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Abstract
Background/Objectives: We investigated the prevalence and correlates of discrepancies between self-reported sleep quality
(Pittsburgh Sleep Quality Index) and objective sleep efficiency (actigraphy) in older adults with mild cognitive impairment (MCI)
and subsyndromal depression. Methods: This was a secondary analysis of a clincial trial with 59 adults aged 60 years and older
with MCI and subsyndromal depression. We included baseline data on participants’ subjective sleep quality, objective sleep
efficiency, depressive symptoms, insomnia diagnosis, and cognitive functioning. Results: Pittsburgh Sleep Quality Index subjective
sleep quality and actigraphy-measured sleep efficiency were not significantly correlated (r ¼ .06; P ¼ .64), with 61% of participants having subjective-objective sleep discrepancies. Correlates of subjective-objective sleep discrepancy included the presence of an insomnia diagnosis and impaired memory, particularly delayed memory. Conclusion: These findings are important
because subjective underestimation of symptoms in older adults with memory impairments may result in sleep disturbances going
unrecognized in clinical practice; on the other hand, an insomnia disorder may be a possible remediable contribution to subjective
overestimation of sleep disturbances.
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Introduction
Aging is associated with a decline in sleep quality, and sleep
complaints are widespread among older adults.1 As many as
40% of older adults report sleep problems, including disturbed
or “light” sleep, frequent awakenings, early morning
awakenings, and excessive daytime sleepiness.2 Relative to
age-matched cognitively normal controls, older adults with
cognitive impairment have changes in the architecture and circadian timing of sleep.3,4 Therefore, sleep complaints may be
particularly prevalent in older adults with cognitive impairment. Indeed, 7% to 49% of older adults with mild cognitive
impairment (MCI) report sleep disturbances.5 Moreover, poor
sleep quality in older adults is associated with increased risk of
developing cognitive impairment and dementia.6-8 Implementing effective behavioral (eg, brief behavioral treatment for
insomnia and cognitive behavioral therapy for insomnia) and
pharmacotherapy (eg, benzodiazepine receptor modulators,
sedating antidepressants, melatonin receptor agonists, and
orexin receptor inhibitors) treatments may improve sleep quality, which in turn may serve to decrease the progression of
decline to dementia.9-12

Because of frequent mismatch between subjective reports of
sleep quality (reported with self-report measures like the Pittsburgh Sleep Quality Index [PSQI])13 and objective measures of
sleep architecture or movement (assessed with polysomnography or actigraphy), it is frequently challenging for clinicians to
know whether patients with self-reported poor sleep are truly
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candidates for treatment or whether those who self-report adequate sleep are overestimating and may in fact benefit from
more in-depth assessment of sleep quality.14-16 For instance,
subjective-objective sleep discrepancies have been found to be
greater and more variable across nights in older adults who
meet diagnostic criteria for insomnia disorder compared to
older adults with good sleep.17 Among older patients with cognitive impairment or MCI, accurate assessment of sleep quality
may be especially challenging. Poor cognitive functioning has
been shown to result in overestimating sleep duration compared to actigraphy.16 There is also a well-established relationship among cognitive impairment, sleep complaints, and
depressive symptoms which may further complicate clinical
assessment.5,18-21 Since depression has been linked to a negative cognitive bias, its presence may impair self-assessment of
symptomatology.22,23 Therefore, it is unclear to what degree a
depressed patient’s self-reported poor sleep quality is reflective
of a negative cognitive bias associated with depression versus
actual sleep disturbance.
Studying correlates of subjective-objective sleep discrepancy (eg, cognition, depression, and diagnosis of insomnia)
may help inform treatment planning for older adults with MCI
and subsyndromal depression. Using baseline data from the
Retaining Cognition while Avoiding Late-Life Depression
study,24 we investigated the prevalence and correlates of discrepancies between self-reported sleep quality (measured with
the PSQI)13 and objective sleep efficiency (actigraphy) in older
adults with both MCI and subsyndromal depression. We
hypothesized that self-reported sleep quality would not be
significantly correlated with objectively measured sleep efficiency.14 We also hypothesized that (1) cognitive impairments
would be associated with positive sleep discrepancy (ie, selfreported sleep quality was good but actigraphy-measured sleep
efficiency was poor or average) and (2) presence of depressive
symptoms and an insomnia diagnosis would be associated with
negative sleep discrepancy (ie, self-reported sleep quality was
poor but actigraphy-measured sleep efficiency was average or
good).

Methods
This study included baseline data from a project which investigated the efficacy of problem-solving therapy (PST) and combined PST þ moderate-intensity physical exercise versus an
enhanced usual care condition in preventing depression and
anxiety disorders over 12 months in older individuals with MCI
and subsyndromal depression.

Participants and Recruitment
Participants were recruited from primary care physician
offices, senior centers, community agencies, and the University
of Pittsburgh Alzheimer Disease Research Center. To be
included in the study, participants had to (a) be aged 60 years
or older; (b) have received a score of greater than 1 on the
Patient Health Questionnaire (PHQ-9),25 with at least a score
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of 1 on question 1 or 2 (ie, depressed mood or anhedonia); (c)
not meet criteria for a current major depressive episode or
anxiety disorder (except for specific phobia), using the Structured Clinical Interview for Diagnostic and Statistical Manual
of Mental Disorders (Fourth Edition)-IV (SCID)26; (d) have
adequate physical and sensory function to participate in neuropsychological assessment; and (e) be able to engage in
moderate-intensity exercise (eg, brisk walking 30 minutes
3 times a week). Exclusion criteria were (a) a lifetime history
of schizophrenia or bipolar disorder diagnosed by the SCID, (b)
a diagnosis of substance abuse or major depressive disorder in
the past year diagnosed by the SCID, (c) the presence of any
disorder affecting the central nervous system (eg, multiple
sclerosis and stroke), or (d) currently prescribed an antidepressant. Of the 73 eligible participants, 11 did not have baseline
actigraphy data (ie, lost to contact, noncompliant with procedures, or withdrew consent), and another 3 were excluded for
having less than 72 hours of baseline actigraphy data. Univariate
analyses (w2 tests, t tests) showed there were no significant differences among the demographic or pretreatment outcome
scores between the current sample (n ¼ 59) and the larger study
group (n ¼ 73).
A 2-step process was employed to diagnosis MCI. First,
participants were administered a cognitive screening battery,
which included the Modified Mini-Mental State Exam,27 Trail
Making Tests Parts A and B,28 Digit Symbol Substitution
Test,29 and the Quick Mild Cognitive Impairment Screen
(Qmci)30; individuals who scored within the normal range
(<1 standard deviation [SD] below normed mean) or dementia
range (>2 SD below normed mean) on all 3 tests and/or Qmci
were excluded. Those who scored between >1 SD and <2 SD
below the normed mean on any test progressed to a comprehensive assessment to confirm MCI status. The comprehensive
assessment involved the Wide Range Achievement Test-IV
Reading subtest,31 Repeatable Battery for the Assessment of
Neuropsychological Status (RBANS),32 Delis-Kaplan Executive Function System (D-KEFS) Trail Making and Color-Word
Interference Tests,33 Informant Questionnaire on Cognitive
Decline in the Elderly,34 3-item version of the Performance
Assessment of Self-Care Skills,35 Clinical Dementia Rating
Scale,36 and the Unified Parkinson Disease Rating Scale.37 A
neuropsychologist, neurologist, and geriatric psychiatrist
reviewed results at a diagnostic adjudication conference. The
National Alzheimer Coordinating Center comprehensive criteria/Revised Petersen criteria was used to diagnose MCI.38

Measures
Sleep quality. Patient-reported sleep quality was assessed with
the subjective sleep quality item on the PSQI.13 Specifically,
participants were asked to rate their overall sleep quality during
the past month with responses ranging from very good (0) to
very bad.3 Individuals were then classified as having either
good (ie, very good or fairly good) or poor (ie, fairly bad or
very bad) sleep quality. The internal consistency for the PSQI is
high (a ¼ .83) indicating each item measures part of a coherent
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overall construct. Subjective sleep quality has one of the highest component-total correlation coefficients (r ¼ .83,
P ¼ .001).13
We used actigraphy to objectively measure sleep efficiency
(Body Media SenseWear, Model MF-SW, Pittsburgh, PA). The
device was worn directly on the skin of the left arm triceps. It
uses a 3-axis accelerometer which also measures heat flux, skin
temperature, and galvanic skin response. Participants wore the
device between 4 and 10 days (M ¼ 6.6 days). All data were
extracted and analyzed using the SenseWear 7.0 software.
Sleep efficiency is the percentage of total sleep time divided
by total time in bed. It was calculated on a night-by-night basis
and these scores were averaged. Individuals were classified as
having (1) good sleep efficiency based on score 85, (2) poor
sleep efficiency based on score 75, or (3) average sleep efficiency based on score <85 and >75.13,39
Insomnia diagnosis. A clinician-administered diagnostic interview was completed to diagnose insomnia (based on the
SCID).26 Participants were categorized as having either threshold, subthreshold, or no insomnia. A value label of “1” was
assigned for no insomnia, “2” for subthreshold insomnia, and
“3” for threshold insomnia.
Cognition. Memory was assessed with the RBANS.32,33 Immediate memory was assessed through list learning and story
memory tasks. Delayed memory consisted of list and story
recall, as well as list recognition and figure recall. The individual test scores are combined into index scores (in this case the
Immediate Memory Index and the Delayed Memory Index).
Each index is reported as standard score with a mean of 100
(15). Executive function (ie, set shifting and inhibition) was
evaluated with the Trail Making Test and the Color Word
Interference Test of the D-KEFS, respectively.33 The Trail
Making Test condition 4 (also known as the Number-Letter
Switching condition) requires participants to switch back and
forth between connecting numbers and letters (ie, 1, A, 2,
B, . . . 16, P). Condition 5 is a motor speed condition in which
participants trace over a dotted line connecting circles on the
page as quickly as possible to gauge their motor drawing speed.
Comparing performance on condition 4 (which assesses cognitive flexibility) with performance on condition 5 (which
assesses motor speed) removes the motor speed element from
the test score to ascertain a more “pure” measure of cognitive
flexibility. Color Word Interference condition 3 assesses the
ability to inhibit an automatic response (ie, reading words), in
favor of producing a response that requires more effort (ie,
naming the colors of words). Scaled scores for the D-KEFS
tests have a mean of 10 (3).
Depression. The PHQ-925 was used to assess depression, with
total scores on this measure ranging from 0 to 27. Reliability
and validity of the measure have indicated that it has sound
psychometric properties.25 To remove the effect of sleep, the
sleep item was subtracted from the total score to create a modified PHQ-9 total score.
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Table 1. PSQI and Actigraphy Categories by Subjective-Objective
Sleep Discrepancy Group.a
Positive Sleep
Discrepancy

No Sleep
Discrepancy

Negative Sleep
Discrepancy

Good PSQI, poor
Good PSQI, good
Poor PSQI, average
actigraphy (n ¼ 5)
actigraphy (n ¼ 20)
actigraphy (n ¼ 8)
Good PSQI, average
Poor PSQI, poor
Poor PSQI, good
actigraphy (n ¼ 14)
actigraphy (n ¼ 3)
actigraphy (n ¼ 9)
Abbreviation: PSQI, Pittsburgh Sleep Quality Index.
a
Negative sleep discrepancy represents participants whose PSQI subjective
sleep quality item indicated worse sleep than actigraphy-measured sleep
efficiency; no sleep discrepancy represents participants whose PSQI subjective
sleep quality item and actigraphy-measured sleep efficiency were in agreement;
and positive sleep discrepancy represents participants whose PSQI subjective
sleep quality item indicates better sleep than actigraphy-measured sleep
efficiency.

Calculating the Subjective-Objective Sleep
Discrepancy Variable
The subjective-objective sleep discrepancy variable was based
on the concordance and the direction of discordant responses
between PSQI subjective sleep quality and objective sleep efficiency, which included negative sleep discrepancy (ie, PSQI
subjective sleep quality was poor but actigraphy-measured
sleep efficiency was average or good), no sleep discrepancy
(ie, PSQI subjective sleep quality matched actigraphymeasured sleep efficiency), and positive sleep discrepancy
(ie, PSQI subjective sleep quality was good but actigraphymeasured sleep efficiency was average or poor; see Table 1).
A value label of “1” was assigned for negative sleep discrepancy, “2” for no sleep discrepancy, and “3” for positive sleep
discrepancy.

Data Analysis
We used measures of central tendency to describe the demographic and clinical characteristics of the sample as defined by
the subjective-objective sleep discrepancy group (ie, positive
sleep discrepancy, no sleep discrepancy, and negative sleep
discrepancy). We used Pearson product-moment correlation
to assess the association between noncategorized selfreported sleep quality and actigraphy-measured sleep efficiency. To examine differences between subjective-objective
sleep discrepancy groups, continuous variables were compared
using analysis of variances, and categorical variables were
compared using w2 test. To examine independent correlates
of sleep discrepancy, variables that were significantly different
across subjective-objective sleep discrepancy groups were
entered into a stepwise linear regression model as independent
variables with the subjective-objective sleep discrepancy variable as the outcome. Since there was little theory to guide our
selection of variables for the model, a stepwise linear regression was chosen to interactively explore which variables
seemed to be a good fit. P values of .05 or less were considered
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Table 2. Demographic and Clinical Characteristics of the Sample (n ¼ 59) Stratified by Subjective-Objective Sleep Discrepancy Group.
Subjective-Objective Sleep Discrepancy Group
Variable
Age
Gender
Female
Male
Race
White
Non-white
Education
Qmci
PHQ-9 score
Insomnia diagnosis
Threshold
Subthreshold
Not present
Sleep variablea
Total time in bed
Total sleep time
Memory
Immediate
Delayed
Executive functioning
Trail making
Color Word Inference

Positive Sleep Discrepancy,
n ¼ 19 (32.2%)

No Sleep Discrepancy,
n ¼ 23 (39.0%)

Negative Sleep Discrepancy,
n ¼ 17 (28.8%)

74.3 + 8.1

73.2 + 8.4

76.7 + 9.5

11 (39.7)
8 (36.4)

12 (32.4)
11 (50.0)

14 (37.8)
3 (13.6)

Statistical Test; P Value
F ¼ .7; P ¼ .42
w2 ¼ 4.1; P ¼ .13
w2 ¼ 3.3; P ¼ .19

12 (27.3)
7 (46.7)
14.2 + 3.1
54.5 + 11.7
5.0 + 1.8

20 (45.5)
3 (20)
15.4 + 2.3
56.5 + 9.2
4.3 + 2.2

12 (27.3)
5 (33.3)
15.5 + 2.4
56.8 + 6.5
6.1 + 2.7

3 (15)
10 (47.6)
6 (33.3)

4 (20)
8 (38.1)
11 (61.1)

13 (65)
3 (14.3)
1 (5.5)

49.7 + 10.4
37.6 + 9.2

57.4 + 15.0
50.1 + 13.1

48.5 + 13.3
41.4 + 12.2

F ¼ .03; P ¼ .86
F ¼ 1.0; P ¼ .32

90.1 + 12.7
87.0 + 13.4

93.9 + 11.5
92.2 + 11.7

101.3 + 15.4
97.2 + 11.6

F ¼ 6.6; P ¼ .01
F ¼ 6.5; P ¼ .01

8.7 + 3.3
9.3 + 3.2

9.8 + 3.6
10.2 + 3.9

9.2 + 3.4
9.5 + 4.9

F ¼ .3; P ¼ .61
F ¼ .03; P ¼ .85

F ¼ 2.3; P ¼ .14
F ¼ .02, P ¼ .56
F ¼ 1.8; P ¼ .19
w2 ¼ 21.5; P < .001

Abbreviations: Qmci, Quick Mild Cognitive Impairment Screen; PHQ-9, Patient Health Questionnaire.
a
The PHQ-9 was used to assess depression, with total scores ranging from 0 to 24. Memory was reported as standard scores with a mean of 100 (15). Executive
functioning was reported as normed scaled scores with a mean of 10 (3).
b
Average number of hours across the days the participant wore the device (M ¼ 6.6 days).

significant. All analyses were conducted using SPSS version
21.0 for Windows.

Results
The demographic and clinical characteristics of the participants
are presented in Table 2, stratified by subjective-objective
sleep discrepancy group. This sample of older adults (mean
age in years ¼ 74.5 [8.6]) was largely female (62.7%), white
(74.6%), and had an average of 15 years of formal education.
All of the participants had subsyndromal symptoms of depression (PHQ-9 mean score ¼ 5.0 [2.3]). About 34% of the sample
was considered to have threshold insomnia, and an additional
36% met criteria for subthreshold insomnia. Participants had a
mean score of 55.9 on the Qmci, which supports a diagnosis of
MCI. These participants also performed at the low end of the
average range on Immediate (M ¼ 94.8 [13.6]) and Delayed (M
¼ 91.9 [12.7]) Memory Index scores and on measures of executive functioning (Trail Making Task: M ¼ 9.3 [3.4]; Color
Word Interference Task: M ¼ 9.7 [4.0]). There was little nightby-night variability in sleep efficiency (average SD ¼ .09), and
scores did not vary as a function of average time wearing the
device (F[1,56] ¼ .47, P ¼ .50).

Prevalence of Subjective-Objective Sleep Discrepancy
Pittsburgh Sleep Quality Index subjective sleep quality and
actigraphy-measured sleep efficiency were not significantly
correlated (r ¼ .06; P ¼ .64), with 61% of participants having
subjective-objective sleep discrepancies (positive sleep discrepancy ¼ 32.2%; negative sleep discrepancy ¼ 28.8%). The
remaining 39% of older adults had no sleep discrepancy
between self-reported sleep quality and actigraphy-measured
sleep efficiency (Table 1).

Correlates of Subjective-Objective Sleep Discrepancies
Participant demographics (ie, age, gender, race, and educational attainment), depressive symptoms, and executive functioning (set-shifting and inhibition) were not significantly
different across subjective-objective sleep discrepancy groups.
Insomnia diagnosis (w2 ¼ 21.5, Cramer V ¼ .43, P < .001),
Immediate Memory (F[1,57] ¼ 6.6, P ¼ .01), and Delayed
Memory (F[1,57] ¼ 6.5, P ¼ .01) were significantly different
across subjective-objective sleep discrepancy groups. Participants with threshold insomnia (65%) were more likely to have
negative sleep discrepancy (ie, PSQI subjective sleep quality
was poor but actigraphy-measured sleep efficiency was
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average or good) than those with subthreshold insomnia
(14.3%) or no insomnia (5.5%). Participants with positive sleep
discrepancy (ie, PSQI subjective sleep quality was good but
actigraphy-measured sleep efficiency was average or poor) had
significantly lower Immediate (90.1 + 12.7 vs 101.3 + 15.4;
t ¼ 2.4, P ¼ .02) and Delayed (86.9 + 13.4 vs 97.2 + 11.6; t ¼
2.5, P ¼ .02) Memory Index scores than those with negative
sleep discrepancy. Compared to the no discrepancy group, both
the positive and negative sleep discrepancy groups were not
significantly different in Immediate and Delayed Memory
Index scores (all P values > .05). Subsequent stepwise regression analyses (insomnia diagnosis, immediate memory, and
delayed memory entered into the model) revealed that insomnia diagnosis (b ¼ .37, P ¼ .002) and delayed memory (b ¼
.27, P ¼ .03) explained 24% of the variance in subjectiveobjective sleep discrepancy groups (F[2,56] ¼ 8.8, R2 ¼ .24,
Cohen f2 ¼ .31, P < .001).

Discussion
This is the first study to explore subjective-objective sleep
discrepancy in older adults with MCI and subthreshold depression. We found that self-reported sleep quality was not significantly correlated with actigraphy-measured sleep efficiency.14
This observation supports that these subjective and objective
assessments—while both provide valuable information—are
measuring different aspects of sleep. Of the 59 older adults in
our sample, approximately 39% had no sleep discrepancy
between their self-reported sleep quality and actigraphymeasured sleep efficiency. Interestingly, in a study using the
same approach to categorize subjective-objective sleep discrepancy, concordance rates were 19.4% in a sample of cognitively intact older adults.39 Presence of an insomnia diagnosis
and impaired memory, particularly delayed memory, may be
significant explanatory variables in understanding subjectiveobjective sleep discrepancy in this population.
Limitations of earlier studies that explored the role of cognition as a determinant of subjective-objective sleep discrepancy is that brief cognitive screeners, such as the Montreal
Cognitive Assessment40 or Mini-Mental State Examination,41
were used as an indicator of overall cognitive functioning.
Compared to these brief cognitive screeners, the RBANS and
D-KEFS are more specific and therefore are better at characterizing cognitive status.42 Our results suggest that impairments
in executive functioning may not interfere with a person’s ability to evaluate sleep disturbances over the past month. However, both immediate and delayed memory functioning may
contribute to a positive discrepancy. The opposite pattern has
been found in cognitively intact older adults.39 Therefore,
impaired memory, which interferes with accurate recollection,
may explain this mismatch between self-reported sleep quality
and actigraphy-measured sleep efficiency.43,44
A large proportion of our MCI sample was considered to
have threshold (34%) or subthreshold (36%) insomnia. In support of our hypothesis and consistent with prior research,17 we
observed that the presence of an insomnia diagnosis was
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associated with negative sleep discrepancy. On the other hand,
people who are not diagnosed with insomnia tend to have the
opposite pattern.45,46 It is plausible that actigraphy failed to
capture poor sleep in participants with insomnia9,17; for example, a person who lies awake but remains physically still when
in bed is often considered to be asleep with actigraphy. There is
also variability among the different actigraphy devices and the
variety of algorithms used to evaluate actigraphy data.47,48
Additionally, negative sleep discrepancy has been linked to
heightened brain activity during polysomnography49 suggesting that underlying sleep disturbance may accurately be perceived by patients but require more refined objective
measures.50
Contrary to our hypothesis, the presence of depressive
symptoms was not associated with negative sleep discrepancy.
Prior research showed that mood status upon awakening
explained the magnitude of difference between subjective and
objective sleep measurement.51 Baillet and colleagues suggested that slow wave sleep may adversely affect mood leading
to the underestimation of total sleep duration.51 One explanation for our null findings is that there was not enough variability in depressive symptomatology in our sample since
participants were required to have subthreshold depressive
symptoms and those with a formal diagnosis of major depressive disorder within the past year were excluded. Post hoc
exploratory analyses showed that PHQ-9 total scores were significantly correlated with PSQI subjective sleep quality (r ¼
.31, P ¼ .02). Additionally, participants with negative sleep
discrepancy had significantly greater depression (6.1 + 2.7
vs 4.3 + 2.2) than those with no sleep discrepancy, t ¼ 2.3,
P ¼ .03. Therefore, the PSQI may describe typical sleep complaints, which may be more indicative of a negative cognitive
bias and general dissatisfaction associated with depression,
than physiological sleep disturbances, as measured with
actigraphy.14

Limitations
The study participants were mildly cognitively impaired older
adults who were largely female, white, and well educated with
subsyndromal depression. Therefore, generalizability of results
may be specific to community-dwelling older adults with these
demographic and clinical features. Our sample size was also
relatively small; therefore, null findings may be due to insufficient power.52 Another limitation is the temporal difference in
the sleep assessments from a 1-month retrospective account
with the PSQI to a present measurement with actigraphy.13
However, the Consensus Sleep Diary (CSD),53 which assesses
sleep efficiency in the present moment, has been found to be
strongly associated with PSQI sleep quality.39 Such findings
suggest that sleep quality does not change significantly from
the month preceding actigraphy recordings. Perhaps, the most
significant limitation is that our approach to categorization of
subjective-objective sleep discrepancy precluded an estimation
of concordance for participants with average actigraphymeasured sleep efficiency. Even though this method to
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categorize subjective-objective sleep discrepancies has been
used in a previous study,39 it is still an imperfect approach.
While we are not able to describe the correlation between
average sleep efficiency with average self-reported sleep quality, our focus on describing concordance for participants with
good and bad sleep efficiency still has implications for clinical care and advances our understanding of this phenomenon.
We encourage future studies of concordance between
subjective-objective measures to consider taking a continuous
approach to analysis. Future studies may also consider using
more thorough subjective (eg, CSD) and objective (eg, polysomnography) measures to explore the subjective-objective
discrepancy on a variety of sleep outcomes (eg, total sleep
time, sleep onset latency, and wake time after sleep onset) in
older adults with MCI.
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Clinical Implications
These analyses shed new light on the prevalence and correlates
of subjective-objective sleep quality discrepancies in older
adults with MCI and subsyndromal depression. More than half
of our sample had discrepancy between subjective sleep quality
and objective sleep efficiency. Correlates of subjectiveobjective sleep discrepancy included the presence of an insomnia diagnosis and impaired memory, particularly delayed
memory. Our findings suggest that clinicians assessing sleep
complaints in older adults with memory impairments may consider conducting a more thorough subjective and/or objective
sleep evaluation, such as administering the complete PSQI,
using polysomnography, and acquiring collateral information
on sleep from a caregiver or spouse. Due to the risk profile of
many sedative hypnotics, there is a significant and growing
body of evidence that these medications should be used sparingly or avoided in older adults54,55 and should be considered
only as a secondary option confined to brief treatment periods.
Rather, cognitive and/or behavioral treatments, such as brief
behavioral treatment for insomnia and cognitive behavioral
therapy for insomnia, are the recommended interventions for
sleep disturbances.
It remains unknown whether PSQI subjective sleep quality
reflects disturbances specific to sleep that are distinct from
depression. Therefore, it is unclear to what degree a patient’s
self-reported poor sleep quality is reflective of a negative cognitive bias associated with depression versus actual sleep disturbance.14 Nevertheless, self-report of sleep disturbances
should be used along with patients’ other clinical information
to inform symptom management. Additional research is needed
with a more clinically depressed sample to elucidate the role of
depression in subjective-objective sleep discrepancy. Regardless, depression and insomnia frequently co-occur, particularly
in older adults with MCI.20,56 Therefore, it is recommended
that clinicians assess for and treat depressive symptoms in older
adults with sleep complaints while continuing to be mindful
that negative cognitive bias may interfere with the patient’s
ability to self-assess and report their symptomology.

Funding
The author(s) disclosed receipt of the following financial support for
the research, authorship, and/or publication of this article: This
research was supported by P30 MH90333 and P50 AG 005133.

References
1. Pace-Schott EF, Spencer RM. Age-related changes in the cognitive function of sleep. Prog Brain Res. 2011;191:75-89.
2. Lichstein KL, Morin C. Treatment of Late-Life Insomnia.
Thousand Oaks, CA: Sage; 2000.
3. Allen SR, Seiler WO, Stahelin HB, Spiegel R. Seventy-two hour
polygraphic and behavioral recordings of wakefulness and sleep
in a hospital geriatric unit: comparison between demented and
nondemented patients. Sleep. 1987;10(2):143-159.
4. Prinz PN, Peskind ER, Vitaliano PP, et al. Changes in the sleep
and waking EEGs of nondemented and demented elderly subjects.
J Am Geriatr Soc. 1982;30(2):86-93.
5. Kohler CA, Magalhaes TF, Oliveira JM, et al. Neuropsychiatric
disturbances in mild cognitive impairment (MCI): a systematic
review of population-based studies. Curr Alzheimer Res. 2016;
13(10):1066-1082.
6. Diem SJ, Blackwell TL, Stone KL, et al. Measures of sleep-wake
patterns and risk of mild cognitive impairment or dementia in
older women. Am J Geriatr Psychiatry. 2016;24(3):248-258.
7. Potvin O, Hudon C, Forget H, et al. Prevalence of psychiatric
disorders in community-dwelling older men and women with
cognitive impairment no dementia: results from the ESA study.
Aging Ment Health. 2012;16(2):218-227.
8. Yaffe K, Falvey CM, Hoang T. Connections between sleep and
cognition in older adults. Lancet Neurol. 2014;13(10):1017-1028.
9. Buysse DJ, Germain A, Moul DE, et al. Efficacy of brief behavioral treatment for chronic insomnia in older adults. Arch Intern
Med. 2011;171(10):887-895.
10. Harsora P, Kessmann J. Nonpharmacologic management of
chronic insomnia. Am Fam Physician. 2009;79(2):125-130.
11. Lie JD, Tu KN, Shen DD, Wong BM. Pharmacological treatment
of insomnia. P T. 2015;40(11):759-771.

322
12. Schutte-Rodin S, Broch L, Buysse D, Dorsey C, Sateia M. Clinical guideline for the evaluation and management of chronic
insomnia in adults. J Clin Sleep Med. 2008;4(5):487-504.
13. Buysse DJ, Reynolds CF III, Monk TH, Berman SR, Kupfer DJ.
The Pittsburgh Sleep Quality Index: a new instrument for psychiatric practice and research. Psychiatry Res. 1989;28(2):193-213.
14. Grandner MA, Kripke DF, Yoon IY, Youngstedt SD. Criterion
validity of the Pittsburgh Sleep Quality Index: investigation in a
non-clinical sample. Sleep Biol Rhythms. 2006;4(2):129-139.
15. Regestein QR, Friebely J, Shifren JL, et al. Self-reported sleep in
postmenopausal women. Menopause. 2004;11(2):198-207.
16. Van Den Berg JF, Van Rooij FJ, Vos H, et al. Disagreement
between subjective and actigraphic measures of sleep duration
in a population-based study of elderly persons. J Sleep Res.
2008;17(3):295-302.
17. Kay DB, Buysse DJ, Germain A, Hall M, Monk TH. Subjectiveobjective sleep discrepancy among older adults: associations with
insomnia diagnosis and insomnia treatment. J Sleep Res. 2015;
24(1):32-39.
18. Ganguli M, Du Y, Dodge HH, Ratcliff GG, Chang CC. Depressive symptoms and cognitive decline in late life: a prospective
epidemiological study. Arch Gen Psychiatry. 2006;63(2):
153-160.
19. Franzen PL, Buysse DJ. Sleep disturbances and depression: risk
relationships for subsequent depression and therapeutic implications. Dialogues Clin Neurosci. 2008;10(4):473-481.
20. Ohayon MM. Epidemiology of insomnia: what we know and what
we still need to learn. Sleep Med Rev. 2002;6(2):97-111.
21. Hohman TJ, Beason-Held LL, Resnick SM. Cognitive complaints, depressive symptoms, and cognitive impairment: are they
related? J Am Geriatr Soc. 2011;59(10):1908-1912.
22. Crane MK, Bogner HR, Brown GK, Gallo JJ. The link between
depressive symptoms, negative cognitive bias and memory complaints in older adults. Aging Ment Health. 2007;11(6):708-715.
23. Gotlib IH, Joormann J. Cognition and depression: current status
and future directions. Annu Rev Clin Psychol. 2010;6:285-312.
24. Gildengers AG, Butters MA, Albert SM, et al. Design and implementation of an intervention development study: Retaining Cognition while Avoiding Late-Life Depression (ReCALL). Am J
Geriatr Psychiatry. 2016;24(6):444-454.
25. Kroenke K, Spitzer RL, Williams JB. The PHQ-9: validity of a
brief depression severity measure. J Gen Intern Med. 2001;16(9):
606-613.
26. First M, Spitzer R, Gibbon M, Williams J. Structured Clinical
Interview for DSM-IV Axis I Disorders (SCID). Washington, DC:
American Psychiatric Press; 1997.
27. Teng EL, Chui HC. The Modified Mini-Mental State (3MS)
examination. J Clin Psychiatry 1987;48(8):314-318.
28. Reitan R, Wolfson D. The Halstead-Reitan Neuropsychological
Test Battery. Tucson, AZ: Neuropsychology Press; 1993.
29. Wechsler D. Wechsler Adult Intelligence Scale-III. San Antonio,
TX, The Psychological Corporation; 1996.
30. O’Caoimh R, Gao Y, McGlade C, et al. Comparison of the Quick
Mild Cognitive Impairment (Qmci) screen and the SMMSE in
screening for mild cognitive impairment. Age Ageing. 2012;
41(5):624-629.

Journal of Geriatric Psychiatry and Neurology 30(6)
31. Robertson G. Wide Range Achievement Test: Expanded Edition.
Wilmington, DE; Wide Range; 2001.
32. Randolph C, Tierney MC, Mohr E, Chase TN. The Repeatable
Battery for the Assessment of Neuropsychological Status
(RBANS): preliminary clinical validity. J Clin Exp Neuropsychol.
1998;20(3):310-319.
33. Delis D, Kaplan E, Kramer J. Delis-Kaplan Executive Function
System. San Antonio, TX: The Psychological Corporation; 2001.
34. Jorm AF. The informant questionnaire on cognitive decline in the
elderly (IQCODE): a review. Int Psychogeriatr. 2004;16(3):
275-293.
35. Holm M, Rogers J. The performance assessment of self-care skills
(PASS). In: Hemphill-Pearson BJ, ed. Assessments in Occupational Therapy Mental Health. 2nd ed. Thorofare, NJ: Slack,
Thorofare; 2008.
36. Hughes CP, Berg L, Danziger WL, Coben LA, Martin RL. A new
clinical scale for the staging of dementia. Br J Psychiatry. 1982;
140:566-572.
37. Movement Disorder Society Task Force on Rating Scales for
Parkinson’s D. The Unified Parkinson’s Disease Rating Scale
(UPDRS): status and recommendations. Mov Disord. 2003;
18(7):738-750.
38. Petersen RC. Mild cognitive impairment as a diagnostic entity. J
Intern Med. 2004;256(3):183-194.
39. Landry GJ, Best JR, Liu-Ambrose T. Measuring sleep quality in
older adults: a comparison using subjective and objective methods. Front Aging Neurosci. 2015;7:166.
40. Nasreddine ZS, Phillips NA, Bedirian V, et al. The Montreal
Cognitive Assessment, MoCA: a brief screening tool for
mild cognitive impairment. J Am Geriatr Soc. 2005;53(4):
695-699.
41. Folstein MF, Folstein SE, McHugh PR. “Mini-Mental State”. A
practical method for grading the cognitive state of patients for the
clinician. J Psychiatr Res. 1975;12(3):189-198.
42. Gold JM, Queern C, Lannone VN, Buchanan RW. Repeatable
Battery for the Assessment of Neuropsychological Status as a
screening test in schizophrenia I: sensitivity, reliability, and validity. Am J Psychiatry. 1999;156(12):1944-1950.
43. Lalonde R, Hannequin D. The neurobiological basis of time estimation and temporal order. Rev Neurosci. 1999;10(2):151-173.
44. Papagno C, Allegra A, Cardaci M. Time estimation in Alzheimer’s disease and the role of the central executive. Brain Cogn.
2004;54(1):18-23.
45. Frankel BL, Coursey RD, Buchbinder R, Snyder F. Recorded and
reported sleep in chronic primary insomnia. Arch Gen Psychiatry.
1976;33(5):615-623.
46. O’Donnell D, Silva EJ, Münch M, Ronda JM, Wang W, Duffy JF.
Comparison of subjective and objective assessments of sleep in
healthy older subjects without sleep complaints. J Sleep Res.
2009;18(2):254-263.
47. Kripke DF, Hahn EK, Grizas AP, et al. Wrist actigraphic scoring
for sleep laboratory patients: algorithm development. J Sleep Res.
2010;19(4):612-619.
48. Patel SR, Weng J, Rueschman M, et al. Reproducibility of a
standardized actigraphy scoring algorithm for sleep in a US Hispanic/Latino population. Sleep. 2015;38(9):1497-1503.

DiNapoli et al
49. Perlis ML, Smith MT, Andrews PJ, Orff H, Giles DE. Beta/
gamma EEG activity in patients with primary and secondary
insomnia and good sleeper controls. Sleep. 2001;24(1):
110-117.
50. St-Jean G, Turcotte I, Perusse AD, Bastien CH. REM and NREM
power spectral analysis on two consecutive nights in psychophysiological and paradoxical insomnia sufferers. Int J Psychophysiol. 2013;89(2):181-194.
51. Baillet M, Cosin C, Schweitzer P, et al. Mood influences the
concordance of subjective and objective measures of sleep duration in older adults. Front Aging Neurosci. 2016;8:181.
52. Faul F, Erdfelder E, Lang AG, Buchner A. G*power 3: a flexible
statistical power analysis program for the social, behavioral, and
biomedical sciences. Behav Res Methods. 2007;39(2):175-191.

323
53. Carney CE, Buysse DJ, Ancoli-Israel S, et al. The Consensus
Sleep Diary: standardizing prospective sleep self-monitoring.
Sleep. 2012;35(2):287-302.
54. American Geriatrics Society Beers Criteria Update Expert P.
American Geriatrics Society updated Beers Criteria for potentially inappropriate medication use in older adults. J Am Geriatr
Soc. 2012;60(4):616-631.
55. Carr M. Sedative and psychotropic medications. Nurs BC. 2005;
37(5):29-30.
56. Kim WH, Kim JH, Kim BS, et al. The role of depression in the
insomnia of people with subjective memory impairment, mild
cognitive impairment, and dementia in a community sample of
elderly individuals in South Korea. Int Psychogeriatr. 2017;29(4):
653-661.

