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Abstract

Objective—To test the hypothesis that non-frail older men with poorer sleep at baseline are at
increased risk for frailty and death at follow-up.

Methods—In this prospective cohort study, subjective (questionnaires) and objective sleep
parameters (actigraphy and in-home overnight polysomnography) were measured at baseline in
2,505 non-frail men aged =67 years. Repeat frailty status assessment was performed an average of
3.4 years later; vital status was assessed every four months. Sleep parameters were expressed as
dichotomized predictors using clinical cut-points. Statuses at follow-up exam were classified as
robust, intermediate (pre-frail) stage, frail, or died in interim.

Results—None of the sleep disturbances were associated with the odds of being intermediate/
frail/dead (vs. robust) at follow-up. Poor subjective sleep quality (multivariable odds ratio [MOR]
1.26, 95%CI 1.01-1.58), greater nighttime wakefulness (MOR 1.31, 95% CI 1.04-1.66), and
greater nocturnal hypoxemia (MOR 1.47, 95% CI 1.02-2.10) were associated with a higher odds
of frailty/death at follow-up (vs. robust/intermediate). Excessive daytime sleepiness (MOR 1.60,

"Center for Chronic Disease Outcomes Research, Minneapolis VA Health Care System, One Veterans Drive (111-0), Minneapolis,
MN 55417, ensru001@umn.edu.

15k Coordinating Center, 185 Berry Street, Lobby 5, Suite 5700, San Francisco, CA 94107

2Department of Psychiatry, University of California — San Diego, 9500 Gilman Drive 0733, La Jolla, CA 92063

3Brigham and Women’s Hospital, Sleep Medicine Division, 221 Longwood Avenue, Boston, MA 02115

4pivision of Epidemiology, University of Minnesota, 300 WBOB 7525, 1300 S 2nd St, Minneapolis, MN 55454

5Department of Medicine, Allen Pavilion, Box 90 — Allen, New York, NY 10032

Disclosures

Drs. Ensrud and Stone have received grant support from the NIH (and supporting agencies) grant as listed above. Dr. Ancoli-Israel has
received consultant fees or served on scientific advisory boards for Ferring Pharmaceuticals Inc., GlaxoSmithKline, Johnson &
Johnson, Merck, NeuroVigil, Inc., Pfizer, Philips, Purdue Pharma LP, Sanofi-Aventis, and Somaxon. All other authors have nothing to
report.



1X31-)lew1a1ems 1X31-){Jewiaremsg

1Xa1-)lewarems

Ensrud et al. Page 2

95% CI 1.03-2.47), greater nighttime wakefulness (MOR 1.57, 95% CI 1.12-2.20), severe sleep
apnea (MOR 1.74, 95% CI 1.04-2.89), and nocturnal hypoxemia (MOR 2.28, 95% CI 1.45-3.58)
were associated with higher odds of death (vs. robust/intermediate/frail at follow-up). The
association between poor sleep efficiency and mortality nearly reached significance (MOR 1.48,
95% CI 0.99-2.22). Short sleep duration and prolonged sleep latency were not associated with
frailty/death or death at follow-up.

Conclusions—Among non-frail older men, poor subjective sleep quality, greater nighttime
wakefulness, and greater nocturnal hypoxemia were independently associated with a higher odds
of frailty or death at follow-up, while excessive daytime sleepiness, greater nighttime wakefulness,
severe sleep apnea, and greater nocturnal hypoxemia were independently associated with an
increased risk of mortality.
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INTRODUCTION

Self-reported and objectively measured sleep disturbances and frailty (a term indicating
multisystem impairment and expanding vulnerability) are increasingly common with aging
[1-6]. Previous studies in older adults have reported associations between sleep disturbances
and individual components of frailty [6-10]. In addition, prior studies [9,11,12] have
reported a greater prevalence of frailty among older adults with poor self-reported sleep
quality, excessive daytime sleepiness, poor sleep efficiency, prolonged sleep latency, and
sleep disordered breathing. However, all these previous studies utilized a cross-sectional
design and the directionality of associations between sleep disturbances and frailty has not
yet been evaluated with a prospective study.

Several prospective studies in older adults have reported that frailty is an independent
predictor of increased mortality risk [1-3]. While previous studies have also examined the
relationship between sleep disturbances and mortality in aged populations [13-21], findings
are inconsistent and most have been limited to self-reported sleep measures. Thus, the
longitudinal association of sleep disturbances among non-frail elders at baseline and risk of
incident frailty and death is uncertain.

To test the hypothesis that non-frail older men with poorer sleep at baseline are at increased
risk of frailty and death at follow-up, we measured subjective and objective sleep parameters
in a cohort of 2,505 non-frail men aged 67 years and older at baseline enrolled in the
Outcomes of Sleep Disorders in Older Men (MrOS Sleep) study, and reassessed frailty
status and vital status an average of 3.4 years later.

METHODS

Participants

From March 2000 through April 2002, 5994 men =65 years of age were recruited for
participation in the baseline examination of the prospective Osteoporotic Fractures in Men
(MrOS) study [22]. Men were recruited from population based listings in six regions of the
United States [23]. Men with a history of bilateral hip replacement and men who were
unable to walk without the assistance of another person were excluded.

From December 2003 through March 2005, MrOS participants were invited to participate in
an ancillary study to identify outcomes of sleep disorders in older men (MrOS Sleep study).
A total of 3133 men (56% of active survivors, >100% of recruitment goal) completed the
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MrOS Sleep examination (baseline for this analysis) and provided adequate data for
assessment of frailty status. Of these, a total of 2696 men who were classified as non-frail
(robust or intermediate stage) at baseline were eligible for this longitudinal analysis. After
excluding 191 surviving men missing repeat frailty status at the follow-up exam an average
of 3.4 years later, the final analytical cohort was comprised of 2505 men including 2325
who had repeat assessment of frailty status at follow-up and 180 who died before the follow-
up exam. The Institutional Review Board (IRB) at each center approved the study protocol
and written informed consent was obtained from all subjects.

Sleep Parameters

Self-Reported Sleep Parameters—At the sleep examination, participants completed
the Pittsburgh Sleep Quality Index (PSQI), a validated measure of subjective sleep quality
and sleep disturbances over a one-month time period. Global PSQI scores range from 0-21.
A score >5 is indicative of poor self-reported sleep quality and has a sensitivity of 89.6%
and specificity of 86.5% in distinguishing good vs. poor sleepers [24].

Participants also completed the Epworth Sleepiness Scale (ESS), a self-administered
questionnaire which classifies subjective daytime sleepiness among people with sleep
disorders. Scores on the ESS range from 0-24, with a score >10 indicating excessive
daytime sleepiness [25].

Objective Actigraphic Parameters of Sleep-Wake Patterns—As a part of the sleep
examination, parameters of sleep-wake patterns were measured using an actigraph
(Ambulatory Monitoring, Inc., Ardsley, NY), a small device used to detect movement that is
similar in appearance to a wristwatch. Actigraphy has been shown to provide an objective
and reliable estimate of sleep/wake patterns [26]. Actigraphy data were analyzed with
ActionW- 2 software (Ambulatory Monitoring, Inc., Ardsley, NY). Details of the actigraphy
scoring algorithms used in this study have been published elsewhere [27].

Participants were instructed to wear the actigraph continuously for five nights/six days,
removing it only for bathing. They were also asked to keep a sleep log used to aid in editing
the actigraph data. Actigraphy data was collected for an average of 5.2 (+ 0.9) 24-hour
periods.

Sleep-wake parameters examined in this analysis were actigraphy-based estimates of total
sleep time (total hours slept while in bed), sleep efficiency (percentage of time participant
was sleeping while in bed), sleep latency (amount of time until onset of sleep, defined as
when participant achieved sleep for 20 continuous minutes after getting into bed), and time
awake after sleep onset (defined as total minutes of time scored as awake from the onset of
sleep until the end of the last sleep episode while in bed).

Objective Polysomnographic Parameters of Sleep Disordered Breathing—In-
home sleep studies were completed using unattended, portable polysomnography (Safiro™,
Compumedics, Ltd., Abottsfield, AU). The recording montage was as follows: C3/A, and
C4/A electroencephalograms (EEG), bilateral electrooculograms and a bipolar submental
electromyogram to determine sleep status; thoracic and abdominal respiratory inductance
plethysmography to determine respiratory effort; airflow (by nasal-oral thermocouple and
nasal pressure cannula); and finger pulse oximetry. Centrally-trained and certified staff
performed home visits according to a protocol similar to that used in the Sleep Heart Health
Study [28].

Parameters of sleep disordered breathing examined in this analysis included a measure of
apneas/hypopneas, the apnea hypopnea index (AHI) and a measure of nocturnal hypoxemia,
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the percent of time during overnight sleep in which arterial oxygen saturation was below
90% (% of sleep time with SaO, <90%). Apnea was defined as complete or near complete
cessation of airflow for >10 seconds, and hypopneas were scored if clear reductions in
breathing amplitude (at least 30% below baseline breathing) occurred, and lasted >10
seconds [29]. In these analyses, only apneas and hypopneas that were each associated with a
4% or greater desaturation were included. AHI was calculated as the total number of apneas
and hypopneas per hour of sleep.

Other Measurements

In addition to sleep measurements, participants completed a questionnaire and clinic visit
including an interview and examination. A medical history was obtained by asking
participants if they had ever received a physician diagnosis of selected medical conditions
including prior fracture since age 50, arthritis, hypo/hyperthyroidism, diabetes mellitus,
myocardial infarction, angina, stroke or temporary ischemic attack, claudication, congestive
heart failure, chronic obstructive pulmonary disease (COPD), non-skin cancer,
parkinsonism, chronic kidney disease or kidney failure, liver disease and hypertension.
Participants were asked to bring all current medications used within the last 30 days with
them to the sleep examination for verification of use. Physical activity was assessed using
the Physical Activity Scale for the Elderly (PASE) [30]. Depressive symptoms were
evaluated using the 15-item Geriatric Depression Scale [31]. Cognitive function was
assessed with the Teng Modified Mini-Mental State Exam (3MS) [32]. Tests of physical
function included grip strength (using a hand-held Jamar dynamometer) and walk speed
(time in seconds to walk six meters at usual pace expressed as m/sec). Body weight and
height measurements were used to calculate a standard body mass index (BMI).

Treatment of Sleep Disordered Breathing

After the sleep exam, participants were contacted every four months and asked about
treatment for sleep disordered breathing, with response rates exceeding 99%. A total of 156
men who reported starting a treatment (e.g., continuous positive airway pressure,
supplemental oxygen, surgery for sleep disordered breathing, or use of a mouthpiece)
between the sleep and follow-up examinations were excluded from the analyses examining
the association of measures of sleep disordered breathing with frailty status and mortality
outcomes.

Frailty Status and Mortality

Frailty status at the sleep exam (baseline for this analysis) was defined using criteria similar
to those proposed by Fried and colleagues [2,3] using data collected in the Cardiovascular
Health Study (CHS).

1. Shrinking as identified by unintentional weight loss of >5% between MrOS
baseline and sleep examinations (mean years between examinations 3.4 + 0.5);

2. Weakness as identified by grip strength in the lowest quintile stratified by body
mass index (quartiles);

3. Poor energy/exhaustion as identified by an answer of “no” to the question “Do you
feel full of energy?” from the Geriatric Depression Scale (GDS);

4. Slowness as identified by walk speed in the lowest quintile stratified by standing
height (median); and

5. Low physical activity level as identified by PASE score in the lowest quintile.
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Men with none of the above components were considered to be robust, those with one or
two components were considered to be in an intermediate (pre-frail) stage, and those =3
components were considered to be frail and excluded from this analysis.

Frailty status at the follow-up exam was defined using criteria cutpoints from the sleep
exam. Since frailty and mortality are competing events, frailty status at follow-up and
mortality between the sleep and follow-up exams were jointly analyzed by considering four
outcome levels at follow-up: robust, intermediate stage, frail, or dead (died between sleep
and follow-up exams). Vital status was ascertained by participant contacts every 4 months.
Deaths were confirmed with death certificates. Follow-up for vital status was 99% complete.

Statistical Analysis

Differences in characteristics at baseline (sleep exam) according to frailty and mortality
status at follow-up (robust, intermediate stage, frail, dead) were compared using analysis of
variance for normally distributed continuous data, Kruskal-Wallis tests for skewed
continuous data, and chi-square tests for categorical data.

For the analyses, the sleep parameter predictor variables were expressed as dichotomous
variables based on published cutpoints for sleep disturbances, many of which define
moderate to severe impairment (PSQI >5 vs. <5, ESS >10 vs. <10, total sleep time <5 hours
vs. 25 hours, sleep efficiency <70% vs. 270%, sleep latency =60 minutes vs. <60 minutes,
time awake after sleep onset =90 minutes vs. <90 minutes, AHI =30 vs. <30, and =10% of
sleep time with SaO, <90% vs. <10% of sleep time with SaO, <90%). The prevalence of
sleep disturbance at baseline (sleep exam) as defined by each parameter was compared
across the four levels of the ordinal outcome at follow-up using the Cochran-Armitage test
for trend.

The association between a given sleep disturbance and the ordinal outcome was initially
examined using proportional odds models [33]. The assumption of homogeneity of effect of
each dichotomous sleep predictor variable across all levels of the outcome was evaluated.
However, the proportionality assumption was not met for all predictors. Thus, for
consistency in presenting results, three separate logistic regression models were performed
dichotomizing the outcome as intermediate stage/frail/dead (vs. robust), frail/dead (vs.
robust/intermediate), and dead (vs. robust/intermediate/frail).

Initial base models were adjusted for age, clinic site, race, health status, and body mass
index. Additional covariates were selected for inclusion in the final multivariable model if
they were known correlates of sleep disturbances in the cohort or associated with follow-up
status independent of age. Variables used to define each of the individual frailty components
(such as physical activity) were not included in the covariate selection process. Covariates in
the final multivariable models included age, race, site, health status, BMI, educational
achievement, social support, alcohol intake, smoking status, antidepressant, benzodiazepine,
nonbenzodiazepine sedative hypnotic use; number of comorbid medical conditions,
cognitive function, and baseline frailty status (robust or intermediate stage).

In a secondary analysis to evaluate for evidence of a linear association between each sleep
parameter and status at follow-up, the sleep measurements were expressed as continuous
variables in base and final multivariable models. To graphically evaluate the presence of a
linear associations between three continuous sleep parameters (time awake after sleep onset,
the apnea hypopnea index and the percent of sleep time spent with Sa02<90%) and death,
restricted cubic spline models were fit using knots specified at the 5, 25t 50t 75t and
95t percentile cutpoints. The cubic spline models were adjusted for age, race, site, health
status and BMI (base model). To determine if there was evidence of a U-shaped relationship
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between total sleep time and follow-up status, secondary analyses also were conducted
expressing total sleep time as a categorical predictor (<5 hours, >5 to 7 hours, >7 to <8
hours (reference) and =8 hours). To evaluate the impact of including men classified as
intermediate stage at baseline on the analyses examining associations of sleep disturbances
with the odds of being intermediate/frail/dead at follow-up, we performed a sensitivity
analyses for this outcome limiting the cohort to men classified as robust at baseline.

All significance levels reported were two-sided. All analyses were conducted using SAS
version 9.2 (SAS Inc., Cary, NC).

Characteristics of the Study Population

Of the 2505 non-frail men (mean age 75.7 years) in the cohort, 941 (37.6%) were classified
as robust and 1564 (62.4%) were in the intermediate stage at baseline. At the follow-up
exam an average of 3.4 years later, 701 (28.0%) were classified as robust, 1264 (50.5%)
were in the intermediate stage, 360 (14.4%) were classified as frail, and 180 (7.2%) had died
in the interim period. Characteristics of the cohort according to frailty status and death at the
follow-up exam are shown in Table 1. Among the 941 robust men at baseline, status at
follow-up was robust in 468 (49.8%), intermediate in 386 (41.0%), frail in 50 (5.3%), and
died in interim in 37 (3.9%). Among the 1564 men classified as intermediate stage at
baseline, status at follow-up was robust in 233 (14.9%), intermediate in 878 (56.1%), frail in
310 (19.8%), and died in interim in 143 (9.2%).

Sleep disturbances at baseline were common in the cohort ranging from 8.9% for severe
sleep apnea (AHI =30) up to 40.7% for poor self-reported sleep quality (PSQI >5) (Table 2).
In unadjusted analyses there was evidence for a linear trend with a greater prevalence of
each sleep disturbance at baseline with worsening status at follow-up (p <0.01), except for
short sleep duration (p=0.06).

Compared with the longitudinal cohort of 2505 men, the 191 surviving men classified as
non-frail at baseline who did not provide enough data for frailty status assessment at follow-
up were, on average, slightly older (76.5 vs. 75.7 years, p=0.05), but were no more likely to
be classified as intermediate stage (65.5% vs. 62.4%, p=0.41).

Longitudinal Associations of Self-Reported Sleep Disturbances with Frailty Status and

Mortality

In base models adjusted for age, race, health status and BMI, both self-reported poor sleep
quality (PSQI >5) and excessive daytime sleepiness (ESS >10) were associated with a
higher odds of being classified as intermediate/frail/dead (vs. robust) at follow-up (Table 3).
However, these associations were attenuated and no longer significant after further
adjustment for baseline frailty status (intermediate vs. robust). In final multivariate models
adjusted for multiple potential confounders including baseline frailty status, poor sleep
quality, but not excessive daytime sleepiness, was independently associated with higher
odds of frailty or death (vs. robust/intermediate) at follow-up. In addition, excessive daytime
sleepiness, but not poor sleep quality, was independently associated with a higher risk of
death (vs. robust/intermediate/frail).

Longitudinal Associations of Disruptions in Sleep-Wake Patterns with Frailty Status and

Mortality

Neither short sleep duration (total sleep time <5 hours) nor prolonged sleep latency (sleep
latency =60 min) were associated with frailty status or death at follow-up (Table 4). In
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addition, neither poor sleep efficiency (sleep efficiency <70%) nor greater nighttime
wakefulness (time awake after sleep onset =90 min) were related to the odds of being
intermediate/frail/dead at follow-up. There was some evidence of an independent association
between poor sleep efficiency and an increased risk of mortality (p=0.054), but poor sleep
efficiency was not related to the odds of frailty or death. Greater nighttime wakefulness was
independently associated with higher odds of being frail or dead at follow-up and an
increased risk of mortality.

Longitudinal Associations of Sleep Disordered Breathing with Frailty Status and Mortality

Neither severe sleep apnea (AHI =30) nor greater nocturnal hypoxemia (=10% of sleep time
with Sa0, <90%) were associated with the odds of being intermediate/frail/dead at follow-
up (Table 5). There was evidence of an independent association of greater nocturnal
hypoxemia, but not severe sleep apnea, with a higher odds of frailty or death at follow-up.
Both severe sleep and greater nocturnal hypoxemia were independently associated with an
increased risk of mortality. Including a history of COPD as a specific covariate in
multivariable modesl did not alter the associations of nocturnal hypoxemia and severe sleep
apnea with these outcomes.

Additional Analyses

When the sleep parameters were expressed as continuous variables there was evidence to
support linear independent associations of time awake after sleep onset, AHI, and percent of
sleep time spent with Sa02<90% with mortality (Figure 1). In contrast, there was no
evidence of linear independent associations between any of the continuous sleep parameters
and risk of frailty or death (see Supplementary Appendix). When total sleep time was
expressed as a categorical variable, the lack of associations between sleep duration and
frailty status and mortality at follow-up persisted. When the cohort was limited to men
classified as robust at baseline, findings regarding the absence of independent associations
between sleep disturbances and odds of being classified as intermediate/frail/dead at follow-
up were not altered.

DISCUSSION

In this cohort of non-frail older men at baseline, self- reported poor sleep quality, objectively
measured greater nighttime wakefulness, and greater nocturnal hypoxemia were associated
with an increased risk of incident frailty or death at follow-up an average of 3.4 years later.
The risk of mortality was higher among men with self-reported excessive daytime
sleepiness, those with greater nighttime wakefulness, those with severe sleep apnea, and
those with greater nocturnal hypoxemia.

Previous cross-sectional studies have reported independent associations between sleep
disorders and individual components of frailty including exhaustion [7], weakness [8-10],
slowness [8-10], and low physical activity [6]. In particular, a prior study of this cohort of
older men [8] examining the association between sleep and physical function found slower
gait speed and lower grip strength among men with poor sleep efficiency, those with greater
nighttime wakefulness, and those with greater nocturnal hypoxemia. A previous study in this
cohort [11] also reported independent associations between sleep disturbances (including
self-reported poor sleep quality and objectively measured poor sleep efficiency, prolonged
sleep latency, and sleep apnea [AHI =15]) and greater prevalent frailty status. In another
study of older adults [6], an association between severe sleep apnea (AHI >30) and
increased odds of prevalent frailty was observed among older women, but not men.
Excessive daytime drowsiness, but not insomnia, was associated with higher odds of frailty
in a study of community-living older persons [12].
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This study with its prospective design examined whether sleep disturbances among nonfrail
adults at baseline are associated with an increased risk of incident frailty and mortality at
follow-up. Several previous studies examining the association between subjective sleep
complaints and risk of death in older adults have reported inconsistent findings concerning
the relationships of self-reported sleep duration and daytime sleepiness with mortality [13—
16]. In contrast to most of these studies, our investigation used validated survey instruments
to assess self-reported sleep measures. The subsequent likelihood of frailty or death, but not
mortality alone, was increased among men with poor sleep quality, while excessive daytime
sleepiness was independently related to a higher risk of mortality, but not frailty or death.
Although these results require confirmation, they suggest that, among self-reported sleep
measures, sleep quality may have greater prognostic utility for assessing risk of frailty in
older adults, while daytime sleepiness may have greater prognostic utility for assessing risk
of mortality.

Additional studies have examined the association between objective measurements of sleep
and risk of mortality in middle aged and older adults. Small studies have reported a U-
shaped pattern between sleep duration as measured with actigraphy and survival at 10 years
in postmenopausal women [17] and an increased risk of death among healthy elders with
objectively measured prolonged sleep duration or poor sleep efficiency [18]. An association
between sleep disordered breathing (as manifested by higher AHI or greater nocturnal
hypoxemia) has been associated with an increased risk of mortality among middle-aged, but
not older, adults [19-21]. In this cohort of community dwelling older men we found no
evidence of associations between objective measures of sleep duration or prolonged sleep
latency and risks of frailty or mortality. There was some evidence that men with poor sleep
efficiency had a higher risk of death. Greater nighttime wakefulness and greater nocturnal
hypoxemia were each independently associated with a higher risk of frailty or death, and
greater nighttime wakefulness, severe sleep apnea (AHI >30), and greater nocturnal
hypoxemia were each independently related to increased mortality. Findings regarding the
association of greater nocturnal hypoxemia with these outcomes were not explained by the
greater prevalence of a history of COPD among men with greater hypoxemia. These results
suggest that, among objective measures of sleep, nighttime wakefulness and nocturnal
hypoxemia may have prognostic utility in older adults for assessing both risks of frailty and
death. There was evidence of linear independent associations between three measures
(nighttime wakefulness, apnea hypopnea index, and nocturnal hypoxemia) and risk of
mortality, but none of the sleep parameters expressed as continuous variables was
independently related to the risk of frailty or death.

We found no evidence of independent associations between the presence of subjective or
objective sleep disturbances at baseline and the odds of being intermediate/frail/dead (vs.
robust) at follow-up. Taken in the context of our other findings, these results suggest that
sleep disturbances may have greater prognostic utility for assessing the risk of frailty or
death than assessing the risk of transitioning to a pre-frail state. The initial associations
between poorer self-reported sleep measures and this outcome at follow-up were in large
part due to the greater prevalence of intermediate stage or pre-frail state among those with
poorer subjective sleep at baseline. Since the presence of the single poor energy component
of frailty results in a classification of intermediate stage, this finding is not surprising.

The associations between sleep disturbances among non-frail older adults and the greater
risks of frailty and mortality might be mediated through several mechanisms. Sleep
disorders may be a marker of conditions including poor health, intermediate stage or pre-
frail state, and co-morbidities which, by themselves, impair sleep and increase the likelihood
of frailty or death. However, these factors and other potential confounders explained some,
but not all, of the associations observed between sleep disorders and incident frailty status.
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In addition, sleep disturbances have been linked to alterations in biochemical pathways
including lower endogenous testosterone levels [34], renal dysfunction [35], and elevations
in markers of chronic inflammation [36]. Any or a combination of these pathways might at
least partially mediate the increased risk of frailty or death observed among men with sleep
disorders. The association between sleep disturbances and frailty is also likely to be bi-
directional in that frailty may lead to disruptions in rest activity rhythms with irregular
sleep-wake cycles that are frequently observed in chronically ill older adults [12].

This study has a number of strengths, including large sample size, enrollment of community-
dwelling older men not selected on the basis of sleep disorders or frailty status,
comprehensive validated measures of frailty and subjective and objective sleep parameters,
and prospective design. Analyses excluded men classified as frail at baseline and were
adjusted for multiple potential confounders. Objective measurements of sleep-wake patterns
were collected over multiple nights, resulting in more stable measures.

However, this study has several limitations. Participants were older predominantly
Caucasian men, and findings might not apply to other groups. Measures used to define some
frailty components were similar, but not identical, to those used in the original definition
[2,3]. Analyses were adjusted for several factors, but the possibility of residual confounding
cannot be eliminated. Surviving men not returning to the clinic for repeat assessment of
frailty were slightly older at baseline, but were no more likely to be classified as pre-frail.
Thus, it is unlikely that missing data markedly biased our findings. Analyses incorporated
death as a level in the ordinal frailty status outcome because death is a competing event.
Using this strategy, it is not possible to determine how much of the increased risks of frailty
or death among men with greater nighttime wakefulness and those with greater nocturnal
hxpoxemia are due to their higher risk of mortality. Participants did not have a clinical
evaluation for primary sleep disorders such as restless leg syndrome and objective measures
of obstructive lung disease using spirometry were not performed. All analyses were
prespecified, but multiple comparisons were performed and some of our findings may be
due to chance. Finally, average follow-up time in this study was 3.4 years, and it is uncertain
whether the associations between sleep disturbances and incident frailty status persist or
wane over the long-term.

Among non-frail older men, poor sleep quality, greater nighttime wakefulness, and greater
nocturnal hypoxemia were associated with a higher risk of frailty or death at follow-up.
Excessive daytime sleepiness, greater nighttime wakefulness, severe sleep apnea, and
greater nocturnal hypoxemia were associated with an increased risk of mortality. Additional
studies are warranted to evaluate the prognostic utility of sleep disturbances in predicting
risk of frailty and death in older adults.

Supplementary Material

Refer to Web version on PubMed Central for supplementary material.
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