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Abstract

This study examined the relationship between cognitive function and sleep onset/maintenance difficulties (SO/MD)
in nondemented older adults. We hypothesized that SO/MD negatively impacts cognition and that older adults with
lower education would be especially vulnerable to its effects. The sample comprised 549 older adults from the Einstein
Aging Study (EAS), a community-based cohort. Participants completed neuropsychological assessment and a sleep
questionnaire. Univariate ANCOVAs were performed with cognitive performance as a dependent variable, SO/MD
(present or absent) and education (lower: <12 years; higher: .12 years) as between-subjects factors, and age, ethnicity,
gender, depression, and cardiovascular comorbidies as covariates. Participants were an average age of 79.7 6 5.0 years
(range 5 71–97 years). Fifty-seven percent (n 5 314) of the sample met criteria for SO/MD. Among participants with
SO/MD, those with lower education performed more poorly on a test of category fluency than participants with higher
education (means: 35.2 vs. 41.0; p , .001); among older adults without SO/MD, educational attainment had no
measurable effect on cognition (SO/MD 3 education interaction (F(1,536) 5 14.5; p 5 .00)). Consistent with the
cognitive reserve hypothesis, older adults with lower education appear selectively vulnerable to the negative effects
of sleep onset/maintenance difficulties on tests of verbal fluency. (JINS, 2012, 18, 461–470)
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INTRODUCTION

The rising worldwide population of older adults necessitates
an urgent focus on the unique health care needs of elderly
individuals. It is well-established that older adults experience
decline across a variety of cognitive abilities, including
processing speed, attention, memory, language, and higher-
order executive processes (Anstey & Low, 2004; Park, 2000;
Zimmerman & Brickman, 2009). In addition, cognitive
abilities are highly variable in healthy older adults, with
substantial evidence of both intra- and inter-individual
variability in test performance (Christensen, 2001). Vari-
ability in cognitive function may be caused by a multitude of
environmental and biological factors that include disruptions

in the sleep/wake cycle, among other factors. With advancing
age, healthy adults experience alterations in sleep archi-
tecture, more frequent waking after sleep onset, poorer sleep
efficiency, reduced total sleep time, daytime sleepiness, and
increased napping (Ancoli-Israel & Lieberman, 2004; Hoyt,
2005; McCrae et al., 2003; Ohayon, 2002). Sleep complaints
consistent with insomnia, such as difficulty initiating and
maintaining sleep, are reported in up to 50% of older adults
(Foley et al., 1995). Age-related changes in both cognitive
function and the sleep/wake cycle are associated with com-
promised activities of daily living, decreased quality of life,
and comorbid medical conditions such as depression and
anxiety (Kryger, Monjan, Bliwise, & Ancoli-Israel, 2004;
Perlis et al., 2006).

Several cross-sectional studies of older adults have reported
associations between poorer cognitive performance and sleep
disturbances, particularly in the domains of attention, executive
function, and memory (Haimov, Hanuka, & Horowitz, 2008;
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Nebes, Buysse, Halligan, Houck, & Monk, 2009; Ohayon,
2002; Schmutte et al., 2007). However, other cross-sectional
(Merlino et al., 2010) and longitudinal (Foley et al., 2001)
reports failed to find associations between insomnia and
cognitive decline and dementia. Another longitudinal study
found that insomnia was associated with the development of
cognitive decline among older men, but not older women
(Cricco, Simonsick, & Foley, 2001).

Mixed findings of relationships between sleep quality and
cognitive function among elderly adults may reflect a wide
range of methodological designs that include differences in
sample demographic characteristics (age, gender, education),
eligibility criteria (e.g., inclusion of participants with
dementia or preclinical dementia), and measurement strate-
gies for both insomnia and cognitive function. In addition,
the concept of cognitive reserve may have an unexamined
effect on these relationships whereby individuals with lower
premorbid cognitive abilities are less able to compensate
for insomnia-induced neural dysfunction than individuals
with higher premorbid cognitive abilities (Stern, 2009).
Although the cognitive reserve hypothesis is widely applied
to investigations of dementia, it is not commonly considered
in studies of sleep disorders.

In the current study, we administered a standardized ques-
tionnaire of sleep quality and a comprehensive neuropsycho-
logical battery to a large, ethnically-diverse systematically
recruited community-based sample that was screened for both
dementia and mild cognitive impairment. We hypothesized
that sleep difficulties consistent with insomnia in healthy
older adults would be associated with poorer performance on
neuropsychological tests of attention, executive function, and
memory. Furthermore, we hypothesized that older adults with
lower education, a common proxy of cognitive reserve (Hall
et al., 2007; Lane, Paul, Moser, Fletcher, & Cohen, 2011),
would be especially vulnerable to the negative effects of sleep
onset/maintenance difficulties on neuropsychological tests of
attention, executive function, and memory.

METHODS

Study Participants

The sample consisted of 549 participants from the Einstein
Aging Study (EAS), an ongoing longitudinal community-
based study of ethnically-diverse individuals over the age of
70 residing in the Bronx, New York. The study was approved
by the Albert Einstein College of Medicine Institutional
Review Board. EAS study design and methods are described
in more detail elsewhere (Lipton et al., 2003). In brief, the
cohort was launched in 1993 using systematic sampling
recruitment methods that used Health Care Financing
Administration (HCFA) and voter registration lists for Bronx
County. To be eligible for EAS enrollment, participants must
be: over the age of 70, Bronx residents, non-institutionalized,
be fluent in English, and have a telephone. Exclusion
criteria include visual or auditory impairments that preclude

neuropsychological testing, active psychiatric symptomatology
that interferes with the ability to complete assessments,
or nonambulatory status. Individuals eligible for study par-
ticipation are identified through a phone screen and invited to
an in-clinic visit where final eligibility is confirmed and
medical, neuropsychological, and psychosocial assessments
are conducted.

For the current study, global cognitive function was
assessed with the Blessed Information-Memory-Concentration
test (BIMC) (Blessed, Tomlinson, & Roth, 1968). The BIMC
contains 22 items (score range 0–33; better performance
denoted by lower scores) that assess general mental status.
It has been shown to be strongly correlated (0.73 to 0.83)
with the Mini-Mental State Examination (MMSE) (Thal,
Grundman, & Golden, 1986). Cognitive status was deter-
mined by a study neurologist and neuropsychologist at a
diagnostic case conference. As there is evidence (Beaulieu-
Bonneau & Hudon, 2009; McCurry & Ancoli-Israel, 2003;
Naismith et al., 2010; Neikrug & Ancoli-Israel, 2010) that
older adults with dementia and mild cognitive impairment
(MCI) (Petersen, 2004) experience a disproportionate
amount of day and nighttime sleep disturbances that suggest
shared biological underpinnings, we excluded individuals
with dementia and amnestic MCI (n 5 75; 12% of sample)
because our goal was to examine the effect of sleep dis-
turbance on cognition in the elderly rather than the effect of
neurodegeneration on sleep function. Individuals with non-
amnestic MCI were not excluded. Diagnosis of dementia was
based on the criteria of the Diagnostic and Statistical Manual
of Mental Disorders, 4th Edition (DSM-IV) (American
Psychological Association, 1994). Amnestic MCI was deter-
mined using performance on the Free and Cued Selective
Reminding Test (FCSRT), described below.

Sleep Questionnaire

Sleep quality was assessed using the Medical Outcomes
Study Sleep Scale (MOS-SS; Cole, Dubois, & Kosinski,
2007; Hays, Martin, Sesti, & Spritzer, 2005). The MOS-SS
was introduced in the EAS in 2005. MOS-SS data from each
participant’s initial administration of the scale were used in
the current report. The MOS-SS self-report questionnaire
consists of 12 sleep function questions that require recall over
the preceding 4 weeks. Responses are indicated on a 6-point
scale that ranges from 1 5 ‘‘all of the time’’ to 6 5 ‘‘none of
the time.’’ Responses are recoded and scored to generate
measures of sleep quantity (average hours of sleep per night)
and six subscale scores (sleep disturbance, snoring, wakening
with shortness of breath or headache, adequacy of sleep,
daytime somnolence, and a global sleep problem index
score). MOS-SS subscales and the index score range from
0 to 100, with higher scores reflecting more problems with
the concept indicated. The sleep onset/maintenance difficul-
ties (SO/MD) case definition was defined using criteria
established by Katz and McHorney (2002) using two ques-
tions from the MOS-SS that indicate difficulties with sleep
initiation and/or maintenance. The sleep onset question was,
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‘‘How often during the past four weeks did you have trouble
falling asleep?’’ while the sleep maintenance question was,
‘‘How often during the past 4 weeks did you awaken during
your sleep time and have trouble falling asleep again?’’ Par-
ticipants reporting difficulty with sleep onset or maintenance
‘‘a good bit,’’ ‘‘some,’’ ‘‘most,’’ or ‘‘all’’ of the time were
designated SO/MD.

Neuropsychological Evaluation

Verbal memory

The Free and Cued Selective Reminding Test (FCSRT) is a
measure of verbal cued learning and memory that controls
attention and strategy use in an encoding phase to maximize
learning and ensure deep semantic processing (Buschke,
1984; Grober & Buschke, 1987). In the first part of the task,
participants name 16 objects that are pictorially displayed.
They are then presented with the same 16 objects (four at
a time in a 2 3 2 grid) and asked to identify each object
following a cue that is a categorical prompt. The grid is then
removed and the participants are again asked to recall each
object following provision of the same categorical cue. In the
free recall condition, a measure of self-organized retrieval,
the participant is immediately asked to recall the 16 objects. If
the participant fails to correctly recall an object, they are
provided with a category cue to test cued recall. There are a
total of three free and cued recall trials and each trial was
preceded by 20 s of counting backward as a distractor task.
The primary variable of interest was the score for the free
recall condition (range: 0–48). This measure has been shown
to be a sensitive marker of preclinical dementia as well as a
strong predictor of the development of dementia in community-
based samples of older adults (Grober & Kawas, 1997; Grober,
Lipton, Hall, & Crystal, 2000; Ivnik et al., 1997; Sarazin
et al., 2007). In addition, performance on this measure has
been shown to be unrelated to race in older adults (Grober,
Lipton, Katz, & Sliwinski, 1998).

Attention

The Digit Span subtest from the Wechsler Adult Intelligence
Scale – 3rd edition (WAIS-III; Wechsler, 1997) is a measure of
auditory attention that consists of two conditions; digits forward
and digits backward. In both conditions, the examiner reads
aloud up to eight (forward) or seven (backward) pairs of random
digits at a rate of one digit per minute and the participant is asked
to repeat the digits in order. The primary variables of interest
were the total correct scores for Digit Span Forward (range:
0–16) and Digit Span Backward (range: 0–14).

Trail Making Test part A (TMTA) (Army Individual Test
Battery, 1944) is a measure of attention requiring complex
visual scanning and sequencing with a motor component. The
participant is presented with an 8 3 11.5 inch sheet of paper
with an array of circled numbers ranging from 1 to 25 that
appear to be randomly positioned. Participants are asked to
draw a line connecting the numbers in order as quickly as
possible. Scores are provided as seconds to task completion.

Executive function

Trail Making Test part B (TMTB) (Army Individual Test
Battery, 1944) is a measure of executive function involving
mental flexibility, set-shifting, and concept formation. The
participant is presented with an 8 3 11.5 inch sheet of
paper with an array of circled numbers and letters ranging
from 1 to 13 and A to L. Participants are asked to draw a
line alternating between numbers and letters in order as
quickly as possible. Scores are provided as seconds to task
completion.

Verbal fluency was measured using the Category Fluency
and Letter Fluency tests (Benton & Hamsher, 1989). Cate-
gory Fluency is a measure of verbal semantic production in
which the participant is asked to name as many words as
possible that belong in a designated category within a one
minute time period. The primary variable of interest was the
total number of words produced across three categories
(animals, fruits, and vegetables). Letter Fluency is a measure
of verbal fluency in which the participant is asked to name as
many words as possible that begin with a designated letter
within a 1-minute period. The primary variable of interest
was the total number of words produced across three letters
(F, A, S). For both Category and Letter fluency, repetitions
and intrusion errors were not included in the total score.

Medical and psychological history

Participants completed a medical and psychosocial history
interview and report of current use of medications during the
study visit of the initial MOS-SS administration. Medications
of interest in the current report that are used to treat or
may contribute to sleep disturbance in older adults include
benzodiazepines, benzodiazepine receptor agonists (non-
benzodiazepines), melatonin receptor agonists, tricyclic/
sedating antidepressants (TCA), selective serotonin reuptake
inhibitors (SSRI), serotonin and norepinephrine reuptake
inhibitor (SNRI), beta-blockers/anti-hypertensives, antipsy-
chotics, and mood stabilizers. Information was also obtained
regarding present or past history of myocardial infarction,
stroke, coronary artery bypass graft (CABG), diabetes,
hypertension, arrhythmia, angina, heart failure, Parkinson’s
disease, cancer, or pace maker. A cumulative dichotomous
variable indicated whether the participant reported the pres-
ence or absence of any of these medical conditions at either
the study visit of the initial MOS-SS administration or any
previous study visit. A cardiovascular summary score was
calculated to indicate any current or past history of either
myocardial infarction, stroke, or CABG (Zimmerman et al.,
2011). Body Mass Index (BMI) was calculated for each
participant using weight in kilograms divided by height in
meters squared. Using published guidelines (Flegal, Carroll,
Ogden, & Curtin, 2010), an individual was designated as
overweight with a BMI between 25.0 and 29.2. Individuals
with a BMI of 30.0 or higher were designated obese.

Depressive symptoms at the initial MOS-SS administra-
tion were assessed using the 15-item Geriatric Depression
Scale (GDS) (Yesavage et al., 1982). This inventory consists
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of 15 questions that assess mood disturbance symptoms that
are commonly associated with depression experienced
among older adults. Respondents are asked to select either
‘‘yes’’ or ‘‘no’’ for each symptom experienced over the past
week with a total range of scores from 0 to 15. A higher score
is indicative of more depressive symptoms. A cut score of 5
or higher is associated with a greater risk for clinically sig-
nificant symptoms of depression (Julian et al., 2009). Anxiety
symptoms were assessed using the Beck Anxiety Inventory
(BAI) (Beck, Epstein, Brown, & Steer, 1988). The BAI is a
21-item self-report inventory that measures the severity of
anxiety symptoms that are experienced over the past week.
Response options range from 0 (‘‘Not at all’’) to 3
(‘‘Severely-It bothered me a lot’’). Scores range from 0 to 63,
with higher scores indicative of more anxiety symptoms.
A cut score of 11 or higher is associated with a greater risk
of clinically significant symptoms of anxiety (Karsten,
Nolen, Penninx, & Hartman, 2010). BAI data were available
for a subsample of 174 participants.

Statistical Analysis

All analyses were conducted using SPSS 17 (SPSS for
Windows, Released 8.23.2008. Chicago, IL: SPSS Inc.).
To characterize the sample, Pearson correlations were used to
examine relationships among demographic variables and
neuropsychological test performance. Independent sample
t tests were used to examine gender and ethnicity group dif-
ferences on neuropsychological test performance. Indepen-
dent sample t tests were used to examine SO/MD group
differences on demographics (age, education, BMI, depres-
sion, anxiety) and neuropsychological function. Chi-square
analyses were used to examine SO/MD group differences on
gender, ethnicity, and cardiovascular history. Due to non-
normality of BIMC data, a nonparametric Mann-Whitney
U test was used to examine SO/MD group differences on
global cognitive function. For hypothesis testing, a series of
separate general linear models were used to examine SO/MD
(present or absent) and education (lower or higher) differ-
ences (between-subjects factors) on neuropsychological
variables (dependent variables) with age, ethnicity, gender,
depression, and a cardiovascular summary score serving as
covariates. To correct for multiple comparisons, a Bonferroni
correction was applied where the significance level was set at
alpha 5 0.007 (0.05/7 comparisons).

RESULTS

Sample Demographic Characteristics

Sample demographics as a function of SO/MD and educa-
tional status are presented in Table 1. Mean age was 79.7 6 5.0
years (range 5 71–97 years) and mean education was
14.5 6 3.3 years (range 5 3–22 years). A total of 314 (57.2%)
participants met criteria for SO/MD. To create ecologically
valid education groups based on United States high school
graduation attainment, individuals with 12 or fewer years of

education were designated ‘‘lower education’’ (n 5 197;
35.9%) and individuals with 13 or more years of education
were designated ‘‘higher education’’ (n 5 352; 64.1%). The
sample comprised 341 women (62.1%) and 208 men (37.9%).
Sample ethnicity was 70.5% Caucasian, 24.2% African
American, 3.5% Hispanic/White, 0.9% Hispanic/Black, 0.5%
Asian, and two participants reported other ethnicities. For
remaining analyses, ethnicity was collapsed into two groups
that comprised Caucasians (70.5%) and African American/
Other Ethnicity (29.5%). English was reported as the first
acquired language for 449 (81.8%) participants. The average
age of English language acquisition of those for whom
English was not their first language was 10.4 6 8.2 years
(range 5 1–42 years). Average BMI was 27.7 6 4.8 (range 5

15.6–46.3). Using BMI cut scores, 38.8% of the sample was
overweight (BMI 5 25.0–29.9), while 24.2% of the sample
was obese (BMI > 30.0). These prevalence rates are lower
than previously reported overweight rates in men (78.4%) and
women (68.6%) and obese rates in men (37.1%) and women
(33.6%) over the age of 60 in the Unites States (Flegal et al.,
2010). The mean scores on the Geriatric Depression Scale and
Beck Anxiety Inventory were not consistent with clinically
significant depression or anxiety. Using a cut score of 5 or
higher on the GDS (Julian et al., 2009), 10.9% of the sample
reported clinically significant symptoms of depression. BAI
data were available for 174 participants; 3.3% of this sub-
sample reported clinically significant symptoms of anxiety
using a cut score of 11 or higher (Karsten et al., 2010). A
screening index of cognitive function (BIMC) confirmed that
the sample was not globally cognitively impaired at the time of
the sleep assessment (Grober et al., 2000). A minority of par-
ticipants used medication that may be used to treat insomnia
[benzodiazepines (1.6%), nonbenzodiazepines (3.3%), mela-
tonin receptor agonists (0%), TCA (2.2%), antipsychotics
(0.2%)] or medications that may exacerbate sleep difficulties
[SSRI (3.8%), SNRI (0.5%), beta-blockers (29.7%), and
mood stabilizers (1.8%)]. Due to relatively low usage rates,
medication use was not considered further in analyses. Par-
ticipants reported the following medical histories: myocardial
infarction (7.8%), stroke (8.9%), CABG (8.7%), diabetes
(18.0%), hypertension (62.5%), arrhythmia (26.4%), angina
(8.7%), heart failure (3.5%), Parkinson’s disease (0.2%),
cancer (34.8%), and use of a pace maker (2.7%). These pre-
valence rates are consistent with those from our larger cohort
(Katz et al., 2011) as well as a national U.S. survey of adults
over the age of 65 (Pleiss, Ward, & Lucas, 2010). Participants
reported the following for a cardiovascular summary score
(any current or past history of either myocardial infarction,
stroke, or CABG): 79.2% reported none of these cardiovas-
cular conditions, 16.2% reported one, 4.4% reported two, and
0.2% reported three.

Correlations Between Demographics and
Neuropsychological Function

Age was associated with Category Fluency (r 5 20.14;
p 5 .00), TMTA (r 5 0.15; p 5 .00), TMTB (r 5 0.21;
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p , .001), and FCSRT (r 5 20.11; p 5 .01). Education was
associated with all neuropsychological tests (range: r 5 0.32
to 0.08; p , .001 to 5.05). There were gender differences on
Category Fluency (t(545) 5 3.04; p 5 .00) and FCSRT
(t(547) 5 3.24; p 5 .00), with women performing better
than men. There were ethnicity differences on all neuro-
psychological tests except FCSRT (range: t 5 3.22 to 7.95;
p , .001 all tests), with Caucasians performing better than
other ethnicities. Depression was associated with Category
Fluency (r 5 20.10; p 5 .02), TMTA (r 5 0.10; p 5 .03),
TMTB (r 5 0.13; p 5 .00), and FCSRT (r 5 20.11; p 5 .00).
Anxiety was not associated with any of the neuropsycholo-
gical scores. Due to the relationships between demographic
variables and neuropsychological test performance, age,
gender, ethnicity, and depression were used as covariates
in all subsequent analyses. The cardiovascular summary
score was also included as a covariate because it demon-
strated a trend toward a significant relationship with insomnia
(w2(3) 5 7.01; p 5 .07).

Neuropsychological Performance, Sleep Onset/
Maintenance Difficulties, and Education

Table 2 depicts sample neuropsychological performance raw
scores as a function of SO/MD and education status. Con-
sistent with the simple correlations, fully adjusted models
examining performance on Digit Span Backward, TMTB,
and Letter Fluency revealed that older adults with lower
education performed more poorly than those with higher
education (main effect of education: range (F 5 7.29 to 31.32;
p 5 .00 to p , .001)). Fully adjusted models examining
Category Fluency performance revealed that individuals
with lower education performed more poorly than those with
higher education (main effect of education (F(1,536) 5 13.44;
p , .001). There was no main effect of SO/MD status.
There was a significant interaction (SO/MD 3 education
interaction (F(1,536) 5 14.5; p , .001); see Fig. 1) such that
among participants with SO/MD, those with lower education
performed more poorly than participants with higher education

Table 1. Sample demographics by sleep onset/maintenance difficulties (SO/MD) and education status.

SO/MD
n 5 314

No SO/MD
n 5 235

Test statistic

1. Main effect SO/MD
Low education

n 5 119
High education

n 5 195
Low education

n 5 78
High education

n 5 157
2. Main effect education
3. Interaction

Age, years, mean (SD) 79.7 (4.9) 79.5 (4.9) 80.6 (5.2) 79.5 (5.2) 1. F 5 0.94, p 5 .33
2. F 5 2.13, p 5 .15
3. F 5 0.93, p 5 .33

Education, years, mean (SD) 11.4 (1.3) 16.3 (2.4) 11.0 (1.7) 16.5 (2.5) 1. F 5 0.11, p 5 .75
2. F 5 721.57, p , .001
3. F 5 2.27, p 5 .13

Gender, %, women 67.2 60.0 59.0 62.4 1. X2 5 0.12, p 5 .79
2. X2 5 0.45, p 5 .52

Ethnicity, %, Caucasian 65.5 74.9 66.7 70.7 1. X2 5 0.25, p 5 .64
2. X2 5 3.00, p 5 .10

BMI, total, mean (SD) 27.6 (5.4) 27.5 (4.8) 27.3 (4.9) 27.0 (4.7) 1. F 5 1.01, p 5 .32
2. F 5 0.19, p 5 .66
3. F 5 0.05, p 5 .83

BIMC, total errors, median 2 1 1 1 1. F 5 0.05, p 5 .82
2. F 5 10.59, p , .001
3. F 5 0.95, p 5 .33

GDS, total score, mean (SD) 2.5 (2.2) 2.2 (2.3) 2.0 (2.0) 1.8 (1.9) 1. F 5 4.90, p 5 .03
2. F 5 1.82, p 5 .18
3. F 5 0.20, p 5 .65

BAI, total score, mean (SD) 4.3 (5.0) 5.7 (6.5) 2.3 (3.0) 2.8 (3.6) 1. F 5 10.23, p 5 .00
2. F 5 1.42, p 5 .24
3. F 5 0.30, p 5 .59

Cardiovascular Summary
Score, %
0 77.3 74.4 80.8 86.0 1. X2 5 7.01, p 5 .07

2. X2 5 2.19, p 5 .531 17.6 20.5 12.8 11.5
2 4.2 5.1 6.4 2.5
3 0.9 0 0 0

Note. Test statistics obtained using univariate analysis of variance with the exception of chi-square analyses for gender, ethnicity, and cardiovascular history.
Tests statistics significant at the pr .05 level are denoted in bold. BAI data available for n 5 174.
SD 5 standard deviation; BMI 5 body mass index; BIMC 5 Blessed Information Memory Concentration Test; GDS 5 15-item Geriatric Depression Scale;
BAI 5 Beck Anxiety Inventory.
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(means: 35.2 vs. 41.0, pairwise comparison p , .001); among
older adults without SO/MD, education level had no mea-
surable impact on cognition (means: 38.4 vs. 39.1, pairwise
comparison p 5 .76). A similar trend was revealed on a test of
attention (Trail Making Test part A; SO/MD 3 education
interaction (F(1,535) 5 3.7; p 5 .05); among participants with

SO/MD, those with lower education performed more poorly
than participants with higher education (means: 23.5 vs. 17.9,
pairwise comparison p 5 .04); among older adults without
SO/MD, education level had no measurable impact on cognition
(means: 15.6 vs. 18.5, pairwise comparison p 5 .50). However,
this relationship did not survive Bonferroni correction for
statistical significance. There were no other significant models
for the prediction of neuropsychological test performance by
SO/MD and education or their interaction.

Supplementary Analyses

The model that examined Category Fluency was repeated using
another common proxy of cognitive reserve, performance on
the Reading subtest of the Wide Range Achievement Test
(WRAT; Wilkinson, 1993). Data on this measure were avail-
able for 396 participants. This model retained a significant main
effect of SO/MD (F(1,387) 5 270.53; p 5 .04), main effect of
WRAT (F(1,387) 5 22.23; p , .001), and their interaction
(F(1,387) 5 3.91; p 5 .05).

Education was examined as a dichotomous variable in this
study with the intention of creating ecologically valid group
distinctions that vary as a function of high school graduation
attainment. In supplementary analyses, we also examined
education as a continuous variable and education categorized
by quartiles. The model that examined Category Fluency

Table 2. Sample neuropsychological function raw scores in mean (SD) by sleep onset/maintenance difficulties (SO/MD) and education status

SO/MD
n 5 314

No SO/MD
n 5 235

Test statistic

1. Main effect SO/MD
Low education

n 5 119
High education

n 5 195
Low education

n 5 78
High education

n 5 157
2. Main effect education
3. Interaction

WAIS-III Digit Span, total
forward (0–16)

9.0 (1.6) 9.3 (1.9) 8.9 (1.9) 9.3 (2.1) 1. F 5 0.00, p 5 1.0
2. F 5 2.63, p 5 .11
3. F 5 0.20, p 5 .66

WAIS-III Digit Span, total
backward (0–14)

5.7 (2.0) 6.2 (2.0) 5.5 (1.9) 6.1 (1.9) 1. F 5 0.31, p 5 .58
2. F 5 7.29, p 5 .00
3. F 5 0.18, p 5 .67

Trail Making Test part A,
seconds

56.5 (23.4) 50.5 (17.9) 51.4 (15.6) 51.7 (18.5) 1. F 5 1.47, p 5 .23
2. F 5 1.05, p 5 .31
3. F 5 3.73, p 5 .05

Trail Making Test part B,
seconds

140.7 (56.3) 111.3 (45.7) 136.9 (62.2) 118.3 (48.3) 1. F 5 0.04, p 5 .83
2. F 5 19.73, p , .001
3. F 5 1.59. p 5 .21

Letter Fluency, total score 34.2 (10.8) 41.3 (13.2) 34.6 (11.1) 40.6 (12.3) 1. F 5 0.00, p 5 .95
2. F 5 31.32, p , .001
3. F 5 0.13, p 5 .72

Category Fluency, total score 35.2 (6.9) 41.0 (8.9) 38.4 (8.8) 39.1 (8.6) 1. F 5 1.23, p 5 .27
2. F 5 13.44, p , .001
3. F 5 14.53, p , .001

FCSRT, free recall (0–48) 32.2 (4.2) 33.0 (4.0) 33.2 (5.0) 33.3 (4.5) 1. F 5 2.26, p 5 .13
2. F 5 0.69, p 5 .41
3. F 5 1.36, p 5 .24

All test statistics obtained using univariate analysis of covariance covarying for age, gender, ethnicity, depression, and cardiovascular history.
Test statistics significant at the pr 0.007 level are denoted in bold.
SD 5 standard deviation; WAIS-III 5 Wechsler Adult Intelligence Scale – 3rd edition; FCSRT 5 Free and Cued Selective Reminding Test.
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* p<0.001 in pairwise comparisons; means adjusted for age, gender,
ethnicity, depression, and cardiovascular disease.

SO/MDNo SO/MD

Fig 1. Category fluency adjusted means and standard errors by
sleep onset/maintenance difficulties (SO/MD) and education level in
nondemented older adults.
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demonstrated the same statistically significant pattern of
findings (continuous education and SO/MD interaction
(F(1,536) 5 10.83; p 5 .00); quartile education and SO/MD
interaction (F(3,532) 5 5.53; p 5 .00).

To examine the effect of English language acquisition, the
model that examined Category Fluency was repeated by
splitting the sample by those for whom English was their first
language (n 5 449; 81.8%) and those for whom it was not
(n 5 100; 18.2%). The pattern of primary findings remained
unchanged in models for each group.

To examine the specificity of our findings, we repeated the
model that examined Category Fluency with a general sleep
problems index from the MOS-SS. This general sleep prob-
lems index comprises items assessing daytime somnolence
and snoring, as well as sleep disturbance, sleep adequacy, and
awakening with shortness of breath and headache. We found
that the interaction of the general sleep problems index and
education was not significant (F(1,536) 5 2.26; p 5 .13).

DISCUSSION

This study examined relationships between late-life sleep
onset/maintenance difficulties and cognitive function in a
large community-based sample of healthy older adults
who were free of dementia and amnestic mild cognitive
impairment. We also sought to determine whether those
relationships varied as a function of educational attainment, a
proxy for cognitive reserve. Sleep difficulties were common
in our sample of older adults, with 57% endorsing problems
initiating or maintaining sleep, complaints that are consistent
with insomnia. Our primary finding was that older adults with
SO/MD and lower education performed more poorly on a test
of language fluency than older adults with SO/MD and higher
education, even after controlling for demographic factors
and medical comorbidities. There were no education level
differences in language fluency among older adults without
SO/MD, consistent with the cognitive reserve hypothesis.

Studies that have examined the relationship between late-
life subjective sleep quality and cognitive function in healthy
adults have reported somewhat inconsistent findings. Several
cross-sectional studies reported associations between poorer
cognitive performance and insomnia (Haimov et al., 2008),
longer sleep onset latencies (Schmutte et al., 2007), daytime
sleepiness (Ohayon, 2002), and being a ‘‘poor sleeper’’
(Nebes et al., 2009). Neuropsychological domains most
affected by poor sleep quality include attention, executive
function, and memory, although working memory, visuos-
patial ability, and time estimation also demonstrated sig-
nificant associations. However, a recent population-based
study found that daytime sleepiness, but not insomnia, was
related to dementia in older adults (Merlino et al., 2010).
Similarly, a longitudinal study found that daytime sleepiness,
but not insomnia, was associated with cognitive decline and
incident dementia over a 3-year time period using a brief
cognitive screening instrument (Foley et al., 2001). Another
longitudinal study found that insomnia was associated with

the development of cognitive decline over 3 years in men, but
not in women (Cricco et al., 2001). Finally, general sub-
jective sleep complaints were associated with cognitive
decline among older adults on a brief global cognition
measure in a large prospective cohort study (Jelicic et al.,
2002). Contrary to our hypothesis, we did not find that sleep
difficulties suggestive of insomnia conferred a cognitive
disadvantage among older adults after controlling for age,
gender, ethnicity, depression, and medical comorbidities.
Although consistent with some studies (Foley et al., 2001;
Merlino et al., 2010), these findings are incongruent with
others (Cricco et al., 2001; Haimov et al., 2008). Our sample
differed in that our participants were generally older and were
rigorously screened for dementia and preclinical dementia
that may contribute to both lower cognitive scores and dis-
ruptions in the sleep/wake cycle. In addition, we controlled in
analyses for a wide range of moderators that may have
independent effects on both sleep and cognition, including
age, depression, and medical comorbidities.

The wide-range of educational achievement in our sample
allowed us to examine the cognitive reserve hypothesis,
a model that is frequently applied to studies of dementia, but
not commonly examined in reports of cognition associated
with insomnia. Cognitive reserve is a theory that postulates
that, in the context of deleterious disruptions in normal brain
function, there are differences in an individual’s premorbid
cognitive ability or lifetime experience that allow them to
compensate when processing information (Stern, 2009).
Such brain-based disruptions are commonly conceptualized
as age-related neuropathology, but in this study, the effects of
sleep disturbance on brain function were considered. Thus,
an individual with low cognitive reserve may be less able to
cognitively compensate for a disruption in brain function
than an individual with high cognitive reserve. Educational
attainment and reading achievement are common indices of
cognitive reserve (Stern, 2009). Cognitive reserve previously
has not been examined in the study of SO/MD and cognition.
However, several studies have reported findings attributed to
cognitive reserve among middle-aged adults with obstructive
sleep apnea (Alchanatis et al., 2005; Yaouhi et al., 2009).
Contrary to the hypothesis of the current study, we found that
older adults with SO/MD and lower education performed
more poorly on a test of category fluency than those with
SO/MD and higher education. Older adults without SO/MD
performed the same on this task regardless of educational
attainment. These findings suggest that sleep onset/main-
tenance difficulties may have a negative impact on language
fluency among healthy older adults, but those with higher
education are better able to engage active cognitive com-
pensation than their peers with lower educational attainment.
It is important to note that these findings remained significant
when performance on a reading measure, another common
proxy of cognitive reserve, was examined.

Age-related decline in frontal lobe structure and function
(Brickman et al., 2006; Zimmerman et al., 2006) may play a
role in both sleep disturbance and cognitive difficulties
experienced in healthy older adults. The frontal lobes have
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been shown to be involved in non-rapid eye movement
(NREM) sleep and insomnia, in particular, has been asso-
ciated with lesions in the dorsomedial frontal lobe (Koenigs,
Holliday, Solomon, & Grafman, 2010) and smaller volumes
of orbitofrontal cortex (Altena, Vrenken, Van Der Werf, van
den Heuvel, & Van Someren, 2010). A functional neuro-
imaging study found that performance on a verbal fluency
task, similar to the test used in the current study, was asso-
ciated with prefrontal hypoactivation in adults with insomnia
(Altena et al., 2008). Category fluency is a test of verbal
fluency that is commonly included in clinical neuropsycho-
logical evaluations of individuals across the lifespan in both
normal and clinical samples (Lezak, Howieson, & Loring,
2004). Typically, performance on this measure is thought to
require both semantic and executive function cognitive
components, although recent studies have emphasized the
role of speed of processing in task execution (McDowd et al.,
2011). Among healthy adults, category fluency declines
linearly with age at a greater rate than that of a related test of
verbal fluency, letter fluency (Brickman et al., 2005; Tomer
& Levin, 1993). Impaired performance on category fluency
has been shown to be a diagnostic predictor of age-related
cognitive disorders, such as Alzheimer’s disease (Barr &
Brandt, 1996; Monsch et al., 1992). In addition, individuals
with sleep deprivation have been shown to perform more
poorly on a test of category fluency (Harrison & Horne,
1997). Considered together, these findings suggest that the
observed relationship between verbal fluency and SO/MD in
our sample may be supported by age-related changes in
frontal lobe function.

Strengths of the current study include the comprehensive
examination of cognition and sleep function in a large sample
of older adults systematically recruited from the community
who were carefully screened for mild cognitive impairment
and dementia. In addition, this study examined the cognitive
reserve hypothesis to enhance understanding of relationships
between symptoms of insomnia and cognitive function
among elderly individuals. There are several limitations,
however, that warrant further discussion. Determination of
sleep onset/maintenance difficulties was based on a self-
report questionnaire that may not have the sensitivity or
specificity of a complete clinical evaluation for insomnia.
Prevalence rates of cardiovascular illness were relatively low
in our sample, which may have contributed to our lack
of findings with the primary relationships of interest. In
addition, we excluded individuals with amnestic mild cogni-
tive impairment from our sample, which resulted in a relatively
restricted range in performance on our memory test that may
have affected our ability to detect relationships between
SO/MD and memory. Finally, this study used a cross-sectional
design that does not allow for inferences regarding the direc-
tionality of the observed relationships. Longitudinal studies
will provide important information regarding possible bi-
directional associations as well as the course of both cognitive
and sleep function over time in older adults.

The findings from this study support the cognitive reserve
hypothesis and suggest that older adults with lower education

appear uniquely vulnerable to the negative effects of sleep
problems suggestive of insomnia on language fluency.
The complex relationship among these variables should be
considered when assessing sleep disruption and cognitive
function in elderly individuals.
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