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Study Objectives: To examine the association between sleep-related factors and memory impairment.

Design: Cross-sectional study

Setting: Community-based study in Guangzhou, China.

Participants: 28,670 older Chinese (20,776 women and 7,894 men) aged 50 to 85 years.

Measurements and Results: Demographic and socioeconomic data, sleep-related factors, and cognitive function were collected by face-to-face
interview. Potential confounders, such as employment and occupational status, smoking, alcohol and tea use, physical activity, self-rated health,
anthropometry, blood pressure, and fasting plasma glucose and lipids were measured. After adjusting for multiple potential confounders, an in-
verted U-shaped association between sleep duration and delayed word recall test (DWRT) score, a validated measure of memory impairment, was
found, with 7 to 8 h of habitual sleep duration showing the highest score (P-values for trend from 3 to 7 h and from 7 to = 10 h were all < 0.001).
Compared to sleep duration of 7 h, the adjusted odds ratio for memory impairment from the sleep duration of 3 to 4 or = 10 h was 1.29 (95% con-
fidence interval 1.07-1.56) and 1.52 (1.25-1.86), respectively. Subjects with daily napping, morning tiredness, or insomnia had significantly lower
DWRT scores than those without (P ranged from < 0.001 to 0.01).

Conclusions: Short or long sleep duration was an important sleep-related factor independently associated with memory impairment and may be
a useful marker for increased risk of cognitive impairment in older people.
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INTRODUCTION

Several epidemiology studies have found an association be-
tween self-reported sleep duration with health-related conditions
such as obesity, diabetes, hypertension, cardiovascular events or
mortality.'® Both long (> 8 h) and short (< 6 h) habitual sleep
durations are associated with unfavorable health outcomes.'**

Associations derived from epidemiological studies between
sleep duration and cognitive function showed inconsistent re-
sults.5!% A recent study from Spain showed that long, but not
short, sleep duration, was associated with decreased cognitive
function.” In the Health 2000 Survey, sleep duration was asso-
ciated with decreased cognitive function in 5171 subjects aged
> 30 years.* However, in a stratified analysis of a subgroup of
2201 subjects who did not report any illness and who also re-
ported good, or relatively good subjective health showed that
after adjusting for socioeconomic factors, the association be-
tween sleep duration and cognitive function was not observed.
This suggested that self-reported sleep duration may not be
causally associated with the objective decline of cognitive
function. Moreover, some studies showed that sleep quality, but
not longer or shorter sleep duration, was associated with cogni-
tive performance in Western populations.®
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To better understand the association of sleep-related factors,
such as sleep duration, napping, morning tiredness or insom-
nia, and memory impairment, we analyzed the baseline data of
the Guangzhou Biobank Cohort Study, which includes about
30,000 Chinese people aged > 50 years.

METHODS

We used the baseline date of the Guangzhou Biobank Cohort
Study (GBCS) recruited from Phases 1 to 3 in September 2003
to January 2008. Detailed information describing the sampling
frame, selection strategy, and measurement of the GBCS has
been reported elsewhere.! In brief, subjects included in the
GBCS were randomly selected from an unofficial organization
that was affiliated with the local government: the “Guangzhou
Health and Happiness Association for the Respectable Elders”
(GHHARE), which is an association with membership open to
older people aged 50 or above for a nominal monthly fee of 4
RMB (1 USD =7 RMB). More than 95% of the selected people
were eligible and gave consent to participate in the GBCS."
This is a large social and welfare association with more than
100,000 older Guangzhou permanent residents. Subjects were
ambulatory, capable of consenting, and not receiving treatment
modalities of life-threatening diseases.

Subjects gave informed consent before the questionnaire-
based face-to-face interview. Information describing demo-
graphic and socioeconomic status, lifestyle factors, occupational
exposure, cognitive function, and disease history was collected
by full-time trained nurses at the Guangzhou Number 12 Hos-
pital. Sleep-related factors including habitual sleep duration per
day, frequency of daytime napping and morning tiredness, and
presence of insomnia were also assessed. Subjects were asked
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Table 1—Demographic and clinical characteristics and sleep-related was defined as DWRT score < 4, corresponding to
1 standard deviation (SD) below the mean (mean =
Memory impairment 5.5 and SD = 1.8).
No Yes In Phase 3 of GBCS, we added the Mini-Mental
(n=24,966) (n=3,704) P State Examination (MMSE)'* to assess cognitive
Age, years 61570 65372 <0.001 function. Thus, 9,237 subjects (6,829 women and
Sex, % men 27.2 29.6 0.003 2,408 men) had the MMSE from September 2006
Education, % primary or below 39.1 65.9 <0.001 to January 2008. MMSE was scored from 0 to 30,
Employment, % current 45 23 <0.001 with higher scores indicating better cognitive per-
Longest occupation, % manual 47.0 62.2 <0.001 formance.

Smoking, % current 9.8 17 <0.001 In the present analysis, 174 subjects with self-
Drinking, % current 314 221 <0.001 reported mental illnesses or neurological disease
Physical activity, % active 517 478 <0.001 igcluding de.pression, cgnfuseq speech, schizophre-
Tea consumption, % regular 405 40.8 0.73 nia, dementia, or Alzheimer dlsease.(AD) were ex-
Poor self-rated health 170 211 <0001 clpded. For self-reported sleep durgtlon, 53 subjects
Waist circumference, cm 78790 79.7+£92 <0.001 with extremely short or long d?ratlog (,<,3 hor= 1.5
High-density ipoprotein cholesterol, mmollL ~ 1.66£041 164040 0007 | D Pperday)werealso excluded’ (sensitivity analysis
Low-density ipoprotein cholesterol, mmollL. 327 £070 3214073 <ogo1 | 0V including them showed similar results). Thus,
] ) ' s T ' the final analysis included 28,670 subjects (20,776
Trlglyc.erldes, mmol/L 1682126 1.70£1.30 0.3 women and 7,894 men) with all variables of inter-
Systolic blood pressure, mm Hg 130 £ 22 134+£23  <0.001 est. The study was approved by the Guangzhou
Diastolic blood pressure, mm Hg 736112 737+114 048 Medical Ethics Committee of the Chinese Medical

Fasting plasma glucose, mmol/L 573+163 589+184 <0.001 Association in Guangzhou, China.
Sleep duration, hours per day 6.94+132 6.82+148 <0.001 Pearson 7’ test was used to compare categori-
Daytime napping, % daily 39.0 421 <0.001 cal variables, and one-way analysis of variance
Morning tiredness, % daily 33 46 <0.001 (ANOVA) for continuous variables. Multivari-
Insomnia, % yes 17.0 17.9 0.21 able linear regression was used to study the asso-
ciation of sleep-related factors with DWRT score
Data were expressed as percentage (%) or mean +* standard deviation. P for one-way with adjusted mean and 95% confidence interval
analysis of variance or chi-square test. (CI) reported. Logistic regression was used to

whether they had trouble falling asleep, waking up too early
and not falling asleep again, or needed to take medicine (includ-
ing herbal or sleeping pills) at least once a week to help sleep
within the last month, and were classified as having insomnia
if they reported having any of these sleep problems lasting > 2
weeks. Health status was assessed by a subjective rating scale
(very good, good, poor, or very poor). The reproducibility of
the questionnaire was assessed in 200 subjects by re-interview
after 1 month, and the result was very satisfactory.! Fasting
blood samples were drawn for measuring conventional risk fac-
tors of vascular disease, such as lipids, glucose, and inflamma-
tory markers.

The modified Consortium to Establish a Registry for Al-
zheimer’s Disease Delayed Word Recall Test (DWRT)'? was
used to assess memory impairment in all subjects in Phase 1
to Phase 3 of GBCS. During the interview, 10 simple Chinese
words (soy sauce, arm, letter, chairman, ticket, grass, corner,
stone, book, and stick) were read out to the subjects one by
one, pausing for one second between each. Subjects were asked
to recall the words they heard immediately after the last word.
This procedure was repeated 3 times, and then after 5 minutes,
the subjects were asked to recall as many of the words as pos-
sible. Subjects who successfully recalled one word were given
a score of 1, with a maximum score of 10, which was used as
an outcome variable in this test. The detail of this test has been
described elsewhere.'* Memory impairment was diagnosed ac-
cording to the DWRT score (out of 10). Memory impairment
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study the association of the sleep-related factors
with memory impairment. Potential confounders
(Table 1) were age, sex, employment status, occupation, edu-
cation level, smoking and drinking status, physical activity,
tea consumption, waist circumference, high-density lipopro-
tein- (HDL-) and low-density lipoprotein- (LDL-) cholesterol,
triglycerides, systolic blood pressure (SBP), diastolic blood
pressure (DBP), and fasting plasma glucose. Potential con-
founders were included in the multivariable models. Sensitiv-
ity analysis excluding subjects with poor self-rated health was
also performed to overcome potential reverse causation. Data
analysis was done using STATA/IC 10.1 (Stata Corp LP, Col-
lege Station, TX, USA).

RESULTS

Table 1 shows that 3,704 (12.9%) subjects were identified
as having memory impairment. Memory impairment was sig-
nificantly associated with older age, male sex, lower education
level, unemployment, manual occupation, smoking, physical
inactivity, poor self-rated health, frequently napping and morn-
ing tiredness, higher levels of waist circumference, SBP, and
fasting plasma glucose, and lower levels of LDL and HDL cho-
lesterol and sleep duration.

Table 2 shows an inverted U-shaped association between
sleep duration and DWRT score, with the peak at 7 to 8 h of ha-
bitual sleep, after adjusting for multiple potential confounders.
Both shorter (3-4 and 5 h) and longer (9 and > 10 h) duration
showed lower DWRT scores compared to 7 h (both P-values for
trend from 3-4 to 7 h and from 7 to > 10 h <0.001). The adjust-
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Table 2—Mean differences in the 10-word recall test score (95% confidence interval) by groups of sleep duration

Sleep duration, hours per day

P for linear P for linear trend

34 5 6 7
No. of subjects 1,074 2,768 7,016 8,598
Crude model ~ -0.51(-0.62 -0.32(-0.40 -0.17(-0.23 Ref.
t0-0.39)**  t0-0.25)"**  to-0.11)"**
Model 1 -0.22(-0.34  -0.09(-0.17  -0.03 (-0.09 Ref.
to -0.11)** to -0.01)* to -0.02)
Model 2 -0.17(-0.30  -0.07 (-0.15  -0.03 (-0.09 Ref.
to -0.06)** to -0.005) to 0.03)

*P <0.05, **P < 0.01, **P < 0.001.

Model 1: adjusting for age and sex, employment, occupation, education, smoking, drinking, physical activity, tea consumption and self-rated health.
Model 2: adjusting for age, sex, employment, occupation, education, smoking, drinking, physical activity, tea consumption, self-rated health, waist
circumference, HDL- and LDL-cholesterol, fasting plasma glucose, systolic blood pressure, daytime napping, feeling tired in the morning and insomnia.

8 9 210 trend(3to7h) (Tto=10h)
6,734 1,546 934 - ;

002(-004 -015(-025 -045(-057  <0.001 <0.001
0008  t0-0.05*  t0-032)*

0.03(-003 -012(-022 -0.34(-046  <0.001 <0.001
©00.08)  10-0.02°  to-0.22*

0.03(-003  -0.11(-020 -0.32(-0.44 0.001 <0.001
0009)  t0-0.008)  t0-0.20)*

Table 3—Mean differences in the 10-word recall test score (95% confidence interval) by frequency of daytime napping

*P <0.05, **P < 0.01, **P < 0.001.

Daytime napping
Never to < 1 day/week 1-3 days/week 4-6 days/week Daily P for trend
No. of subjects 10,353 4,043 2,984 11,290 -
Crude model Ref. 0.06 (-0.004 to 0.13) -0.18 (-0.25 to -0.10)*** -0.15(-0.20 to -0.10)** < 0.001
Model 1 Ref. 0.04 (-0.02 to 0.11) -0.08 (-0.15 to -0.003)* -0.07 (-0.12 to -0.02)** 0.001
Model 2 Ref. 0.04 (-0.03 t0 0.10) -0.07 (-0.14 to -0.001)* -0.06 (-0.11 to -0.007)* 0.005

Model 1: adjusting for age and sex, employment, occupation, education, smoking, drinking, physical activity, tea consumption and self-rated health
Model 2: adjusting for age, sex, employment, occupation, education, smoking, drinking, physical activity, tea consumption, self-rated health, waist
circumference, HDL- and LDL-cholesterol, fasting plasma glucose, systolic blood pressure, sleeping duration, feeling tired in the morning and insomnia

Table 4—Mean differences in the 10-word recall test score (95% confidence interval) by frequency of morning tiredness

Frequency of morning tiredness

Never to < 1-2days/month 1-2 days/week

No. of subjects 25,411 1,644

Crude model Ref. -0.05(-0.14 to 0.04)
Model 1 Ref. -0.07 (-0.16 10 0.02)
Model 2 Ref. -0.07 (-0.16 t0 0.02)

Model 1: adjusting for age and sex, employment, occupation, education, smoking, drinking, physical activity, tea consumption and self-rated health
Model 2: adjusting for age, sex, employment, occupation, education, smoking, drinking, physical activity, tea consumption, self-rated health, waist
circumference, HDL- and LDL-cholesterol, fasting plasma glucose, systolic blood pressure, sleeping duration, napping and insomnia. *P < 0.05, ***P < 0.001.

3-4 days/week Almost daily P for trend
615 1,000 -
-0.13 (-0.27 t0 0.02) -0.36 (-0.47 to -0.24)*** <0.001
-0.15(-0.29t0-0.005)*  -0.25(-0.36 to -0.13)*** <0.001
-0.12 (-0.26 t0 0.02) -0.23 (-0.34 to -0.12)*** <0.001

ed mean difference (95% CI) for 3-4, 5, 9, and 10 h compared to
7 h was —0.17 (—0.30 to —0.06), —0.07 (—0.15 to —0.005), —0.11
(—0.20 to —0.008), and —0.32 (—0.44 to —0.20) words, respec-
tively. If this risk estimate is correct, the decreased cognitive
function in those with 3-4, 5 or 9, and 10 h sleep duration equals
to a 4-, 2-, and 7-year age increment, respectively, relative to
those with 7 h sleep duration.

Table 3 shows that increasing frequency of daytime nap-
ping was significantly associated with decreased DWRT score
(P for trend = 0.005). Compared to those with never or < 1
day/week of daytime napping, subjects with 4-6 days/week or
daily napping had significantly lower DWRT score (adjusted
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mean difference: —0.07 [-0.14 to —0.001] and —0.06 [—0.11 to
—0.007], respectively).

Table 4 shows a significant dose-response relation between
frequency of morning tiredness and DWRT score (P for trend
< 0.001). Subjects who felt tired in the morning almost daily
had a significantly lower DWRT score than those who never or
seldom (< 1-2 days/month) felt so (adjusted mean difference:
—0.23 [-0.34 to —0.12]). Moreover, subjects with insomnia had
a lower DWRT score than those without insomnia (P = 0.01),
independent of multiple potential confounders (Table 5).

Table 6 shows a U-shaped relation between duration of sleep
and risk for memory impairment, with the nadir at 7 to 8 h per
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Table 5—Mean differences in the 10-word recall test score (95%
confidence interval) by insomnia

Insomnia
No Yes P
No. of subjects 23,884 4,779 -
Crude model Ref. -0.06 (-0.12t0 -0.01) 0.03
Model 1 Ref. -0.10 (-0.16 t0 -0.05) < 0.001
Model 2 Ref. -0.08 (-0.14 t0 -0.02) 0.01

Model 1: adjusting for age and sex, employment, occupation, education,
smoking, drinking, physical activity, tea consumption, and self-rated
health

Model 2: adjusting for age, sex, employment, occupation, education,
smoking, drinking, physical activity, tea consumption, self-rated health,
waist circumference, HDL- and LDL-cholesterol, fasting plasma glucose,
systolic blood pressure, sleeping duration, napping, and morning
tiredness.

P for trend
1) from 3-7 h: < 0.001
2) from 7-10 h: < 0.001

27.5 271.3 271.3

26.9
210 77

265 ] NN E—— ORISR ——

26.0 |

Mean MMSE score

25.5 4 SUNRRI S NP E—

250

34 5 6 7 8 9 210
Sleeping duration, hours

Figure 1—Adjusted mean MMSE test score (95% confidence interval)
by groups of sleep duration (n = 9,237). Adjusting for age, sex,
employment, occupation, education, smoking, drinking, physical activity,
tea consumption, self-rated health, waist circumference, HDL- and LDL-
cholesterol, fasting plasma glucose, systolic blood pressure, napping,
morning tiredness, and insomnia factors by memory impairment.

day was found. Subjects with 3-4 or > 10 hours of sleep du-
ration had significantly increased risk of memory impairment
(adjusted OR = 1.29 [1.07-1.56] and 1.52 [1.25-1.86], respec-
tively). As expected, increased frequency of morning tiredness
was also associated with increasing risk of memory impairment
(P for trend = 0.003). No significant association between nap-
ping or insomnia and memory impairment was found.
Sensitivity analysis showed that after excluding those with
poor or very poor self-rated health, both short or long sleep
duration, and morning tiredness were significantly associated
with DWRT score. However, no association between napping
or insomnia and DWRT was found (Table not shown). Con-
sistent with those using DWRT score, an inverted U-shaped
relationship between MMSE score and sleep duration was ob-
served, with the peak at 7-8 h of sleep (Figure 1). Subjects who
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Table 6—Adjusted odds ratios (95% confidence interval) of memory
impairment by usual sleep duration and frequency of daytime napping

Memory impairment

Adjusted OR
N (% cases) (95% Cl) P
Sleep duration, hours per day
34 1,074 (19.0) 1.29 (1.07-1.56)  0.007
5 2,768 (15.8) 1.12(0.98-1.28) 0.09
6 7,016 (13.4) 1.00(0.90-1.11) 0.96
7 8,598 (11.7) Ref.
8 6.734 (11.1) 0.94 (0.84-1.04) 0.23
9 1546 (13.3) 1.09(0.91-1.29) 0.34
210 934 (18.2) 1.52(1.25-1.86) <0.001
P for trend (3 to7 h) 0.005
P for trend (7 to = 10 h) 0.003
Daytime napping
Never to < 1 day/week 10,331 (12.4) Ref.
1-3 days/week 4,048 (11.2) 0.95(0.84-1.07) 0.38
4-6 days/week 2,987 (13.8) 1.06(0.932-1.20) 0.39
Daily 11,304 (13.8) 1.07 (0.98-1.16) 0.15
P for trend 0.09

Tired in the morning

Never to < 1-2days/month 25,411 (12.7) Ref.

1-2 days/week 1,644 (13.8) 1.18(1.01-1.39) 0.04
3-4 days/week 615(13.8) 1.09(0.84-1.41) 0.51
Almost daily 1,000 (16.9) 1.27 (1.05-1.53)  0.01
P for trend 0.003

Insomnia

No 23,747 (12.8) Ref.

Yes 4,916 (13.5) 1.10(1.00-1.22) 0.06

N (% cases): total number of subjects in each group (% with memory
impairment). Adjusting for age, sex, employment, occupation, education,
smoking, drinking, physical activity, tea consumption, self-rated health,
waist circumference, HDL- and LDL-cholesterol, fasting plasma glucose
and systolic blood pressure.

felt tired in the morning almost daily had significantly reduced
MMSE score compared with those who never or seldom felt so
(P for trend = 0.006), and no association between napping or
insomnia and MMSE score was found (Table not shown).

DISCUSSION

To the best of our knowledge, this is the largest commu-
nity-based study to date examining the association between
sleep related factors and memory impairment in older Chi-
nese. Memory impairment, as assessed by DWRT score, was
significantly associated with duration of sleep, frequency of
daytime napping, and morning tiredness and insomnia. An
inverted U-shaped association between sleep duration and
score of word delayed test was found, with the peak at 7 to 8
hours. Among the four selected sleep-related factors, short or
long duration of sleep was the most important factor, signifi-
cantly associated with reduction of memory impairment (as
assessed by DWRT and MMSE) after controlling for multiple
potential confounders.
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Short or long sleep duration has been associated with cog-
nitive impairment in earlier epidemiological or experimental
studies.®'*17 Two recent studies found that self-reported sleep
duration was associated with cognitive function, as assessed
objectively by verbal fluency, encoding, and retaining ver-
bal material or MMSE.%’ In Faubel’s study on 3212 Span-
ish people aged > 60 years, the risk of cognitive impairment
increased across sleep duration groups from 7 to > 11 hours,
while no association was found between short sleep duration
and cognitive impairment.” However, sleep factors have been
suggested to account for only a small proportion of the vari-
ance in the objectively measured cognitive function, but for
a larger proportion of the variation in subjectively measured
cognitive function.® A study of 88 healthy postmenopausal
women showed that self-reported low sleep quality, but not
objectively assessed sleep, was associated with decreased
cognitive test performance and difficulty in concentrating.'®
Different from the cross-sectional studies above, the Nurses’
Health Study on 1,852 US women showed that neither long nor
short sleep duration was associated with decline of cognitive
function, as measured by category fluency, verbal memory, and
global score after a 2-year follow-up. The results from exist-
ing prospective studies were inconsistent. The Maastricht Age-
ing Study followed up 838 middle-aged adults for 3 years and
found that having any subjective sleep problem at baseline or
follow-up was significantly associated with cognitive decline
as assessed by MMSE. However, this association became sta-
tistically insignificant after further controlling for depression."
In our study, after excluding those with self-reported depres-
sion, dementia, or Alzheimer disease, both short and long sleep
duration showed independent and significant association with
worse memory impairment.

Daytime sleepiness has been associated with cognitive im-
pairment and dementia in earlier epidemiological studies.'”*
The Honolulu-Asia Aging Study on 2,346 elderly people found
that daytime sleepiness, but not insomnia, was independently
associated with cognitive decline or incidence of dementia af-
ter a 3-year follow-up.?’ A study including 1,026 subjects aged
60 years or older in Paris found that daytime napping was an
important risk factor for cognitive decline, and might result
in longer total sleep duration.'” However, daytime napping
was dichotomized into presence or absence in the two studies
above,'?" in which dose-response relation of daytime napping
and cognitive performance could not be assessed. Regular nap-
ping is a common practice in all ages of Chinese compared to
the north European populations.?’** In the present study, we
found that increasing frequency of daytime napping was as-
sociated with memory impairment, independent of total sleep
duration and other potential confounders. A possible explana-
tion for the predictive value of daytime napping is that other
disorders, such as an organic or mental pathologic condition,
or obstructive sleep apnea syndrome (OSAS), cause increas-
ing frequency of daytime napping. OSAS has been shown to
associate with cognitive impairment because breathing pause
during sleep may cause repeated anoxia, leading to the cerebral
white matter change and cognitive decline.”* Another possible
explanation is that daytime napping has been associated with
metabolic disorders, such as obesity or type 2 diabetes,? which
may increase the risk for cognitive impairment.?*’
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Our study also found that morning tiredness and insomnia
was also significantly associated with memory impairment with
a linear dose-response pattern, and that those with daily morn-
ing tiredness had almost significantly increased risk for memo-
ry impairment compared with those who seldom felt tired. It is
possible that those who had short sleep duration might also feel
tired in the morning and have insomnia. However, after control-
ling for sleep duration, the associations between tiredness in the
morning or insomnia and DWRT score remained unchanged.
There is also evidence in different populations showing that
insomnia was associated with cognitive impairment.”*** Nev-
ertheless, given the cross-sectional design of these studies
and the lack of prospective studies, a causal relation between
morning tiredness/insomnia and cognitive function cannot be
established. It is possible that cognitive function may alter in-
dividuals’ perception of fatigue or insomnia. The mechanism of
how these factors influence cognitive impairment is not clear,
and further studies are warranted.

The present study had several limitations. Firstly, given its
cross-sectional design, the causal relationship between the
sleep-related factors and cognitive impairment cannot be con-
firmed. Secondly, because information on disease history or
sleep-related factors was collected by self-report, those with
AD or dementia might not be able to accurately recall their
disease status or sleep-related factors. Thus in future studies,
objectively measured factors including physician diagnosed
mental illnesses or neurological diseases and polysomnography
to assess sleep duration would be needed. Another limitation
is that we measured habitual sleep duration per day, and thus
nocturnal sleep duration and daytime sleep duration could not
be distinguished, although including daytime napping, morning
tiredness, and insomnia might partly account for this limitation.
Fourthly, our subjects were unlikely to be completely represen-
tative of the older adults in Guangzhou, and general popula-
tion data were not available for checking of representativeness.
Subjects were randomly selected from the GHHARE, and those
with severe Alzheimer disease, dementia, or depression might
not participate. Because the participants might have had bet-
ter social and cognitive function, the “healthy volunteer bias”
could not be ruled out, which could result in more conservative
estimates of the strength of the association. Depression or de-
pressive symptoms are often underreported and underdiagnosed
in China,* and some of the subjects included could have had
undiagnosed depression. Further studies on more representa-
tive samples are warranted. Finally, residual confounders could
partly explain the association of cognitive function with long/
short sleep duration and insomnia. Depression or low socioeco-
nomic position has been identified as important risk factors of
long sleep duration.’! In the present study, we excluded the sub-
jects with self-reported depression and other mental illnesses to
minimize such confounding. However, because depression was
assessed based on self-reported data, underreporting of depres-
sion could not be ruled out.

In conclusion, our results suggest that there are indepen-
dent associations between sleep-related factors, such as sleep
duration, daytime napping, morning tiredness and insomnia,
and memory impairment. Of these four factors, short or long
sleep duration showed a stronger association and may be a
useful marker for increased risk of cognitive impairment. Fur-
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ther studies with prospective design and objective assessment
of sleep-related factors in addition to self-reported data are
warranted.
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