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Study Ohjectives: To investigate the association batween sleep-related characteristics and cognitive change over 3 years of follow up in an aged population.
Methods: Sleep characteristics and covariates were assessed at baseline in a standardized interview and clinical examination of the population-based
KORA Age Study {n = 740, mean age = 75 years), Cognitive score (determined by telephone interview for-cognitive status, TICS-m) was recorded at baseling

and 3 years later.

Results: Al baseline, 82.83% (n = 613) of participants had normal cognitive status, 13.51% (n = 100} were classified with mild cognitive impairmant (MCI),
and 3,64% {n = 27} with probable dementia, The effect of three distinct patterns of poor sleep (difficulties initiating [D1S) or maintaining sleep [DMS], daytime
sleepiness [DS] o sleep duration} were considerad on a change in cognitive scere with adjustments for potential confounders in generalized linear regression
models. Cagnitive decling was more pronounced in individuals with DMS compared to those with no DMS (B = 1.33, 85% Cl = 0.41-2.24, P < 0.001).
However, the predictive power of DMS was only significant in individuals with normal cognition and rof impaired subjects at baseline. Prolonged sleep
duration Increased the risk for cognitive decline in cognitively impaired elderly (8 = 1.86, 95% Cl = 0.16--3.57, P =0.03). Other sleep characteristics {DIS and

DS} were not significantly associated with cognitive decline.

Conclusions: DMS and long sleep duration were asscciated with cogniiive decline in normal and cognitively impalred elderly, respectively. The identification
of impaired sleep quality may offer intervention strategies to deter cognitive decline in the elderly with narmal cognitive function.
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Significance

should receive particular attention.

Sleep-telated characteristics are associated with an increased risk of cognitive decline. These characterislics are potentially modifiable risk factors that
may offer strategies to improve cognitive function. However, prospective studies on the association between sleap-related characteristics and cognitive
decline are sparse. No efforts to distinguish batween cognitively intact and impaired individuals have been reported. We Invesligated the asscciation
between sleep-related characteristics and cognitive decline in older adults over 3 years of follow up and found that the individuals with normal cognition
at baseline were at risk if they axperianced difficullies maintaining sleep. This could be an early warning sign of increased risk of cognifive decline and

INTRODUCTION
Cognitive decline is a common problem in aging populations
and is a major health concern that may confer serious chal-
lenges on daily activities of personal life and family func-
tioning.! Thus, it is important to identify possible predictors
of cognitive decline in order to develop effective preventive
measures. o

Recently, the sleep-cognition relationship has gained consid-
erable attention in aging studies. As listed in Table 1, impaired
sleep patterns under investigations have inciuded prolonged
or short sleep duration, excessive daytime sleepiness, snoring,
as well as difficulties initiating (DIS) and maintaining sleep
{DMS). Previous cross-sectional studies on the relation of
sleep characteristics to cognition have predominantly focused
on sleep duration and excessive daytime sleepiness, with most
findings supporting an association between both self-reported
long sleep duration and excessive daytime sleepiness with lower
levels of cognitive function.>® However, conflicting evidence
was presented in a recent large scale cross-sectional study that
emphasized the association of short sleep duration on cogni-
tive decline. In longitudinal studies, problems in initiating and
maintaining sleep, excessive daytime sleepiness, and short and
prolonged sleep duration were all associated with cognitive de-
cline!* Tn contrast, evidence from other longitudinal studies
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failed to confirm a significant association between cognitive
impairment and either sleep difficuities (DIS and DMS), "
long sleep duration, or snoring.!® Furthermore, several short-
comings of the previous published work includes study samples
that are restricted to either male™ or female'®' populations. To
date, studies which reported significant associations between
cognitive decline and problems maintaining sleep in both men
and women remain sparse. Furthermors, none of these studies
considered the influence of baseline cognitive status on the ad-
verse effect of sleep on cognitive change.

Based on these mixed findings, the evidence for an associa-
tion of various patterns of poor sleep and cognitive decline is
still inconclusive. Despite extensive scientific work in sleep-
cognition research in the recent years, there is still an unsat-
isfying research gap that demands further studies. Therefore,
we aimed to investigate whether major patterns of poor sleep
(difficulties in initiating sieep [DIS], difficulties in maintaining
sleep [DMS] or both DIS and DMS, daytime sleepiness, and
sleep duration) were associated with cognitive decline in a pop-
ulation-based sample of older adults (6494 years) over 3 years
of follow-up. Among the various risk factors of cognitive de-
cline, baseline cognitive status has been shown to be one of the
most important predictors, Several studies have demonstrated
the predictive value of baseline cognitive function for further
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Table 1—Prospective, popufation-based studies invesligating sleap characleristics associations with cognitive decline.

Men/ Age
Women | (range/ Sieep Cognitive h
References | Settings n (%} mean) | Sleep Characteristics Assessment | Test Main Findings Confounders
_ R L .. CROSS.SECTIONAL $TUDIES ' '
Rames etal. | The Norhern 2,266 39461 759 | clesp duration, sleap Subjactive MMSE Long slesp duration was associated with age, 56X, race-ethnicily, education,
{2013 Manhattan disordersd breathing, waorse MMSE parfermance {or lowar cognitive | inswrance status
Study (NOMAS) daytime slespiness function).
Blackwsll ot | Community 2,932 (0400 | =65 total sleap time, cleap Ohjectiva MMSE Pocr slpep was assoclated with Impalred age, race, depression, education,
al. (2006) dwetling women efficiency, sleep latency, cognitive function in older women. haailh status, hypertension,
wake after sleep cnsst, total smoking, aleohol use, physical
nep time activity
Blackwell ot | The MiOS 34132 0o | 2455 total sleep time, sleep Subjective MMSE Short sleep duration and excessive daytime | age, race, BMI, co-morbidifies,
al.{2041) Sleap Study efficiancy, wake after and cbisclive staapiness was not significantly associated education, smoking, dleohol use,
stesp onset, poor sfaap, with cognifive function. physical actvity, depression
excessive daytime
sleapingss
Meriino at Communily 750 051 z65 insomnia, snotng, slesp Subjective MMSE Daytime sleepiness was associated with age, education, nerveus system
al{2019) dweiiing adults apneas, restless leg, siesp dementia and cognitive decline diseases, drugs
walking, daytime sleepinass
Elwood et The Caerphilly 16040 80-74 | Insomnia, restiess legs, Subjective Steap disturbance and dayiime sleepiness age, social class, smoking, alechot
al {2010} Cohert Study shorng, sleap apnaa, was associaled with vasoular dementia. use, BMY, chest pain, drugs
daytime slsapiness
I T T sl n o w0 e T PROSPECTIVE STUDIES _ _
Blagkwall et | The MIOS 2822 100/ | 76+53 | sleap ime, sleep onset, Subiective MMSE Reducad sleap efficlanay, DIS, DMS, poor dopressive symploms,
al. {2014) Study walte episedes and ohjectve sleep qualiy were associated with cognitive | comorbldiies, medication use
. dacling in older men.
Criccoeta. | The EPESE 6444 17535 |>65 symptoms of insamnia Subjeciive SPMSQ | Chroric Insomnia was associated with age, Tace, education, smoking,
{2001} Study inclder? cogritive decline in older men aleohol consumptlion
Foley et al. Honolely Asia | 2,346 10010 71-63 ! davlime slespiness Subjective CAS{ Daytime sleépinass was agsociated with aga, aducation, hours of sleep,
{2001} Aging Study 3-Year incident Demantia and cognitive daytime napping, haart diseases
(HAAS) dectine in men,
Jeliic ot al. Maastricht 838 52/48 > 50 sleap problems {falting Subjective MMSE Subloclve sleep problams was assoclated age, sex, cognitive funclion at
{2002) Ageing Study asteap, waking up to eary, wiih cognitive decline haseline, aducation
{MAAS) disturbed sfeap) o
Tworcgeret | The NHS 1,844 0100 | 70-81 | sleap duration, difficulty Subjective TICS Sleep duralion, difficulty sleeping and age, education, smoklng, physical
al. (2006) Cehort B slaeping, snaring snoring wera not significantly associated with | activity, aloohol consumption,
sagnitive decline in women hypertension
Benilcleon el | The NEDICES | 3,286 4257 73 sleep duration Subjective MMSE Long sleep duration was associated with risk | basefine age, educational level,
al. {2000} Study for dementia stoking, alcohol consumption
Learbroks et | The HelDE 4010 07100 >70 sleep durafion Subjsetive TICS Long sieep duration was significantly hypertension, stroke, dishetes
al{2009) Study associated with cogniive Impairmant
Jaussent et The French 4,094 43/57 =85 encessiva daylime Subjective MMSE Excassive daylime sleopiness was assotated | age sex, BM, sleep medicines
al (2612 Three-Gily sleepiness, ditfculty in with cognifive decline whereas poor sleep
Study maintaining sleep quatity, DIS and early mormning awakening
wargrol ) -
Keage etal Cogritive 2,041 47153 > 6§ malntenance and onset Subjective MMSE Napping at haefine, short sleep duration g6, sex, 8MI, education
{2012) Funcion and of sleep and excessive daytime sleepiness were
Ageing study associated with cognitive decline.
Potvin et 2. ESA Study 1,664 3070 1 65-96 | sleep duralion, steep quality | Subjeclive MMSE In.men, short sleep duration and slesp edusation, anxiety, ¢hronic
{2012) {Survey on officiency was associated with cogritive diseases, cardigvaseuiar
Elder's Health impalrment. Inwomen, sleep disturbance canditions
and long sleap duration were associated with
cognitive decline.
Bonifo-leon el | The NEDICES | 2718 | 4367 |73 slesp duration Subjective MMSE Long slsep duration was associated with haseline aga, gender, edugation,
al. {2013) Sty cognitiva dectine, geographicel area, depression
Virta 2t &l. Oider Finnigh 2336 52148 65 slaep duration, sleep quality ¢ Subjective TICS Shori sleep duration, poer sleep quality and age, sex, sducation, follow up ime
(2013) Twin Cohorl use of medications were associated with
cogritive dectine.
Devors etal. | Prospective 16385 [ouee (=70 sleap duraficn Subjective TICS Long sleep duration was associated with age, educalion, smoking, physicat
2014) Nurses' Health cognitive dacline. activily, alcohol Intake
Study Cohort

CASI, cognitive abilifies screening ingirument, SPMSQ, Short Portable Mental Siatus Questionnaire, MMSE, mini-mental status examination,
TICS, telephone interview for cognitive status.

decline which provided the rationale for adjusting for baseline
values in models of cognitive change in the current study.
Furthermore, the association between sleep and cognitive func-
tion was considered in the presence of potential confounders
which have been acknowledged as risk factors of cognitive
decline: age, sex, baseline cognitive score, smoking status,
alcohol consumption, physical activity, depressive symptoms,

hypertension, and somatic comorbidities 213151521
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METHODS

Design and Setting'and Participants
The data from the -pfesent investigation stem from the KORA-
Age Study which is a population-based study that aimed to
examine the prevalence and determinants of functioning,
multi-morbidity and successful aging in men and women

aged 64 to 94,22 KORA-Age is a follow-up examination of
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KORA Age (2008/2009)

Postal health questionnaire n = 4,665 (76.2% of eligible persons)
Telephene interview i1 = 4,127 {68.9% of all eligible persons)

_____________ - - __;$ [ L Proxy interview (n = ?85). : }
( KORA Age personaltelephone interview (n = 3,942) J E

———————————————————————————————————— > [ g ;45V:”7‘_35‘59: in TIGSm (n =364) }
L KORA Age completed TICSm (r = 3,578) }

mmmmmmmmm - S ~4>{ Missing (n=2,498) [
{ KORA Age medical examination (n = 1,079} J

__________________________________ > [ ' :Mi§SIng(n=2§7} ;: J
[ KORA Age re-examination 2012 (h = 822) J

—————————————— N >[ | weeepee) |

l KORA Age re-examination 2012 with completed TICS-m (n = 740}

Figure 1-—Flow chart of the KORA Age study and the 3-year follow-up study, derived from the MONICA/KORA surveys.

the participants (= 64 years) of the previous surveys of the
MONICA/KORA (MONHoring of trends and determinants in
CArdiovascular disease/Cooperative Research in the Region
Augsburg) Study, which has collected data since 1984. Partici-
pants live in the city of Augsburg or its two surrounding coun-
ties in southern Germany.

In 2009, a clinical examination was performed in 1,079 par
ticipants in a gender- and age-stratified random sample of the
MONICA cohort. In 2012, a re-examination was performed
in 822 persons (84.3% of all eligible persons). Both baseline
and follow-up surveys included a telephone and personal in-
terview and a physical examination which assessed somatic
and mental health related multi-morbidity. A total of 740 study
participants {men = 49 %, n = 366, women 51%, n = 374, mean
age = 75 years (range 6494 years) with complete data on
baseline covariates and cognitive status as well as cognitive
status at follow-up were included in the study (Figure 1). In a
drop-out analysis of the excluded participants, there were no
significant age and sex differences observed (data not shown).

Quality control in the KORA Age study was assured by ex-
tensive operation manuals, training and certification of inter-
view and examination personnel, a pilot study well in advance of
the main study, and an external quality assurance audit, Internal

SLEEF, Vel. 39, No. I, 2016

quality control was performed to regularly moenitor ali relevant
aspects of data acquisition, Written informed consent was ob-
tained from each study participant and the study was approved
by the ethics committee of the Bavarian Medical Association,

Endpoint: Cognitive Status

Cognitive status ‘was measured by using the German lan-
guage version of the Telephone Interview for Cognitive Status
modified (TICS-m) which includes adjustment for years of ed-
ucation.® The TICS-m in German was administered according
to published procédures.” The TICS-m includes 2 additicnal
tasks: immediate and delayed verbal recall. The TICS-m
contains the following items: (i} name, date, age and phone
number (9 points); (if) counting backward (2 points); (iii) first,
a 10-word list learning exercise and then a defayed recall of
that word list {20 points), (iv} serial sevens (5 points); (v) re-
sponsive naming (4 points); {vi) repetition {2 points); (vii) cur-
rent German President and Chancellor (4 points); (viii) finger
tapping {2 points), and (ix) word opposites (2 points). The in-
strament includes 4 cognitive domains: orientation; memory
{registration, recent memory and delayed recall); attention/
calculation; and language (semantic memory, comprehension
and repetition), The TICS-m was administered according to
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published procedures and followed a standardized script.?® The
TICS-m score ranges from of 0 to 50.** Normal cognitive func-
tion was defined as having a TICS-m score = 31; mild cogni-
tive impairment (MCI} was between 27-31; and a score < 27
indicated probable dementia.®

Exposure: Sleep Characteristics

Sleep related characteristics were evaluated in the interview
using the Uppsala Sleep Inventory (USI).? Two separate
3-category interview questions were asked concerning an in-
dividual’s difficulties initiating sleep (*Do you have trouble
falling asleep?”) and difficulties maintaining sleep (“Do you
wake up during the night?”). Individuals were considered to
have difficulties if they answered “often™ or “sometimes™ and
were compared to participants who answered “almost never”
in response to the questions. Participants were grouped into
those with difficulties initiating sleep (DIS), those with dif-
ficulties maintaining sleep (DMBS), or those with difficulties in
initiating or maintaining sleep {(both DIS and DMS), Daytime
steepiness was assessed by the question, “Do you feel tired or
exhausted during the day due to the sieeping problems in the
night (often, sometimes, or almost never).” Sleep duration was
assessed with the question “How many hours a day do you usu-
alty sleep? Please also think of nap habits.” Participants were
invited to answer in infeger hours. Extreme sleep duration cat-
egories (short: <5 h, long: = 9 h} were assessed based on the
categories deseribed in previous studies.'®?

Covariates Assessment

Soclodemographic Variables
Sociodemographic variables included age and sex.

Behavioral and Cognitive Risk Factors

Baseline information on sociodemographic variables, smoking
habits, physical aciivity level, and alcohol consumption were
gathered by trained medical staff during a standardized inter-
view. Study participants provided information about whether
they had ever smoked cigarettes regularly (never smoked, cur-
rent smokes). Alcohol consumption was rated as “daily or al-
most daily,” “once or several times a week,” “no or very rarely
alcohol.” Each participant was questioned regarding his or her
leisure time physical activity during the winter and summer.
The questionnaire consisted of a 4-level graded scale for lei-
sure time physical activity during summer and winter time
{0, <1, 1 to 2, and > 2 h/week). The winter and summer re-
sponses were combined o create one variable of leisure time
physical activity level. Participants were classified as active
if they regularly participated in sports > 1 h/week in either
season. Actual hypertension was defined as blood pressure
values > 140/90 mm Hg and/or use of antihypertensive medica-
tion, Multi-morbidity was defined as the co-occurrence of > 2
disease conditions based on the Charlson Comorbidity Index.”

Psychological Variables

Depressive symptoms were measured by the 15-item German
version of the Geriatric Depression scale (JGDS-15] cutoff
point > 5 for mild or moderate depression).*®
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Statistical Analysis

Baseline Descriptive Analysis

Study population characteristics were stratified by a cogni-
tive status at baseline (normal versus cognitively impaired
{probable dementia, and MCI). Participants were classified as
having no sleep problems (n = 159), having DIS (n = 52), DMS
{n = 211) or both DIS and DMS (n = 318). Cognitive change
{TICS-m1-TICS-m2) was defined as the difference between
TICS-m score value at baseline and follow-up. Participants
who had improved or declined in cognitive score at follow-up
were based on a one point change per year (+ 3). A negative
value represents an improvement in cognitive function and a
positive value repfesents cognitive decline. Bivariate associa-
tions of baseline variables with cognitive status were tested
using the Kruskal-Wallis test for continuous variables with
more than 2 groups, The ¥ test was used to examine the as-
sociations between categorical variables.

Analytic Statistics . .

Linear regression was carried out to analyze the association be-
tween various patterns of poor sleep (main exposure) and cog-
nitive change. (continuous outcome), Three distinct patterns of
poor sleep (sleep difficuities at night [DIS, DMS, and both},
daytime sleepiness;and sleep duration) and the total sum score
of ail sleep domains were considered in separate models with
2 approaches, The association of poor sleep patterns and cog-
nitive decline was considered in one “crude model” adjusted
only for age and sex as well as in a “full model” adjusted ad-
ditionally for the presence of known potential baseline con-
founders (age, sex; baseline cognitive score, smoking status,
aicohol consumption, physical activity, depressive symptoms,
hypertension, and,somatic comorbidities™¢12131%1%20), Cryde
and fully adjusted models were calcylated by using the GLM
{generalized lineat ‘models) procedures. We then examined
the interaction of the effect of any of the 3 patterns of poor
sleep with baseline cognitive status on cognitive decline, by
including the product of both variables in the fully adjusted
model. Results are presented as parameter estimates of unstan-
dardized ([} and 95% confidence intervals {CI). All statistical
analyses were run in SAS version 9.2 (SAS Institute Inc., Cary,
NC). The significance level was set at 0.05. The analysis and
description followed the STROBE (STrengthening the Re-
porting of OBservational studies in Epidemiology) guidelines
for observational studies.*

RESULTS

Descriptive Analyses

The baseline study population consisted of 740 subjects
including 49% (1 = 366) men and 51% (n = 374) women,
The median age;of participants at baseline was 75 years
(8D #+ 6.18) ranging from 64-94 years. Among all partici-
pants, 82.83% (n =:613) had normal cognitive status, 13.51%
(n = 100) showed; indications of mild cognitive impairment
(MCI), and 3.64% (n = 27) of participants had scores indi-
cating probable dementia at baseline. Table 2 summarizes the
sociodemographic-characteristics and mental health related
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Table 2—Popuiation characteristics strafified by baseline cognitive status (n = 7403,
' Baseline Cognitive Status.

Variables Normal (n = 613) Cognitively Impaired {n = 127) Pvalue
Age, mean + SD (74.59 + 6.18) 74.16 £ .16 76.77 4 6.78 0.15
TICS-m score, mean {95% Cl} JA4F7T 0377 287 (28.3t0 29.1) <{.0004
Cognitive change score, mean (95% CI) -1,28 (-2.10 10 -0.45) 0. 76 {0.42to 1.10) <{.6001

Male 286 (46.66} 80 (62.99)
Female 327 (53.34) (37 01)
Alcohol consumption 0.33
Daily or almost daily 175 (78.55) 45 (35.43)
Once ‘or Several times a week 176 (28.71) 30(23.62)
Smoking status : 6.27
Current smoker 254 (41.44) 6 (36.22)
Nevar smoked 359 {58.56) 81 (63.78)
Physically inactive 234 (38.17) 4 (50.39) 0.01
Hypertension 444 (72.43) 4 {74,02) 0.71
Muiti-morbidities i 0.¢
No somatic disease condition 69 (11.28) - 8{6.30)
One condition 173(28.22) 31{24.41}
2 2 conditions 371 (60.52) 88 (69.29)
Sleep problems 0.45
Only DIS 46 (7.50) 5 (4.72)
Only DMS 179 {29.20) 32 (26.20)
Both DIS and DMS 260 {(42.41) 58 (45.57)
Daytime sleepiness y 0.52
Oftenfsometimes 208 (33.93 37 (29.36)
Almost never 404 (66,01} 90 (70.87)
Sleep duration, mean + SD (7.67 + 1.40) 762138 7.94 + 1,56 0.98
Shord sleep hours ' 39 (6.4) “9(7.) 060
Long sleep hours 147 (24.0) 43(33.9) 0.06
Depressive symptoms 6 {0.98} C241.57) (.55
Values are presented as n {%), mean = SD, or mean (95% Cl). For continuous variables P values are derived by Kruskal-Watlis tests. For catego;xcal
varigbles P values are derived by 4 tests, SD, standard deviation; C}, confidence interval; DIG, dn‘f cuities in initiafing slaep; DMS, difficuliies in
maintaining sleep.

variables stratified by cognitive status at baseline. Compared
to cognitively impaired individuals, subjects with normal
cognition were more likely to be female and to be physically
active, However, at baseline, no significant differences be-
tween the 2 groups were observed in terms of age, lifestyle
and cardiovascular risk factors {(smoking status, alcohol in-
take, and hypertension), sleep characteristics (difficulties
in maintaining sleep [DMS], difficulties in initiating sleep
[DIS], daytime sleepiness {DS], and sleep duration), and de-
pressive symptoms.

As displayed in Table 2, in all 613 study participants
with normal cognitive function at baseline, a total of 21%
{n = 128) were individuals without sleep preblems, whereas
a minority (8%, n = 46) reported having DIS, 29% (n = 179)
reported DMS, and 42% {n = 260) had both DIS and DMS.
Among 127 cognitively impaired subjects, 24% {(n = 31)
reported no sleep problems, whereas 5% (n = 6) reported
having DIS, 25% (n = 32) had DMS, and 46% {n = 58) had
both DIS and DMS.,
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Prospective Analysis

Cognitive Trajectories of the Study Participants

In the total population, the mean {&= SD) TICS-m score at
baseline and at 3-year follow up was quite similar (base-
fine = 35.9 + 4.8 and follow-up = 35.5 + 5.5). Almost half of the
population (43%, n-= 317) remained stable in their cognitive
status. In 32% of participants (n = 236), a decline in cogni-
tive score was observed, while in another 25% of participants
(n = 189), > 3-point improvement in their TICS-m score was
observed, Thus explaining the overall stability of TICS-m
score in the population over 3 years.

In subjects with normal cognitive function (n = 615), 35%
{(n = 214) showed a decline after 3-year follow-up in cog-
nitive score, 22%:(n = 134) improved, and 43% (n = 267)
remained stable in their cognitive score. From baseline to
follow-up, the decline in cognitive score (mean, 95% CI)
of participants with normal cognition was —1.28 (-2.10 to
—.45), However, the mean of change in score of the TICS-m
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Figure 2—The effect (B-estimate and 95% confidence interval {C1)} of patterns of poor sleep on cugnitive decline {n = 740). {Exposure of patterns of poor
slesp on cognitive decline were assessed in 3 saparate models; model 1: difficulties in initiating sleep, difficulties in maintaining sleep and both; model 2:
daytime sleepinass; mode! 3: sleep duration). The effect of difficulties initiating, or maintaining sisep, or both, were referenced to no sleep difficulties. The
effect of daylime siespiness {often and somelimes) was referenced to aimost never daytime sleapiness.

score for individuals with normal cognition remained within
the normal range. -

Out of 127 cognitively impaired participants, 17% (n = 22}
showed a decline in cognitive score while 43% (n = 35) im-
proved in their cognition and 39% (n = 50) remained stable.
The mean of change in TICS-m score was 0.76 (0.42 to L10).
Although the mean of change in score showed an improvement,
the change in score remained within the cutoff for cognitive
impairment.

Associations between Patferns of Poor Sleep and Cognitive
Decline over Three Years o
Participants who reported DMS at baseline (n = 211) were
more likely to have a decline in their cognitive score after 3
years compared to those who reported no DMS at baseline
{B = 0.85, 95% CI = 0.001 to 1.70, P value (P) = 0.049) (crude
model adjusted for age, sex, and baseline cognitive score). The
association between DMS and cognitive decline was slightly
increased when models were additionally adjusted for physical
activity, hypertension, smoking status, alcoho! consumption,
co-morbidities and depressive symptoms (full model, p = 0.83,
95% CI=0.03 to 1.74, P = 0.04) as depicted in Figure 2.
However, difficulties in initiating sleep (DIS) (n = 52) or
combined difficulties in maintaining and initiating sleep
{(both DIS and DMS} {n = 318) were not significantly associ-
ated with cognitive decline (DIS: § = 0.29, 95% CI = -1.01 to
1.59, P = 0.66, both DIS and DMS: P = 0.63, 95% CI = ~0.19
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to 144, P = 0.13), although the direction of association was
similar, No other sleep characteristics (DIS, DIS and DMS,
DS, or the continuous sleep duration variable) achieved sia-
tistically discernable effects. Daytime sleepiness and. sleep
duration were also assessed as main exposures in crude and
full models (Figure 2). In a sensitivity analysis, extreme sleep
duration categories (very shart or very long sieep hours) were
not significantly associated with cognitive decline in the total
sample (data not shown).

Stratified Analysis: Associations between Sleep Disturbances
and Cognitive Decline Stratified by Cognitive Status at

Baseline R

Based on the known confounding role of baseline cognitive
status as well the significant interaction observed between cog-
nitive decline and sleep disturbances (DMS*baseline cognitive
status: P = 0.04), we further stratified our regression analyses
according to normal or impaired cognitive status at baseline.
DMS was significantly associated with cognitive decline only
in participants with normal cognitive status and not in cogni-
tively impaired individuals. In a fully adjusted model, cognitive
decline was 1.3-points larger in cognitively normal individuals
with DMS comparéd to individuals with no sleep disturbances
(B =1.26, 95% CI= 0,35 to 2,18, P = 0.007) whereas the effect
in cognitively impaired participants with a 0.06-point change
in TICS-m scoré, was not statistically significant in the model
(B =0.06, 95% CI =~2.23 t0 2.35, P = 0.96) (Table 3).
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baseline cognitive status (n = 740).

Table 3—The effect of sleep-related characteristics (sleep disturbances, daytime sleepiness, and sleeh duration) on cognitive decline stratified by

Normal {n = 613)

Cognitively Impalred {n = 127}

Sleep Characteristics (n) B (85% Cl}

No sleep problems S ¢
Only DIS (46/6) 0,58 (-0.78 to 1.94)
Only DMS (179/32) 1.26 {0.35t0 2,18}
Both DIS and DMS (260/58) 0.77 (-0.11 0 1.66}

No daylime sleepiness, DS 0
Cften (64110} ~1.05{-2.22 10 0.11}
Sometimes (144/27) 0.1% {~0.67 to 0.89}

Sleep duraticn, hours 0.006 {~0.23 tv 0.24)
6-8 h {38/8) 0

Short, < 5 h (429/75) 0.66 {-0.58 f0 2.01)

Long, = 9 h {146/43) 0.37 {(-0.38 10 1.13)
Sum of sleep score

0{78/19) 0

1(164/28) 118 {011 e 2.27)

2 {17938} 1.14 (0.07 t0 2.72)

3{155/29) 1.16 (0,03 10 2.30)

4 (3913} 0.95 (-0.67 to 2.57)

P value B {95% Ch P value
0 70 0
0.40 -140(-53910258) 048
0.007 0.06 (~2.23 to 2.35) (.96
0.09 023 (+1.98 to 2.45) 0.83
0 a0 0
0.07 -1.82 (-5.29 10 1.65) 0.3
0.77 "0.65 (~2.65 to 1.34) 0.52
0.96 0.45 (-0.05 0 0.96) 0.08
0 0 0
0.9 -0.14{-3.38 t0 3.09) 0.93
012 1.86 (0,15 to 3.57) 0.03
0 0 0
0.03 2.89{0.21 10 5.58) .03
0.04 1,47 {~1.06 to 3,99) 0.25
0.04 1,06 {1.73 to 3.84) 0.45
0.25 0.07

Adjusted for age, sex, baseline cognitive score, physical activity, hypertension, smoking status, é_lcohol consumption, comorbidities, and depressive -
symptoms, DIS, difficulties in initizting sleep; DMS, difficulties in maintaining sleep; DS, daytime sleeniness.

3.36 (-0.23 10 6.95)

The impact of DMS was assessed in a sensitivity analysis
as a single sleep complaint, adjusted additionally for DIS and
other important confounders. As expected, DMS significantly
increased the risk for cognitive decline in individuals with
normal cognition (§ = 0.89, 95% CI = 0.15 to 1.64, P = 0.02)
while DIS did not (—0,23, —0.93 to 0.46, 0.52). Also no sig-
nificantly discernable association was observed between ei-
ther DMS or DIS and cognitive impairment in the cognitively
impaired subjects (DMS: 0,47, —1.51 to 2.46, 0.64, DIS: —(.15,
—2.04 to 1.74, 0.88). However, the accumulation of sleep com-
plaints increased the risk for cognitive decline, as displayed
in Tabie 3 in individuals with normal cognition. Here, a sug-
gestive dose-response relationship was observed (1: § = 1.19,
95% C1=0.11to 2.27, P = 0.03, 2: 1.14, 0.07 10 2.22, 0.04, 3
1.16, 0.03 to 2.30, 0.04). On the other hand, as also displayed
in Table 3, prolonged sleep duration increased the risk for cog-
nitive decline only in cognitively impaired participants (1.86,
0.15 to 3.57, 0.03) and not in subjects with normal cognition
(0.37, —0.38 to 1.13, 0.12). No significant association between
short sleep duration and cognitive decline was observed.

PDISCUSSION

Insomnia comprises an impaired sleep pattern with difficulties
in initiating sleep (DIS), maintaining sieep (DMS) or non-re-
storative sleep accompanies by significantly impaired daytime
functioning.® Sleep problems are frequently reported in the
elderty® and this is confirmed in the present study with only
approximately 25% of participants reporting no sleep prob-
lems, To the best of cur knowledge, here we present the first
study in an older, community-based population that reports a
significant association between DMS and cognitive decline in
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men and women with normal cognitive status over a 3 year of
foliow-up. :

BEven the adjustment for confounding risk factors {physical
activity, hypertension, smoking status, alcohol intake and
multi-morbidity) did not alter the strength nor the significance
of the prospective association between DMS and cognitive
decline in these subjects. This also holds true for depression,
which is an establishied risk factor for cognitive decline® and is
a key pattern of impaired sleep,* making it unlikely that the
refationship between sleep and cognitive decline could be in-
dependent of depressive symptoms. However, the association
between sleep disturbances and cognitive decline remained
significant even after further adjustment for depressive symp-
toms. Hence, DMS appears to be a robust and independent pre-
dictor of cognitive decline particularly in subjects with normal
cognitive function;’

A positive association of DMS on cognitive decline has al-
ready been demonstrated in a few longitudinal studies, how-
ever, this evidence is mostly limited by sex-specific samples.
The population-based MrOS study of 2,822 elderly men,’ the
male population in the Established Populations for Epidemi-
ologic Studies of the Elderly (EPESE) study (n = 6,444, age
60 years and above),® and the elderly female population of the
Survey on Elders” Health (ESA) study with 1,664 subjects (age
range of 65 to 96 yearsy® showed an association between DMS
and cognitive decline. In contrast, no association was observed
between sleep disturbances and incident cognitive impair-
ment in a female cohort of the Nurses’ Health Study cohort
{n= 1,844, age 70 to 81 years).!® Thus, the present investigation
confirms and extends these previcus findings for both sexes in
which DMS is asscciated with cognitive decline.
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Furthermore, the previons studies of the EPESE study, the
Maastricht Ageing Study (MAAS) and the Nurses’ Health Study
cohort, have combined DS and DMS as part of insomnia-like
features or subjective sleep complaints and did not assess DIS
and DMS separately.®'%* In this present study, we have shown
that only DMS, and not DIS, nor both DIS and DMS, was asso-
ciated with cogniiive decline. DMS was still the only significant
predictor of cognitive decline, even when assessed as a single
sfeep complaint in 2 model adjusted for DIS.

DMS has no measureable effect on cognitive decline in par-
ticipants who were already compromised by lower cognitive
functioning at baseline. No other study has comprehensively
assessed the modifying role of the baseline coguitive status in
the association of DMS and cognitive decline. The null effect
in the cognitively impaired participants may be due to a “floor
effect” resulting from little change in TICS-m score at baseline
to follow-up because cognitively impaired subjects had already
reached a lower cognitive function whereas individuals with
normal cognition had a larger reom for improvement/decline
due to a wider range of TICS-m score in the normal cognitive
status category. Secondly, we cannot exclude the possibility
that cognitively impaired participants were not able to cor-
rectly answer the TICS-m questions,

Difficuities in initiating sleep (DIS) and daytime sleepiness
(DS) were not associated with diminished cognition. As DIS
has been associated in earlier studies with cognitive decline, it
is most likely that our nonsignificant finding is due to the low
number of subjects who reported DIS. The same holds true
for daytime sleepiness (DS) which was recently demonstrated
to be independently associated with cognitive decline in men
and women of the French Three-City Study (n = 4,894 par-
ticipants).' Additionally, in the Honolulu-Asia Aging study
(n = 2,346) of men, daytime sleepiness (IDS) was highlighted
to be the only measurement that was reliably associated with
cognitive decline over a 3-year follow-up.” On the contrary, in
a British study of men and women (n = 2,041, aged 65 years
and older), daytime napping was associated with lower risk of
cognitive decline.'! The present investigation contributes novel
data to conflicting evidence published to date. A meta-analytic
research strategy which could clarify the impact of DS in cog-
nitive decline is urgently needed.

The third sleep feature assessed in this present investiga-
tion was sleep duration (in hours) that was neither associated
with TICS-m score nor with cognitive decline; a result which
is supported by a previous study.!® In study participants with
probable cognitive impairment at baseline, individuals who
reported extremely long sleeping duration (= 9 h} had a sig-
nificantly increased risk of continued cognitive decline. This
was not observed with short sleep duration (< 5 h), However,
it should be mentioned that both short' and prolonged sleep
hourst>!3152:2 have been shown to be associated with cogni-
tive decline in other prospective analyses. Interestingly, long
sleeping, as assessed by self-report and not from objective
actigraph measurement, was significantly asscciated with
cognitive decline in a cross-sectional male population study
{n = 3,132, age 76.4 + 3.6 years)* Thus, the current finding
highlights the deleterious effect of prolonged sleep duration in
cognitively impaired elderly men and women.
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Potential Mechanisms

The present study was not designed to elucidate the psycho-
biofogical mechanism to explain the link between DMS and
cognitive decline. However, insomnia is a sleep disorder asso-
ciated with both cognitive-emotional and physiological hyper-
arousal. Dysregulated hypothalamic-pituitary-adrenal (HPA)
axis® accompanied by hypersecretion of cortisol levels™ and
proinflammatory cytokines® were associated with increased
risk for cognitive decline. Chronic exposure fo cortisol™
and blunted diurnal cortisol pattern® as well as central cho-
linergic dysfunction® with advancing age, may contribute to
neurotoxicity effects on the hippocampus, which can affect
memory performance and lead to cognitive impairment. It has
been shown that the sleep maintenance zone is important for
cognitive function which occurs at the peak of REM when
the body temperature is lowest.”® Disruption of REM sleep
has long been known to be associated with cognitive decline
and a recent population-based study further identified specific
stages within REM to be associated with cognitive decline in
older men.”* Our current analyses extend these findings in both
sexes with evidence that DMS may be disrupting this essential
phase of sleep that leads to memory failure, Future studies are
warranted to assess disrupted sleep patterns with diurnal cor-
tisol patterns to complete the link between HPA axis dysregu-
fation, disrupted sléep patterns and cognitive decline.

Besides the detrimental effects of DMS on cognitive decline
in elderly individuals with normal cognition, the findings that
prolonged sleep hours have a negative impact on cognition ap-
pears somewhal counterintuitive, However, the fact that this
was only observed.in cognitively impaired participants may
reflect a clinical symptom of deterioration with old age. It is
not unlikely that this finding reflects a syndrome of vital ex-
haustion and general decline in somatic abilities and thus could
also be a sign of a disease condition such as depression, frailty,
or neurological disorders, '

Study Strengths and Limitations

The study has seveial strengths and limitations. Among the
strengths of the study is the extensive assessment of health
risk factors in a latge sample of elderly participants, enabling
us to perform a comprehensive adjustment for potential con-
founders. The current study also has the advantage of using
the TICS-m measurement that is sensitive for detecting early
cognitive impairment and useful in large study settings™
with a good test-retest reliability.* However, one needs to ac-
knowledge that the TICS-m score is a screening instrument
which does noi substitute for a clinical diagnostic procedure
but has significant. probability to distinguish between normal
and impaired cognition, The distribution of the TICS-m has
been shown to have a more symmetric and normal-shaped dis-
tribution than the Mini-Mental State Examination (MMSE),
suggesting that TICS-m is less subject to the ceiling effects.™
Furthermore, both .cognitively healthy and cogaitively im-
paired individuals were phenotyped at baseline. The study par-
ticipants were healthy enough to conduct a telephone interview
and highest quality assurance was incorporated into the study
to assure that each participant was independently answering
each questiorn.
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A potential limitation of this study was the relatively short
follow-up period of 3 years, which may have been too short
to capture discrete Jevels of cognitive decline. Nonetheless, 3
years in old age may contribute to substantial changes in gen-
eral health, Another limitation of this study was the assess-
ment of sleep problems without a fixed time-frame and by
self-report. However, only one prospective study assessed both
objective and subjective sleep measurements and found no sig-
nificant difference between both measurements.” Furthermore,
we did not assess sleep apnea, which may be associated with
Himited oxygen supply that could have consequences on cogni-
tive functioning,

CONCLUSION

This study presents evidence for the prospective association
between longer nighttime wakefulness and cognitive decline
over 3 years of follow-up even after adjustment for important
confounders. In particular, individuals with normal cogni-
tion at baseline were at risk if they experienced difficulties
maintaining sleep, These new findings may contribute to the
development of appropriate preventive approaches in the iden-
tification of impaired sleep quality to avoid cognitive decline
in elderly individuals with normal cognitive function. DMS in
older adults could be an early warning sign of increased risk of
cognitive decline and should receive particular attention from
clinicians. Thus, it is important to include sleep quality assess-
ment in health screening for older people. Identification of risk
factors, combined with early diagnosis and intervention, is
critically important to prevent individuals from cognitive de-
cline that leads on a trajectory toward dementia. In this regard,
disrupted sleep may be particularly detrimental for optimal
maintenance of cognitive function. Thus, i is important to pre-
serve sleep quality, particularly in the sleep maintenance zone.
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