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Abstract

Changes in sleep and cognition occur with advancing age. While both may occur independently of
each other, it is possible that alterations in sleep parameters may increase the risk of age-related
cognitive changes. This review aimed to understand the relationship between sleep parameters
(sleep latency, wake after sleep onset, sleep efficiency, sleep duration, general sleep complaints)
and cognition in community-dwelling adults aged 60 years and older without sleep disorders.
Systematic, computer-aided searches were conducted using multiple sleep and cognition-related
search terms in PubMed, PsycINFO, and CINAHL. Twenty-nine manuscripts met the inclusion
criteria. Results suggest an inconsistent relationship between sleep parameters and cognition in
older adults and modifiers such as depressive symptoms, undiagnosed sleep apnea and other
medical conditions may influence their association. Measures of sleep and cognition were
heterogeneous. Future studies should aim to further clarify the association between sleep
parameters and cognitive domains by simultaneously using both objective and subjective measures
of sleep parameters. Identifying which sleep parameters to target may lead to the development of
novel targets for interventions and reduce the risk of cognitive changes with aging.
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1. Introduction

Alterations in sleep and cognition are associated with advancing age [1-3]. Approximately
50% of older adults report that they experience sleep problems [4]. Specifically, older adults
report subjective reductions in total sleep time (TST) and sleep efficiency (SE) as well as
increases in sleep latency (SL) and wake after sleep onset (WASO) [4]. Changes in sleep
parameters add complexity to age-related cognitive changes, as sleep is necessary for
healthy brain and bodily function and repair [5,6]. Sleep disturbances may contribute to
inadequate central nervous system restoration [7] with the potential to impair cognitive
function. There is extensive literature on the role of sleep in memory consolidation [8] but
two recent reviews have concluded that the association between sleep and cognition is
inconsistent across studies [9,10]. This review is broader in scope in that it specifically
examines the associations between specific sleep parameters and the domains of and global
cognition in community-dwelling older adults with no complaints of insomnia or other sleep
disorders. It is important to determine which sleep parameters have the greatest effect on
cognition so that researchers can identify modifiable risk factors for cognitive impairment
and know which parameters to target for novel interventions that can potentially decrease the
risk for cognitive impairment [10,11].

The objective for this exploratory review of sleep parameters and cognition in community-
dwelling adults 60 years and older was to understand the relationships between sleep
parameters (sleep latency, wake after sleep onset, sleep efficiency, sleep duration, and
general sleep complaints), and the domains of cognition (Executive Function, Attention,
Episodic Memory, Working Memory, Processing Speed) and global cognition.

2. Methods

Systematic, computer-aided searches were conducted using PubMed, PsycINFO, and

CINAHL with the following terms: “cognitive”, “cognition”, “older”, “sleep”, “attention”,
“episodic memory”, “executive function”, “processing speed”, “verbal fluency”, and
“working memory”. No limits were applied. Reference lists of original and review articles
were examined to identify additional relevant publications. To qualify for inclusion in the
review, the studies had to include participants who had a mean age of 60 years or older, with
no complaints of insomnia, sleep disorders, or cognitive impairment at baseline, and were
living independently in the community. The articles also had to report outcome measures of
cognition and/or cognitive impairment, have predictor variables of subjective or objective
sleep parameters, report original quantitative analyses, and be published in a peer-reviewed

journal.

After removing 3053 duplicates, 735 articles were screened for relevance (See Figure 1).
Titles were reviewed and excluded if the title or abstract included a population other than
older adults; a sample with sleep disorders; a control for clinical groups; contained the
words hospitalized or inpatient; were disease or medication specific; did not contain human
subjects; were primarily focused on tool development or measurement testing; were specific
to sleep architecture; or did not contain sleep parameters as the dependent variable and
cognition as independent variable. Forty-one full text articles were assessed and 12 were
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excluded based on age <60 or one of the aforementioned sleep parameters was not a
predictor of cognition. Twenty-nine articles were identified as fulfilling the inclusion criteria
and were included in the review. It must be noted that Blackwell, et a/. [12] and Blackwell,
et al. [13] used data from the Study of Osteoporotic Fractures and Devore, et al. [14] and
Tworoger, et al. [15] used data from the Nurses’ Health Study. Articles were reviewed by
two authors and discrepancies were discussed. A review of literature table was completed to
report the findings of the studies (Table 1).

Investigator-developed questionnaires, or proxy measures of sleep, were used to subjectively
measure sleep in the majority of the studies. Also, each of these measures evaluated the
sleep parameters using different questions. The Pittsburgh Sleep Quality Index (PSQI) [40]
was another frequently used instrument for subjective sleep assessment. Sleep diaries were
used in three of the studies. Of the studies that used actigraphy to measure sleep objectively,
Blackwell, et al. [13] and Lambiase, et a/. [16] used a sleep diary concurrently (See Table 2).

There was also a large variety of tests and instruments that were used to assess the domains
of cognition and global cognition (See Table 3). The Mini-Mental State Exam (MMSE) [41]
was used in more than half of the studies to assess global cognition. In addition, some of the
tests in this study overlapped domains, making it difficult to demonstrate clear differences in
the association between sleep parameters and specific domains of cognition. For example,
Trail Making Part B is used to measure both attention and executive function. However, this
is an issue that plagues cognition research [42,43] and is difficult to avoid.

In order to understand the relationship between sleep and cognition, each parameter of sleep
and its association with cognition will be discussed in the following section (see Tables 4
and 5).

3.1. Sleep Latency

Sleep latency is the amount of time (usually in minutes) it takes a person to fall asleep,
starting from the first intention to fall asleep. The studies with sleep latency and cognition in
older adults have reported mixed results. The results suggest a greater link between sleep
latency and global cognition than sleep latency and the particular domains of cognition.
Schmultte, et al. [17] reported that in a cross-sectional study, while longer sleep latency was
associated with worse performance on measures of attention, working memory, verbal
fluency and processing speed, after multivariate adjustment, longer sleep latency was
associated with verbal fluency only. Findings from three other studies did not indicate a
relationship between sleep latency and executive function [18,19], attention [18,19], episodic
memory [15,17,18], working memory [18-20], verbal fluency [18] and processing speed
[18,19]. Three cross sectional studies reported that longer sleep latency was associated with
worse performance on global cognition measures [19,21,22], while four other studies
[18,23-25] reported no relationship between the two variables. When examining objective
reports, Blackwell, et al. [12] reported that longer sleep latency was associated with worse
executive function, attention and global cognition while Miyata, et a/. [20] did not find any
association between sleep latency and attention or working memory.
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3.2. Wake after Sleep Onset

Wake after sleep onset is total amount of time awake during the night, from the time the
person falls asleep until final awakening. There is potential evidence to support the
relationship between longer wake after sleep onset and worse domain-specific and global
cognition. In two gender-specific studies using actigraphy, wake after sleep onset was
associated with worse global cognitive function in both men and women after adjustment for
depression and multiple demographic, physical, and health factors [12,13]. Longer wake
after sleep onset, derived from the PSQI, was also associated with worse global cognition
[21]. However, when using an investigator-developed questionnaire to assess sleep, Keage,
et al. [23] reported that longer wake after sleep onset was not associated cross-sectionally or
longitudinally with global cognitive function. No study examined the association between
subjective wake after sleep onset and the domains of cognition; however, longer wake after
sleep onset, examined objectively, was associated with worse performance in tests of
executive function [12,13,26], attention [12,13], episodic memory [26], and verbal fluency
[26] and global cognition [12,13]. In other studies, wake after sleep onset was not associated
with attention [20], working memory [20,26] and processing speed [26]. Discrepant finding
could be due to using different measures to assess the wake after sleep onset or the cognitive
domains.

3.3. Sleep Efficiency

Sleep efficiency is the ratio of the time a person is sleeping to the time that is actually spent
in bed trying to sleep. The studies with sleep efficiency and cognition suggest that there is a
relationship between subjective and objective measured sleep efficiency and global
cognition. When looking at the domains of cognition, there appears to be a relationship
between the domains and objectively assessed sleep but not subjectively assessed sleep.
Using the PSQI, Chang-Quan, et al. [21] and Nebes, et al. [19] reported that, based on cross-
sectional analyses, as sleep efficiency decreased, global cognitive function worsened.
Similarly, Potvin, et al. [24] reported that longitudinally as sleep efficiency decreased,
measured with the PSQI, global cognitive function worsened; however, the association was
significant for male but not female participants. Using an investigator-developed
questionnaire, Tworoger, et al. [15] reported no longitudinal relationship between sleep
efficiency and global cognitive function. In objective assessments, there were contrasting
results reported by the two Blackwell and colleagues’ studies: in the study with only female
participants [12] they found that a relationship was present between the two variables, while
in the study with only male participants [13] there was no association between the variables.

As objective sleep efficiency decreased, executive function [12,13,16], attention [12,13,16],
working memory [20] and processing speed [16] worsened. There was no relationship
between sleep efficiency and attention [20] and verbal fluency [16]. Subjectively measured
sleep efficiency was not associated with executive function [16,19], attention [16,19],
episodic memory [19], working memory [19], verbal fluency [16] and processing speed
[16,19]. Since all the studies were cross-sectional, the difference in the results could be due
to different studies using only one measure or multiple measures for the same domain. For
example, Nebes, et al. [19] used multiple measures to evaluate executive function while the
two studies by Blackwell, et a/. [12,13] each only used one measure.
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3.4. Sleep Duration

In some of the studies, sleep duration was examined as a continuous variable while in other
studies sleep duration was dichotomized into short and long sleep duration. When sleep was
examined as a continuous variable, there was no relationship between sleep duration and the
domains of and global cognition. However, a U-shaped relationship appeared to emerge
when sleep duration was dichotomized and results suggest a relationship between short and
long sleep and domains of cognition and global cognition. In a study with older women,
Lambiase, et al. [16] reported that subjectively measured total sleep duration was associated
with executive function and attention but not processing speed; while, objectively measured
sleep duration was not associated with any of the cognitive domains. Wilckens, et al. [26]
had similar results with no association between objectively measured total sleep duration
and executive function, episodic memory, working memory and processing speed in a cross-
sectional assessment of older adults. Blackwell, et a/. [13] also found no association between
objectively measured total sleep duration and executive function and attention. In subjective
assessment, total sleep duration was not associated with executive function [18,19,27],
attention [18,19], episodic memory [18,19], working memory [18,19], processing speed
[18,19,27] and global cognition [18,19].

In terms of subjective short sleep duration and global cognition, Potvin, et al. [24] had mixed
results based on gender. Men with short sleep duration had worse global cognition after one
year while there was no longitudinal relationship between short sleep duration and global
cognition in women. Benito-Leon, et al. [28] reported that there was a cross-sectional
association between short sleep and global cognitive function; however, this association was
no longer present at the 3-year follow-up. Tworoger, et a/. [15] had similar results in their
cross-sectional and longitudinal (2 years) analyses. In longitudinal analyses, after 22.5 years,
Virta, et al. [29] found that short sleep duration was associated with poorer cognition. Keage,
et al. [23] had contrasting results with no association between short sleep and global
cognitive function at baseline but an association between short sleep and global cognitive
impairment at two and 10 years. Loerbroks, et a/. [30] found no cross-sectional nor
longitudinal association between short sleep duration and global cognitive function. While
Blackwell, et al. [13], Devore, et al. [14], and Xu, et al. [31] reported cross-sectional
association between subjective short sleep and global cognition, other researchers, Auyeung,
et al. [22], Ohayon and Vecchierini [32], Ramos, et al. [11], Faubel, et a/. [33] and McCrae,
et al. [27] had contrasting results.

When looking at the domains of cognition, subjective short sleep duration was associated
with attention [30], episodic memory [14,31], working memory [14] and verbal fluency [14].
In contrast, short sleep duration was not related to executive function [13], attention [13,17],
episodic memory [15,17,30], working memory [17], verbal fluency [17], and processing
speed [17]. Tworoger, et al. [15] reported an association between short sleep duration and
verbal fluency at baseline, which was no longer significant at follow-up. In objective
findings, Miyata, et a/. [20] reported a relationship between short sleep duration and working
memory using the 0-back test. However, using the 1-back test, there was no relationship
between the two vaiables. None of the other studies that looked short sleep duration and
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domains of cogniton found an association [13,20,26]. These studies also did not find
associations with objective long sleep duration and the domains of cogniton.

Potvin, et al. [24] found that in women but not men, long sleep duration was associated with
incident cognitive impairment over one year. Virta, ef al. [29] found that long sleep was
associated with poorer cognition in a 22.5 year follow up of older adults. Benito-Ledn, et al.
[28] reported that while there was no cross-sectional relationship between long sleep
duration and global cognitive function, a relationship emerged between the two variables at
the three year follow-up. Ramos, et a/. [11], Blackwell, et al. [13], Auyeung, et al. [22],
Faubel, et al. [33], and Xu, et al. [31] reported relationships between long sleep duration and
worse global cognitive function; while, Tworoger, et al. [15], Keage, et al. [23], Ohayon and
Vecchierini [32] and Loerbroks, et al. [30] reported that long sleep duration was not related
to global cognitive function.

3.5. General Sleep Problems

There are mixed findings in the relationship between general sleep problems and domains of
cognition and global cognition but imply a possible link between increased sleep problems
and reduced cognition. In the study by Potvin, et al. [24], the sleep quality score in men and
the sleep disturbance score in women were associated with global cognition while there was
no association between the sleep quality score in women and the sleep disturbance score in
men with global cognition. Tworoger, et al. [15] reported that there was a cross-sectional but
not longitudinal relationship between general sleep problems and global cognition. Saint
Martin, et al. [18] reported that the global PSQI score was associated with worse global
cognition; while, the PSQI sleep quality score was not associated with global cognition.
Auyeung, et al. [22] revealed that in univariate analyses sleep problems were associated with
global cognition but were no longer associated after multivariate analyses. Nebes, ef a/. [19],
Sampaio, et al. [34], Virta, et al. [29] and Chang-Quan, et al. [21] reported that there was a
relationship between subjective general sleep problems and global cognition and Lim, et al.
[35] reported that there was a relationship between objective general sleep problems and
global cognition. In contrast, Blackwell, et a/. [13], Keage, et al. [23], Jaussent, et al. [25],
Foley, et al. [36], Gamaldo, et al. [37] and Zimmerman, et a/. [38] reported no associations
between subjectively measured general sleep problems and global cognition.

There are conflucting results for general sleep problems and each of domains of cognition.
Saint Martin, et al. [18], Nebes, et al. [19], Gamaldo, et al. [37], Sutter, et al. [39] and
McCrae, et al. [27] all reported an association with general sleep complaints and at least one
of the domain of cognition while Saint Martin, et a/. [18], Nebes, et al. [19], Sutter, et al.
[39] and McCrae, et al. [27] in addition to Zimmerman, et al. [38], Blackwell, et al. [13],
Miyata, ef al. [20] and Tworoger, et al. [15] reported that there was no relationship between
the variables.

4. Discussion

The aim of the review was to understand the relationship between sleep parameters and the
domains of cognition and global cognition in adults 60 years and older. In this population,
the research on the association of subjective sleep parameters and cognition is mixed; as a
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result, more studies, particularly longitudinal studies, are needed that further explores the
relationship among these variables. Interestingly, sleep duration, a sleep variable most
consistently related to disease states such as cardiovascular disease [44,45], was not
consistently associated with changes in cognitive function. A recent review suggests that
older adults may actually be more resistant to the cognitive effects of sleep problems, such
as deprivation and restriction [46] possibly due to physiologic adaptation throughout the
aging process.

A majority of the studies used available data as partial measures of sleep, as many of these
studies were secondary analyses. These measures often were not validated or demonstrated
to be reliable and thus cannot be readily compared against other valid and reliable measures
of sleep. Even in studies with good measures of sleep, the measure primarily reflected an
overarching score of sleep. For instance, the PSQI assesses sleep with a single score
reflecting overall sleep in the last month. In addition, sleep parameters were assessed
differently by different questionnaires. For example, sleep latency was assessed by asking
the participants to indicate the number of minutes taken to fall asleep or by asking if they
usually took long to fall asleep. There was also a lack of standardization of the cut-off times
for some of the sleep variables such as sleep latency and sleep duration. For example,
Ohayon and Vecchierini [32] used short sleep duration as <7 h and long sleep duration as
>8.5 h while Loerbroks, et al. [30] defined short sleep duration as <6 h and long sleep
duration as >9 h. Future studies should attempt to standardize the cut-points used for long
and short sleep duration. Another limitation is the use of subjective sleep measures in many
studies of cognitive function. Subjective measures can possibly lead to differential
misclassification and selective drop-out, because persons with poor cognitive function are
likely to have more difficulty to accurately complete sleep questionnaires and sleep diaries.

Obijective sleep measures are necessary, but have their own strengths and weakness. For
example, actigraphy provides a plethora of activity data over longer periods of time but is
often not sensitive to time spent awake lying still and does not measure sleep stage [47];
whereas polysomnography (PSG) uses many physiologic measures to capture sleep and
sleep parameters but is often only completed on one or two nights [48]. Sleep in older adults
is quite variable and the influence of that factor was generally not accounted for in the
reviewed studies. Examining the relationship between night to night sleep variability using
multi-night objective measures of sleep is necessary to further assess the relationship
between objective sleep and cognition.

Sleep architecture parameters specific to rapid eye movement (REM) and non-rapid eye
movement (NREM) sleep were not examined in this review. Since older adults report
increase in sleep fragmentation and more time in lighter sleep stages [49], it is possible that
these parameters are the ones that are more associated with changes in cognitive function. In
order to determine if there is an association, PSG needs to be used on a more consistent
basis. Home polysomnography is now an option and may be better and more convenient for
the participants.

The inconsistency of measurement of cognition and sleep also limits the ability to identify
relationships across the reviewed studies. First, there was variation across the studies in the
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assessment measures for sleep and cognitive function. Although the measures used for
cognitive function in the majority of studies were valid and reliable, the same measure was
not consistently used by the researchers to examine global or domains of cognition. For
example, Trail Making B, Stroop Color and Word test, Oral Word Fluency test, Porteus
Maze, and Optimal Telegram were all used to assess executive function. As pointed out by
Snowden, et al. [50], it would be beneficial if there was a consensus of measures, such as the
National Institutes of Health Toolbox or the Uniform Data Set of the Alzheimer’s Disease
Center, to allow for better comparison across studies. Another limitation within the cognitive
domain involves the measures used to assess global cognitive functioning. Many of the
measures, like the MMSE, may not be sensitive enough to identify small but significant
changes in cognition.

Additionally, there are important covariates that must be accounted for in studying the
relationship between sleep parameters and cognition. Depression is a common cause of sleep
problems in older adults and associated with neurocognitive impairments such as slower
processing speed and executive dysfunction [51]. Aloia, et al. [52], Steffens, et al. [53] and
Zimmerman, et al. [38] have also posited that depression and depressive symptoms are
associated with a decline in cognitive function. In their review, Foley, ef al. [36] reported that
sleep problems did not predict cognitive decline after controlling for depression; however,
depression at baseline significantly increased the likelihood of a decline in cognitive
function at follow-up. Schmutte, et a/. [17] reported that sleep latency and total sleep time
were moderately related to depression and Saint Martin, et a/. [18] reported that subjective
evaluation of cognitive function was related to the depression score. Nebes, et al. [19]
pointed out that the participants who reported poor sleep had more depressive
symptomatology than those reporting good sleep; therefore, it is possible that poorer sleep
was related to depression which then contributed to poorer cognitive functioning for that
specific group of older adults.

Another alternative explanation is that study participants with undiagnosed sleep apnea may
have contributed to the inconsistency in the association between sleep parameters and
cognitive function. Most studies in the review did not screen for or ask about a sleep apnea
diagnosis or had sleep apnea as a confounder, so did not account for the possible
confounding effect of the presence of sleep apnea. Sleep apnea is associated with worse
verbal fluency and constructional tasks [52] and without a screen or diagnosis, it is
challenging to adjust for the presence of the disorder or symptoms.

Both age and poorer health appear to play a role in the relationship between sleep and
cognition. Blackwell, et a/. [12], Chang-Quan, et a/. [21] and Lim, et a/. [35] all reported
that participants with a mean age over 80 years old reported that the worse the sleep
parameters, the worse their cognitive function measures. Denton and Spencer [54] reported
that in the oldest old population, the prevalence rate and the relative prevalence of chronic
conditions such as dementia, stroke, and heart disease were much higher for persons over 80
years than for persons under age 80. Wolff, et a/. [55] also reported than adults over 80 years
were more likely to have more than four chronic illnesses compared to their younger
counterparts. Kronholm, et al. [56] reported that the relationship between sleep and
cognitive function disappeared when they accounted for the participants’ health status.
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5. Conclusions

The current research on the association of subjective sleep parameters and cognition is
inconclusive and there is insufficient evidence to confirm or deny the existence of a
relationship between objective sleep parameters and cognition. Primary studies using valid
and reliable measures for all sleep and cognitive variables are clearly needed; it would be
very useful if similar measures were used across studies. Future research should also account
for important covariates such as depression, obstructive sleep apnea, age and chronic
medical illness. Healthcare providers should be aware that sleep disturbances can be
associated with cognition in older adults and that medical and psychiatric conditions can
influence the association. With this knowledge, providers should perform baseline and
periodic ongoing assessments to identify changes in sleep patterns, cognition, and the risk
factors that can influence the association between sleep and cognition.
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Table 2

Table displaying the measures used to assess sleep.

Subjective Objective

Investigator-Developed Sleep Questionnaire Actigraphy

Ramos et al., (2013) [11]; Devore et al., (2014) [14]; Tworoger et al., (2006) [15]; Schmutte et af., Blackwell et al., (2006) [12];

(2007) [17]; Auyeung et al., (2013) [22]; Keage et al., (2012) [23]; Jaussent et al., (2012) [25]; Virta et Blackwell et al,, (2011) [13];

al., (2013) [29]; Loerbroks et al., (2010) [30]; Xu et al., (2010) [31]; Faubel et a/., (2009) [33]; Lambaise et al., (2014) [16]; Miyata
Sampaio et al., (2012) [34]; Lim et al., (2013) [35]; Foley et al., (2001) [36]; Gamaldo, Allaire & et al., (2013) [20]; Lim et al., (2013)
Whitfield, (2008) [37] [35]

Pittsburgh Sleep Quality Index SensaWear

Blackwell et al., (2011) [13]; St. Martin et al., (2012) [18]; Nebes et al., (2009) [19]; Miyata et al., Wilckens et al., (2014) [26]

(2013) [20]; Chang-Quan, Bi-Rong & Yan, (2012) [21]; Potvin et al., (2012) [24]; Sutter et al. (2012)

[39]

Sleep Diary

Blackwell et al, (2011) [13]; Lambaise et al., (2014) [16]; McCrae et al., (2012) [27]

Sleep-EVAL System
Blackwell et al., (2011) [13]; Lambaise et al., (2014) [16]; McCrae et al., (2012) [27]

Medical Outcomes Study Sleep Scale
Zimmerman et al., (2012) [38]

Healthcare (Basel). Author manuscript; available in PMC 2016 April 06.
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