent was an alcohol user (yes vs. no) at the time of survey.

Health indicators were measured by ADL, IADL, cognitive
function, self-rated health, chronic diseases suffered, and feel-
ings of anxiety and fearfulness. ADL refers to basic personal care
tasks of every day life. In this study, ADL disability was defined
as self-reported difficulty with any of the following ADL items:
(a) bathing, (b) dressing, (c) eating, (d) indoor transferring, ()
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toileting, and (f) continence. Following previous studies,’” we
dichotomized ADL functional capacity into “active” (no ADL
limitation) and “disabled” (at least one ADL limitation). IADL
disability was defined as self-reported difficulty with any of the
following IADL items: (a) visiting neighbors, (b) shopping, (c)
cooking, (d) washing clothes, (e) walking for 1 km, (f) lifting
5 kg weight, (g) crouching and standing up three times, and
(h) taking public transportation. The reliability and validity of
the IADL measures are reasonably good.** We dichotomized
IADL functional capacity into “active” (no IADL limitation)
and “disabled” (at least one IADL limitation). Cognitive im-
pairment was measured by the Chinese version of the Mini-
Mental State Examination (MMSE), which is adapted from the
work of Folstein and his colleagues* and tests the following
aspects of cognitive functioning: orientation, registration, copy
and design, calculation, recall, naming, and language (repeti-
tion, read and obey, write, and command). The Chinese version
of the MMSE is intended to be consistent with the cultural and
socioeconomic conditions in China and to make the questions
easily understandable and answerable among normally func-
tioning oldest-old Chinese. The Chinese version of the MMSE
has been proven to be reliable and valid.**“%4> We used a score
of > 18 out of a total of 30 as the cutoff value to classify a re-
spondent as cognitively unimpaired because of the low level
of education among Chinese elders.* Self-rated health was as-
sessed using a single item. Subjects were asked the question,
“In general, would you say your health is: (1) very good, (2)
good, (3) fair, (4) bad, or (5) very bad?” We dichotomized the
measure of self-rated health into very good/good health ver-
sus fair/bad/very bad health, and treated it as a binary outcome
to correct for its highly skewed distribution. Self-rated health
has high predictive validity for mortality, physical disability,
chronic disease status, health behaviors, and health care utiliza-
tion.** We measured chronic illness with a single dummy vari-
able that indicated whether the respondent had any of 20 major
chronic diseases such as hypertension, diabetes, heart disease,
cerebrovascular disease, arthritis, cataracts, cancer, pneumonia,
or Parkinson’s disease at the time of the survey. The prevalence
of chronic disease in the CLHLS is highly reliable as compared
to other Chinese nationwide surveys.** Finally, we examined a
measure of feeling anxious or fearful that reflects psychological
health. The variable “Do you have feelings of anxiety or fear-
fulness in daily life?”” had 5 response categories: “always, of-
ten, sometimes, seldom, never”; we dichotomized the responses
into always/often versus other.

METHODS

We used logistic regressions for analyses of dichotomous
sleep quality and multinomial logit regressions for investiga-
tion of sleep duration. We constructed 3 sequential models for
both logistic regressions and multinomial logit regressions.
Model I looked at the effect of age as well as other demograph-
ics and geographic location on sleep quality and duration; Mod-
el II further examined associations for SES, social connection,
and health practices; Model III added health conditions into the
analyses. In multinomial logit models, we used the category of 8
h of sleep as the reference group, which has the highest weight-
ed frequency (see Table 1). Analyses using the category of 7 h
as the reference group produced similar results. We chose these
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reference categories because some studies reported that those
who slept 7 or 8 h usually had the lowest mortality risk.?-°

To reduce possible biases in our data analysis and inference
due to missing items (although only about 2% of the data are
missing for any variable), we imputed missing values with the
variable mean for continuous variables, and with the mode of
the variable for categorical variables.*” We also tested other im-
putation approaches (such as median, simple regression, and
multiple imputations). All of them yielded similar results. Giv-
en that the sampling weight variable in the publicly released
CLHLS dataset is calculated based on the age-sex-urban/ru-
ral residence-specific distribution of the population and does
not capture other important compositional variables, such as
marital status and economic status, we did not apply sample
weights in the regression analyses. Research has shown that in-
cluding variables related to sample selection in the regression
produces unbiased coefficients without weights*’; additionally,
weighted regression results are likely to enlarge the standard
errors.”® However, we did apply the weight in the cases when
we referred to the general elderly population. We performed all
analyses using STATA 10.1.

RESULTS

Table 1 lists the distribution of the sample by study variable.
Overall, the weighted prevalence of reporting good sleep qual-
ity was approximately 65% (the unweighted figure was 64%).
The sleep duration category with the highest weighted preva-
lence was 8 h (28.0%). The weighted average number was 7.5 h
(SD 1.9), which is close to a local study of elders in China that
reported the average sleeping h of 7.1 (SD 1.6).3

Figure 1 presents the observed age-specific prevalence of
good sleep quality by sex and residence, showing that there
was no upward or downward trend in observed rates of good
sleep quality over age. We observed no urban/rural difference,
but found that men tended to have a higher prevalence of good
sleep than women. Figure 2 illustrates the average hours of dai-
ly sleep by age, sex, and residence. Again, no clear pattern was
found across age by sex or by residence.

Table 2 presents odds ratios from logistic regressions dem-
onstrating the associations of demographics, SES, family/social
support and connection, and health practice with sleep quality.
Model I revealed that there was no significant age pattern for
sleep quality when only major demographic factors were taken
into consideration, which is in line with the observed data pre-
sented in Figure 1. Elderly men were 42% more likely to re-
port good sleep quality than women. As compared to non-Han
elders, Han elders were 34% more likely to report good sleep
quality. Urban elders were 9% less likely to report good sleep
quality as compared to their rural counterparts. Elders from
Northeast and West China had 33% and 43% higher odds than
elders from North China of reporting good sleep quality, re-
spectively; elders from Central/South China had 22% reduced
odds than their counterparts from North China of reporting
good sleep quality. Elders from North China and East China
shared similar quality of sleep.

Model II showed that the significant associations between
sleep quality and variables in Model I still persisted although
some odds were reduced (and a few increased) once socioeco-
nomic condition, family/social support, and health practice were
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Table 1—Sample distribution by sleep quality, duration, and other study variables

Sample size  Good sleep Sleep duration (hours per day) (%)

Figures in the parentheses are weighted, while all others are unweighted.

n % quality(%) <5 § 7 8 9 210

Total 15,638 100.0 63.8 124 146 138 229 7.7 286
(100.0) (65.0) (13.1)(16.2)(18.0)(28.0) (9.2) (15.5)

Ages 65-79 5047 323 65.2 13.0 16.3 184 283 9.1 149
Ages 80-89 3870 247 63.0 142 149 131 236 7.8 264
Ages 90-99 3,927 251 63.4 1.0 141 118 202 6.8 36.1
Age 100+ 2,79 179 63.8 109 120 91 159 6.2 459
Women 8,950 57.2 60.6 131 150 136 210 7.1 30.2
Men 6,688 428 68.4 1.5 141 14.0 254 85 265
Minority ethnicity 964 6.2 53.8 12.7 142 143 220 8.1 287
Han ethnicity 14,674  93.8 64.6 124 147 137 230 7.7 286
Rural 8,659 554 64.2 122 145 133 225 7.7 29.8
Urban 6,979 446 63.9 12.8 149 143 234 76 27.0
North 897 5.7 63.3 125 14.8 141 224 71 291
Northeast 1,497 9.6 71.3 12.8 14.8 152 219 6.7 28.6
East 6,087 389 64.5 1.3 135 143 224 83 30.2
Central/South 4660 29.8 571 1.7 15.0 131 225 85 292
West 2497  16.0 70.9 16.4 16.6 128 255 54 233
0 years of schooling 9,587 613 62.0 127 147 131 210 72 313
1+ years of schooling 6,051 387 66.8 12.0 146 147 258 85 244
Poor family economic condition 13,138 84.0 61.8 131 149 138 224 75 283
Good family economic condition 2,500 16.0 751 9.0 132 13.7 252 86 303
Did not get adequate medical service 1,793  11.5 45.0 19.7 161 122 190 6.9 271
Got adequate medical service 13,845 885 66.3 115 145 139 234 79 288
Not married 10,556  67.5 62.8 12.7 144 124 203 6.9 334
Married 5082 325 66.4 1.8 151 169 283 93 186
0 or 1 living child 2,522  16.1 60.6 13.6 13.8 123 20.7 6.8 328
2 living children 2,188 140 64.2 1.7 161 134 215 6.8 305
3 living children 3,022 193 63.3 122 16.0 141 219 83 275
4 living children 3,024 194 64.4 1.3 144 148 238 80 277
5 living children 2412 154 67.0 125 14.0 13.7 251 8.0 26.7
6+ living children 2470 158 64.2 134 134 119 242 80 271
Live alone 2,097 134 59.4 146 16.0 143 220 7.6 255
Live with spouse or family 13,119 839 64.9 19 143 138 232 7.7 29.1
Live in an institution 422 2.7 55.7 175 18.0 11.1 164 7.1 29.9
Current nonsmoker 12,633  80.8 62.4 12.7 149 137 220 7.3 294
Current smoker 3,005 192 70.1 1.3 136 139 264 94 254
Current non-consumer of alcohol 12,492 799 62.1 12.7 151 138 223 74 287
Current alcohol consumer 3,146 20.1 71.0 115 13.0 135 251 88 28.1
IADL not disabled 4912 314 725 104 152 17.9 294 100 171
IADL disabled 10,726  68.6 60.0 134 144 119 199 6.6 338
ADL not disabled 11,704 748 66.0 121 151 153 254 84 237
ADL disabled 3934 252 57.5 13.3 134 91 154 57 431
Cognitively unimpaired 9,527  60.9 67.2 1.4 151 158 260 88 229
Cognitively impaired 6,111 39.1 58.8 14.0 139 106 180 6.0 375
Self-rated good health 11,995  76.7 68.8 10.2 145 150 249 85 26.9
Self-rated poor health 3,643 233 47.6 19.7 152 9.7 161 52 341
Have no chronic diseases 5,300 339 725 84 131 148 262 89 286
Have 1+ chronic diseases 10,338 66.1 59.5 145 154 133 212 7.0 286
Do not often feel anxious or fearful 14,943 956 64.7 19 145 138 232 7.8 288
Often feel anxious or fearful 695 4.4 473 233 16.7 138 171 52 249
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added into the analyses. Interest-
ingly, centenarians were 13% more
likely to have good sleep qual-
ity as compared to young elders
aged 65-79 when socioeconomic
status, social/family support, and
health practice were additionally
controlled for. Education was not
significantly associated with sleep
quality, but good family econom-
ic status and adequate access to
healthcare increased the odds of
reporting good sleep quality by
67% and 120%, respectively. Ad-
ditional exploratory analyses (not
shown in the table) with age and
education as the only covariates
revealed that elders with some ed-
ucation were 23% more likely than
the non-educated to have good
sleep quality, but the significance
disappeared once gender was in-
cluded as an additional control.
This indicated that gender may ex-
plain the major educational varia-
tion in sleep quality.

Marriage and number of liv-
ing children had no relationship
with sleep quality, whereas living
arrangements seemed to be as-
sociated with quality of sleep. As
compared to those living alone,
living with a spouse or fam-
ily member increased the odds of
having good sleep quality by 11%,
whereas institutionalization de-
creased the odds by 22%. Current
smokers had 13% increased odds
of reporting good quality of sleep
as compared to nonsmokers; cur-
rent alcohol consumers had 27%
increased odds of reporting good
quality of sleep as compared to
those who do not consume alco-
hol.

When health conditions were
added in the model (Model III),
octogenarians, nonagenarians, and
centenarians were 19%, 38%, and
70% more likely to have a good
quality of sleep than young elders,
respectively. The patterns for all
other previous factors in Model II
persisted in Model III, except that
the effect of institutionalization
and smoking became nonsignifi-
cant. With the exception of cog-
nitive impairment, all other poor
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health conditions were negatively associated with the quality
of sleep.

Table 3 summarizes associations of sleep duration with all
study variables based on sequential multinomial logit models.
Model I demonstrated that very old Chinese were more likely
than young elders aged 65-79 to report short (< 6 h) or long (>
10 h) duration of daily sleep, with more pronounced effects for
longer sleep duration. Compared to women, men were 17% to
25% less likely to report <7 h of sleep. Urban elders were 17%
less likely to sleep > 10 h than their rural counterparts, whereas
elders from West China were 34% to 35% less likely to have >
9 h of sleep than their Northern counterparts. We found no sig-
nificant pattern for ethnicity or among other geographic areas.

Once SES, family/social support, and health practice were
considered, patterns for age and gender changed (Model II).
There was no significant difference across ages with respect to
short sleep hours, but the age difference for long sleep hours
was still significant, despite some reductions in odds ratios. The
gender difference was no longer significant. Yet the significant
differences between urban and rural areas and between West
and North China for long sleep hours (> 10) persisted.

Model II further revealed that higher family income and ad-
equate access to medical service deceased odds of reporting < 6
h of daily sleep. Married elders were 22%, 13%, and 32% less
likely than unmarried elders to have <5, 6, and > 10 h of sleep,
respectively. Institutionalized elders were more likely than el-
ders living alone to report < 6 h or > 10 h of sleep.

Model III showed that nonagenarians and centenarians were
24% less likely to sleep < 5 h than young elders aged 65-79,
once health conditions were taken into consideration. No other
significant changes were found for other variables from Model
II, except that the effect of SES in the 6-h versus 8-h catego-
ry became nonsignificant. In other words, poor health did not
account for the associations between sleep duration and most
other variables, except for age. Yet, with respect to the associa-
tion between health conditions and sleep duration, poor health
conditions tended to increase the odds of reporting either < 6 h
or > 10 h of sleep.

One interesting finding in Table 3 was that the Chinese elders’
profiles for sleep duration of 7, 8, or 9 h were similar regardless
of respondents’ demographics, socioeconomic conditions, so-
cial/family support, health practice, and health conditions. This
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Figure 2—Observed age-specific average daily hours of sleep by sex and residence, CLHLS, 2005
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indicated that Chinese elders who slept for 7-9 h per day were
a homogeneous group rather a heterogeneous one. If these 3
categories of sleep hours were more likely to have lower mor-
tality risks and better health conditions than other categories as
noted in previous studies,?**! we may speculate that these elders
who slept 7-9 h per day were more likely to be healthy, and that
healthy elders, regardless of their characteristics, shared a simi-
lar frequency of sleep duration.

DISCUSSION

We investigated general patterns of sleep quality and daily
hours of sleep and associated sociodemographic, social con-
nection, and health factors among very old persons using data
with the largest sample of nonagenarians and centenarians in
the current world from a nationwide survey in mainland China.
To our knowledge, this study was the first to use nationally
representative data to examine sleep quality and hours of sleep
among elders in mainland China. It was also the first attempt to
examine sleep issues in a relatively large sample of exception-
ally long-lived persons.

With the exception of a few health indicators, poorer health
conditions were associated with poorer sleep quality and short-
er or longer sleeping hours (compared to 7-9

may be reversed when quality of sleep is assessed with actigra-
phy.* Urban/rural difference in the quality of sleep might be due
in part to different lifestyles between urban and rural areas and
in part to environmental influence. Indeed, noise or pollution
were possible major causes of poor sleep among urban elders. '
Similarly, geographic differences in sleep quality and duration
might also result from different lifestyles. The significant ethnic
difference in likelihood of good sleep quality that might be at-
tributed to different cultures or lifestyle factors reported in the
West were also observed in the present study.

In line with prior research,'>'® we showed that resource-rich
elders slept longer than resource-poor elders, and the former
had better sleep quality than the latter. More economic and
personal resources allow those individuals with higher SES
to respond more favorably to adverse events and avoid risky
behaviors.* However, controlling for demographics, education
was not associated with sleep quality. We speculate that this
may be related to the uniqueness of the historical experience
of older Chinese cohorts. Education of Chinese elders is a vari-
able reflecting their childhood condition rather than adult con-
dition, since most current Chinese elders, especially women,
could not go to school when they were children because of very

hours) regardless of individual characteristics,
which is in line with earlier reports.?*** We

further found that oldest-old adults aged 80 or Model | Model Il Model Il

older tended to sleep either shorter or longer | ages 80-89 (ages 65-79) 0.92(0.84,1.01)  0.96(0.88,1.06) 1.19 (1.07,1.32)"*
as compared to young elders. This is because | Ages 90-99 (ages 65-79) 0.98(0.90,1.07)  1.04(0.94,1.15) 1.38 (1.23,1.55)*
when the old adults get older, their health con- Ages 100+ (ages 65-79) 106(096,1.17)  1.13(1.00,1.26) 1.70 (1.48,1.95)**

dition gets worse, on average. Yet, the quality Men

( )
( )
( )
£l f the old 1d did Jiff b 1.42 (1.32,1.52)** 1.27 (1.17,1.39)*** 1.23 (1.12,1.34)***
‘f’ se;f’t" ft €o esiZO e drtlt?t fl er muc Han ethnicity 1.34 (1.17,1.54)** 132 (1.15,1.51)* 1.47 (1.27,1.69)**
hr;(;nbetie:sia Oeunglfahfrs’t;:n ch gﬁzfrv‘:gzz Urban 0.91(0.85,0.97)* 0.86 (0.80,0.92)"** 0.88 (0.82,0.94)"**
sieep quatty. ; Northeast (north) 143 (1.20,1.71)* 1.48 (1.24,1.77)** 153 (1.27,1.84)*
demographics, SES, family/social support and
. . . East (north) 1.03(0.89,1.19)  1.04(0.90,1.21)  1.01(0.87,1.18
connection, health practice, and health condi- o . "
Gions were controlled for. This is in accordance | CentraliSouth (north) 0.78 (0.67,0.90)*  0.84 (0.72,0.98)* 0.77 (0.66,0.90
West (north) 1.36 (1.16,1.60)*

with an Italian centenarian study which report-
ed that long-lived individuals had better self-
rated quality of sleep.” This may also support
the notion that the majority of healthy elders
could experience satisfactory sleep quality.*’
Overall, these findings may support the argu-
ment that sleep problems at old and oldest-old
ages likely arise from a variety of physiologi-
cal and psychosocial factors rather than aging
per se.**3 They might also imply that healthy
long-lived individuals may adapt their percep-
tion of what is “acceptable” sleep and there-
fore do not report poor sleep quality even if
objective quality of sleep does change with
advancing age.*

Consistent with previous research, we
found that men’s self-rated quality of sleep
was consistently better than that of women.
There are many possible reasons for this sleep
differential in gender among elders, including
biological differences in terms of estrogen de-
ficiency,”-"? prior psychiatric illness,® and
caregiving roles."” Yet, women’s disadvantage

Married

IADL disabled
ADL disabled

Often anxious

-LL

Table 2—Factors associated with good quality of sleep, CLHLS, 2005

1+ years of schooling
Good family economic condition
Got adequate medical service

No. of living children

Live with spouse or family (alone)
Institutionalized (alone)

Current smoker

Current alcohol consumer

Cognitively impaired
Self-rated poor health
Have 1+ chronic diseases

Numbers in the table are odds ratios and the 95% confidence intervals based on binary logistic
regression. Category in the parentheses is the reference for categorical variables. All other
variables are dichotomous. *P < 0.05; **P < 0.01; ***P < 0.001.

( )

( )

( )

( )

( )

( )

( )

( )

( )

( )

1.00(0.92,1.08)  0.98 (0.90,1.06)

1.67 (1.52,1.85)** 1.56 (1.41,1.73)**

2.20 (1.98,2.44)"* 1.84 (1.66,2.05)"**
( )
( )
( )
( )
( )
( )
( )
( )
( )
( )
( )
( )

1.00(0.92,1.10)  0.98 (0.89,1.08
1.00(0.98,1.02)  1.00 (0.99,1.02
1.11(1.01,1.23)*  1.17 (1.05,1.30)

0.78 (0.63,0.98)*  0.85(0.68,1.07

1.13 (1.03,1.25)* 1.06 (0.96,1.17

1.27 (1.16,1.39)** 1.16 (1.05,1.27)*
0.66 (0.60,0.72)***
0.89(0.81,0.98)
0.95(0.87,1.04
0.54 (0.50,0.59)**
0.66 (0.61,0.71)**
0.62 (0.53,0.73)**

(
(
(
(
(
(
(
(
(
143 (1.21,1.69)* 1.33 (1.12,1.58)**
(
(
(
(
(
(
(
(
(

10072.8*** 9845.4** 9506.8***
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limited educational facilities. Although some young elders at-
tended school during adulthood in the national illiteracy eradi-
cation movement,> prevalence of literacy is much lower among
women (34%) than among men (75%). Further, a majority of
Chinese elders are illiterate, and some literate elders might
have been politically persecuted during the Cultural Revolu-
tion. Thus, education might not be a good indicator of SES for
Chinese elders. The nonsignificant association between educa-
tion and sleep problems was also found by Liu and Liu® from
local data in China.

Another factor unique to the Chinese elderly is that China
established a healthcare system in the 1950s, in which urban,
but not rural, residents were entitled to free public medical ser-
vice access and social security after retirement. Although this
system has been reformed since the 1990s, the majority of the
current old cohorts were not affected by the reform. It is pos-
sible that those persons with access to healthcare, who are more
likely to be urban residents, could be more likely to rely on
sleeping drugs than those who have difficulties in accessing

healthcare. Thus, access to healthcare is an important indica-
tor that captures both rural/urban status and likelihood of using
sleep medication in the Chinese context.

Our findings for family/social support and connection were
similar to prior reports in the literature.*'”?° Elders living alone
were less likely to have good quality of sleep, which provides
evidence supporting a previous study by Geroldi et al.,” who
found that socially disadvantaged old people aged 75 and older
suffered more frequent sleep problems. One interesting finding
is that marriage was positively associated with good sleep qual-
ity in a bivariate model with chronological age controlled, but
was not significantly associated with sleep quality once other
covariates were present. This may indicate that the protective
effect of marriage on sleep quality is largely determined by
other factors at very old ages.

In contrast to previous findings, we found that current smok-
ers or alcohol users were more likely to have good sleep quality.
This paradoxical finding might be due to the fact that smokers
or drinkers were relatively healthy in the CLHLS. Another pos-

Table 3—Factors associated with sleep duration, CLHLS, 2005

Model |
Ages 80-89 (ages 65-79)
Ages 90-99 (ages 65-79)
Ages 100+ (ages 65-79)
Men
Han ethnicity
Urban
Northeast (north)
East (north)
Central/South (north)
West (north)

Model Il
Ages 80-89 (ages 65-79)
Ages 90-99 (ages 65-79)
Ages 100+ (ages 65-79)
Men
Han ethnicity
Urban
Northeast (north)
East (north)
Central/South (north)
West (north)
1+ years of schooling
Good family economic condition
Got adequate medical service
Married
No. of living children
Live with spouse/family (alone)
Institutionalized (alone)
Current smoker
Current alcohol user

<5hvs8h
1.30 (1.13,1.50)***
1.15(0.99,1.34)
1.35(1.13,1.61)*
0.75(0.66,0.84)***
0.92 (0.72,1.17)
1.01(0.90,1.13)
1.07 (0.80,1.44)
0.91(0.71,1.17)
0.91(0.70,1.18)
1.15(0.89,1.50)

1.13(0.97,1.32)
0.96 (0.81,1.14)
1.10(0.90,1.34)
0.88 (0.76,1.02)
0.95 (0.75,1.21)
1.06 (0.95,1.20)
1.06 (0.79,1.42)
0.89 (0.69,1.14)
0.84 (0.65,1.09)
1.11(0.85,1.44)
0.95 (0.83,1.09)
0.69 (0.58,0.81)"*
0.50 (0.43,0.60)**
0.78 (0.67,0.91)"
1.01(0.98,1.04)
0.92 (0.78,1.09)
1.75(1.21,2.53)**
0.85 (0.73,0.99)*
0.95 (0.82,1.10)

6hvs8h
1.10 (0.96,1.25)
1.18 (1.03,1.36)*
1.21 (1.02,1.44)
0.80 (0.72,0.89)***
1.04 (0.83,1.32)
0.99 (0.89,1.11)
1.04 (0.79,1.38)
0.91(0.72,1.15)
1.00 (0.79,1.28)
0.98 (0.76,1.26)

1.00 (0.86,1.15)
1.03 (0.88,1.21)
1.04 (0.86,1.26)
0.93 (0.81,1.06)
1.06 (0.84,1.33)
1.00 (0.89,1.11)
1.05(0.79,1.39)
0.90 (0.71,1.14)
0.97 (0.76,1.24)
0.97 (0.75,1.25)
0.93 (0.82,1.05)
0.84 (0.72,0.97)*
0.79 (0.67,0.94)*
0.87 (0.76,1.00)

0.97 (0.94,1.00)

0.93 (0.79,1.09)

147 (1.03,2.12)*
0.87 (0.75,1.01)

0.86 (0.75,0.99)*

Thvs8h 9hvs8h 210hvs8h
0.86 (0.75,0.99) 1.03(0.87,1.22) 2.15(1.90,2.44)***
0.89(0.77,1.02) 1.03(0.86,1.22) 3.39(2.99,3.84)**
0.84 (0.70,1.00) 1.23(0.99,1.52) 5.46 (4.74,6.30)***
0.83(0.75,0.93)** 1.04 (0.91,1.19) 0.92 (0.84,1.01)
0.90(0.71,1.13) 0.99 (0.75,1.31) 1.07 (0.88,1.31)
1.01(0.91,1.13) 0.95(0.83,1.09) 0.83 (0.75,0.91)**
1.10 (0.83,1.45) 0.96 (0.68,1.37) 1.06 (0.84,1.35)
1.02 (0.81,1.30) 1.15(0.86,1.56) 1.02 (0.83,1.25)
0.91(0.71,1.17) 1.17 (0.86,1.60) 0.92 (0.75,1.13)
0.81(0.62,1.05) 0.66 (0.47,0.93) 0.65 (0.52,0.81)***
0.84 (0.72,0.97) 1.04 (0.87,1.25) 1.88 (1.64,2.15)***
0.85(0.72,0.99)* 1.05(0.87,1.27) 2.78 (2.42,3.20)**
0.80 (0.65,0.98)* 1.27 (1.00,1.60)* 4.33 (3.68,5.09)***
0.90 (0.79,1.04) 0.99 (0.83,1.16) 1.03 (0.91,1.15)
0.90(0.71,1.13) 0.99 (0.75,1.32) 1.09 (0.90,1.33)
1.02 (0.91,1.14) 0.95(0.83,1.09) 0.83(0.75,0.91)***
1.10 (0.83,1.45) 0.95(0.67,1.37) 1.07 (0.84,1.36)
1.01(0.80,1.29) 1.14 (0.84,1.55) 1.03 (0.84,1.26)
0.90 (0.70,1.15) 1.18 (0.86,1.60) 0.93 (0.75,1.14)
0.81(0.62,1.05) 0.65 (0.46,0.91)* 0.65 (0.52,0.81)***
0.94 (0.83,1.07) 0.99 (0.85,1.16) 0.96 (0.86,1.07)
0.91(0.79,1.05) 1.01(0.85,1.21) 0.99 (0.87,1.11)
0.93(0.78,1.12) 1.11(0.88,1.41) 0.97 (0.83,1.13)
0.99 (0.86,1.14) 1.02 (0.86,1.21) 0.68 (0.60,0.77)***
0.99 (0.96,1.02) 1.01(0.97,1.04) 0.99 (0.97,1.01)
0.93 (0.79,1.10) 0.97 (0.79,1.19) 1.21(1.05,1.40)*
1.08 (0.72,1.62) 1.30(0.81,2.09) 1.44 (1.04,2.00)*
0.90 (0.70,1.15) 1.13(0.95,1.35) 1.00(0.88,1.13)
0.81(0.62,1.05) 1.06 (0.90,1.25) 1.03(0.92,1.16)

Numbers in the table are odds ratios and the 95% confidence intervals (in parentheses) based on multinomial logistic regression. The category in the
parentheses is the reference for those categorical variables. All other variables are dichotomous. *P < 0.05; **P < 0.01; ***P < 0.001.

Table 3 continues on the following page
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Table 3 (continued)—Factors associated with sleep duration, CLHLS, 2005

Model Il <5hvs8h 6hvs8h 7Thvs8h 9hvs8h 210hvs8h
Ages 80-89 (ages 65-79) 0.95(0.81,1.13) 0.93(0.79,1.08) 0.84 (0.72,0.98) 1.07 (0.89,1.30) 1.56 (1.35,1.79)***
Ages 90-99 (ages 65-79) 0.76 (0.63,0.92)* 0.93 (0.78,1.10) 0.86 (0.72,1.03) 1.08 (0.87,1.35) 2,02 (1.72,2.37)***
Ages 100+ (ages 65-79) 0.76 (0.61,0.95)* 0.87 (0.70,1.08) 0.82 (0.66,1.03) 1.29 (0.98,1.68) 2.68 (2.23,3.22)**
Men 0.92 (0.80,1.07) 0.95(0.83,1.09) 0.91(0.79,1.04) 0.98 (0.83,1.15) 1.07 (0.95,1.21)
Han ethnicity 0.85(0.67,1.08) 1.00 (0.79,1.26) 0.90 (0.71,1.13) 1.00 (0.75,1.32) 1.02 (0.84,1.25)
Urban 1.03(0.91,1.16) 0.97 (0.87,1.09) 1.01(0.90,1.13) 0.95(0.82,1.09) 0.80 (0.78,0.88)***
Northeast (north) 1.05(0.78,1.41) 1.05(0.78,1.41) 1.10 (0.83,1.46) 0.95 (0.66,1.36) 1.05(0.83,1.34)
East (north) 0.92(0.71,1.18) 1.04 (0.79,1.38) 1.01(0.79,1.28) 1.16 (0.86,1.57) 1.12(0.91,1.38)
Central/South (north) 0.91(0.70,1.18) 0.92 (0.72,1.17) 0.90 (0.70,1.16) 1.20 (0.88,1.63) 1.06 (0.86,1.32)
West (north) 1.21(0.92,1.59) 1.02 (0.80,1.31) 0.81(0.62,1.06) 0.66 (0.47,0.93) 0.73(0.58,0.91)*
1+ years of schooling 0.97 (0.84,1.11) 1.03(0.80,1.33) 0.93(0.82,1.06) 0.99 (0.84,1.16) 0.98 (0.87,1.09)
Good family economic condition  0.76 (0.64,0.90)** 0.86 (0.74,1.00) 0.90 (0.78,1.05) 1.01 (0.85,1.20) 1.04 (0.92,1.18)
Got adequate medical service 0.64 (0.54,0.76)**  0.87(0.73,1.03) 0.93(0.78,1.13) 1.09 (0.86,1.39) 1.07 (0.92,1.25)
Married 0.79(0.67,0.91)** 0.87 (0.76,1.00) 0.99 (0.96,1.14) 1.01(0.85,1.20) 0.70 (0.62,0.80)**
No. of living children 1.01(0.98,1.04) 0.97 (0.94,1.00) 0.99 (0.96,1.02) 1.01(0.97,1.04) 0.99 (0.96,1.01)
Live with spouse/family (alone)  0.90 (0.75,1.06) 0.90 (0.78,1.04) 0.94 (0.79,1.11) 0.96 (0.78,1.18) 1.11(0.96,1.28)
Institutionalized (alone) 1.60 (1.10,2.33) 1.40(0.97,2.01) 1.08 (0.72,1.62) 1.29 (0.81,2.09) 1.27 (0.91,1.77)
Current smoker 0.92 (0.79,1.08) 0.90 (0.78,1.04) 0.90 (0.77,1.04) 1.13(0.95,1.35) 1.05(0.92,1.19)
Current alcohol consumer 1.06 (0.91,1.23) 0.90 (0.77,1.05) 0.93(0.81,1.07) 1.05 (0.89,1.24) 1.11(0.98,1.25)
IADL disabled 1.35 (1.15,1.57)*** 1.13(0.98,1.30) 0.99 (0.86,1.14) 0.89 (0.75,1.05) 1.28 (1.13,1.45)***
ADL disabled 1.14 (0.96,1.34) 1.19 (1.02,1.40) 0.97 (0.82,1.15) 1.16 (0.95,1.42) 1.65 (1.45,1.88)***
Cognitively impaired 1.10 (0.95,1.27) 0.99 (0.86,1.13) 0.99 (0.86,1.14) 1.00 (0.83,1.19) 1.16 (1.03,1.30)*
Self-rated poor health 2.10(1.82,2.70)** 1.30 (1.13,1.51)**  0.95(0.81,1.11) 0.94 (0.77,1.15) 1.30 (1.15,1.47)**
Have 1+ chronic diseases 1.78 (1.55,2.02)*** 1.36 (1.21,1.52)*** 1.11(0.99,1.24) 0.99 (0.86,1.13) 112 (1.01,1.24)*
Often anxious 2.02 (1.57,2.60)** 1.36 (1.04,1.78) 1.33(1.00,1.75) 0.91(0.63,1.34) 0.98 (0.76,1.26)

Numbers in the table are odds ratios and the 95% confidence intervals (in parentheses) based on multinomial logistic regression. The category in the

parentheses is the reference for those categorical variables. All other variables are dichotomous. *P < 0.05; **P < 0.01; ***P < 0.001.

sible explanation for this association might be that we did not
distinguish level of smoking or drinking and types of alcohol
used (wine, beer, or liquor). Further more nuanced research on
smoking and alcohol use, especially among the very selective
oldest-old population, is warranted.

In summary, like two previous studies,*** one strength of the
present study lies its analytical strategy in using multinomial
logit regression that allowed us to identify important differ-
ences in the predictors of both relatively short and relatively
long sleep durations. These insights into the nonlinear effects
of covariates on sleep duration might provide a new arena for
modeling self-reported sleep duration beyond continuous*®*7 or
dichotomous measures.*

Nevertheless, several limitations of this study should be tak-
en into account when interpreting the results. First, due to the
cross-sectional nature of the data, we were unable to explore
the possible causal relationships between health conditions
and quantity and quality of sleep. It seems plausible that there
would be a bidirectional relationship between sleep quality and
healthy longevity.’' Once the 2008 wave data are released, we
will extend our current preliminary results to examine how
sleep quality and duration in 2005 are associated with health
conditions in 2008 and vice versa.

Second, the data on sleep quality and sleep duration in the
CLHLS were self-reported. Although subjective evaluation of
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sleep is likely to be important, this type of measure is not stan-
dardized due to different questions asked by different inves-
tigators in surveys, which may limit comparability with other
studies. And more importantly, subjective measures and some
objective measures such as actigraphy may yield different re-
sults.?

Third, unlike some previous studies based on more detailed
sleep data, the present study examined very basic patterns of
sleep quality and hours among Chinese elders. More detailed
questions, including data on the duration, frequency, or severity
of sleep problems suffered by older adults would be informa-
tive.

Fourth, use of sleep medication (both Western and Chinese
herbal/botanical) was not measured in the CLHLS. Thus, we
were unable to distinguish between people who have sleep
problems that are corrected by sleep medications or other
drugs that affect sleep and people who do not have sleep prob-
lems. Given that use of medication is associated with quality
of sleep,*¥° this mixture of corrected and non-corrected sleep
patterns might introduce some bias into the estimates. For ex-
ample, medications not specifically prescribed for sleep, such
as anticholinergic medications for incontinence and ulcers, af-
fect both sleep and cognitive performance; however, one study
shows that there is still a significant relationship between sleep
quality and cognition after controlling for potentially confound-
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ing factors such as medication use, cerebrovascular disease, and
depression.”® Empirical studies have shown that approximately
3% to 7% of seniors in China use sleep medicines,'* so such
biases might not be very harmful to our general conclusions.
However, further research that controls for these confounders
is warranted.

Fifth, also related to the last two points, some neighborhood
factors (such as noise, pollution, and so forth) might be associ-
ated with sleep quality and even mediate the relationship be-
tween urban/rural residence, SES, and sleep quality. Integration
of these factors into analysis is rare in the existing literature
but might have important implications for sleep intervention
through environmental improvement. In spite of these short-
comings, we have extended the existing research by providing
new estimates of sleep quality, duration, and associated factors
among a unique, large sample of oldest-old adults from a de-
veloping country where the population of elders grows fast and
their sleep problems are largely unknown. The results of this
study help us to understand patterns of quantity and quality of
sleep and their associations with health status among excep-
tionally long-lived adults.
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