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ABSTRACT
Study Objectives: To examine the association of sleep complaints reported at baseline
(insomnia complaints and excessive daytime sleepiness (EDS)) and medication, with
cognitive decline in community-dwelling elderly.
Design: An 8-yr longitudinal study.
Setting: The French Three-City Study.
Participants: There were 4,894 patients without dementia recruited from 3 French cities and
having a Mini-Mental Status Examination (MMSE) score ≥ 24 points at baseline.
Measurements and Results: Questionnaires were used to evaluate insomnia complaints
(poor sleep quality (SQ), difficulty in initiating sleep (DIS), difficulty in maintaining sleep
(DMS), early morning awakening (EMA)), EDS, and sleep medication at baseline. Cognitive
decline was defined as a 4-point reduction in MMSE score during follow-up at 2, 4, and 8 yr.
Logistic regression models were adjusted for sociodemographic, behavioral, physical, and
mental health variables, and apolipoprotein E genotype. EDS independently increased the
risk of cognitive decline (odds ratio (OR) = 1.26, 95% confidence interval (CI) =1.02-1.56),
especially for those patients who also developed dementia during the follow-up period (OR =
1.39, 95% CI = 1.00-1.97). The number of insomnia complaints and DMS were negatively
associated with MMSE cognitive decline (OR = 0.77, 95% CI = 0.60-0.98 for 3-4 complaints,
OR = 0.81, 95% CI = 0.68-0.96, respectively). The 3 other components of insomnia (SQ,
DIS, EMA) were not significantly associated with MMSE cognitive decline.
Conclusions: Our results suggest that EDS may be associated independently with the risk of
cognitive decline in the elderly population. Such results could have important public health
implications because EDS may be an early marker and potentially reversible risk factor of
cognitive decline and onset of dementia.
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INTRODUCTION
Major changes in cognitive functioning occur with age and vary considerably across
individuals and cognitive domains.1 Sleep decreases physiologically in quantity and quality
with age,2, 3 and insomnia and excessive daytime sleepiness (EDS) are frequently reported in
the elderly.4 Although sleep deprivation and fragmentation are known to decrease
neuropsychologic performance,5 little is known about the predictive role of sleep complaints
in relation to cognitive decline with some divergent results across studies. These
inconsistencies could be attributed to differences in design (cross-sectional versus
longitudinal studies), sample size, and heterogeneity in cognitive assessment and sleep
evaluation. Several cross-sectional studies have reported an association between sleep
disturbances and low cognitive performance.6-9 Of the few longitudinal studies performed in
community-dwelling elderly, EDS was predictive of cognitive decline in a study of men10 and
two other studies reported that insomnia was associated with increased cognitive decline.11,12
Conversely, the Nurses Health Study and the Honolulu-Asia Aging Study did not find
significant associations between insomnia and cognitive decline.10,13 All of these studies
evaluated global cognitive function over a short follow-up period (≤ 3 yr) and with rare
evaluation of specific areas of cognition that may be earlier or more specific predictors of
cognitive impairment. None examined all the insomnia subcomponents, i.e., sleep quality
(SQ), difficulty in initiating sleep (DIS), difficulty in maintaining sleep (DMS), and early
morning awakening (EMA), as well as the effect of sleep medication as independent risk
factors for cognitive decline.

This large prospective study aims to examine the associations of sleep complaints (insomnia
complaints and EDS) and medication with cognitive decline over an 8-yr follow-up period in
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community-dwelling elderly, taking into account multiple competing causes of cognitive
decline.

METHODS
Study Population
Participants were recruited as part of the Three-City Study, an ongoing multisite longitudinal
study involving three French cities (Bordeaux, Dijon, and Montpellier).14 Briefly, 9,294
participants age 65 yr or older were recruited from the electoral rolls between March 1999
and March 2001. The study protocol was approved by the ethical committee of the KremlinBicêtre University Hospital (France), and written informed consent was obtained from each
participant. The participants were interviewed and underwent clinical examinations at
baseline and after 2, 4, and 8 yr.
Cognitive Decline and Dementia Diagnosis
Global cognitive function was assessed using the Mini-Mental Status Examination
(MMSE),15 at baseline and at each follow-up (2, 4, and 8 yr). Those with persistent cognitive
decline were defined as participants with a 4-point reduction in MMSE score during the
follow-up and without any increase (i.e., improvement) of 3 points or more after the decline,
which would suggest resolution of the cognitive decline.

The 4-point reduction is a criterion widely used in epidemiologic studies working on
assessment of cognition,16,17 and corresponds in our sample to the lowest 5th percentile of the
differences between all the scores (e.g., between any follow-up score and baseline score or
between all follow-up scores). The second criterion (3 points increased) was chosen to
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exclude participants who may have fluctuating scores due to transient conditions (intermittent
cognitive decline) and thus to select those with a persistent cognitive decline.
Diagnosis and classification of dementia at baseline and at each follow-up examination were
made by Three-City study clinical investigators according to the criteria of the Diagnostic
and Statistical Manual of Mental Disorders, 4th Edition, Text Revision, and was further
validated by a national panel of neurologists independently of the Three-City investigators.
Participants with initial cognitive impairment (MMSE score at baseline < 24) and those with
dementia at baseline were excluded from the current analysis.

Two other cognitive tests were also administered at baseline and at each consecutive followup; the Benton Visual Retention Test (BVRT),18 which assesses visual memory, and the
Isaacs Set Test (IST), which measures semantic access within a 30-sec time limit.19
Participants in the lowest 5th percentile of the differences between all the scores (i.e., 4 points
and 14 points reduction in BVRT and IST score, respectively) and without increase of 3 or
more points in BVRT score and 13 or more points in IST score after the decline were
considered to have persistent IST cognitive decline.
Sleep Complaints
Sleep complaints were assessed at baseline by a face-to-face clinical interview followed by
the completion of a sleep questionnaire.20 The participants self-rated as “never, rarely,
frequently, or often” occurrence of (1) being excessively sleepy during the day (EDS); (2)
having difficulties in initiating sleep (DIS); (3) having several awakenings during the night
(DMS); and (4) having EMA without being able to go back to sleep. Participants also rated
their SQ as good, average, or poor.
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In the analyses, the presence of EDS was defined as reporting frequently/often and the
severity of insomnia was defined by the number of insomnia complaints (having poor SQ or
having frequently/often DIS or DMS or EMA).
Medication
An inventory of all drugs (prescription and over-the-counter drugs including sleep medication
as well as antipsychotic agents, cholinesterase inhibitors, and all antidepressant drugs) used
during the preceding month was recorded. Medical prescriptions and the medications
themselves were checked by the interviewer. Sleep medication was classified as prescribed
medication; benzodiazepine and similar compounds (zolpidem, zopiclone), antihistaminic
compounds (doxylamine, alimemazine, hydroxyzine), miscellaneous medications (including
hypnotic agents from different pharmacologic families such as neuroleptic agents and
antidepressants), and homeopathic and nonprescription treatments.
Others Variables Measured at Inclusion
A standardized interview included questions on sociodemographic characteristics and current
health status, body mass index, and mobility. A lifestyle questionnaire was used to obtain
information on current smoking status, alcohol intake, and consumption of coffee, tea, fruit,
vegetables, and fish. Case-level depressive symptoms were defined as a score above the 16point cutoff on the Center for Epidemiological Studies–Depression Scale (CES-D),21 or
current antidepressant treatment. Information on the history of vascular disease, hypertension,
hypercholesterolemia, diabetes, asthma, and thyroid disease was recorded. Participants were
classified as having chronic disease if they suffered from one, two, or more of these illnesses.
Apolipoprotein E (APOE) 4, which is a genetic risk factor for late-onset Alzheimer disease
and cognitive decline, was genotyped at baseline as described previously.22
Statistical Analyses
7

Associations between cognitive decline on MMSE test, BVRT, and IST over the 8-yr followup period and patient characteristics, sleep complaints (insomnia complaints, insomnia
severity, and EDS) and sleep medication were quantified with odds ratios (OR) and their 95%
confidence intervals (CI). Study center, sociodemographic, and clinical variables associated
with MMSE cognitive decline (at P < 0.15) and the MMSE score at baseline were included in
logistic regression models to estimate adjusted ORs for sleep complaints and sleep
medication. Multinomial logistic regression was used to study the relationship between each
of the sleep complaints and the type of MMSE cognitive decline: no cognitive decline at any
follow-up, cognitive decline without dementia, and cognitive decline with incident dementia.
When appropriate, the interaction terms were tested using Wald χ2 test given by the logistic
regression model. Significance level was set at P < 0.05. Analyses were performed using SAS
statistical software (version 9.2; SAS Inc, Cary, North Carolina).
RESULTS
The study sample included 4,894 participants free of dementia and not treated by
cholinesterase inhibitors, with a baseline MMSE score ≥ 24 points, having fully completed
the sleep questionnaire and without missing data in adjustment covariates at baseline, with at
least one follow-up and without fluctuating MMSE scores during follow-up (shown in Table
1). The 3,642 participants free of dementia with a MMSE score ≥ 24 points excluded from
the study (Figure 1) had a lower education level, were older, more frequently female, lived
alone, and had chronic diseases, depressive symptoms, and disability (P < 0.0001).
Population Characteristics and Risk for MMSE Cognitive Decline Over 8-Yr Follow-up
Period
At baseline, 12.4% complained of poor SQ, 33.8% had frequent/often DIS, 63.5% DMS,
35.7% EMA, and 22.3% reported 3 or 4 insomnia complaints. EDS was reported by 17.9% of
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the participants and 5.8% of the participants (n = 285) had both 3-4 insomnia complaints and
EDS.
Only 16.4% of the participants used prescribed sleep medication (72.9% benzodiazepine,
24.1% benzodiazepine-like compounds, 8.6% antihistaminic compounds, and 21.1%
miscellaneous medication), and 1.8% homeopathic and nonprescribed treatments for sleep (of
whom more than half also took prescribed treatment). Among the participants often taking
sleep medication, 43.3% had 3 or 4 insomnia complaints. Only 9.1% of those who were free
of insomnia complaints were treated with sleep medication.
Over the 8-yr follow-up, 697 incident cases of cognitive decline (14.2%) were observed
(among this group: 53.1% began their decline between baseline and 2-yr follow-up, 40.0%
between 2- and 4-yr follow-up, and 14.9% after the 4-yr follow-up).
Baseline sociodemographic and clinical characteristics of the participants according to the
cognitive decline in MMSE during the follow-up are described in Table 1. The risk of
cognitive decline increased significantly with age from 70 yr and in participants with low
level of education, who lived alone, and who had depressive symptoms, were overweight and
obese and had more confined mobility, ate fish less than once a week, carried the APOE 4
allele, and frequently used prescribed sleep medication. It also tended to be higher in women,
in participants having two or more chronic diseases, and in those who ate fewer than two
portions per day of fruit or vegetables. Subsequent analyses were thus adjusted for these
factors. No significant relationship was found between MMSE cognitive decline and snoring,
smoking status, or other lifestyle characteristics.
Association Between Sleep Complaints and MMSE Cognitive Decline Over 8-Yr Followup Period
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Table 2 shows the adjusted associations between insomnia complaints (SQ, DIS, DMS,
EMA), number of insomnia components, EDS, and MMSE cognitive decline over the 8-yr
follow-up. A significant positive association was observed between EDS and cognitive
decline (OR = 1.33, 95% CI = 1.08-1.64) after adjustment for study center, sex, age,
educational level, and MMSE score at baseline. This association persisted in the complete
model adjusted for the others confounders including prescribed sleep medication (OR = 1.26,
95% CI = 1.02-1.56 (model 2)) as well as after subsequent adjustment for insomnia severity
(OR = 1.30, 95% CI = 1.05-1.62, P = 0.02). No significant interactions were found between
EDS and sex, age, depressive symptoms, or prescribed sleep medication for the risk of
cognitive decline.
Whereas SQ, DIS, and EMA were not significantly associated with cognitive decline, a
negative association was observed for DMS (OR = 0.81, 95% CI = 0.68-0.96 (model 2)). A
negative dose-effect trend was observed between the number of insomnia complaints and
cognitive decline (OR = 0.84, 95% CI = 0.69-1.03 for 1-2 complaints; OR = 0.77, 95% CI =
0.60-0.98 for 3-4 complaints; P-trend = 0.03 (model 2)). This association persisted after
further adjustment for EDS (OR = 0.82, 95% CI = 0.67-1.01 for 1-2 complaints; OR = 0.74,
95% CI = 0.58-0.95 for 3-4 complaints; P-trend = 0.02). No significant interactions were
found between DMS or insomnia severity and sex, age, depressive symptoms, prescribed
sleep medication, and EDS for the MMSE cognitive decline. In addition, no significant
association was observed between prescribed sleep medication and cognitive decline even
after adjustment for confounders such as number of sleep complaints and EDS.
We also analyzed the relationships between sleep complaints and decline in specific cognitive
domains, i.e. visual memory (BVRT) and verbal fluency (IST) over the 8-yr follow-up
period. We did not find significant associations between sleep complaints (insomnia
components and EDS) and BVRT or IST decline.
10

Association Between Sleep Complaints and Pattern of Cognitive Decline over 8-Yr
Follow-up Period
We then evaluated the effect of EDS, number of insomnia components, and DMS according
to the severity of the MMSE cognitive decline; participants were categorized into three
groups: no decline at any follow-up (n = 4,197); decline without incident dementia (n = 485);
and decline with incident dementia during the 8-yr follow-up period (n = 212). After
adjustment for the same confounders of model 2 (Table 2), EDS was not significantly
associated with MMSE decline without dementia (OR = 1.20, 95% CI = 0.93-1.54, P = 0.16)
in contrast with decline with dementia (OR = 1.39, 95% CI = 1.00-1.97, P = 0.05). The
number of insomnia components was not significantly associated with decline without
dementia (OR = 0.91, 95% CI = 0.72-1.14 for 1-2 complaints and OR = 0.84, 95% CI = 0.631.13, P = 0.25 for 3-4 complaints, P-trend = 0.27) but was negatively associated with decline
with dementia (OR = 0.70, 95% CI = 0.49-1.00 for 1-2 complaints and OR = 0.60, 95% CI =
0.39-0.92 for 3-4 complaints, P-trend = 0.02). Likewise, DMS was not significantly
associated with MMSE decline without dementia (OR = 0.88, 95% CI = 0.72-1.08, P = 0.20)
but was found to have a negative association with decline with dementia (OR = 0.67, 95% CI
= 0.49-0.90, P = 0.008).
As cholinesterase inhibitors may lead to inaccurate evaluation of cognitive decline status,
additional analyses were performed after excluding participants initiating this treatment
during the follow-up (n = 50). The same pattern of association was observed between EDS,
the number of insomnia symptoms, and MMSE decline with dementia (OR = 1.57, 95% CI =
1.08-2.29, P = 0.02; OR = 0.59, 95% CI = 0.36-0.96 for 3-4 complaints, P-trend = 0.03,
respectively) whereas the association between DMS and decline with dementia failed to reach
the significance level (OR = 0.74, 95% CI = 0.53-1.03, P = 0.06). Finally, no significant
association between early MMSE cognitive decline (decline between baseline and the 1st 211

year follow-up) and late decline (decline only after the 2-year follow-up) was found for EDS,
the number of insomnia symptoms, and DMS.
DISCUSSION
This study examined the relationship between EDS, insomnia complaints, medication, and
incidence of cognitive changes at 8-yr follow-up in a large sample of participants age 65-85
yr. To the best of our knowledge, this is the first study that reports both EDS and the four
different symptoms of insomnia (SQ, DIS, DMS, EMA) and their relationship with cognitive
decline over a long follow-up period in an older cohort. EDS was significantly associated
with a 30% increased risk in global cognitive decline at the MMSE score, independently of
sociodemographic, behavioral, and clinical characteristics and prescribed sleep medication as
well as APOE genotype. The number of insomnia complaints and DMS were found to be
negatively associated with cognitive decline. In both conditions, the effects were specifically
observed in those with cognitive decline who developed dementia during the follow-up
period. Associations with EDS, number of insomnia symptoms, and DMS were independent
of sleep medication use (prescribed and nonprescribed), but cholinesterase inhibitor intake
during the follow-up period can at least partly confound the association between cognitive
decline and DMS.
Few prospective epidemiologic studies have examined the association between EDS and
cognitive decline in the elderly. One longitudinal study of 2,346 older Japanese-American
men reported an association between EDS, cognitive decline (assessed by a global cognitive
test--the Cognitive Abilities Screening Instrument), and dementia incidence over a 3-yr
follow-up period.10 Our findings confirm and extend this finding in both sexes, within a
larger sample of elderly persons and over a much longer follow-up period. Moreover, we
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observed that EDS was only associated with a decline in global cognitive function, with no
significant association with decline on specific tasks of visual memory and verbal fluency.
The presence of EDS in elderly persons with some evidence of cognitive decline may be
symptomatic of an early stage of brain lesions in areas that may initially cause sleep and/or
circadian abnormalities. Thus, EDS may be considered as an early unspecific neurologic
predictor of incident cognitive decline, particularly in cognitive decline devolving toward
dementia. It may thus be part of the general adynamia syndrome observed in early dementia,
characterized by a withdrawal from activity independently of functional ability, and a
decrease in internalized cognitive activity.
We hypothesized a number of reasons for an apparent positive association between EDS and
cognitive decline. In the Three-City population, EDS was previously reported to be
associated with depression23 and cardiovascular and cerebrovascular disease24,25 as well as
diabetes and metabolic syndrome (unpublished data), which are also risk factors for cognitive
decline.26 We confirmed that an association between EDS and cognitive decline remains
significant after adjustment for all these potential confounding factors. However, as EDS has
been reported as a risk factor for fatal and nonfatal cardiovascular events24,25 as well as for
vascular dementia,27 we may hypothesize that vascular events could be a mediator in the
causal pathway between EDS and cognitive decline. Obstructive sleep apnea syndrome
(OSAS), snoring, reduction of sleep duration, nighttime fragmentation, decreased circadian
rhythm activity, psychotropic drug intake, bodily pain, and nocturia could also be possible
determinants of EDS.28-32 OSAS has previously been found to be a risk factor for cognitive
decline33 but confirmation of its presence required a polygraph, which was not performed in
our study. Even if snoring was not associated with cognitive decline in our sample, we cannot
exclude that OSAS could confound the association because habitual snoring was reported to
be less predictive of OSA in the elderly population.34 We found no association between poor
13

SQ, EMA, and DIS with cognitive decline. Surprisingly, we observed that the number of
insomnia symptoms and DMS, the most frequent insomnia complaint in the elderly,20 were
possible independent negative factors for decline on global cognitive function, but not visual
memory or verbal fluency. A recent cross-sectional study also reported better executive
function in elderly patients with DMS specifically but not with EMA.35 We can thus
hypothesize that hyperarousal being closely related to insomnia per se may increase
attentional abilities and enhance executive functioning,36,37 and consequently reduce
cognitive decline or compensate for deficits in frontal attentional processing due to causes
other than dementia. Although the analyses have been adjusted for depression using a clinical
cutoff, the possibility remains that subclinical depression or dysthymia may be driving the
association. However, sleep disturbances commonly associated with depressive disorders,
notably EMA and DIS, are nonsignificant; depression is mainly reported as a risk factor of
cognitive deficits in elderly.10,12 On the other hand, insomnia has been reported in some
cognitively impaired patients taking cholinesterase inhibitors. Our sensitivity analysis shows
that cholinesterase inhibitor intake may have at least partly confounded the association of
cognitive decline with DMS, but not with the number of insomnia complaints and EDS.
The four longitudinal studies that have previously been conducted on insomnia and cognitive
decline are inconsistent.10-13 Chronic insomnia was found to be associated with cognitive
decline in the elderly (evaluated using the Short Portable Mental Status Questionnaire) over a
3-yr follow-up period in all men and in depressed women only.11 A population-based study of
patients age 50 yr and older reported greater cognitive decline (measured by the MMSE) over
3 yr in patients reporting insomnia complaints, the association being confounded by
depressive symptoms.12 Two prospective studies using the MMSE or one of its variants
(Short Portable Mental Status Questionnaire), one in men and the other in women age 70 yr
and older, did not report significant association between insomnia and cognitive decline over
14

a period of 2 yr.10,13 Further studies focusing on the relationships between insomnia
complaints, EDS, circadian rhythm activities, and the risk of cognitive deterioration are
therefore required in the elderly.
Study Limitations
The current study has some limitations. Bias could have been introduced through the
exclusion of participants with prevalent dementia or with severe cognitive impairment at
baseline, those lost to follow-up also being more likely to have more chronic diseases with
more depressive symptoms and to be female, older, and with lower education. Although a
limitation to generalizability, the consequences on associations between sleep complaints and
cognitive decline outcome were possibly underestimated. We were unable to measure anxiety
and to distinguish depression being part of an anxiodepressive state. Sleep complaints were
assessed only at baseline, excluding the possibility of monitoring their evolution in relation to
cognitive decline. Validated measures of EDS such as the Epworth Sleepiness Scale were not
available for this study. Potential confounding factors, such as bodily pain and nocturia, were
not evaluated. Sleep apnea was not assessed and the confounding effect of an underlying
OSAS cannot be excluded.
Study Strengths
The data used in the analysis come from a large, multicenter, population-based prospective
study of people age 65 yr and older with study size and follow-up greater than any previous
longitudinal studies. Medication was verified by examining the prescriptions and medications
themselves, thus minimizing exposure misclassification. We have limited potential
confounding by taking into account a wide range of risk factors for cognitive decline in the
elderly, by controlling for sociodemographic, health (e.g., depression, vascular and chronic
disorder), and lifestyle covariates and APOE genetic vulnerability. Another strength was the
15

face-to-face clinical interview. We have used a global measure of cognitive functioning: the
MMSE, which is a widely used screening instrument for assessing cognitive abilities in
epidemiological studies6,8,10,13,15 as well as two other more specific cognitive tests of visual
memory and semantic access. We have also considered participants with persistent and
clinically relevant cognitive impairment during follow-up to avoid transient decline.
CONCLUSION
Sleep complaints are commonly underdiagnosed but constitute a significant source of
concern in the geriatric population. Our findings suggest that EDS (but not insomnia) may be
associated independently with the risk of developing cognitive decline in the elderly general
population. Such results could potentially have important public health implications because
EDS in older adults may be an early marker of cognitive decline and onset of dementia. It is
thus important to recognize and treat daytime sleepiness to prevent its deleterious
consequences.
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FIGURE LEGEND
Figure 1. Three-City Study flow chart: Participant selection for longitudinal analyses.
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Table 1. Baseline sociodemographic and clinical characteristics of participants with MMSE
score ≥ 24 at baseline according to MMSE cognitive decline over 8-yr follow-up
MMSE cognitive decline

Variable

No

Yes

n = 4,197

n = 697

n

n

%

%

OR (95% CI)

Pa

Age (in yr)
< 70

1,366 32.55

153

21.95

1

70-74

1,418 33.79

230

33.00

1.45 (1.17; 1.80)

75-79

1,013 24.14

202

28.98

1.78 (1.42; 2.23)

≥ 80

400

112

16.07

2.50 (1.91; 3.27)

Male

1,825 43.48

279

40.03

1

Female

2,372 56.52

418

59.97

1.15 (0.98; 1.36)

No

3,222 76.77

594

85.22

1

Yes

975

23.23

103

14.78

0.57 (0.46; 0.71)

Yes

1,225 29.19

232

33.29

1

No

2,972 70.81

465

66.71

0.83 (0.70; 0.98)

No

3,275 78.03

507

72.74

1

Yes

922

21.97

190

27.26

1.33 (1.11; 1.60)

2,033 48.44

292

41.89

1

9.53

< 0.0001

Sex
0.09

High level of education
< 0.0001

Live alone
0.03

Depressive symptoms
0.002

Body mass index (kg/m2)
Normal (< 25)

22

< 0.0001

MMSE cognitive decline

Variable

No

Yes

n = 4,197

n = 697

n

n

%

%

OR (95% CI)

Overweight (25-29)

1,665 39.67

288

41.32

1.20 (1.01; 1.43)

Obese (≥ 30)

499

11.89

117

16.79

1.63 (1.29; 2.07)

0

774

18.44

114

16.36

1

1

1,450 34.55

233

33.43

1.09 (0.86; 1.39)

2 and more

1,973 47.01

350

50.22

1.20 (0.96; 1.51)

< 12

733

17.46

130

18.65

1

12-36

3,085 73.50

507

72.74

0.93 (0.75; 1.14)

>36

379

60

8.61

0.89 (0.64; 1.24)

Pa

Number of chronic diseasesb
0.09

Alcohol (g/day)

9.03

0.44

Coffee (cups per day)
<3

3,149 75.03

532

76.33

1

≥3

1,048 24.97

165

23.67

0.93 (0.77; 1.12)

<3

3,765 89.71

637

91.39

1

≥3

432

60

8.61

0.82 (0.62; 1.09)

0.46

Tea (cups per day)

10.29

0.17

Smoking status
Never

2,476 58.99

422

60.55

1

Past

1,486 35.41

235

33.72

0.93 (0.78; 1.10)

Current

235

40

5.74

1.00 (0.70; 1.42)

646

92.68

1

5.60

0.57

Mobility
Not confined

4,041 96.28

23

< 0.0001

MMSE cognitive decline
No

Yes

n = 4,197

n = 697

n

%

n

156

3.72

Variable
Confined

%

OR (95% CI)

51

7.32

2.05 (1.47; 2.84)

Pa

Carrier of the APOE 4 allele
No

3,410 81.25

539

77.33

1

Yes

787

18.75

158

22.67

1.27 (1.05; 1.54)

≥ Once/wk

3,768 89.78

608

87.23

1

< Once/wk

429

89

12.77

1.29 (1.01; 1.64)

0.02

Consumption of fish

10.22

0.04

Consumption of fruit and vegetables
≥ Two portions/day

3,055 72.79

487

69.87

1

< Two portions/day

1,142 27.21

210

30.13

1.15 (0.97; 1.37)

Never/rarely

2,670 63.62

457

65.57

1

Frequently/often

1,527 36.38

240

34.43

0.92 (0.78; 1.09)

No

3,541 84.37

553

79.34

1

Yes

656

15.63

144

20.66

1.41 (1.15; 1.72)

No

4,119 98.14

687

98.57

1

Yes

78

10

1.43

0.77 (0.40; 1.49)

0.11

Snoring
0.32

Prescribed sleep medication
0.0009

Nonprescription treatments for sleepc

a

1.86

For variables with > 2 categories, the P value of the test for trend is given.

24

0.44

b

Includes a chronic disease (cardiovascular disease, stroke, other heart problems, high blood

pressure, high cholesterol, diabetes, thyroid problems).
c

Includes homeopathic medication intake.

APOE, apolipoprotein E; CI, confidence interval; MMSE, Mini-Mental State Examination;
OR, odds ratio.
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Table 2. Adjusted associations between sleep complaints and sleep medication characteristics
of participants at baseline and MMSE cognitive decline over 8-yr follow-up
MMSE cognitive decline

Variable

No

Yes

n = 4,197

n = 697

n

%

n

%

Model 1a
OR (95% CI)

Model 2b
Pc

OR (95% CI)

Pc

Sleep quality (SQ)
Good

2,064 49.18

332

47.63

1

Average

1,613 38.43

280

40.17

0.99 (0.83; 1.18)

0.96 (0.80; 1.15)

Poor

520

85

12.20

0.94 (0.72; 1.23)

0.85 (0.65; 1.13)

12.39

0.68

1

0.30

Difficulty with initiating sleep (DIS)
Never/rarely

2,783 66.31

457

65.57

1

Frequently/often

1,414 33.69

240

34.43

0.94 (0.78; 1.12)

Never/rarely

1,517 36.14

269

38.59

1

Frequently/often

2,680 63.86

428

61.41

0.84 (0.71; 0.99)

Never/rarely

2,703 64.40

442

63.41

1

Frequently/often

1,494 35.60

255

36.59

0.93 (0.78; 1.11)

0

1118

26.64

196

28.12

1

1-2

2144

51.08

345

49.50

0.88 (0.73; 1.07)

0.49

1

0.24

0.89 (0.74; 1.08)

Difficulty in maintaining sleep (DMS)
0.04

1

0.02

0.81 (0.68; 0.96)

Early morning awakening (EMA)
0.43

1

0.24

0.90 (0.75; 1.07)

Number of insomnia complaints

26

0.13

1
0.84 (0.69; 1.03)

0.03

MMSE cognitive decline

Variable

No

Yes

n = 4,197

n = 697

n

Model 1a

%

n

%

OR (95% CI)

22.28

156

22.38

0.83 (0.65; 1.06)

Never/rarely

3,475 82.80

542

77.76

1

Frequently/often

722

155

22.24

1.33 (1.08; 1.64)

3-4

935

Model 2b
Pc

OR (95% CI)

Pc

0.77 (0.60; 0.98)

Excessive daytime sleepiness (EDS)

a

17.20

0.007

1

0.03

1.26 (1.02; 1.56)

Model 1 was adjusted for MMSE baseline at baseline, study center, sex, age, education.

b

Model

2

was

adjusted

for

all

the

covariates

in

Model 1 plus for depressive symptoms, BMI, chronic disease, mobility, living alone,
apolipoprotein E 4, consumption of fish, consumption of fruit and vegetables and
prescribed sleep medication.
c

For variables with > 2 categories, the P value of the test for trend is given.

CI, confidence interval; MMSE, Mini-Mental State Examination; OR, odds ratio.
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