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Abstract

This study examined the within-person relationship between sleep and cognitive functioning. Fifty
community-dwelling African Americans (age range = 50 - 80 years) were asked to report their
sleep duration and quality the previous evening and to complete cognitive measures over 8
occasions within a 2-3 week period. A within-person daily change in sleep duration was
significantly associated with worse global cognitive performance. The greater an individual
deviated away from his/her average sleep duration on a particular day, the more likely his/her
performance would decline. These results demonstrate that the sleep-cognition relationship can be
observed at a within-person level of analysis.

Sleep complaints are common among older adults (Blay, Andreoli, & Gastal, 2007; Reid,
Martinovich, Finkel, Statsinger, Golden, Harter et al., 2006), particularly within African
Americans (Durrence and Lichstein 2006; Kripke, Brunner, Freeman, Hendrix, Jackson,
Masaki, & Carter, 2001). Cross-sectional studies have suggested that sleep difficulties in
older adults are associated with impaired performance on tasks of memory (Bastien, Fortier-
Brochu, Rioux, LeBlanc, Daley, & Morin, 2003; Gamaldo, Allaire, & Whitfield, 2008;
Schmutte, Harris, Levin, Zweig, Katz, & Lipton, 2007), executive functioning (Hart, Morin,
& Best, 1995; Nebes, Buysse, Halligan, Houck, & Monk, 2009), language (Fenn, Nushaum,
and Margoliash, 2003) and global cognitive functioning (Nebes et al., 2009), Cross-sectional
studies, however, focus on interindividual differences and do not necessarily reflect within-
person behavioral changes and the underlying processes for these behaviors (Molenaar &
Campbell, 2009; Sliwinski & Hofer, 1999). Micro-longitudinal research, however, that
focuses on intraindividual variability, within-person short-term changes in behavior, can
offer a reliable and useful illustration of an individual’s typical level of functioning as well
as short-term changes in functioning. More importantly, it allows for the direct examination
of within-person relationships among constructs. Several studies exploring intraindividual
variability have suggested a dynamic within-person coupling relationship between cognition
and health factors. For example, variability in cognition has shown to correlate with
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fluctuations in blood pressure (Gamaldo, Weatherbee, Allaire, 2008), vision (Weatherbee,
Gamaldo, & Allaire, 2009) and stress (Neupert, Almeida, Mroczek, & Spiro, 2006).

Previous research has found that sleep quantity and quality are not consistent and can vary
across nights (Frey, Badia, & Wright, 2004; Knutson, Rathouz, Yan, Liu, & Lauderdale,
2007), which may differentially impact cognition the following day (Frey et al., 2004). Less
consistent sleep/wake periods and shifts in the cycle have been observed in older adults
(Ancoli-lsrael, Ayalon, & Salzman, 2008). Older adults may attempt to delay their sleep
onset to a bedtime that is more consistent with the societal norms, but still wake up early due
to the shift in the circadian rhythm (Ancoli-Israel et al., 2008). Likewise, the shift in the
circadian rhythm may cause older adults to take more naps, which, in turn, may increase
their difficultly to fall asleep at night as well as their ability to remain asleep (Ancoli-Israel
et al., 2008). Consequently, shifts in the circadian rhythm may lead to elders experiencing
insufficient sleep duration/quality and potential cognitive deficits the following day. Thus, a
coupling relationship between daily fluctuations in sleep and cognition may occur because
both are reflected in waking behaviors associated with circadian rhythmicity (Durmer &
Dinges, 2005). According to the state instability hypothesis (Doran, Van Dongen, Dinges,
2001; Durmer & Dinges, 2005), sleep deprivation disrupts an individual’s sleep cycle,
particularly within the homeostatic sleep-initiating mechanisms, and, in turn, increases
variability in cognitive performance. Frey and colleagues (2004) supported this hypothesis
by observing greater trail-to-trail variability and worse mean performance on reaction time,
processing speed, and task switching measures as result of sleep deprivation. The current
study, however, wants to expand upon these findings and explore whether day-to-day
cognitive variability is associated with day-to-day changes in cognition. Given both low
sleep duration (< 6 hours of sleep) and high sleep duration (= 8 hours of sleep) have been
associated with worse health (Kripke, Ancoli-Israel, Fell, Mason, Klauber, & Kaplan, 1991)
and earlier mortality (Kripke, Garfinkel, Wingard, Klauber, & Marler, 2002), the current
study plans to explore a non-linear coupling within-person sleep-cognition relationship.

A common cause underlying the within-person sleep-cognition relationship may be
concurrent physical and/or psychological ailments (Dew et al., 2003). Concurrent ailments
are likely to worsen sleep as well as impact changes in overall health and cognition. The
current study attempts to account for this issue by controlling for preexisting health status.
Another common cause underlying the within-person sleep-cognition relationship may be an
individual’s sleeping habits. The Pittsburgh Sleep Quality Index (PSQI), a commonly used
measure of sleep habits within the past month, is a reliable and consistent measure of sleep
habits over several days (Backhaus, Junghanns, Broocks, Riemann, & Hohagen, 2002) and
appears to be associated with poor cognitive functioning (Nebes et al., 2009). Thus, the
within-person relationship between sleep duration and cognition may be moderated by sleep
habits. Individuals who have typically have good sleeping habits may have more difficulty
compensating cognitively on those occasions when they have gotten a poor night’s rest,
while individuals who typically have poor sleeping habits may have less difficulty
compensating cognitively after a poor night’s rest. Increased levels of stress might be a
proxy of sleep difficulties (Hall et al., 2008; Pallesen et al., 2002). Within-person
fluctuations in stress have been observed and appear to be associated with within-person
fluctuations in cognitive performance (Neupert et al., 2006; Neupert, Mroczek, & Spiro,
2008; Sliwinski, Symth, Hofer, & Stawski, 2006). Life event stressors (i.e. death of spouse
or diagnosis of major illnesses), which are likely to occur in old age, may also be associated
with daily changes in stress levels, sleep patterns, and cognitive performance. The current
study examines whether life event stressors might moderate the coupling relationship
between sleep and cognition.
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The current study extends previous work on sleep and cognition in African Americans in
four ways. First, the study determined the amount of within- and between-person variability
found in sleep duration and quality. It was expected that daily assessments over the course
of 2-3 weeks would reveal substantial intraindividual variability in older adults’ sleep
duration as well as sleep quality. Second, it examined the within-person relationship
between sleep duration and cognition as well as the within-person relationship between
sleep quality and cognition. Third, it examined whether the within-person relationship
between sleep duration/quality and cognition is moderated by sleep habits within the last
month. Finally, it examined whether or not the within-person relationship between sleep
duration/quality and cognitive functioning would be moderated by life event stressors.

The current study recruited 50 (39 women and 11 men) independently living, community
dwelling African American older adults ranging in age from 50 to 80 years (M = 65.40, SD
= 8.53) from the senior housing facilities in Baltimore, Maryland. Participants’ average
monthly income was $950 (SD = $500; range = < $100 - >$2300) and the average years of
education was 11.62 years (range = 6-18, SD = 2.38 years).

Demographics and Health Measures

The current analyses included the demographic variables age, education, and gender.
Chronic health conditions were measured by a subjective assessment asking participants to
indicate whether they had been diagnosed with any of a series of specified illnesses or
diseases. A cardiovascular risk factors (CVRFS) composite score was created by summing
the report of diabetes, cardiovascular disease, high blood pressure, stroke, heart attack,
angina, and circulation problems. The CVRFS variable had scores that ranged from 0 (ho
risk factors) to 7 (more risk factors). In addition, a comorbid health illnesses (Non-CVRFS)
composite score was created by summing the report of the remaining reported health
illnesses that included arthritis, broken hip, asthma, gout, gallbladder trouble, stomach
ulcers, thyroid trouble, tuberculosis, kidney trouble, and cancer. The Non-CVRFS variable
had scores that ranged from 0 (no comorbid health illnesses) to 10 (high comorbid health
illnesses). Both the CVRFS and Non-CVRFS variables were included in the analyses as
covariates.

The Elderly Life Stress Inventory (ELSI; Aldwin, 1990) was used to assess self-reported
stress at baseline testing. This questionnaire asked participants to indicate on a scale of 0
(did not occur) to 5 (extremely stressful) the extent to which they have experienced a
number of different stress events (i.e. death of spouse, major personal injury, and retirement)
during the past year.

The Pittsburgh Sleep Quality Index (PSQI; Buysse, Reynolds, Monk, Berman, & Kupfer,
1988) was used to assess participants’ typical sleep habits within the last month only at
baseline testing session. Questions were designed to assess seven components, including
sleep quality, sleep latency, sleep duration, habitual sleep efficiency, sleep disturbances,
sleep medications, and daytime dysfunction due to sleep habits. The index has been shown
to be strongly reliable (Cronbach’s o = .83; Buysse et al., 1988) and to have relatively high
sensitivity (89.6%) and specificity (86.5%) in differentiating good/bad sleep habits. Global
sleep quality scores range from 0 (good sleeper) to 21 (poor sleeper).

At baseline and each follow-up testing session, participants were asked the number of hours
slept the previous night at each testing session (i.e. sleep duration). Given that PSQI is
designed to assess sleep habits or quality within the last month and not necessarily within
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the last 24 hours, participants were asked at baseline and each follow-up testing session to
describe their sleep quality from 0 (extremely poor) to 5 (extremely good).

Cognitive Measures

Procedure

Results

A cognitive battery was administered to assess a broad range of abilities. Executive
functioning was assessed using The Stroop Task (Trenerry, Crosson, DeBoe, & Leber,
1989) and the Clock Drawing Test (CDT; Freedman, Leach, Kaplan, Winocur, Shulman, &
Delis, 1994), which measures a participant’s ability to draw a clock to a specified time (i.e.
10 after 11, 3:25, 10 after 9, 6:55, 10 after 6, 1:45, 5 after 4, and 9:40). Clocks were scored
based on a 10-point scoring system (Manos & Wu, 1994; Shulman, Shedletsky, & Silver,
1986). Declarative memory was assessed using the Rey Auditory Verbal Learning Task
(AVLT; Rey, 1941). Perceptual speed was assessed using the Number Comparison test
(Ekstrom, French, Harman, & Derman, 1976). Inductive reasoning was assessed using the
Letter Series test (Thurstone, 1962), Language was assessed using the Boston Naming Task
(BNT; Goodglass & Kaplan, 1983). Verbal Fluency (Goodglass & Kaplan, 1983; Benton &
Hamsher, 1976) was also used to assess language as well as semantic memory and executive
function.

Participants were assessed on eight occasions at their apartment or an empty room (i.e.
office and library) located in a senior high-rise facility over 2-3 week period. At initial
testing, participants were consented, and administered the baseline assessments. To reduce
practice effects, eight alternate versions of the AVLT, Number Comparison, Letter Series,
and CDT as well as four alternate versions of Constructions, BNT, Letter Fluency, and
Semantic Fluency were administered. The tasks with four alternate versions were
administered to the participants in a random order. Alternate versions of the Stroop task
were not included in the testing booklets. With the exception of the baseline assessment,
alternate versions of the measures were counterbalanced across the follow-up occasions.

The initial testing session lasted approximately 2 — 2 ¥4 hours and the daily sessions lasted 1
% — 2 hours. Participants were compensated a total of $120 for the completion of all 8
sessions within the two-week time period.

Cognitive Composites—All of the cognitive tests were standardized to a mean of 50 and
standard deviation of 10. A global composite score was created by taking the mean of all the
tests because there was an overall significant positive correlation between the measures
across all occasions with (median r = .25. range = .13 - .50). The influence of age and
education was residualized from the global composite, and this composite was standardized
(M =50, SD = 10) again.

Although 50 participants were tested at the baseline assessment, 3 participants withdrew (1
male; 2 females) before completing all 8 daily assessments. On average, participants
reported a relatively good sleep quality for the daily sleep quality question (M = 3.51, SD =
1.32). Participants’ average PSQI score, however, was approximately 7 (SD = 4), which
would be considered poor sleep habits. Furthermore, participants reported approximately 6
hours of sleep (SD = 1.99). The stress scale distribution was positively skewed, therefore a
median split was performed to create two levels of stress: low stress (8 or less) and stressed
(9 or more).

Psychol Aging. Author manuscript; available in PMC 2011 December 1.



1duasnuey Joyiny vd-HIN 1duasnuey Joyiny vd-HIN

1duasnuey Joyiny vd-HIN

Gamaldo et al. Page 5

Brief Description of Multilevel Modeling

Two multi-level models (MLM) were run to examine the association between sleep duration
and global cognition. In the first model, the “coupling parameters” (level 1 predictor),
between-person parameters (or level 2), and covariates (i.e. linear time, quadratic time,
gender, cardiovascular risk factors, and other comorbid health illnesses) were included in the
model to assess potential main effects. Two within-person level 1 predictors of interest (i.e.
daily sleep duration and daily sleep quality) were used to estimate the coupling parameters.
The level 1 predictors represented a participants’ sleep duration/quality on a particular
occasion deviated from their average sleep duration/quality across all testing occasions (see
Figure 1; Raudenbush & Bryk, 2002). For example, a positive beta coefficient, ,, would
suggest that the more an individual’s hours of sleep deviates below his/her average on a
given occasion, the worse his/her cognitive performance would be than his/her average. The
quadratic effects of daily sleep duration and quality were also included in the model by
squaring the within-person sleep variables.

Four level 2 predictors of interest were included in the model which included mean sleep
duration across the 8 occasions, mean sleep quality across the 8 occasions as well as scores
on the PSQI and the dichotomous life event stressor variable. Several interactions (i.e.
between-person interactions and cross-level interactions) were added to the initial model in a
second model to assess potential moderating relationships (see Figure 1).

Intraclass Correlations

The within- and between-person variability in sleep quantity was assessed using the
intraclass correlation (ICC), an intercept only model. Results indicated that 48% of the total
variance in sleep duration was within-person (o2 = 1.98, z = 12.96, p < .01)_while 52% was
between-persons (tgg = 2.12, z = 4.35, p < .01). In contrast, 54% of the total variance in
sleep quality was within-person variance (o2 = 0.93, z = 0.07, p < .01) while 46% was
between-persons (tgg = 0.81, z = 0.19, p < .01). To assure that there was a sufficient amount
of within- and between-person variance in the cognitive dependent variables to conduct our
subsequent MLM analyses (Raudenbush & Bryk, 2002), ICCs were also calculated for the
cognitive construct. The results suggested that there was significant within-person (24%; ¢2
=23.72,7 =13.02, p < .01) and between-person (76%; tgp = 76.68, z = 4.76, p < .01)
variance in global cognition.

Coupling of Sleep and Cognitive Functioning

In the first model testing only main effects, the quadratic effect of daily sleep duration was a
significant and negative predictor of performance on global cognition (see Table 1),
suggesting that on those days when participants reported either fewer or several more hours
of sleep than on average, they tended to perform worse. As illustrated in Figure 2, cognitive
performance appeared to become increasingly worse the more an individual deviated from
his/her average hours of sleep across the occasions. The linear and quadratic effects of mean
sleep duration were not significant predictors of performance across the cognitive domains.
Likewise, the linear and quadratic effects of daily or mean sleep quality were not significant
predictors of performance across the cognitive domains. This model accounted for 18% of
the within-person (o2 = 19.41, z = 11.72, p < .01) and 34% of the between-person (tpg =
50.62, z = 3.78, p <.01) variance in global cognition. In the second model, none of the
interactions were significant (62 = 19.56, z = 1.68, p < .01; 19 = 50.48, z = 13.44, p < .01).

Discussion

On average, our sample of African American older adults reported sleeping 6 hours and poor
sleeping habits. Significant within- and between-person variability was observed in both
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sleep duration and sleep quality, which further supports using models to estimate both
within- and between-person effects of sleep and cognition. Consistent with the previous
literature (Allaire & Marsiske, 2005; Hultsch, MacDonald, & Dixon, 2002), the current
study observed significant within- and between-person variability in global cognition. A
dynamic within-person relationship was observed between sleep duration and global
cognitive performance, in that an individual’s performance tended to decline on those days
his/her sleep duration was lower or extremely greater than his/her average sleep duration
across our 8 assessments.

These findings support the previous cross-sectional research suggesting that sleep is
associated with cognitive performance in older adults (Gamaldo et al., 2008; Nebes et al.,
2009). Both high and low sleep duration is associated with cognitive performance, which
supports a non-linear relationship between sleep duration and cognition. Short sleep duration
(i.e. 6 hours or less a night) as well as sleep deprivation has been shown to be associated
with worse cognitive performance (Chee & Choo, 2004; Thomas et al., 2006), particularly
on tasks of attention, working memaory, processing speed, and/or executive function. Kripke
and colleagues (2002) observed that individuals who reported sleeping 8 hours or more had
an increase mortality risk. The explanation for this relationship is still speculative, but
sleeping more than 8 hours has shown to be associated with older age and low physical
activity (Stranges et al., 2008), both of which are associated with cognitive functioning. The
reports of sleeping more than 8 hours may also be reflective of poor health status (Alvarez &
Ayas, 2007). The postsleep inertia or “worn out sleep” (Horne, 1991) may also be a
potential explanation for the results. Individuals who report sleeping extra hours of sleep
tend to report feeling sleepier than before sleeping the extra hours (Horne, 1991). Similar to
sleep deprivation, sleeping too many hours may be associated with increased sleepiness and
reduced task engagement as reflected in worse cognitive performance.

A within-person relationship between sleep quality and cognitive performance was not
observed. Furthermore, sleep habits, as measured by the PSQI, or life stressors did not
appear to moderate the within-person coupling relationship between duration/quality and
cognitive performance. These lack of findings may have been a result of the limited sample
size. Even though life stressors did not appear to moderate the within-person sleep-cognition
relationship, it is still possible that daily changes in stress due acute and/or chronic life
events may better explain the within-person sleep-cognition relationship than our single
assessment of the experience of life event stressors. Given that daily stressors have shown to
be associated with worse cognitive performance on the same day (Sliwinski et al., 2006), it
is likely fluctuations in daily stress levels may have better explained the relationship
between daily sleep and cognition.

There are several limitations of the current study that should be noted. Aside from the
relatively small sample, the participants represented a rather homogenous group of African
American elders. Factors associated with our sample’s SES and residency, such as poor diet,
poor health, and/or unsafe environmental conditions, may be associated with daily changes
in sleep and cognition. Consequently, the generalizability of our findings beyond this sample
to the broader population of African Americans older adults as well as European Americans
should be made with caution. A third limitation is our measurement of previous stressful
experiences as a single assessment, which more than likely did not accurately capture
participants’ current level of stress. A fourth limitation is that the current study relied on
subjective rather than objective assessments of sleep. Subjective measures of sleep are more
likely to capture cognitive (i.e. attention and motivation) and emotional (i.e. anxiety)
functioning than objective or physiological measures of sleep, which may better capture the
biological necessity to sleep (Danker-Hopfe, Kraemer, Dorn, Schmidt, Ehlert, & Herrmann,
2001). Future research should explore whether the current results are replicated with the

Psychol Aging. Author manuscript; available in PMC 2011 December 1.



1duasnuey Joyiny vd-HIN 1duasnuey Joyiny vd-HIN

1duasnuey Joyiny vd-HIN

Gamaldo et al.

Page 7

inclusion of objective sleep measures, which may potentially address whether the sleep-
cognition relationship is due to a biological or behavioral influence. A fifth limitation is that
daytime sleepiness was not assessed, even though daytime sleepiness is associated with long
(Horne, 1991) and short sleep durations (Bixler, Vgontzas, Lin, Calhoun, Vela-Bueno, &
Kales, 2005), old age (Bixler et al., 2005) as well as cognitive performance (Ohayon &
Vecchierini, 2002). A final limitation is that assessment of health illnesses does not account
for acute physical ailments that may have occurred during our daily assessments. These
limitations should be weighed against the relative difficulty in obtaining repeated cognitive
assessments on so many occasions separated by such short intervals. Despite these
limitations, the current study did observe a significant relationship between sleep duration
and cognitive performance, which has also been observed in the previous literature.

The current study’s results suggest the importance of identifying and treating health issues
that may be common in African Americans to help preserve daily cognitive functioning.
Given our sample of older African Americans typically reported poor sleep habits, sleep
difficulties may explain cognitive functioning within this population. Overall, the current
study reveals a promising direction for future research to implement models that estimate
both between-person and within-person effects of sleep not only within minority
populations, but also across racial groups. Furthermore, future research should explore
whether the within-person coupling relationship between sleep duration/quality and
cognitive functioning may signify early cognitive impairment.
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Figure 1.
Multi-level Linear Modeling Equation.
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Figure 2.
Quadratic Effect of Daily Sleep Duration for Global Cognition Function
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Sleep Unstandardized Coefficients (and Standard Errors) of Daily Within-Person Effects and Between-Person
Effects for Global Cognition

Step 1 Step 2
Within-person
Daily Sleep Duration (Linear) 0.14 (0.19) 0.12 (0.20)
Daily Sleep Duration (Quadratic) _g 16*(0.07) —0-14 (0.08)
Daily Sleep Quality (Linear) —-0.31 (0.33) -0.19 (0.35)
Daily Sleep Quality (Quadratic) 0.02 (0.20) 0.03 (0.20)
Time (Linear) 0.66 (0.37) 0.73(0.38)
Time (Quadratic) 0.01 (0.05) 0.00 (0.05)
Between-person
Mean Sleep Duration (Linear) —-0.17 (0.83) —0.18 (0.83)
Mean Sleep Duration (Quadratic)  0.40 (0.32) 0.40 (0.32)
Mean Sleep Quality (Linear) 1.27 (2.01) 1.28 (2.01)
Mean Sleep Quality (Quadratic)y ~ —0.37 (1.00) —0.36 (1.00)
PSQI 0.06 (0.39) 0.06 (0.39)
Stress —2.89 (2.67) —2.91 (2.67)
Gender -6.78"(3.05) -6.727(3.05)
CVRFS -4.36"%(0.93) -4.35""(0.93)
Non-CVRFS 2.26 (1.17) 2.28 (1.17)
Interactions
Daily Sleep Duration x PSQI 0.04 (0.05)
Daily Sleep Duration x Stress —0.59 (0.47)
Daily Sleep Quality x PSQI -0.12 (0.08)
Daily Sleep Quality x Stress 0.37 (0.61)
Pseudo R? between 34% 34%
Pseudo R? within 18% 18%
Note:

CVREFS = Cardiovascular Risk Factors. Non-CVRFS = Non Cardiovascular Risk Factors/Other Health Conditions.

*
p

Fk

<.05

p<.01
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