
Sleep–Wake Disturbances and Frailty in Community-Living Older
Persons

Carlos A. Vaz Fragoso, MD*,†, Evelyne A. Gahbauer, MD, MPH*, Peter H. Van Ness, PhD,
MPH*, and Thomas M. Gill, MD*
*Department of Internal Medicine, School of Medicine, Yale University, New Haven, Connecticut
†Clinical Epidemiology Research Center, Veterans Affairs Connecticut, West Haven, Connecticut

Abstract
Objectives—To evaluate the association between sleep–wake disturbances and frailty.

Design—Cross-sectional.

Setting—New Haven, Connecticut.

Participants—Three hundred seventy-four community-living persons aged 78 and older.

Measurements—Frailty was based on the Fried phenotype, and sleep–wake disturbances were
defined as daytime drowsiness, based on an Epworth Sleepiness Scale (ESS) score of 10 or greater,
and as subthreshold and clinical insomnia, based on Insomnia Severity Index (ISI) scores of 8 to 14
and greater than 14, respectively.

Results—Mean age was 84.3; 87 (23.8%) participants were drowsy, 122 (32.8%) had subthreshold
insomnia, 38 (10.2%) had clinical insomnia, and 154 (41.2%) were frail. There was a significant
association between drowsiness and frailty, with unadjusted and adjusted odds ratios (ORs) of 3.79
(95% confidence interval (CI) = 2.29–6.29) and 3.67 (95% CI = 2.03–6.61), respectively. In contrast,
clinical insomnia was significantly associated with frailty in the unadjusted analysis (OR = 2.77,
95% CI = 1.36–5.67) but not the adjusted analysis (OR = 1.93, 95% CI = 0.81–4.61)), and
subthreshold insomnia was not associated with frailty in the unadjusted or adjusted analysis.

Conclusion—In older persons, sleep–wake disturbances that present with daytime drowsiness, but
not insomnia, are independently associated with frailty. Because drowsiness is potentially
remediable, future studies should determine whether there is a temporal relationship between
drowsiness and frailty, with the ultimate goal of informing interventions to reverse or prevent the
progression of frailty.
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Frailty is a geriatric syndrome that is commonly defined by three or more of the following
features: slow gait speed, low physical activity, exhaustion, reduced grip strength, and weight
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loss.1 In community-living older persons, frailty is highly prevalent and is associated with
adverse outcomes. Prevalence rates range from 7% in those aged 65 to 74 to approximately
40% in those aged 85 and older.1–3 Adverse outcomes include greater risk of falls, disability,
institutionalization, and death.1 Strategies for the prevention and treatment of frailty remain to
be elucidated, in part because the underlying pathophysiology of frailty has not been firmly
established.4 Proposed contributing factors include systemic inflammation, overactivation of
the hypothalamic–pituitary–adrenal axis, malnutrition, depression, cognitive impairment
(neurodegenerative disorders), and cardio- and cerebrovascular disease.1,4

Sleep–wake disturbances are generally categorized according to the presenting symptoms of
insomnia or hypersomnia (e.g., drowsiness).5,6 In older persons, these symptoms are highly
prevalent and associated with adverse outcomes.5,6 In the Established Populations for
Epidemiologic Studies of the Elderly (EPESE), involving 9,282 community-living persons
aged 65 and older, 25% reported napping, and 43% reported insomnia symptoms.5 Adverse
outcomes associated with napping include falls, cardiovascular disease, and death, whereas
insomnia symptoms are associated with poorer health, cognitive decline, depression, disability,
and institutionalization.6 Whether sleep–wake disturbances play a role in the pathogenesis of
frailty is uncertain.

Because they share some common features (e.g., low physical activity) and predict similar
outcomes, it was postulated that sleep–wake disturbances might be associated with frailty. The
current study was designed to evaluate the prevalence of frailty according to the presence of
sleep–wake disturbances, including daytime drowsiness and insomnia, in a cohort of
community-living older persons and to determine whether the association between sleep–wake
disturbances and frailty is independent of potential confounders. Because sleep–wake
disturbances are potentially remediable,6 establishing such an association could help to inform
subsequent interventions designed to reverse or prevent the progression of frailty.

Methods
Study Population

Participants were members of the Precipitating Events Project (PEP), an ongoing longitudinal
study of 754 initially nondisabled community-living persons aged 70 and older.7 The assembly
of the cohort has been described in detail elsewhere.7 To accomplish the specific aims of the
parent study, persons who were physically impaired, as denoted by a timed score of longer
than 10 seconds on the rapid gait test (walk back and forth over a 10-ft (3-m) course as quickly
as possible), were oversampled.7–9 This cutpoint delineates a threshold response between rapid
gait scores and the development of disability in older persons.8,9 The PEP participation rate
was 75.2%. Participants have since been followed with comprehensive assessments
administered at 18-month intervals. The Yale University Human Investigation Committee
approved the study protocol, and all participants provided written informed consent.

The analytical sample for the current study included community-living participants who
completed the comprehensive assessment at 90 months, including at least one of the two
validated sleep questionnaires (described below), which were administered for the first time
at 90 months. Of the 754 PEP participants, 286 (37.9%) died before the 90-month assessment,
26 (3.4%) dropped out of the study after a median follow-up of 26.5 months, 53 (7.0%) were
nursing home residents, and two (0.3%) refused the 90-month assessment. Of the remaining
387 participants, eight (2.1%) did not complete the frailty assessment, and five (1.3%) others
did not complete at least one of the two sleep questionnaires, leaving 374 in the analytical
sample. The 13 cohort members with missing data on frailty or sleep were older (88.9 vs 87.4;
P < .001) and more likely to be cognitively impaired (66.7% vs 15.8%; P = .001), as defined
below, than these participants, although there were no significant differences according to sex,
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race or ethnicity, education, health status, or the number of chronic conditions or medications
used.

Data Collection
During the 90-month assessment, trained research nurses collected data on nine self-reported,
physician-diagnosed chronic conditions (hypertension, arthritis, diabetes mellitus, myocardial
infarction, chronic lung disease, cancer (other than minor skin cancers), hip fracture, stroke,
and congestive heart failure), health status, medication use, depressive symptoms, cognitive
status, frailty, and sleep–wake disturbances. To assess health status, participants were asked,
“Would you say your health in general is excellent, very good, good, fair, or poor?”—with
reduced health status defined as a rating of fair to poor. Medications, prescription and over-
the-counter, were ascertained according to a review of medication bottles and subsequently
categorized according to the total number used and risk for central nervous system (CNS)
adverse effects (antihistamines, benzodiazepines, barbiturates, opiates, muscle relaxants,
antipsychotics, antidepressants, and anticonvulsants). Depressive symptoms were assessed
using the Center for Epidemiologic Studies Depression Scale (CES-D), with a score of 16 or
greater denoting significant depressive symptoms.10,11 Cognitive impairment was defined as
a score less than 24 on the Mini-Mental State Examination (MMSE).12

Frailty—As described in an earlier report,13 frailty was operationalized based on the Fried
phenotype1 but with a few modest modifications in three of the five criteria. Specifically, the
modified frailty-related criteria included slow gait speed, as defined above; low physical
activity, which was defined as a Physical Activity Scale for the Elderly (PASE) score less than
64 for men and 52 for women (these previously validated cutpoints denote the worst quintile
of scores in the first 356 enrolled PEP participants who had been selected randomly from the
source population14,15); and weight loss, defined answering yes when asked, “In the past year,
have you lost more than 10 pounds?” Unintentional weight loss was not distinguished from
intentional weight loss.13 These modified criteria have been validated in a recently published
study.13

The operational definitions were identical for the remaining two Fried frailty criteria.1
Specifically, the exhaustion criterion was met if the participant answered much or most of the
time when asked, “How often in the last week did you feel this way” to either of the following
two statements from the CES-D: “I felt that everything I did was an effort” and “I could not
get going.”1 The low grip strength criterion was met if the average of three readings, as
measured using a handheld dynamometer (Chatillon 100; Ametek, Inc., Largo, FL) was less
than or equal to published sex- and body mass index–specific cutpoints.1

Consistent with the Fried definition of frailty, participants were then classified as frail based
on the presence of three or more of the above criteria.1

Sleep–Wake Disturbances—To address the specific aims of the current study, two sleep
questionnaires, which had not been included in the prior comprehensive assessments, were
added at 90 months. The first was the Epworth Sleepiness Scale (ESS),16 which is a validated
measure of daytime drowsiness as experienced during eight different types of activity, with
scores ranging from 0 to 24 (the higher the score, the greater the drowsiness). Although lacking
rigorous validation, two frequently cited diagnostic cutpoints for the ESS are 10 and 11.16–
22 To identify participants with clinically meaningful daytime drowsiness, it was decided to
use a score of 10 or higher because the National Sleep Foundation has previously used this17

and, in older persons, it has been associated with hypertension, stroke, and poor driving
capacity.18–20
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The second sleep questionnaire was the Insomnia Severity Index (ISI),23 which is a validated
instrument with seven items that characterize the symptoms and consequences of insomnia,
with scores ranging from 0 to 28. Diagnostically, an ISI score less than 8 indicated no clinically
significant insomnia, scores of 8 to 14 denoted subthreshold insomnia, and a score greater than
14 was consistent with clinical insomnia.23 The contents of the ISI are based on the Diagnostic
and Statistical Manual of Mental Disorders, 4th Edition (DSM-IV) criteria for insomnia.23

Statistical Analysis
Clinical characteristics and sleep questionnaire data of all participants and according to frailty
status were first summarized as means and standard deviations or as counts and percentages.
Using unadjusted logistic regression models, whether drowsiness (ESS ≥10) and insomnia (ISI
of 8) were cross-sectionally associated with frailty was next evaluated. This yielded odds ratios
(ORs) that were subsequently adjusted for several established risk factors for sleep–wake
disturbances, including age, sex, number of chronic conditions, number of medications, use of
a medication with adverse CNS effects, health status, cognitive impairment, and significant
depressive symptoms. If covariates were highly nonsignificant at a P > .50, they were
eliminated from the final model. In the multivariable analyses, possible interactions between
covariates and the main predictor of a model and potential problems with collinearity and
multicollinearity were evaluated. Model fit was assessed according to residual analysis and
goodness-of-fit statistics.

To address the possibility that an association between sleep–wake disturbances and frailty
might be due largely to the psychological features (exhaustion and, perhaps, low physical
activity),6,18,24 the above analyses were repeated with slow gait speed as the outcome. Prior
work has shown that slow gait speed, an objective measure of physical capacity, is the frailty
indicator that is most strongly associated with adverse outcomes.25

SAS version 9.1.3 (SAS Institute, Inc., Cary, NC) was used for all analyses, with P < .05 (two-
sided) denoting statistical significance.

Results
Table 1 lists the characteristics of participants in the analytical sample, overall and according
to frailty status. The mean age of all 374 participants was nearly 85, and participants were
predominantly female and white. On average, participants had a high school education and
more than two chronic conditions and were taking approximately nine prescription and over-
the-counter medications, of which one had a risk of adverse CNS effects. The five most
common chronic conditions were hypertension, arthritis, cancer, diabetes mellitus, and chronic
lung disease. Approximately one-third (33.4%) of participants reported health status as fair to
poor, 15.8% were cognitively impaired, and 27.9% had significant depressive symptoms.
Approximately one-quarter (23.8%) of participants reported being drowsy, nearly one-third
(32.8%) had subthreshold insomnia, 10.2% had clinical insomnia, and 41.2% were frail.

Table 2 provides the prevalence and ORs for frailty according to the ESS and ISI. A higher
prevalence of frailty was observed in participants with daytime drowsiness than in those
without. In the multivariable analysis, daytime drowsiness was statistically associated with
frailty, with an adjusted OR of 3.67 (95% confidence interval (CI) = 2.03–6.61). Self-reported
health status modulated this association, yielding an adjusted OR of 8.92 (95% CI = 3.25–
24.46) in participants with fair to poor health, versus 2.11 (95% CI = 0.99–4.48) in those with
good to excellent health.

Similarly, as shown in Table 2, the prevalence of frailty was higher in participants with clinical
insomnia than those with no insomnia. However, although associated with frailty in the
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unadjusted analysis, clinical insomnia was not statistically associated with frailty in the
adjusted analysis. Subthreshold insomnia was not associated with frailty in the unadjusted or
adjusted analysis.

Table 3 provides the prevalence and ORs for slow gait speed according to the ESS and ISI. A
higher prevalence of slow gait speed was observed in participants with daytime drowsiness
than those without daytime drowsiness. In the multivariable analysis, daytime drowsiness was
associated with slow gait speed (adjusted OR = 3.12, 95% CI = 1.72–5.65). In contrast,
insomnia was not associated with slow gait speed. Furthermore, self-reported health status did
not modulate the association between daytime drowsiness and slow gait speed.

Discussion
The current study of community-living older persons found that sleep–wake disturbances and
frailty were highly prevalent and that daytime drowsiness, but not insomnia, was independently
associated with frailty. Because drowsiness is potentially remediable,6 establishing an
association between drowsiness and frailty could help to inform subsequent interventions to
reverse or prevent the progression of frailty.

To the authors' knowledge, the relationship between sleep–wake disturbances and frailty has
not been previously evaluated.1,4 The current study found that the prevalence of frailty was
twice as high in participants who were drowsy as in those who were not. The association
between drowsiness and frailty remained strong and statistically significant after adjustment
for several potential confounders. Although the cross-sectional design did not permit temporal
precedence to be established, it may be that a primary sleep disorder, such as obstructive sleep
apnea (OSA), advanced sleep-phase type circadian rhythm disorder, or CNS-based
hypersomnia, mediates the association between drowsiness and frailty.26 These primary sleep
disorders are prevalent in older persons and are characterized by biological processes that are
similar to those seen in frailty.6,26–29 For example, OSA is associated with systemic
inflammation, cognitive impairment, and incident cardio- and cerebrovascular disease;26–28

circadian rhythm disorders are associated with chronic conditions and neurodegenerative
disorders of the brain (cognitive impairment);26 and CNS-based hypersomnia is associated
with vascular and neurodegenerative disorders of the brain.26

The association between drowsiness and frailty was particularly strong in participants who
reported poor health. This is consistent with prior work, which has shown health status to be
strongly associated with drowsiness as defined by the ESS.21 Although health status probably
reflects the intensity of chronic illness, its modification of the association between drowsiness
and frailty might be based on psychological factors.6,18,24 To address this possibility, the
association between drowsiness and slow gait speed, a robust indicator of frailty,25 was
evaluated, and a statistically significant and clinically meaningful relationship was found,
suggesting that the association between drowsiness and frailty extends beyond psychological
factors. The absence of an interaction between health status and the association between
drowsiness and slow gait speed strengthens this supposition.

This study found that clinical insomnia was significantly associated with frailty in the
unadjusted analysis but not in the adjusted analysis. One possible explanation, supported by
the wide confidence interval, which included an adjusted odds ratio as high as 4.61, is that the
power to detect a clinically meaningful difference was inadequate in the adjusted analysis.
Another possibility is that secondary insomnia (due to a comorbid condition) is more likely to
be associated with frailty than primary insomnia (in the absence of comorbidity). It could be
that the association between secondary insomnia and frailty is mediated in at least three ways.
First, prior work has shown that insomnia worsens the course of comorbid medical and

Vaz Fragoso et al. Page 5

J Am Geriatr Soc. Author manuscript; available in PMC 2010 November 1.

N
IH

-PA Author M
anuscript

N
IH

-PA Author M
anuscript

N
IH

-PA Author M
anuscript



psychiatric disease,26,30 thus increasing vulnerability to developing frailty. Second, insomnia
may also occur as a manifestation of an underlying primary sleep disorder, such as central sleep
apnea, restless legs syndrome, or periodic limb movement disorder. These primary sleep
disorders are often associated with cardio- and cerebrovascular disease and neurodegenerative
disorders,26 all of which are proposed risk factors for frailty.1,4 Third, insomnia is associated
with overactivation of the hypothalamic–pituitary–adrenal axis,30 a response that may
contribute to sarcopenia and osteoporosis and, hence, frailty.4

In contrast, clinical insomnia was not statistically associated with slow gait speed, in the
unadjusted or adjusted analysis. These results are in contradistinction to prior work, which has
shown that polysomnography (PSG)-derived measures of sleep continuity (sleep efficiency
and wake time after sleep onset) are associated with slower gait speed.31 A possible explanation
for these seemingly contradictory results is that self-reported insomnia symptoms and
laboratory measures are only weakly related (i.e., their association is low to moderate
(correlation coefficient of 0.06–0.32)).32 Insomnia is a clinical diagnosis that is defined
according to DSM-IV criteria, which are incorporated into the ISI,23 and not laboratory-derived
(PSG or actigraphy) measures.

The findings of the current study suggest that the more-important sleep–wake correlate of
frailty is daytime drowsiness, not insomnia. Because wakefulness is the basis for all other
higher brain functions,33–36 it may be that the final pathway linking sleep–wake disturbances
and frailty requires the development of daytime drowsiness. Prior work has shown that
drowsiness increases the risk of other adverse outcomes. In OSA, for example, drowsiness
confers a risk of cardiovascular events and is a basis for pursuing therapy.37–39

The relationship between sleep–wake disturbances and frailty is likely to be bidirectional. For
example, the deleterious effects of frailty include loss of physical function and reduced
socialization (living alone, being home-bound, or institutionalization).1,40 These frailty-related
outcomes, in turn, can adversely affect important zeitgebers, such as social activities, physical
exercise, and outdoor sunlight exposure. These zeitgebers entrain circadian rhythms to a 24-
hour cycle length, which promotes normal sleep–wake scheduling.6,26 The loss of these
zeitgebers could thus lead to highly irregular sleep–wake schedules.6,26 Diagnostically, this is
termed irregular sleep–wake type circadian rhythm disorder, and it is particularly prevalent in
chronically ill and institutionalized older persons.26 Prognostically, such marked alterations in
sleep–wake rhythms might lead to further reductions in physical capacity and greater mortality.
41,42

The study population had a high prevalence of sleep–wake disturbances and frailty. This is
probably because of the advanced age of the participants and to the presence of multiple
comorbidities, including diabetes mellitus, myocardial infarction, congestive heart failure,
cognitive impairment, and depressive symptoms. A large proportion of participants also
reported poor health. These clinical characteristics are risk factors for sleep–wake disturbances
and frailty1–6 and, on average, were more prevalent in frail than nonfrail participants.

The current study included only a single measure of global cognition (MMSE) and did not
include a neurological assessment. Nonetheless, an “abnormal brain” may be an important
contributor to the development of sleep–wake disturbances. For example, a lesion that involves
wake-promoting neurons in the posterior hypothalamus (histaminergic neurons), by virtue of
their neuronal projections to distant sites, may lead to declines in vigilance, performance, and
learning.33,34 Similarly, age-related changes in the diurnal function of wake-promoting
neurons of the lateral hypothalamus (hypocretin/orexin neurons), also by virtue of neuronal
projections to distant sites, may reduce numerous physiological functions, including sleep and
wake states, feeding, neuroendocrine regulation, autonomic control, and locomotor activity.
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35,36 Further research in sleep neurobiology could lead to therapeutic interventions that target
wake-promoting neurons, upstream (at the site of the lesion) or downstream (at sites distal to
the neuronal projections), resulting in subsequent improvements in daytime drowsiness and
frailty.

In addition to its cross-sectional design, this study has several other limitations. First, because
of the advanced age of the study population, the results may apply only to the “oldest old.”
Second, prior studies that validated the ESS and ISI did not specifically involve older persons.
16,23 Nonetheless, it has since been shown that, in older persons, the stated ESS and ISI
cutpoints are associated with important clinical measures, such as those related to
cardiovascular disease and driving capacity.18–20 Third, because study participants did not
undergo laboratory-based sleep diagnostics such as actigraphy, PSG, and a multiple sleep
latency test, the severity of the sleep–wake disturbance could not be objectively confirmed,
and whether the underlying cause was a primary sleep disorder could not be determined. Last,
the operational definitions for frailty criteria differed modestly from those previously described
by Fried et al.1 Comparable modifications have been successfully implemented in the Women's
Health and Aging Studies,43 and it has previously been shown that each of the modified criteria
are independently associated with chronic disability, long-term nursing home stays, and death,
providing evidence of their validity.25 To address these limitations, longitudinal studies are
needed that include a broader spectrum of older persons and laboratory-based sleep diagnostics
and questionnaires and that evaluate alternative operational definitions of frailty.4

Despite these limitations, the current study provides important new information about the
relationship between sleep–wake disturbances and frailty. Because drowsiness is potentially
remediable, future studies should determine whether there is a temporal relationship between
drowsiness and frailty, with the ultimate goal of informing interventions to reverse or prevent
the progression of frailty.
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Table 1
Characteristics of Participants in the Analytical Sample

Characteristic All N = 374 Frail n = 154 Nonfrail n = 220

Age, mean ± SD 84.3 ± 4.5 85.9 ± 4.8 83.2 ± 3.9

Female, n (%) 252 (67.4) 108 (70.1) 144 (65.5)

Non-Hispanic white, n (%) 331 (88.5) 137 (89.0) 194 (88.2)

Education, years, mean ± SD 12.1 ± 2.8 11.6 ± 2.8 12.5 ± 2.7

Chronic conditions, n (%)

 Hypertension 250 (66.8) 95 (61.7) 155 (70.5)

 Arthritis 201 (53.7) 92 (59.7) 109 (49.5)

 Cancer* 98 (26.2) 42 (27.3) 56 (25.5)

 Diabetes mellitus 75 (20.1) 42 (27.3) 33 (15.0)

 Chronic lung disease 72 (19.3) 35 (22.7) 37 (16.8)

 Myocardial infarction 65 (17.4) 37 (24.0) 28 (12.7)

 Stroke 39 (10.4) 18 (11.7) 21 (9.5)

 Hip fracture 29 (7.8) 16 (10.4) 13 (5.9)

 Congestive heart failure 25 (6.7) 18 (11.7) 7 (3.2)

 Total, mean ± SD 2.3 ± 1.2 2.6 ± 1.3 2.1 ± 1.1

Medications, mean ± SD

 Total 9.2 ± 3.8 9.7 ± 3.9 8.8 ± 3.6

 With adverse central nervous system effects 0.9 ± 1.0 1.1 ± 1.1 0.8 ± 0.9

Fair to poor self-reported health 125 (33.4) 73 (47.4) 52 (23.6)

Mini-Mental State Examination score <24, n (%) 59 (15.8) 41 (26.6) 18 (8.2)

Center for Epidemiologic Studies Depression Scale score ≥16,
n (%)

104 (27.9) 58 (37.7) 46 (20.9)

Epworth Sleepiness Scale score†

 <10 (normal) 279 (76.2) 90 (58.4) 189 (85.9)

 ≥10 (daytime drowsiness) 87 (23.8) 56 (36.4) 31 (14.1)

Insomnia Severity Index score‡

 <8 (no insomnia) 212 (57.0) 81 (52.6) 131 (59.5)

 8–14 (subthreshold insomnia) 122 (32.8) 48 (31.2) 74 (33.6)

 >14 (clinical insomnia) 38 (10.2) 24 (15.6) 14 (6.4)

*
Other than minor skin cancers.

†
Eight missing values.

‡
Two missing values.

SD = standard deviation;.
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Table 2
Frailty According to the Epworth Sleepiness Scale (ESS) and Insomnia Severity Index (ISI)

Odds Ratio (95% Confidence Interval)

Sleep Questionnaire n/N (%) Unadjusted Adjusted*

ESS score

 <10 (no drowsiness) 90/279 (32.3) 1.00

 ≥10 (daytime drowsiness) 56/87 (64.4) 3.79 (2.29–6.29) 3.67 (2.03–6.61)†

ISI score

 <8 (no insomnia) 81/212 (38.2) 1.00

 8–14 (subthreshold insomnia) 48/122 (39.3) 1.05 (0.66–1.66) 0.89 (0.51–1.55)

 >14 (clinical insomnia) 24/38 (63.2) 2.77 (1.36–5.67) 1.93 (0.81–4.61)

*
Based on a logistic regression model adjusted for age, sex, cognitive impairment (Mini-Mental State Examination score <24), number of chronic

conditions, self-reported health status, depressive symptoms (Center for Epidemiologic Studies Depression Scale score ≥16), and use of a medication
with adverse central nervous system effects; a variable for number of medications was entered into the multivariable model but was highly
nonsignificant (P > .50) and was deleted from the reported model.

†
An interaction term crossing the self-reported health status covariate with the ESS main predictor was statistically significant (P = .02) in a separate

adjusted model; the odds ratio for the ESS predictor for participants with fair to poor health was 8.92 (95% confidence interval (CI) = 3.25–24.46),
and for those with good to excellent health, it was 2.11 (95% CI = 0.99–4.48).
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Table 3
Slow Gait Speed According to the Epworth Sleepiness Scale (ESS) and Insomnia Severity
Index (ISI)

Odds Ratio (95% Confidence Interval)

Sleep Questionnaire n/N (%) Unadjusted Adjusted*

ESS score

 <10 (no drowsiness) 126/284 (44.4) 1.00

 ≥10 (daytime drowsiness) 61/87 (70.1) 2.94 (1.76–4.92) 3.12 (1.72–5.65)†

ISI score

 <8 (no insomnia) 112/216 (51.9) 1.00

 8–14 (subthreshold insomnia) 57/122 (46.7) 0.81 (0.52–1.27) 0.68 (0.39–1.17)‡

 >14 (clinical insomnia) 25/39 (64.1) 1.66 (0.82–3.36) 1.01 (0.42–2.44)‡

*
Based on a logistic regression model adjusted for age, sex, number of chronic conditions, self-reported health status, number of medications, use of

a medication with adverse central nervous system (CNS) effects, cognitive impairment (Mini-Mental State Examination score <24), and significant
depressive symptoms (Center for Epidemiologic Studies Depression Scale score ≥16).

†
Variables for depressive symptoms and use of a medication with adverse CNS effects were entered into the multivariable model but were highly

nonsignificant (P > .50) and were deleted from the reported model.

‡
Variables for number of medications and for use of a medication with CNS adverse effects were entered into the multivariable model but were highly

nonsignificant (P > .50) and were deleted from the reported model.
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