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ASSOCIATION OF SLEEP QUALITY WITH SUBSEQUENT COGNITIVE DECLINE IN OLDER MEN

Associations of Objectively and Subjectively Measured Sleep nglift;':/r\g/ith -
Subsequent Cognitive Decline in Older Community-Dwelling Men: The MrOS
Sleep Study

Terri Blackwell, MA'; Kristine Yaffe, MD?; Alison Laffan, PhD'; Sonia Ancoli-Israel, PhD?; Susan Redline, MD, MPH?*; Kristine E. Ensrud, MD, MPH?;
Yeonsu Song, PhD'; Katie L. Stone, PhD; for the Osteoporotic Fractures in Men (MrOS) Study Group

'Research Institute, California Pacific Medical Center, San Francisco, CA; Departments of Psychiatry, Neurology, and Epidemiology, University of
California, San Francisco, San Francisco VA Medical Center, San Francisco, CA; *Department of Psychiatry and Medicine, University of California,
San Diego, La Jolla, CA and the Veterans Affairs San Diego Center of Excellence for Stress and Mental Health, San Diego, CA; *Departments of
Medicine, Brigham and Women's Hospital and Beth Israel Deaconess Medical Center, Harvard Medical School, Boston, MA; °Center for Chronic
Disease Outcomes Research, Veterans Affairs Medical Center, Minneapolis, MN,; Department of Medicine and Division of Epidemiology and Community
Health, University of Minnesota, Minneapolis, MN

Study Objectives: To examine associations of objectively and subjectively measured sleep with subsequent cognitive decline.

Design: A population-based longitudinal study.

Setting: Six centers in the United States.

Participants: Participants were 2,822 cognitively intact community-dwelling older men (mean age 76.0 £ 5.3 y) followed over 3.4 £ 0.5 y.
Interventions: None.

Measurements and Results: Objectively measured sleep predictors from wrist actigraphy: total sleep time (TST), sleep efficiency (SE), wake after
sleep onset (WASO), number of long wake episodes (LWEP). Self-reported sleep predictors: sleep quality (Pittsburgh Sleep Quality Index [PSQI]),
daytime sleepiness (Epworth Sleepiness Scale [ESS]), TST. Clinically significant cognitive decline: five-point decline on the Modified Mini-Mental
State examination (3MS), change score for the Trails B test time in the worse decile. Associations of sleep predictors and cognitive decline were
examined with logistic regression and linear mixed models. After multivariable adjustment, higher levels of WASO and LWEP and lower SE were
associated with an 1.4 to 1.5-fold increase in odds of clinically significant decline (odds ratio 95% confidence interval) Trails B test: SE < 70% versus
SE =70%: 1.53 (1.07, 2.18); WASO = 90 min versus WASO < 90 min: 1.47 (1.09, 1.98); eight or more LWEP versus fewer than eight: 1.38 (1.02,
1.86). 3MS: eight or more LWEP versus fewer than eight: 1.36 (1.09, 1.71), with modest relationships to linear change in cognition over time. PSQI
was related to decline in Trails B performance (3 secly per standard deviation increase).

Conclusions: Among older community-dwelling men, reduced sleep efficiency, greater nighttime wakefulness, greater number of long wake
episodes, and poor self-reported sleep quality were associated with subsequent cognitive decline.
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INTRODUCTION

As many as 50% of older adults report habitual sleep prob-
lems, including chronic insomnia.! At least 10% of people
65 y old or older will develop cognitive impairment, with the
rate rising exponentially with advancing age.>* With the rate
of cognitive impairment increasing and the high prevalence
of sleep problems in the elderly, it is important to determine
prospective associations with sleep and cognitive decline.

Cognitive impairment has been shown to be associated
with sleep quality, but most studies have been cross-sectional
in nature, preventing conclusions on the direction of associa-
tions.** Of the few studies examining the longitudinal asso-
ciation of sleep quality and cognitive decline, most have been
based on self-reported®'® rather than objectively measured'®'®
sleep parameters.
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To test the hypothesis that subjectively and objectively
measured sleep disturbances are associated with an increased
risk of cognitive decline in older men, we measured sleep
parameters in a cohort of 2,822 cognitively intact men aged 67 y
and older enrolled in the multicenter Outcomes of Sleep Disor-
ders in Men (MrOS Sleep) Study. Data were gathered for two
measures of cognition at the start of follow-up and at two subse-
quent time points an average of 1.4 and 3.4 y after assessment
of sleep parameters. The MrOS Sleep Study provides a unique
opportunity to study this question in a large cohort of commu-
nity-dwelling older men who are well characterized for sleep
parameters as well as for potentially important confounding
factors such as medication use, depression, education level,
physical function, and comorbidities. Comprehensive sleep
measurements allow for assessment of the independent relative
contribution of objectively measured sleep parameters and self-
reported sleep quality to risk of cognitive decline.

METHODS

Participants

During the Osteoporotic Fractures in Men Study (MrOS)
baseline examination from the years 2000 to 2002, 5,994
community-dwelling men 65 y or older were enrolled at six
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Men Enrolled in MrOS

Study
N =5,094 2,859 not at the sleep visit
+ 1,997 refused
+ 349 died
| < 39terminated from the study
+ 150 ineligible
A * 324 not asked, recruitment
' goal met
Men Enrolled in Ancillary
Sleep Visit
N=3,135
————>| 5 missing cognitive data
\4
Men with Cognitive Data
N =3,130
163 excluded for probable
dementia
+ 107 with 3MS score < 80
+ 44 on dementia medications
v * 12 with 3MS score < 80 and

on dementia medications

Cognitively Intact Men with
Sleep Parameter Data

N =2,967
145 with no follow-up
* 42 died
+ 6 alive but not at visit 2 or
visit 3
v + 97 at visit 2 or visit 3, no
cognitive data
Analysis Subset
N =2,822

Figure 1—Progression of participants through the MrOS Study and the
MrOS Sleep Study. 3MS, Modified Mini-Mental State examination.

clinical centers in the United States: Birmingham, Alabama;
Minneapolis, Minnesota; Palo Alto, California; the Mononga-
hela Valley near Pittsburgh, Pennsylvania; Portland, Oregon;
and San Diego, California."* In order to participate, men
needed to be able to walk without assistance and must not have
had a bilateral hip replacement.

The MrOS Sleep Study, an ancillary study of the parent
MrOS cohort, recruited 3,135 participants for a comprehen-
sive sleep assessment. Men were screened for nightly use of
mechanical devices during sleep, including pressure mask for
sleep apnea (continuous positive airway pressure or bilevel
positive airway pressure), oral appliances, or nocturnal oxygen
therapy and were excluded if they could not forgo use of these
devices during a polysomnography (PSG) recording. Of the
2,859 men who did not participate in this ancillary study, 349
died before the sleep visit, 39 had already left the study, 324
were not asked because recruitment goals had already been
met, 150 were ineligible, and 1,997 refused participation.

This analysis used data collected at the Sleep Visit
(2003-2005), MrOS Visit 2 (2005-2006), and MrOS Visit 3
(2007-2009) (Figure 1). To be included in this analysis, men
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had to have data on cognitive change from the Sleep Visit to
one or both of the follow-up time points, and had not been clas-
sified as having “probable dementia” at the Sleep Visit (Modi-
fied Mini-Mental State examination [3MS] score < 80 or on a
medication for dementia).

Among these 3,135 participants of the MrOS Sleep Study,
cognitive function data for either the Trail Making Test—
Part B (Trails B) or the 3MS were available for 3,130 men. One
hundred sixty-three men were not included because they had
probable dementia. Of the remaining 2,967 men, all had Sleep
Visit data on self-reported sleep (total sleep time [TST], Pitts-
burgh Sleep Quality Index [PSQI], Epworth Sleepiness Scale
[ESS]) and 2,899 had actigraphy data.

No exclusion criteria were used for participation in Visit 2 or
Visit 3. At both visits, most men completed the clinic visit and
had cognitive function measured. Of the 2,967 cognitively intact
men with Sleep Visit data, 2,822 provided data on cognition at
either Visit 2 or Visit 3 (Visit 2: 2,757, 98% of survivors; Visit 3:
2,505, 94% of survivors) and comprise our analytic cohort.

All men provided written informed consent, and the study was
approved by the Institutional Review Board at each clinic site.

Objective Actigraphic Parameters of Sleep-Wake Patterns

Objective characteristics of sleep-wake patterns were esti-
mated using an actigraph (SleepWatch-O, Ambulatory Moni-
toring, Inc., Ardsley, NY). Our goal was to collect at least 5
nights of actigraphy data for each participant. The average
number of nights was 5.2 + 0.9 (range, 1 to 11), with 215
(7.8%) having less than 5 nights of data (eight with 1 night, six
with 2 nights, 41 with 3 nights, 160 with 4 nights). Participants
were instructed to wear the actigraph securely fastened around
their nondominant wrist, and it was to be removed only when
bathing or during water sports. The actigraph is similar in size
and weight to a wristwatch, and movement is detected via a
piezoelectric bimorph-ceramic cantilever beam that generates
a voltage each time the actigraph is moved. These voltages
are gathered continuously and summarized over 1-min inter-
vals. Actigraphy has been shown to provide a reliable estimate
of sleep-wake patterns.?’ Data were collected in three modes
but are reported here based on digital integration mode (also
known as proportional integration mode).”? ActionW-2 soft-
ware (Ambulatory Monitoring, Inc., Ardsley, NY) was used to
analyze the actigraphy data.”® Details of the actigraphy scoring
algorithms used in the study have been published elsewhere.***

Participants completed sleep diaries for the time period they
wore the actigraph. The diaries included time into and time out
of bed and times the actigraph was removed. This information
was used in editing the actigraphy data files to set intervals when
the participant was in bed trying to sleep (after “lights off””), and
to delete time when the actigraph was removed. Interscorer reli-
ability for editing the actigraphy data files has been previously
found to be high in our group (intraclass coefficient = 0.95), and
actigraphy has been shown to have good concordance with TST
from PSG (intraclass coefficient = 0.57).24%

Parameters estimated from actigraphy used in this analysis
included TST: the hours per night spent sleeping while in bed
after “lights off”; sleep efficiency (SE): the percentage of time
in bed after “lights off” spent sleeping; wake after sleep onset
(WASO): min of wake after sleep onset during the in-bed
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interval, with sleep onset defined as the point when the partici-
pant achieved a 20-min continuous block of sleep after “lights
off’; and number of long wake episodes (LWEP): number
of awakenings 5 min or longer in duration while in bed. All
parameters from actigraphy reflect data averaged over all nights
the device was worn in order to obtain a more representative
characterization of usual sleep patterns.

Subjective Self-Reported Sleep Parameters

Participants completed the PSQI, a validated measure of
subjective sleep quality and sleep disturbances over a 1-mo
time period. Global PSQI scores range from 0 to 21 and a score
of > 5 is indicative of poor sleep.”” The ESS, a self-administered
questionnaire, was used to classify subjective daytime sleepi-
ness. Scores on the ESS range from 0 to 24, with a score of > 10
indicating excessive daytime sleepiness.?®** In addition, partici-
pants were asked about TST with the question “On most nights,
how many hours do you sleep each night?”, with data collected
rounded to the nearest hour.

Ascertainment of Cognitive Function

Two tests of cognitive function were administered at the
clinic visits by trained staff: the Trails B and the 3MS.

The Trails B is a timed test that measures attention, sequencing,
visual scanning, and executive function. Executive function is a
measure of the ability for planning or decision making, error
correction or trouble shooting, and abstract thinking. The Trails
B test requires the participant to continuously scan a page to
identify numbers and letters in a specified sequence while
shifting from number to letter sets.’® The participant is given
300 sec to complete the test. A lower time for completion (in
sec) represents better cognitive functioning. A positive change
in completion time represents cognitive decline (took longer to
complete the test at the follow-up time point).

The 3MS is a global measurement of cognitive function, with
components for orientation, concentration, language, praxis,
and immediate and delayed memory. The 3MS test is a broad
sampling of cognitive domains. Scores range from 0 to 100,
with higher scores representing better cognitive functioning.?!
A negative change in 3MS score represents cognitive decline
(score was lower at the follow-up time point).

Development of clinically significant cognitive decline
from the Sleep Visit to Visit 3 (a mean of 3.4 = 0.5 y later) was
defined separately for each test as follows: having a decline in
five points on the 3MS,* or being in the worst decile of change
scores for Trails B (Visit 3-Sleep Visit change score > 65 sec).*

Other Measurements

All participants completed questionnaires at the time of the
Sleep Visit, which included items about demographics, medical
history, self-reported health status, physical activity, smoking,
caffeine intake, and alcohol use. The number of prior medical
conditions was calculated as the summed total of self-reported
prior diagnoses of common chronic illnesses (hypertension, stroke
or transient ischemic attack, diabetes mellitus, Parkinson disease,
chronic obstructive pulmonary disease, coronary heart disease).
The chronic illness of depression was assessed using the number
of depressive symptoms from the Geriatric Depression Scale,with
higher scores corresponding to higher levels of depression.*
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Participants were asked to bring in all medications used within
the preceding 30 days. All prescription and nonprescription medi-
cations were entered into an electronic database and each medi-
cation was matched to its ingredient(s) based on the lowa Drug
Information Service Drug Vocabulary (College of Pharmacy,
University of lowa, lowa City, IA).** The use of antidepressants,
benzodiazepines, and prescription sleep medications (nonbenzo-
diazepine, nonbarbiturate sedative hypnotics) were categorized.
The level of physical activity was assessed using the Physical
Activity Scale for the Elderly.*® Functional status was assessed
by collecting information on five instrumental activities of daily
living (IADL), which included walking two to three blocks on
level ground, climbing up to 10 steps, preparing meals, doing
heavy housework, and shopping for groceries or clothing.?’*
Self-reported caffeine intake was calculated based on answers to
questions regarding intake of caffeinated coffee, tea, and soda.”
A comprehensive examination included measurements of
body weight and height. Body mass index (BMI) was calculated
as weight in kilograms divided by the square of height in meters.

Statistical Analysis

For the primary analyses, the sleep parameters were
expressed as categorical variables that were defined similarly
to previous publications for comparability (TST: <5 h, > 5 to
7h,>71to 8 h,>8h; SE: < 70% versus > 70%; WASO: > 90
min versus < 90 min; number of LWEP: eight or more versus
fewer than eight)*>'*!> or used standard cutpoints (PSQI five
or greater versus five or less; ESS < 10 versus > 10).* Anal-
yses were also performed to evaluate the linear relationship of
the sleep parameters and cognition, with the sleep parameters
expressed as continuous variables.

Characteristics of participants were compared by categories
of SE using chi-square tests for categorical variables, ¢-tests for
normally distributed continuous variables, and Wilcoxon rank
sum tests for continuous variables with skewed distributions.
Similar comparisons were performed across categories of the
other sleep parameters (data not shown).

Random-effects models were used to study the associa-
tion between sleep parameters and changes in cognition over
time. These models account for between-participant variation
and within-participant correlation of repeated outcomes.* The
random-effect terms included both the intercept and the slope of
the cognitive measurements over time, allowing for individual
time trends for each participant. Variances and covariances were
estimated using the restricted maximum likelihood method. Time
was modeled as a continuous covariate, measured as years from
the Sleep Visit. A quadratic term for time was considered to
account for a nonlinear time trend; in all models the interaction
of the quadratic term for time and the sleep parameters were not
significant so time was modeled linearly. All models were mini-
mally adjusted for age, race, and clinic site. Additional covari-
ates (fixed effects) were selected for inclusion in a multivariable
model by examining both the univariate association of the
covariate and the sleep parameters and the association with the
3MS and Trails B outcomes in unadjusted random-effects models.
Age, race, clinic site, BMI, and those covariates associated with
both a sleep parameter and an outcome at P < 0.10 were kept in
all multivariable models, which included education, number of
depressive symptoms, number of comorbidities, presence of an
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- - . and a 1 standard deviation increase for
Table 1—Sleep visit characteristics by sleep efficiency the PSQI (3.18) and ESS (3.62).
SE<70% SE270% The association of the sleep
Characteristic (n = 493) (n = 2,265) P value parameters with clinically significant
Age,y 766155 759£53 0.01 cognitive decline was assessed using
Body mass index, kg/m? 28945 26935 <0.01 logistic regression models. Minimally
Caucasian race 453 (91.9) 2,051(90.6) 0.35 and multivariable adjusted models
Any impairments of instrumental activities of 135 (27.4) 400 (17.7) <0.01 were performed as described previ-
daily living ously. Results are presented as odds
History of selected medical conditions® <0.01 ratios and 95% confidence intervals
0 118 (23.9) 737 (32.6) (OR, 95% CI).
1-2 3 0(62.9) 1,348 (59.6) When significant associations were
3+ 65(13.2) 176 (7.8) present, secondary analyses were
Hypertension 266 (54.0) 1,097 (48.4) 0.03 performed, further adjusting multi-
Stroke or transient ischemic attack 62 (12.6) 224 (9.9) 0.08 variable models to include parameters
Diabetes mellitus 85(17.2) 276 (12.2) <0.01 of objectively measured sleep and
Parkinson disease 7(14) 23(1.0) 0.43 self-reported sleep quality to deter-
Chronic obstructive pulmonary disease 39(7.9) 98 (4.3) <0.01 mine if these associations with cogni-
Coronary heart disease® 180 (36.5) 0(31.0) 0.02 tive decline were independent.
Current antidepressant use 45(9.1) 4 (6.4) 0.03 All significance levels reported
Current benzodiazepine use 26 (5.3) 90 (4.0) 0.19 were tWO'Sidefi and all analys.es were
Current prescription sleep medication use 12 (2.4) 48 (2.1) 0.67 CondUCteq using SAS version 9.2
Geriatric Depression Scale score (0 to 15) 21423 16420 <0.01 (SAS Institute Inc., Cary, NC).
Education <0.01
< high school 38(7.7) 90 (4.0) RESULTS
high school 99 (20.1) 324 (14.3) -
> high school 356 (72.2) 1,851 (81.7) gg:;?::g:ft'cs of the Study
Alcohol intake, drinks/week 0.44 The analvsis cohort was com d
ysis cohort was compose
0-2 216 (44.1) 1,039(46.1) of 2,822 primarily Caucasian men
313 240 (49.0) 1,091 (48.4) (90.7%) with an average age of
14+ 3469 126 (5.6) 76.0 + 5.3 y at the Sleep Visit assess-
Smoking <001 ment. Almost half of the men (43%)
Never 177 (35.9) 923 (40.7) had self-reported poor sleep quality
Past 298 (60.5) 1,303 (57.5) (PSQI > 5) and 12% had self-
Current 18(3.7) 39 (1.7) reported excessive daytime sleepiness
Caffeine use, mg/day 246.4 + 2471 23532442 0.30 (ESS > 10). The average values of both
Physical Activity Scale for the Elderly score 137.4+£69.8 151.0+714 <0.01 self-reported and objectively measured
Self-rated health good/excellent 417 (84.6) 1,995 (88.1) 0.03 TST were similar (self-reported
6.9 + 1.2 h; objectively measured
Data shown as mean + standard deviation or n (%). P values for continuous data are from a t-test for 6.4 + 1.2 h), with approximately 11%
normally distributed data, Wilcoxon rank sum test for skewed data. P values for categorical data are from of men with < 5 h of sleep per night
a chi-square test. ®Medical conditions include hypertension, stroke or transient ischemic attack, diabetes (self-reported 10.9%, objective 11.6%)
mellitus, Parkinson disease, chronic obstructive pulmonary disease, and coronary heart disease. "Coronary and about 6% with a long sleep dura-
heart disease includes a history of myocardial infar.ct?on, angina, congestive heart failure, bypass surgery, tion (> 8 h per night; self-reported
angioplasty or pacemaker placement. SE, sleep efficiency. 5.2%, objective 6.7%). Although mean

IADL impairment, benzodiazepine use, antidepressant use, self-
reported health status, physical activity, alcohol use, and smoking
status. All continuous covariates were centered (value-mean) for
use in the models. Change in cognition is presented as average
change per year, calculated using the coefficients derived from
the random-effects models. The continuous cognitive scores were
transformed to meet model requirements (log- transformation for
Trails B, cube transformation for 3MS) and back-transformed
for display of results. The results for models with sleep param-
eters used as continuous variables are presented as a 1 standard
deviation decrease for SE (11.68), a 30-min increase for WASO,
a 1-unit increase for number of LWEP, a 1-h decrease for TST,
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values from objectively and subjec-
tively measured TST were similar, correlation between the two
measures was modest (rtho = 0.30). Based on objective measures,
men had an average SE of 79%, an average WASO of 76 min,
and an average of seven LWEP. The men on average had high
levels of cognitive function at the initial visit: 117.2 +50.7 sec for
Trails B completion time, 93.6 + 4.5 points for the 3MS.

Many participant characteristics differed significantly across
categories of sleep efficiency (Table 1). Compared to those
with higher SE (= 70%), those men with lower SE (< 70%)
on average were older, had higher BMI, had more depressive
symptoms, and had lower levels of physical activity. Men with
SE < 70% were also more likely to have an IADL impairment
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or have one or more medical condi-
tions. They were more likely to take
antidepressants, had lower levels of
education, were more likely to smoke,
and less likely to report good or excel-
lent self-reported health status.

By Visit 3, an average of 3.4+ 0.5y
later, on average the men declined on
both cognitive tests. The unadjusted
average increase in time to complete
the Trails B test was 9.1 +49.2 sec and
the 3MS score was lower by 1.3 £5.5
points. Of clinical significance, at Visit
3, 18.8% of men were considered to
have cognitive decline based on the
3MS (five-point decline).

Association of Objectively Measured
Sleep Parameters and Cognitive Decline
The adjusted annualized change
in both Trails B completion time and
3MS score by objectively measured
sleep parameters are summarized in
Table 2. After multivariable adjustment,
there was an association seen with the
number of LWEP and Trails B, with an
average annualized increase in test time

Table 2—Adjusted annualized mean cognitive decline by objectively measured sleep parameters

Trails B (sec) 3MS score
Minimally  Multivariable Minimally  Multivariable
Sleep parameter adjusted®  adjusted® adjusted®  adjusted®

Sleep efficiency, %

<70 (n =493) 2.67 285 -0.47 -0.47

=70 (n = 2,265, reference) 1.80 1.90 -0.31 -0.32

Continuous, per 1 SD | (11.68) 1.50 1.58 -0.28 -0.29
Wake after sleep onset, min

<90 (n =1,918, reference) 1.75 1.84 -0.33 -0.33

=90 (n = 840) 2.37 2.54 -0.37 -0.37

Continuous, per 30-min 1 2.31 2.46 -0.38 -0.38
No. of long wake episodes

<8 (n=1,890, reference) 1.65 1.74 -0.30 -0.31

=8 (n = 868) 2.58 278 -0.43 -0.43

Continuous, per 1-unit 1 2.15 2.28 -0.36 -0.36
Total sleep time, h

<5(n=321) 2.58 2.69 -0.44 -0.44

>5107 (n=1,577) 1.69 1.78 -0.31 -0.31

> 7 to 8 (n =675, reference) 244 2.63 -0.34 -0.34

>8 (n=185) 2.04 2.20 -0.46 -0.48

Continuous, per 1-h | 1.88 2.01 -0.33 -0.33

Bold values indicate P < 0.05. ®Models adjusted by age, clinic site, and race (white versus nonwhite).
®Models adjusted by age, clinic site, race (white versus nonwhite), body mass index, education, number
of depressive symptoms, number of comorbidities, presence of impairment of instrumental activities of
daily living, benzodiazepine use, antidepressant use, self-reported health status, physical activity, alcohol

of 2.3 sec for a l-unit increase in the
number of LWEP. For 3MS, the annual-

use, and smoking status. 3MS, Modified Mini-Mental State examination; SD, standard deviation.

ized decrease in test score was larger on

average by half a point for those men with SE < 70%, compared
to those with SE > 70%. The association of clinically significant
change in the two cognitive outcomes and objectively measured
sleep is shown in Table 3. There was a consistent association
seen between disturbed sleep and clinically significant wors-
ening of Trails B test completion time. After multivariable
adjustment, higher levels of WASO and LWEP and lower levels
of SE were associated with an approximate 1.5-fold increase in
odds of clinically significant decline as defined by the Trails B
test (OR [95% CI]: SE < 70% versus SE > 70%: 1.53 [1.07,
2.18]; WASO > 90 min versus WASO < 90 min: 1.47 [1.09,
1.98]; eight or more LWEP versus fewer than eight: 1.38 [1.02,
1.86]). Having eight or more LWEP during the night compared
to fewer than eight was related to a 1.4-fold increase in the odds
of clinically significant decline of 3MS score (OR [95% CI]:
eight or more LWEP versus fewer than eight: 1.36 [1.09, 1.71]).
To help interpret these effect sizes, the associations of a 5y
increase in age and clinically significant cognitive decline from
these multivariable models are presented (OR [95% CI]: Trails
B: 1.44 [1.25, 1.66]; 3MS:1.36 [1.09, 1.71]). Therefore, higher
levels of SE, WASO, and more LWEP were associated with an
equivalent or slightly larger odds of clinically significant cogni-
tive decline as a 5-y increase in age. No associations were seen
with objectively measured TST and cognitive decline.

Association of Subjectively Measured Sleep Parameters and
Cognitive Decline

No associations were seen with self-reported TST and
cognitive decline (Table 4). After multivariable adjustment, an

SLEEP, Vol. 37, No. 4, 2014

association between self-reported poor sleep quality and Trails
B test completion time was seen, with an average annualized
increase in test time of 2.8 sec more for those with PSQI > 5
than those with PSQI < 5. In minimally adjusted models, men
with excessive daytime sleepiness (ESS > 10) had a larger
annualized increase in test completion time compared to
those with ESS < 10 (ESS > 10: 3.5 sec; ESS < 10: 1.8 sec,
P =0.04). This association lost significance after further adjust-
ment for multiple confounders. After adjustment for multiple
confounders there were no significant associations seen between
subjectively measured sleep and clinically significant cognitive
decline (Table 3).

Secondary Analyses

The association of SE and WASO with clinically significant
change in Trails B remained significant after further adjusting
the multivariable models by self-reported sleep quality (PSQI)
(OR [95% CIJ: SE < 70% versus SE > 70%: 1.47 [1.02, 2.10];
WASO > 90 min versus < 90 min: 1.42 [1.05, 1.92]). The asso-
ciation of LWEP with clinically significant change in Trails B
remained similar in effect size but lost statistical significance
after further adjusting the multivariable models by PSQI (OR
[95% CI]: eight or more LWEP versus fewer than eight: 1.33
[0.99, 1.80], P = 0.06).

DISCUSSION

In this cohort of community-dwelling older men, there was
a consistent relationship of disturbed sleep (lower SE, higher
levels of WASO, and more LWEP) with decline in executive
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Table 3—Association of sleep parameters and clinically significant cognitive decline

Sleep parameter
Objectively measured sleep
Sleep efficiency, %
<70
270 (reference)

Wake after sleep onset, min
<90 (reference)
>90

No. of long wake episodes
< 8 (reference)
=8
Actigraphic total sleep time, h
<5
>5t07
> 7 to 8 (reference)
>8

Subjectively measured sleep

Self-reported total sleep time, h
<5
>5t07
> 7 to 8 (reference)
>8

Pittsburgh Sleep Quality Index
<5 (reference)
>5

Epworth Sleepiness Scale
<10 (reference)
>10

Trails B worst decile of change

3MS score decline of five points

Minimally adjusted®

OR (95% CI)

1.61 (1.15, 2.26)
1.00

1.00
1.51 (1.13, 2.02)

1.00
1.43 (1.07,1.91)

1.38 (0.86, 2.21)
0.96 (0.69, 1.35)
1.00
1,05 (0.58, 1.87)

1.61 (1.04, 2.50)
0.90 (0.65, 1.24)
1.00
1.05 (0.55, 1.99)

1.00
1.39 (1.06, 1.82)

1.00
1.39 (0.96, 2.02)

Multivariable adjusted®

OR (95% Cl)

1,53 (1.07, 2.18)
1.00

1.00
1.47 (1.09, 1.98)

1.00
1.38 (1.02, 1.86)

1.34(0.82, 2.19)
0.96 (0.68, 1.35)
1.00
1,00 (0.55, 1.81)

1.41(0.89, 2.22)
0.89 (0.64, 1.23)
1.00
1.01 (0.52, 1.93)

1.00
116 (0.86, 1.55)

1.00
1.27 (0.87, 1.87)

Minimally adjusted®

OR (95% Cl)

1.21(0.93, 157)
1.00

1.00
1.18 (0.95, 1.48)

1.00
1.39 (1.12, 1.73)

1.28(0.90, 1.82)
0.91(0.71, 1.18)
1.00
1.09 (0.70, 1.70)

1.15 (0.80, 1.65)
1.00 (0.79, 1.28)
1.00
0.7 (0.45, 1.31)

1.00
1.03 (0.83, 1.26)

1.00
1.08 (0.80, 1.47)

Multivariable adjusted®

OR (95% Cl)

117 (0.88, 1.54)
1.00

1.00
1.15(0.92, 1.45)

1.00
1.36 (1.09, 1.71)

1.24(0.85, 1.79)
0.90 (0.69, 1.16)
1.00
1.10(0.70, 1.72)

0.99 (0.68, 1.43)
0.96 (0.75, 1.23)
1.00
0.75 (0.43, 1.29)

1.00
0.89 (0.71, 1.11)

1.00
0.97 (0.71, 1.34)

Bold values indicate P < 0.05. ®Models adjusted by age, clinic site, and race (white versus nonwhite). ®"Models adjusted by age, clinic site, race (white versus
nonwhite), body mass index, education, number of depressive symptoms, number of comorbidities, presence of impairment of instrumental activities of daily living,
benzodiazepine use, antidepressant use, self-reported health status, physical activity, alcohol use, and smoking status. Cl, confidence interval; OR, odds ratio.

function as measured by an increase in time to complete the
Trails B test that was similar in magnitude to the effect of a
5-y increase in age. Little association was seen with subjective
sleep and cognitive decline, with the exception of an associa-
tion seen between sleep quality as measured by the PSQI and a
worsening of Trails B test completion time. The association of
SE and WASO with decline in executive function was robust to
further adjustment for self-reported sleep quality.

The consistent relationship seen with disturbed sleep and
decline on the Trails B test and minimal associations seen with
disturbed sleep and decline on the 3MS may be because the
associations vary across specific domains of cognitive func-
tion. The Trails B test, a measure of attention and executive
function, can be considered a test of prefrontal cortical func-
tion.*! It has been suggested that prefrontal cortex functioning
is sensitive to sleep.*

Two previous studies explored the association of objec-
tively measured sleep and development of mild cognitive
impairment (MCI) or dementia in cognitively intact partici-
pants. One study of 737 older men and women found a posi-
tive association with sleep fragmentation and development
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of dementia after 3-6 y of follow-up.'” Another study of 298
older women did not note an association of WASO with devel-
opment of MCI or dementia, although compared with those
in the lowest tertile of objectively measured WASO, those in
the highest tertile did have a suggestion of an elevated odds
that did not reach statistical significance (OR, 95% CI 1.79
[0.97, 3.29])."®

The current study is largely confirmatory to prior studies
finding no association of TST and cognitive decline, with TST
measured both objectively'®!® and subjectively.”” Over 1 y of
follow-up, one study did find an association with self-reported
short sleep and development of cognitive impairment among
men that was not replicated here or in other studies.'*

A few studies did find an association with subjectively
measured daytime sleepiness and cognitive decline that was
not reproduced in this current study.'®'""* One study found no
association of daytime sleepiness and cognitive impairment
after 2 y of follow-up, but did note an association after 10 y of
follow-up."® The other two studies had follow-up times of 3 and
10 y. Perhaps follow-up longer than the 3.4 y in this study is
needed to observe an association. Because daytime sleepiness
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8 casily measured by qqesnonnal.re, Table 4—Adjusted annualized mean cognitive decline by subjectively measured sleep parameters
it could be a useful tool in assessing .
risk of future cognitive decline if other Trails B, sec 3MS score
analyses confirm this association. Minimally ~ Multivariable Minimally  Multivariable
y . . ]

The underlying  mechanisms Sleep parameter | adjusted®  adjusted® adjusted®  adjusted®
relating disturbed sleep to cogni- Self-reported total sleep time, h
tive decline remain unknown. One f55t(n7=(307)1 631) f;g ?22 822 ggg

tential hani that might orm=1 ' : e o
potential = mechamism - that - mig > 7108 (n = 736, reference) 219 234 039 040
drive this association is lack of recu- >8 (n = 148) 338 361 2036 2039
peration or restoration. During sleep Continuous, per 1-h | 220 232 038 -0.39
the rate of anabolism is at a peak, , .

. . . . Pittsburgh Sleep Quality Index
with repair taking place in both the <5 (n = 1,614, reference) 155 1,66 035 036
central nervous system and total >5(n= 1’208)’ 2.60 278 034 .0.35

43 . . b . . N N
body.* Memory consolidation takes Continuous, per 1SD 1 (318) 2.8 2.99 0.36 0.36
place during sleep, and disruption Epworth Sleepiness Scale
of sleep may affect this process.™ <10 (n= 2473, reference) 183 194 128 035
Recent animal research suggested that >10 (n = 349) 3.47 3.60 1.28 -0.36
regardless of TST, a minimal amount Continuous, per 1SD 1 (362) 224 236 035 036
of uninterrupted sleep was needed for
s - 45

memory conso.hdatlon. A small case Bold values indicate P < 0.05. @Models adjusted by age, clinic site, and race (white versus nonwhite).
control study m humans Wher‘? T_ST bModels adjusted by age, clinic site, race (white versus nonwhite), body mass index, education, number
and sleep architecture Wef? similar of depressive symptoms, number of comorbidities, presence of impairment of instrumental activities of
between groups showed increased daily living, benzodiazepine use, antidepressant use, self-reported health status, physical activity, alcohol
arousals from sleep predicted lack use, and smoking status. 3MS, Modified Mini-Mental State examination; SD, standard deviation.

of overnight improvement in sleep-
dependent memory processes.*® Other
mechanisms may be the associations of inflammation or meta-
bolic dysfunction with both sleep and cognitive decline.**°

This study has several strengths. The study had a large popu-
lation of cognitively intact community-dwelling older men who
were not selected for inclusion based on sleep problems. There
were a number of validated measures of sleep characteristics,
including both subjective and objective measures. Adjust-
ments for multiple potential confounding factors were made,
suggesting these associations were not explained by other
covariates including depression, comorbidities, medication use,
education, or lifestyle.

This study also had limitations. The findings may not be gener-
alizable to populations other than community-dwelling older
men. Adjustment for numerous covariates was performed, but
there may be unmeasured confounders that may affect the results.
The cognitive battery of tests was somewhat limited and only
included measures of global cognition and executive function.

In conclusion, among older community-dwelling men,
reduced sleep efficiency, greater nighttime wakefulness,
greater number of LWEP, and poor self-reported sleep quality
were associated with subsequent cognitive decline. These asso-
ciations were stronger for the cognitive domain of executive
function than global cognition. Daytime sleepiness and sleep
duration were not related to subsequent cognitive decline.
Further study is needed to examine if these associations hold
after longer follow-up and vary by specific cognitive domains.
More studies with adjudication of events such as develop-
ment of MCI or dementia would be beneficial. Exploration of
possible underlying mechanisms of this potential association
is also needed.

ABBREVIATIONS
MrOS Sleep Study, Outcomes of Sleep Disorders in Men Study
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MrOS, Osteoporotic Fractures in Men Study
PSG, polysomnography

3MS, Modified Mini-Mental State examination
Trails B Test, Trail Making Test—Part B
TST, total sleep time

PSQI, Pittsburgh Sleep Quality Index

ESS, Epworth Sleepiness Scale

SE, sleep efficiency

WASO, wake after sleep onset

LWEP, number of long wake episodes
IADL, instrumental activities of daily living
BMI, body mass index

OR, odds ratio

CI, confidence interval

MCI, mild cognitive impairment
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