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Study Objectives: Previous cross-sectional studies showed that short or long sleep duration was associated with memory impairment (Ml), but
longitudinal studies are scarce. We examined whether sleep duration was associated with memory decline or development of MI.

Design, Setting, Participants: We conducted a prospective analysis based on the Guangzhou Biobank Cohort Study on 13,888 participants aged
50+ years without MI at baseline and with a follow-up for a mean of 4.1 years.

Measures and Results: Memory decline was assessed using the Delayed 10-Word Recall Test (DWRT), and in a subset (n = 6,020) with the
Mini-Mental State Examination (MMSE). Short and long sleep duration was defined as < 5 hours/day and = 9 hours/day, respectively. Data were
analyzed both continuously for memory decline and dichotomously for MI (independently defined as DWRT, < 4; MMSE, < 25). After adjusting for
multiple potential confounders, both short and long sleep durations were associated with memory decline using DWRT or MMSE score changes
(all P <0.001). Seven percent (n = 980) developed DWRT-defined Ml and 4.0% (n = 194) MMSE-defined MI during the follow-up. Only those with
a short (< 5 h/day) sleep duration had a significantly increased risk of DWRT-defined Ml (odds ratio = 1.53 (95% confidence interval; 1.21-1.93);
P < 0.001) relative to normal sleepers (7 h/day). The association remained significant after excluding those with poor self-reported health. No
associations were observed with MMSE-defined MI for both long and short sleep durations.

Conclusions: This is the largest study to date addressing the association between extremes of sleep duration and memory decline. The observed
adverse relationships provide support for an intervention study to examine the potential benefits of normalizing sleep duration in attenuating

memory decline.
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INTRODUCTION

Aging populations are leading to an increasing burden of de-
mentia and cognitive impairment.! A clearer understanding of
potentially modifiable determinants to enable the design of ef-
fective preventative interventions would be helpful in alleviating
this increasing individual and societal burden. Our cross-sectional
analyses using baseline data from the Guangzhou Biobank Co-
hort Study (GBCS) found that both short and long sleep duration
were associated with memory impairment (MI).? To date only two
small prospective studies have investigated the impact of sleep
duration on ML** One, involving 1,844 US nurses found no sig-
nificant association between sleep duration and decline of cogni-
tive function after very short follow-up of two years.> A recent
small nested case-control study from the UK (n = 663) found that
short sleep duration (< 6.5 h/day) was associated with cognitive
impairment after 10 years of follow-up.* In this longitudinal study,
we examined whether sleep duration was associated with the de-
velopment of MI in a large community-based sample of older Chi-
nese, taking into account multiple potential confounding factors.

MATERIALS AND METHODS
Detailed information describing the GBCS has been reported
elsewhere.> Briefly, our participants were randomly selected
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from an unofficial social and welfare organization that is af-
filiated with the local government: the “Guangzhou Health and
Happiness Association for the Respectable Elders” (GHHARE),
whose membership is open to people aged > 50 for a nominal
monthly fee of 4 RMB (1 USD =7 RMB). The GHHARE has
a city-wide network with more than 150 branches throughout
Guangzhou. It has more than 100,000 older Guangzhou per-
manent residents. All participants of the GBCS were randomly
selected from the membership list of the GHHARE. They were
permanent Guangzhou residents, ambulatory, and not receiving
treatment for dialysis for renal failure, or radiotherapy/chemo-
therapy for cancer.® Finally 30,518 participants included in the
present cohort, and the response rate was 93%. Most of the
selected GHHARE members were keen to join the GBCS study
because they received a free health examination.® The study
was approved by the Guangzhou Medical Ethics Committee
of the Chinese Medical Association in Guangzhou, China. All
participants gave written informed consent before participation.

The baseline recruitment from September 2003 to January
2008 included 30,518 participants. Baseline examination in-
volved face-to-face interview using a computer-based question-
naire containing items on demographic characteristics, lifestyle
and dietary factors, and disease history. Clinical and laboratory
examinations included anthropometry, memory and neuro-
logical examination, and fasting blood glucose and lipids. The
follow-up repeat examinations started from March 2008 using
the same questions for interview and the same clinical and labo-
ratory examinations as the baseline. As of December 31, 2012,
vital status has been determined in 30,115 (98.7%) with 1,458
deaths identified and 18,129 participants (62%, 13,192 women
and 4,937 men) returned for the repeated measurement.
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Exposures

Sleep-related factors including habitual sleep duration per
day, frequency of daytime napping and morning tiredness, and
insomnia were assessed. We asked the participants how many
hours they normally slept per day during the last month (in-
cluding naps) and the spontaneous answers were rounded to the
nearest integer. Participants were also asked whether they had
trouble falling asleep, woke up too early and could not sleep
again, or needed to take medicine (including herbal or sleeping
pills) at least once a week for sleep initiation or maintenance
within the last month, and were classified as having insomnia
if they reported having any of these sleep problems lasting > 2
weeks.? Frequency of daytime napping was assessed and cat-
egorized as never to < 1 day/week, 1-3 days/week, 4-6 days/
week, and daily.

Information on socioeconomic position and lifestyle was
assessed by a standardized questionnaire.’ Status of smoking
and alcohol drinking was assessed and categorized into “never,
former, and current.” Detailed information of physical activity
was collected by the Chinese version of International Physical
Activity Questionnaire (IPAQ).” Subjects were asked to recall
the amount of time during the past week spent on physical ac-
tivity including vigorous activity such as heavy lifting, digging,
aerobics or fast bicycling, moderate activity such as carrying
light loads, bicycling at a regular pace or doubles tennis, and
walking. Frequency and average amount of time per day was
asked. A metabolic equivalent value (MET) was assigned to
each type of activity according to accepted standards,® where
1 MET is a resting metabolic rate obtained during quiet sitting.
MET values are 3.3 for walking, 4 for moderate activity, and
8 for vigorous activity. Subjects were classified as physically
active, moderately active, or inactive according to the IPAQ.
Physically active was defined as weekly vigorous activity > 3
days a week achieving > 1500 METs, or moderate activity daily
achieving > 3000 METs. Moderately active was defined as
weekly vigorous activity > 3 days achieving 480 METs, or any
combination of walking, moderate, or vigorous activities > 5
days achieving a least 600 METs. Those who did not meet the
criteria for active or moderately active were considered to be
physically inactive.

Anthropometric measurements were performed by well-
trained nurses in the Guangzhou 12" Hospital using standard
protocols. Participants wore light clothing and no shoes. Body
weight was measured to the nearest 0.1 kilogram using a bal-
ance beam scale (RGZ-120-RT, China). Waist circumference
was measured horizontally around the smallest circumfer-
ence between ribs and iliac crest, or at the navel, if no natural
waistline. Hip circumference was measured at the maximum
protuberance of the buttocks, and the waist-to-hip ratio was
calculated. Body mass index (BMI) was calculated using mea-
sured weight and height as weight in kilograms divided by
height in meters squared.

For the reproducibility of the questionnaire, 2 examinations
on test-retest reliability were conducted during the baseline ex-
amination. For the categorical variables, k values were used,
and for the continuous variables, intra-class correlation coef-
ficient (ICC) was used to indicate the test-retest reliability. The
first reliability test in 2003 included 200 subjects with a re-inter-
view after one month. The other reliability test was conducted
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in another 200 subjects in October 2007 with a 2-week interval.
The «/ICC values for the lifestyle questions including smoking,
drinking, tea consumption, and physical activity ranged from
0.6 to 0.96 in the 2003 reproducibility test and 0.6 to 0.98 in
the 2007 test.

Outcomes

The modified Consortium to Establish a Registry for Al-
zheimer’s Disease Delayed Word Recall Test (DWRT) and
the Mini-Mental State Examination (MMSE) were used as
outcome variables of cognitive function due to their reliability
and accessibility.”!" Both tests are simple, time-saving, and
need only about 10 minutes to complete. A standardized pro-
tocol has been developed for each of the tests. All interviewers
were well trained and were required to strictly follow the pro-
tocol during the examination to avoid “interviewer bias.”'* The
DWRT was used to assess MI in all participants at baseline and
follow-up examination. Ten simple words were used for the test,
4 of which were retained from the original English language
test:? “arm,” “letter,” “ticket,” and “grass.” The other 6—“pole,”
“shore,” “cabin,” and “engine” were replaced with “corner,’
“stone,” “book,” and “stick”—as in the adapted Consortium 10-
word list learning task, and “butter” and “queen” were replaced
by “soy sauce” and “chairman,” as these are more culturally
appropriate.'® During the interview, the 10 words were read out
to participants one by one, pausing for 1 sec between each. Par-
ticipants were asked to recall the words they heard immediately
after the last word. This procedure was repeated 3 times; then
after 5 min of answering other questions, the participants were
asked to recall as many of the words as possible. Participants
were given a score of one for each successfully recalled word,
with a maximum score of 10, which was used as an outcome
variable in this test. Interviewers scored correctly recalled
words each time after finishing the procedure, recording the
total number of words recalled. The DWRT has been found to
be a very efficient instrument for discriminating normal cogni-
tion and patients with mild dementia (mainly memory), with an
accuracy value of 95.2%.° The DWRT was designed specifi-
cally to be used in population-based epidemiological studies or
in screening examinations.'*'* MI was diagnosed by a DWRT
score < 4 (of 10), corresponding to 1 standard deviation (SD)
below the mean (mean + SD: 5.5 + 1.8), or physician-diagnosed
dementia or Alzheimer disease.'> Mini-Mental State Examina-
tion (MMSE) was added from September 2006 at baseline to
assess cognitive function. Thus 6,020 subjects (4,473 women
and 1,547 men) who had both the MMSE and DWRT at both
baseline and follow-up were included. The MMSE was scored
from 0 to 30, with a score <25 being an appropriate indicator in
community-based studies for poor cognitive function.'

Of the participants who returned for the follow-up exami-
nation, 17,554 (97%) completed the DWRT test and provided
information on sleep habits. As the MMSE test was added since
September 2006, 6,020 participants (4,473 women and 1,547
men) who had the MMSE test at both baseline and follow-up
were also included. Participants were excluded from the data
analysis if they reported (1) neurological diseases (n =2,382) or
mental illness including depression, confused speech, schizo-
phrenia, dementia, or Alzheimer disease (n = 171), or (2) ex-
tremely short or long sleep duration (<3 h or > 15 h/day; n=152)

bl
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Table 1—Baseline demographic and clinical characteristics and sleep-related factors by sleep duration per day.

35 6
Number of participants 1,661 3,337
Age, year 625+7.0 615+6.9
Sex, % men 21.6 25.4
Education, % primary or below 474 411
Longest occupation, % manual 66.3 60.7
Smoking, % current 6.2 8.2
Drinking, % current 31.0 31.2
Physical activity, % active 54.7 53.4
Poor self-rated health, % 228 16.3
Poor health status, % 30.6 26.3
Waist circumference, cm 78.3+8.9 787+9
Hip circumference, cm 90.5+£6.3 91.1+£6.3
Waist-to-hip ratio 0.86£0.07 0.86 +0.07
Body mass index, kg/m? 237134 239+32
Daytime napping, % daily 255 29.0
Morning tiredness, % daily 6.1 3.5
Insomnia, % yes 428 179
Baseline delayed word recalled test score 59+15 6.0+15
Baseline MMSE score 276+23 279+20

Sleep duration, hours per day
7 8 9 210 P value
4,316 3,419 759 396 -
60.0 +6.6 60.3+6.4 60.3+6.3 59.9+6.3 <0.001
26.7 314 331 371 <0.001
321 31.7 33.6 31.8 <0.001
57.5 55.8 59.1 58.6 <0.001
9.7 10.9 10.5 12.7 <0.001
337 327 30.3 34.9 0.34
52.2 53.6 52.7 54.8 0.38
12.9 12.4 14.0 14.3 <0.001
244 24.8 271 25.0 <0.001
77987 78587 788+8.8 79.7 £91 <0.001
90.7 +6.2 90.8+6.2 91.1+6.4 91.5+6.1 0.002
0.86+007 086+006 087+006 087+0.07 <0.001
23.7+31 238132 23.7+£3.3 242 £3.7 0.04
35.8 46.8 60.1 64.6 <0.001
25 24 2.9 43 <0.001
121 9.1 10.4 8.3 <0.001
6.1+15 6.1+15 6.0+14 59+14 <0.001
28218 28218 279+23 27920 <0.001

Data expressed as percentage (%) or mean + standard deviation. TA total of 6,020 participants with both baseline and follow-up MMSE were included here only.

at baseline. Participants with baseline MI (n = 3,817) or without
data on sleep-related factors (n = 474) at baseline were also
excluded. Thus the final analysis included 13,888 participants
(10,060 women and 3,828 men) with all variables of interest.

Statistical Analysis

Pearson ¥ test was used to compare categorical variables,
and one-way analysis of variance (ANOVA) was used for con-
tinuous variables when comparing the baseline demographic
characteristics by sleep duration per day. Generalized esti-
mating equations were also used for data analysis to take into
account the correlated structure of data from repeated measure-
ments at baseline and follow-up.'” Logistic regression modeling
was used to assess the effect of baseline sleep-related factors
on the development of MI with crude and adjusted odds ratio
(OR) and 95% confidence interval (CI) reported. We have also
tested for interactions between sex and sleep-related factors,
but no evidence for sex interactions was identified (all P> 0.50).
Thus all analyses were conducted by pooling men and women
together. Potential confounders included age, sex, occupa-
tion, education level, smoking and drinking status, physical
activity, waist-to-hip ratio, and sleep-related factors as appro-
priate. Potential confounders that were significantly associated
with sleep duration at baseline in Table 1 were included in the
regression models.

Poor health status was defined if participants (1) regularly
used medication for chronic diseases, such as diabetes, hy-
percholesterolemia, or vascular diseases; (2) had any hospital
admission during the past 6 months; or (3) had self-reported car-
diovascular disease history. Participants with poor health status
were more likely to have poorer cognitive function and might
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also not sleep well. Hence sensitivity analysis excluding par-
ticipants with poor health status at baseline was also performed.
Another sensitivity analysis was done by including those with
self-reported mental or neurological diseases at follow-up, as
this group of people could have concurrent MI, which if ig-
nored, could attenuate the associations towards null. Moreover,
we also conducted sensitivity analysis after excluding par-
ticipants with baseline MI defined by different (3 or 4) cutoff
points of DWRT. Data analysis was done using STATA/IC 10.1
(Stata Corp LP, College Station, TX, USA).

RESULTS

Among the 13,888 participants with all baseline information
of interest, after a mean follow up of 4.1 + 1.0 years, 980 de-
veloped DWRT-defined MI. The incidence was 17.4 per 1,000
person-years in all participants, and was higher in men (21.7
per 1,000 person-years) than in women (15.8 per 1,000 person-
years), probably because the men were older than women
(mean age + SD: 63.2 + 6.4 years for men and 59.9 + 6.6 years
for women). No change in sleep duration was identified over
the follow-up period in participants with or without DWRT- or
MMSE-defined MI (Table S1, supplemental material).

Table 1 shows that at baseline, 80% of participants had mod-
erate sleep duration of 6-8 h/day, 12% < 6 h, and 8% > 8§ hours.
Older age, female gender, lower educational level, non-em-
ployment, manual occupation, non-current smoking or drinking,
and poor self-rated health were associated with shorter sleep
duration. Moreover, participants with sleep duration of 7 h per
day were associated with lower waist circumference and less
morning tiredness and insomnia than those with shorter (< 6 h)
or longer (> 9 h) sleep duration.

Sleep Duration and Memory—Xu et al.



Table 2—Generalized estimating equation analyses of the crude and adjusted differences (mean, 95% ClI) of scores of Delayed Word Recall Test (DWRT)
and Mini-mental State Examination (MMSE) by baseline sleep duration from baseline to 4.1 years follow-up.

; P for P for
Sleep duration, hours per day linear trend linear trend
34 5 6 7 8 9 210 (3to7h) (7to=10h)
DWRT
Crude -0.47 -0.35** -0.18** Ref. 0 -0.15** -0.44 <0.001 <0.001
model (-0.5810-0.36) (-0.43t0-0.28) (-0.23t0-0.13) (-0.05t00.05) (-0.25t0-0.06) (-0.56 to -0.33)
Model 1 -0.20** -0.11* -0.04 Ref.  0.01 -0.10* -0.33*** <0.001 <0.001
(-0.3t0-0.09) (-0.19t0-0.04) (-0.09 t0 0.01) (-0.05t00.06) (-0.19t0-0.01) (-0.451t0-0.22)
Model 2 -0.16** -0.11* -0.04 Ref.  0.01 -0.08 -0.31%** <0.001 <0.001
(-0.27t0-0.05) (-0.181t0-0.03) (-0.09 t0 0.02) (-0.04t00.07) (-0.17t00.01) (-0.43t0-0.20)
MMSE*
Crude -0.87** -0.67** -0.39*** Ref.  -0.06 -0.43*** -0.66*** <0.001 <0.001
model (-1.04t0-0.69) (-0.79t0-0.55) (-0.48t0-0.3) (-0.15t00.03)  (-0.581t0-0.27) (-0.86 to -0.47)
Model 1 -0.28** -0.26*** -0.14* Ref.  -0.04 -0.36*** -0.53*** <0.001 <0.001
(-0.46t0-0.10) (-0.38t0-0.13) (-0.23 to-0.05) (-0.13t00.05)  (-0.51t0-0.21) (-0.72t0-0.33)
Model 2 -0.28** -0.29** -0.15* Ref.  -0.03 -0.33*** -0.48*** <0.001 <0.001
(-0.47t0-0.10) (-0.41t0-0.16) (-0.24 to -0.06) (-0.12t0 0.06) (-0.48t0-0.18) (-0.67 to -0.28)

TA total of 6,020 participants with both baseline and follow-up MMSE were included here only. Model 1: adjusting for age and sex, occupation, education,
smoking, drinking, physical activity, objective health status, and self-rated health. Model 2: additionally adjusting for waist-to-hip ratio, daytime napping,
morning tiredness, and insomnia. *P < 0.05, **P < 0.01, ***P < 0.001.

Table 3—Crude and adjusted odds ratio (OR, 95% CI) for memory impairment (DWRT < 4) by baseline sleep duration.

Sleep duration, hours per day

3-5 6 7 8 29

Overall

No. of participants 1,661 3,337 4,316 3,419 1,155

% developed Ml 10.1 75 5.8 6.7 7.3

Crude model 1.83(1.49t02.24)**  1.31(1.09 to 1.57)* Ref. 1.17(0.97 to 1.41) 1.28 (0.99 to 1.65)

Model 1 1.50 (1.20t0 1.87)**  1.13(0.93 t0 1.37) Ref. 1.20 (0.99 to 1.47) 1.26 (0.96 to 1.66)

Model 2 153 (1.21101.93)**  1.12(0.91 to 1.36) Ref. 1.20 (0.98 to 1.46) 1.22 (0.92to 1.61)
Excluding poor health status

No. of participants 1,153 2,460 3,264 2,571 850

% developed Ml 10.2 7.3 55 6.9 6.8

Crude model 1.95(1.53t02.49)**  1.35(1.09 to 1.67)** Ref. 1.27 (1.03 to 1.58)* 1.25(0.92 to 1.70)

Model 1 1.62 (1.25t0 2.11)*** 1.15(0.91 to 1.45) Ref. 1.34 (1.07 to 1.68)* 1.25(0.90 to 1.73)

Model 2 1.62 (1.23t02.14)** 114 (0.9 to 1.44) Ref. 1.35(1.07t0 1.7)* 1.22 (0.88 to 1.71)

Model 1: adjusting for age and sex, occupation, education, smoking, drinking, physical activity, objective health status and self-rated health. Model 2:
additionally adjusting for baseline DWRT score, waist-to-hip ratio, daytime napping, morning tiredness and insomnia. *P < 0.05, **P < 0.01, ***P < 0.001.

Table 2 describes continuous data and shows that com-
pared to sleep duration of 7 h/day, both those with sleep dura-
tion < 5 h and those with sleep duration > 10 h had significant
declines in both DWRT and MMSE scores, after adjusting for
age, sex, occupation, education, smoking, drinking, physical
activity, objective health status and self-rated health, waist-to-
hip ratio, daytime napping, morning tiredness, and insomnia.
We also tested for quadratic trends between sleep duration and
the declines in both DWRT and MMSE scores and found sig-
nificant results (P values for quadratic trend ranged from 0.02
to <0.001), suggesting nonlinear associations of sleep duration
with both DWRT and MMSE scores. The largest decrease in
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MMSE scores (model 2) was 0.5 points over the 4.1 years of
follow-up, suggesting a < 2% decline in performance for those
with long sleep relative to 7 h sleep, while the largest decrease
in DRWT scores was 0.3, equivalent to a 3% decline. The effect
size for the association of short sleep duration with both DWRT
and MMSE were smaller, with a < 2% and < 1% decline in per-
formance, respectively, relative to 7 h sleep (Table 2).

In Table 3, model 2 shows that compared to sleep duration
of 7 h/day, those with sleep duration < 5 h had increased odds
0f'53% (95% CI 21% to 93%) for DWRT-defined MI. However,
no significant association of long sleep duration with DWRT-
defined MI was found. Both long and short sleep duration were
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Table 4—Crude and adjusted odds ratio (OR, 95% Cl) for lower scores of MMSE (< 25) by baseline sleep duration.

Sleep duration, hours per day

3-6 7 8 29
Overall
No. of participants 1,683 1,543 1,191 434
% developed Ml 4.6 3.0 3.8 5.8
Crude model 1.58 (1.09 t0 2.29)* Ref. 1.28 (0.84 t0 1.94) 1.99 (1.21 t0 3.28)**
Model 1 1.40 (0.90 to 2.18) Ref. 1.27 (0.78 t0 2.08) 1.75(0.96 to 3.21)
Model 2 1.32 (0.84 to 2.08) Ref. 1.28(0.78 t0 2.1) 1.58 (0.85 t0 2.92)
Excluding poor health status
No. of participants 1,211 1,157 859 315
% developed MI 4.6 29 4.0 54
Crude model 1.65 (1.07 to 2.56) * Ref. 1.40 (0.86 t0 2.29) 1.94 (1.07 to 3.54)*
Model 1 1.38 (0.82 t0 2.33) Ref. 1.55(0.89 t0 2.71) 1.86 (0.91 to 3.80)
Model 2 1.29(0.76 to 2.21) Ref. 1.50 (0.86 t0 2.64) 1.65 (0.79 to 3.43)

Model 1: adjusting for age and sex, occupation, education, smoking, drinking, physical activity, objective health status, and self-rated health. Model 2:
additionally adjusting for baseline MMSE score, waist-to-hip ratio, daytime napping, morning tiredness, and insomnia. *P < 0.05, **P < 0.01.

Table 5—Generalized estimating equation analyses of the crude and adjusted differences (mean, 95% ClI) of scores of Delayed Word Recall Test (DWRT)

and Mini-mental State Examination (MMSE) by baseline daytime napping from baseline to 4.1 years follow-up.

tiredness, and insomnia. **P < 0.01, **P < 0.001.

Daytime napping
Never to < 1 day/week 1 to 3 days/week 4 to 6 days/week Daily
DWRT
Crude model -0.10 (-0.16 to -0.03) ** Ref. -0.23 (-0.31 t0 -0.15)*** -0.24 (-0.30 to -0.18) ***
Model 1 -0.05(-0.11 t0 0.01) Ref. -0.10 (-0.18 t0 -0.02)**  -0.11 (-0.17 to -0.05) **
Model 2 -0.06 (-0.12 to 0.003) Ref. -0.10(-0.18 t0 -0.02)**  -0.11 (-0.17 t0 -0.05) **
MMSE*
Crude model -0.11(-0.21 to 0.002) Ref. -0.26 (-0.40 t0 -0.12)**  -0.26 (-0.37 t0 -0.16) **
Model 1 0.07 (-0.03 to 0.17) Ref. -0.03 (-0.16 to 0.11) -0.06 (-0.16 t0 0.04)
Model 2 0.04 (-0.06 to 0.14) Ref. -0.05 (-0.18 to 0.09) -0.07 (-0.17 t0 0.03)

A total of 6,020 participants with both baseline and follow-up MMSE were included here only. Model 1: adjusting for age and sex, occupation, education,
smoking, drinking, physical activity, objective health status, and self-rated health. Model 2: additionally adjusting for waist-to-hip ratio, sleep duration, morning

nonsignificantly associated with a higher risk for MMSE-de-
fined MI (Table 4).

Table 5 shows that compared to a daytime napping frequency
of 1-3 days per week, those with daily napping had significant
declines in DWRT scores, after adjusting for multiple potential
confounders. Although those with daily napping appeared to
have more decline in MMSE score, the association was not sta-
tistically significant. Moreover, compared to participants with
a daytime napping frequency of 1-3 days per week, those with
daily napping were associated with a higher risk of memory
impairment (adjusted OR = 1.34 [1.06 to 1.69]; Table 6)

Adjustment for BMI rather than waist-to-hip ratio in the
models did not change the results. (table not shown). Sensi-
tivity analysis (1) excluding participants with poor health status
and (2) using different cutoff points of DWRT in defining base-
line MI showed similar results (Table S2, supplemental mate-
rial). No association of insomnia with MI was found (Table S3,
supplemental material).
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DISCUSSION

To the best of our knowledge, this is the largest study to date
addressing the association between sleep duration and memory
decline. We found that both short and long sleep duration were
associated with memory decline using DWRT and MMSE
score changes. However, when we used DWRT-derived MI
as an outcome measure, the association was only significant
with short sleep duration. Those with sleep duration of 3 to
5 hours per day at baseline were associated with about 50%
higher risk of MI than those with sleep duration of 7 hours per
day. Although comorbidities could contribute to both shorter
sleep duration and poor cognitive performance, the associa-
tion between baseline sleep duration and MI remained after
excluding participants with poor health status and in other sen-
sitivity analyses.

Most existing studies on the association between sleep
duration and cognitive function were cross-sectional and
showed an association between short sleep duration and
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Table 6—Crude and adjusted odds ratio for memory impairment by frequency of baseline daytime napping.

Never to < 1 day/week 1 to 3 days/week
Overall
No. of participants 5,053 2,056
% developed Ml 6.7 55
Crude model 1.24 (1.00 to 1.55) Ref.
Model 1 1.14 (0.91 to 1.44) Ref.
Model 2 1.17 (0.93 to 1.49) Ref.
Excluded poor health status
No. of participants 3,909 1,543
% developed MI 6.5 54
Crude model 1.21 (0.94 to 1.56) Ref.
Model 1 1.13 (0.86 to 1.48) Ref.
Model 2 1.17 (0.89 to 1.54) Ref.

Daytime napping

Model 1: adjusting for age and sex, occupation, education, smoking, drinking, physical activity, objective health status, and self-rated health. Model 2:
additionally adjusting for baseline DWRT score, waist-to-hip ratio, sleep duration, morning tiredness, and insomnia. *P < 0.05, **P < 0.01.

4 to 6 days/week

1516
8.0

151 (1.15 to 1.96)**

1.29 (0.98 to 1.70)

1.32 (1.00 to 1.75)

1,100

8.5
1.60 (1.18 to 2.18) **
1.34 (0.97 to 1.84)
1.36 (0.98 to 1.89)

Daily

5,237
78

1.46 (1.18 to 1.81)**

1.28(1.02t0 1.61)*

1.34 (1.06 to 1.69)*

3,731
76
143 (11110 1.83)*
1.26 (0.96 to 1.64)
1.32(1.00 to 1.73)*

poorer cognitive function.'®?¢ Results from longitudinal
studies are scarce. We found only two prospective studies (the
US Nurses’ Health Study [NHS] cohort and the UK Cogni-
tive Function and Ageing Study [CFAS]) that tested a similar
hypothesis. In the NHS cohort, no significant association of
long (=9 h/day, OR = 0.81 [95% CI 0.41, 1.62]) or short (<5
h/day, OR = 1.53 [95% CI 0.77-3.06]) baseline sleep duration
with MI was observed over the 2-year follow-up period.® As
this study focused on a sub-cohort of 1,844 nurses aged 70
years or older and had a short follow-up, it was likely under-
powered. The CFAS study followed up 663 participants for
10 years and found that short (< 6.5 h/day), but not long sleep
duration (> 8.5 h/day) was associated with a higher risk of
cognitive impairment (OR = 2.02 [1.17-3.48] and 1.27 [0.64-
2.48], respectively).* Two earlier studies examining the as-
sociation of changes of sleep duration during follow-up with
cognitive performance measured at follow-up only showed
that both long and short sleep duration were significantly as-
sociated with poor cognitive performance.?>* However, the
absence of baseline data means these results should be inter-
preted cautiously, as the association could be explained by
participants with baseline cognitive impairment being more
likely to develop adverse sleep patterns during the follow-up
period. In our study, most participants (96%) had repeated
measurements of both sleep-related factors and DWRT. We
analyzed the association with newly developed MI with par-
ticipants having MI (DWRT < 4) at baseline being excluded.
Sensitivity analysis excluding those with poor health status
suggests potential issue of reverse causation was less likely a
reason for the observed associations.

In contrast to the model using DWRT as a continuous out-
come measure, the trend toward a higher risk of newly devel-
oped dichotomously defined MI in those with longer sleep
duration was not significant. One possible explanation may be
that using a dichotomized outcome instead of a continuous out-
come like scores of DWRT is statistically less powerful.”’” In
our study, the number of participants with long sleep duration
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at baseline was relatively small. Support for this comes from
a recent study using actigraph as an objective measurement of
sleep that found an association of sleep duration with f-amyloid
deposition,” a key molecule involved in the pathogenesis of
Alzheimer disease, was more pronounced in those with short
sleep duration than with long sleep duration, suggesting that
short sleep duration might be a more important factor for newly
developed MI in older people.

The mechanisms that underlie the association between sleep
and memory function remain unclear. Possible explanations
include those which are common to vascular dementia. For ex-
ample, compared to sleep duration of seven hours per day, short
sleep duration was associated with a higher risk of obesity®
and insulin resistance.*® Insulin, which can cross the blood-
brain barrier, promotes the accumulation of B-amyloid plaques
that lead to the impairment of cognitive function.***' Finally,
it is possible that the aging process or underlying preclinical
dementia present at baseline, which was not fully excluded by
removing those with existing poor DWRT, leads to both shorter
sleep duration and MI. In other words, shorter sleep itself may
not result in poorer cognitive function but could be a marker of
increased risk. The high incidence of MI in this population em-
phasizes the importance of this condition in older individuals
and the huge potential individual and societal burden that this
may impart as populations age.

We also found that daily napping was associated with a
higher risk of MI. In agreement with a recent cross-sectional
study in Hong Kong Chinese reporting an inverted U-shaped
association between cognitive function and the frequency of
napping,'® with those who napped 1-2 times per week having
the highest score of cognitive function. This result was also
in line with one of our earlier studies using the baseline data
of GBCS,? in which the adjusted DWRT score in those with
daytime napping of 1-3 times/week was slightly higher than
the other groups. Interestingly, Lam et al. using the baseline
date from GBCS showed that the risk of diabetes due to nap-
ping was the lowest in those who napped 1-3 times/week
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compared with never or frequent nappers, after excluding
subjects with comorbidity or family history of diabetes.
However, definite mechanisms of how occasional napping (1
to 3 times per week) could be protective of cognitive function
are unclear.

Our study had several limitations. First, assessments of
cognitive function and sleep related factors relied on repeated
measurements, but not all participants returned for the follow-
up examination and interview. Compared to those who partici-
pated in the follow-up examination, non-participants tended to
be older men with lower socioeconomic position and had un-
healthier lifestyle and poorer health status at baseline. They also
had alower DWRT score but similar duration of sleep at baseline.
It is possible that some participants who had shorter sleep did
not return for the follow-up examination because of cognitive
impairment. If this were the case, our estimation of the effect
of sleep-related factors on MI could be conservative. Second,
information on sleep was self-reported and the reliability of the
sleep measures was not assessed, even though the reliabilities
of the lifestyle questions were satisfactory.’ Previous validation
studies on the association between self-reported sleep duration
and polysomnography, a more objective measurement, found a
moderate correlation of 0.6 to 0.7,>** with self-reported data
overestimating sleep duration.’>*¢ Third, the current study lacks
data on sleep apnea. There appears to be some evidence that
sleep apnea may be associated with cognitive decline.’” While
adjustment for a measure of obesity, such as waist-to-hip ratio,
may partially compensate for the lack of data on sleep apnea,
further studies are needed to clarify whether additional control
for sleep apnea changes the results. Moreover, participants with
Alzheimer disease or other forms of dementia might not be able
to report their sleep habits correctly. Even though we excluded
participants with neurological or mental disorders at baseline,
underdiagnosis could not be completely ruled out. Misclassifi-
cation of sleep duration in these participants was possible but
it would be unlikely that reporting was unidirectional, i.e., only
reporting shorter sleep duration. Finally, we used DWRT and
MMSE for the assessment of cognitive function, rather than a
battery of cognitive tests, which was not feasible in our large
population-based study.

In summary, our results have provided the strongest longitu-
dinal evidence to date that both long and short sleep duration at
baseline was associated with greater memory decline. It would
be interesting to study further if shorter sleep duration leads to
M1, or if both of these are features of an underlying aging pro-
cess. Our results also provide strong evidence for an interven-
tion study to normalize sleep duration, probably by extending
sleep duration in shorter sleepers, to clarify the direction of the
associations and establish the potential benefits on reducing
memory impairment. This would be important to offset the in-
creasing burden of dementia and cognitive impairment being
seen in our rapidly aging populations.
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SUPPLEMENTAL MATERIAL

Table S1—Sleep duration (hours per day) at baseline and follow-up in
those with and without memory impairment (MI)

Sleep duration, hours per day

MI by DWRT (-) MI by DWRT (+)
Baseline examination 6.97 £1.29 6.84 +1.39
Follow-up examination 7.03+1.20 6.80+1.34
P value 0.08 0.19

MI by MMSE (-) MI by MMSE (+)
Baseline examination 6.98 +1.32 7.04 £1.40
Follow-up examination 7.04 £1.20 6.77 £ 1.42
P value 0.26 0.06

Values presented as mean + standard deviation.

of baseline sleep duration.

Sleep duration, hours per day

Table $2—Crude and adjusted odds ratio (OR, 95% CI) for memory impairment using different cutoff points of delayed word recall test (DWRT < 3) by groups

35 6 7
No. of participants 1,661 3,337 4,316
% memory impairment 4.1 34 25
cases
Crude model 1.66** 1.37* Ref.
(1.22t02.27)  (1.04101.78)
Model 1 1.36 1.16 Ref.
(0.99t01.89)  (0.87 to 1.53)
Model 2 1.45* 1.16 Ref.

(1.04102.04)  (0.87 to 1.55)

8
3,419
28

11
(0.83 t0 1.46)

1.14
(0.85to 1.53)

112
(0.83t0 1.51)

9
759

3.6

144
(0.94 t0 2.21)

15
(0.97 t0 2.33)

143
(0.9110 2.23)

210
396

1.8

0.70

(0.32t0 1.52)

0.73

(0.33t0 1.59)

0.68

(0.311t0 1.49)

Model 1: adjusting for age and sex, occupation, education, smoking, drinking, physical activity, objective health status, and self-rated health. Model 2:
additionally adjusting for baseline DWRT score, waist-to-hip ratio, daytime napping, morning tiredness, and insomnia. *P < 0.05, **P < 0.01.

P for P for
linear trend linear trend
(3to7h) (7to=10h)
0.001 0.73
0.06 0.80
0.04 0.57
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Table $3—Crude and adjusted hazards ratio (OR, 95% Cl) for memory
impairment by baseline insomnia.

Insomnia
No Yes P

Overall

No. of participants 11,634 2,254 -

% memory impairment cases 7.0 74

Crude model Ref.  1.06 (0.90-1.27)  0.99

Model 1 Ref.  1.05(0.87-1.27) 0.79

Model 2 Ref.  0.96(0.78-1.18) 0.49
Excluded poor health status

No. of participants 8,760 1,537

% memory impairment cases 6.9 7.2

Crude model Ref.  1.05(0.85-1.30) 043

Model 1 Ref.  1.08 (0.86-1.36) 0.65

Model 2 Ref.  0.97(0.76-1.24)  0.96

Model 1: adjusting for age and sex, occupation, education, smoking,
drinking, physical activity, objective health status, and self-rated health.
Model 2: additionally adjusting for baseline DWRT score, waist-to-hip
ratio, sleeping duration, napping, and morning tiredness.
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