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cipitate a decline in functioning and subsequent death among 
older individuals, the role of sleep in recovery from acute health 
events is not well understood. The current study explored the 
relationship between sleep and mortality among a cohort of 
older adults recovering from acute health events in an inpatient, 
post-acute rehabilitation setting.

In the present healthcare environment, older people often re-
ceive rehabilitation services involving physical, occupational, 
and other therapies after acute health events in inpatient set-
tings, where the goal of rehabilitative treatment is to improve 
functional status and facilitate a return to their prior living en-
vironment. These “post-acute” patients are therefore targeted 
for rehabilitation after acute hospital discharge because of their 
potential ability to return to independent living.

In our recent work,9 we found that older post-acute reha-
bilitation patients in inpatient settings suffer from extremely 
fragmented sleep and have short sleep duration at night. We 
also found that some patients sleep excessively during the day-
time hours. Most importantly, more daytime sleeping (based 
on behavioral observations of sleep/wake) during the period 
of post-acute rehabilitation predicted less functional improve-
ment during the rehabilitation stay, even after controlling for 
known predictors of rehabilitation outcomes (i.e., mental sta-
tus, hours of rehabilitation therapy received, rehospitalization, 
and reason for admission). This had long-term implications, 
such that more daytime sleeping during inpatient post-acute re-
habilitation remained a significant predictor of less functional 
recovery from admission to three months after the inpatient 
post-acute rehabilitation stay.

To date, identified mortality risk factors in the post-acute set-
ting include depression, age, male gender, and worse functional 

INTRODUCTION
Several studies have shown that sleep disruption is associ-

ated with increased mortality risk among older people. Using 
polysomnographic data from studies of healthy older adults, 
Dew et al.1 found that individuals with difficulty falling asleep 
were at 2.14 times higher risk of death than those without diffi-
culty falling asleep, even when controlling for other predictors. 
Manabe et al.2 found significantly higher mortality risk among 
patients in a geriatric hospital who were observed to have night-
time insomnia or difficulty falling asleep, compared to those 
who slept well, when controlling for other predictors. Studies 
also show that self-reported hours of nighttime sleep is a robust 
predictor of mortality, such that too little or too much sleep is 
associated with higher mortality risk.3-5 Findings related to day-
time sleeping/sleepiness are somewhat less consistent. While 
some studies show that daytime sleeping and daytime sleepi-
ness are associated with higher mortality risk,6,7 others have 
found this relationship disappears when controlling for other 
known mortality risk factors.2,8 Taken together, these findings 
suggest that sleep disturbance may be an important independent 
mortality risk factor in community settings, and perhaps in in-
stitutional settings as well. While acute health events often pre-
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sessment included self-report questionnaires (described below) 
that queried participants about depression, pain, cognitive func-
tioning, sleep disturbance prior to their acute hospitalization, 
and sleep disturbance in the post-acute care setting. Participants 
also wore a wrist actigraph to estimate sleep parameters for one 
week during the post-acute care stay. After discharge from the 
rehabilitation facility, a structured medical record review was 
completed. All data were collected by trained research per-
sonnel, who were evaluated for adequate interrater reliability 
throughout the study.

Information on survival and living location was gathered as 
part of follow-up assessments that were completed 3, 6, 9, and 
12 months after enrollment. For those deceased, a date of death 
was obtained from the next of kin or, for VA patients, from the 
electronic medical record. Los Angeles County death records 
were searched when neither the patient nor the next of kin could 
be reached and there was no medical record documentation that 
the participant was deceased or evidence the participant was 
alive (e.g., the medical record indicated they received medical 
care after the 12-month follow-up date). Among the 245 par-
ticipants in the sample, we were unable to confirm whether 8 
participants were alive or deceased at 1 year (i.e., they could 
not be reached, no medical record documents were available, 
and no death records were located). Seven of these individuals 
were excluded from the survival model (described below) due 
to missing data on other variables. The remaining participant 
for whom survival status could not be confirmed was dropped 
from the analyses. Due to the method of data collection, infor-
mation on cause of death was not available for participants who 
were deceased.

Measures
Basic demographic information (age, gender, ethnicity, 

and education) was recorded for all participants. Hospital 
and post-acute rehabilitation length of study, the reason for 
rehabilitation admission (e.g., orthopedic, stroke, medical, 
surgical) and the amount of rehabilitation therapy received 
(i.e., physical therapy, occupational therapy, kinesiotherapy) 
was abstracted from therapists’ detailed documentation in 
the medical record and was quantified as the number of min-
utes of rehabilitation therapy per day rehabilitation services 
were offered. Functional independence in personal care and 
physical activities was assessed at admission by the facilities’ 
physical and occupational therapists using the Functional In-
dependence Measure (FIM). The motor subscale of the FIM 
(mFIM) was abstracted from the medical record as the main 
measure of functional status (higher scores indicate greater 
independence, score range = 13-91).12

Subjective sleep quality was assessed using the Pittsburgh 
Sleep Quality Index (PSQI),13 an 18-item questionnaire about 
overall sleep quality (score range 0-21; higher scores indicate 
more sleep disturbance). For this study, the PSQI was adminis-
tered twice during the post-acute care stay. On enrollment, par-
ticipants were queried about their sleep for a one-month period 
“before their recent illness” (PSQI-pre). As such, the PSQI-pre 
was intended to describe “pre-illness” sleep patterns. The PSQI 
was administered a second time one week after enrollment, and 
participants were queried about their sleep over the prior week 
during their post-acute rehabilitation stay (PSQI-7day).

status prior to the acute health event leading to hospitalization. 
Morghen et al. found that moderate to severe depression was 
associated with a three-fold higher risk of institutionalization 
or death within one year of rehabilitation after hip fracture,10 
and Baztan et al. found that older age, male gender, worse 
functional status before illness, and more functional loss at ad-
mission to post-acute care were associated with higher mortal-
ity rates within one year.11 With the exception of depression, 
known mortality risk factors (i.e., age, gender, and pre-illness 
functional status) are “non-modifiable risk factors” in the post-
acute care setting. Sleep disruption may represent a second 
modifiable risk factor in the post-acute care setting. In the con-
text of these previous studies of mortality after post-acute reha-
bilitation among older adults,10,11 our findings suggest that sleep 
may play a role in the relationships observed in other studies. 
In fact, one possible mechanism through which depression and 
functional status change might contribute to mortality risk is 
through disruption of sleep quality.

The current analyses extend our prior work, examining 
whether sleep disruption among post-acute care patients is as-
sociated with mortality within one year of post-acute rehabili-
tation admission. We explored sleep disturbance specifically 
because it represents a modifiable risk factor for adverse out-
comes among older adults. Based on our prior work, we hy-
pothesized that more self-reported and objectively estimated 
(by actigraphy) sleep disruption during the post-acute care stay 
would be associated with higher mortality risk after controlling 
for other known mortality risk factors.

METHODS

Participants and Setting
The study sample has been described in detail previously.9 

Briefly, this was a prospective, observational cohort study 
among older people admitted to 2 post-acute rehabilitation sites 
in the Los Angeles area. Site A was a freestanding, for-profit, 
community nursing home with 130 Medicare-certified beds, 
which focused on short-term rehabilitation. Site B was an in-
patient rehabilitation unit located within a Veterans Administra-
tion Medical Center. Research methods were approved by the 
Veterans Administration Greater Los Angeles Healthcare Sys-
tem Institutional Review Board, and written informed consent 
was obtained from all participants or (if unable to self-consent) 
from their responsible party, with the assent of the participant.

All patients admitted to the study sites were approached for 
screening as soon as possible after admission, always within 
one week of admission to the rehabilitation unit. Inclusion cri-
teria were: (1) aged 65 years or older; and (2) admitted for re-
habilitation (i.e., receiving physical or occupational therapy). 
Patients were excluded if they (1) resided in a nursing home 
prior to admission; (2) were unable to participate in the study 
procedures due to a severe medical illness or behavior disorder. 
A total of 245 participants (158 from Facility A; 87 from Facil-
ity B) were enrolled in the study, and data from all participants 
are presented here.

Procedures
After admission to the rehabilitation site and enrollment into 

the study, participants completed a baseline assessment. The as-
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more than one covariate per 10 events.20 We therefore aimed to 
limit our final multivariate model to a parsimonious model con-
taining, at most, 3-4 covariates. After excluding nonsignificant 
terms from the multiple predictor model, nonsignificant pre-
dictors from the bivariate models were entered (one at a time) 
to determine if any of these predictors would be significant in 
the context of the multiple predictor model or if their inclusion 
substantially changed the hazard ratios of covariates already 
selected for inclusion. In all cases, these predictors remained 
nonsignificant and did not substantially change the hazard ratio 
for the included covariates.

This covariate selection process yielded four significant 
covariates: rehabilitation minutes per day, CIRS-G score, rea-
son for rehabilitation admission (orthopedic admission vs. all 
other), and gender. After controlling for these covariates, the 
PSQI-7day score was added to form the main analytic model. 
With 42 events (deaths), there were 8.4 events per predictor. 
The same covariate set was then used to test models with each 
of the actigraphically derived sleep variables included. The 
variable education approached significance as well. We elected 
to exclude it from the models presented, as it was the weakest of 
the covariates considered and its inclusion in the model did not 
impact the pattern of results, that is, the effects of PSQI-7 day 
score remained the same whether or not education was included 
in the model. For each model, we ascertained that the propor-
tional hazards assumption was not violated using the score test 
based on the Schoenfeld residuals (for individual covariates 
and the overall model) as well as graphical examination of the 
Schoenfeld residuals across time. The linearity of the predic-
tors was tested using fractional polynomials,21 and none of the 
predictors showed evidence of non-linearity. Inspection for po-
tential outliers showed no influential data points.

The data analysis was conducted with Stata version 11.1, us-
ing the stcox command for the Cox proportional hazards re-
gression models.22

RESULTS

Descriptive Statistics and Covariates
Descriptive statistics for all of the potential covariates were 

computed for the original sample, as well as the participants 
included in the Cox proportional hazards model (see Table 1). 
The total sample included 245 participants, whereas the final 
regression model included a total of 188 participants. This was 
due to missing data for some subjects on one or more variables 
included in the final model.

Covariates were compared for the participants included in the 
model versus those excluded by the model due to missing data. 
Significant differences were found for MMSE (with the excluded 
sample showing significantly lower MMSE scores (P < 0.001), 
and mFIM at admission (with excluded participants showing sig-
nificantly lower mFIM scores; P = 0.031). No significant differ-
ences were found for the remaining covariates examined.

Mortality
In the entire sample of N = 245, there were 57 deaths (23.3%), 

with an average of 313.2 days (SD = 108.1) from enrollment to 
death. Among the participants included in the model (N = 188) 
there were 42 deaths (22.3%) with an average of 316.6 days 

Sleep was objectively assessed with wrist actigraphs (Oc-
tagonal Actiwatch-L, Ambulatory monitoring, Inc, Ardsley 
NY). The actigraph was placed on the participant’s dominant 
arm on the evening of day one, and was removed in the eve-
ning 8 days later. To facilitate actigraphy scoring, we asked 
participants their evening “bedtimes” and morning “rise times” 
whenever possible; however, participants often had difficulty 
defining these boundaries of their major sleep period, as their 
sleep at night was highly disrupted, and they spent most of the 
day and night in bed. We therefore elected to use a set time 
interval during which sleep is expected in the inpatient setting; 
that is, from 22:00 to 06:00 for “nighttime,” and a set time in-
terval during which wakefulness is expected for “daytime”; that 
is, from 08:00 to 20:00. We have used similar time windows in 
prior work with older adults in institutional settings.14 For ac-
tigraphy scoring the Time Above Threshold (TAT) channel was 
used with the default scoring algorithm in the Action4 software 
package (Ambulatory Monitoring, Inc, Ardsley NY).

Other questionnaire assessments included the Mini-Mental 
State Examination (MMSE),15 which is a 20-item measure 
of general cognitive functioning (score range = 0-30; higher 
scores indicate better cognitive functioning) and the 15-item 
version of the Geriatric Depression Scale (GDS-15; score range 
= 0-15; higher scores indicate more depressive symptoms),16 
which is an abbreviated version of the 30-item GDS. Pain was 
assessed with the pain intensity and frequency components of 
the Geriatric Pain Measure (GPM; score range 0-29, higher 
scores indicate worse pain).17

The Cumulative Illness Rating Scale for Geriatrics (CIRS-
G)18,19 was used to assess baseline illness severity and co-
morbidity. The CIRS-G was completed by a trained research 
registered nurse after a structured medical record review and 
a brief physical examination of the participant by a study phy-
sician. Number of medications received was abstracted from 
facility medical records.

Statistical Analysis
Other than an expected gender difference (43.0% vs. 96.6% 

men at facilities A and B, respectively), as previously report-
ed, there were few differences in demographic characteristics 
across the study sites and no differences in sleep;9 therefore, 
findings are presented for the combined sample.

Cox proportional hazards models were used to obtain hazard 
ratios for mortality by PSQI-7day scores, after adjusting for se-
lected covariates. The list of potential covariates included age, 
gender, ethnicity, education, rehabilitation therapy minutes per 
day, functional independence (motor component, mFIM), PSQI 
score pre-illness (PSQI-pre), mini-mental state examination 
score (MMSE), Geriatric Depression Scale-15 score (GDS-
15), modified Geriatric Pain Measure score (GPM), Cumula-
tive Illness Rating Scale-Geriatrics score (CIRS-G), number 
of routine medications, and reason for rehabilitation admis-
sion (orthopedic vs. all other). The covariate selection process 
was based on the model building process described by Hosmer 
et al.20 beginning with bivariate analyses predicting mortality 
from each covariate. Covariates with significance levels < 0.20 
were included in a multiple predictor model. During this phase 
of the analysis, we were mindful of the number of covariates in 
relationship to the number of events (deaths), avoiding entering 
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of mortality increased by 12% (95% CI = 2%-21%). Figure 1 
shows the cumulative hazard of mortality by days since enroll-
ment for this model using three selected PSQI-7day scores (4, 
8, and 12) corresponding to the 3 quartiles in this sample. As 
mentioned, the inclusion of education as an additional covariate 
did not change the pattern of the results.

To further understand the results of the model predicting 
mortality from total PSQI score, follow-up analyses were per-

(SD = 103.7) from enrollment to death. The median time from 
enrollment to death was 365 days for the overall sample, as well 
as for the participants included in the model.

Self-Reported Sleep Quality and Mortality
The Cox regression model predicting mortality is shown in 

Table 2. After adjusting for amount of rehabilitation therapy, 
CIRS-G, reason for rehabilitation admission, and gender, high-
er PSQI-7day scores were associated with greater hazard of 
mortality (HR = 1.12, 95% CI = 1.04-1.21). In other words, for 
every 1-point increase in PSQI-7day score, the predicted risk 

Table 1—Characteristics of total study sample and the sample used for the survival model (mean, standard deviation, and N for continuous variables; percent, 
and N for categorical variables)

Variable
Total sample

(N = 245)
Sample included in survival model

(N = 182)
Mean or % SD N Mean or % SD N

Age, in years 80.6 7.2 245 80.2 7.1 188
Gender (% female and N) 38.0 – 245 35.6 – 188
Ethnicity (% non-Hispanic white and N) 79.6 – 245 77.6 – 188
Education, years 13.9 3.4 237 13.8 3.3 183
Acute hospital length of stay (days) 10.8 15.8 245 11.1 17.1 188
Rehabilitation length of stay (days) 21.4 14.5 245 21.2 11.6 182
Rehabilitation therapy received (min/day) 77.9 29.0 245 77.2 27.7 188
Functional Independence Measure, motor component (mFIM) 44.8 12.5 245 45.7 12.2 188
Mini-Mental State Examination (MMSE) 23.5 6.2 228 24.5 5.1 185
Geriatric Depression Scale-15 (GDS-15) 4.1 3.3 228 4.2 3.4 185
Modified Geriatric Pain Measure (GPM) 46.3 28.2 239 46.1 27.6 188
Cumulative Illness Rating Scale-Geriatrics (CIRS-G) 22.6 5.9 245 22.6 5.9 188
Reason for rehabilitation (% orthopedic admission) 36.7 – 245 36.2 188
Number of routine medications 15.9 7.2 244 16.2 7.3 187
PSQI prior to admission (PSQI-pre) 5.2 3.8 214 5.3 3.7 176
PSQI 7 days after admission (PSQI-7day) 8.3 4.4 191 8.4 4.4 188
Actigraphy nighttime hours of sleep 5.1 2.1 241 5.0 2.1 187
Actigraphy nighttime % sleep 54.9 21.5 241 54.6 21.3 187
Actigraphy nighttime number of awakenings 15.6 6.8 241 15.7 6.5 187
Actigraphy daytime hours of sleep 2.1 1.6 241 2.0 1.5 187
Actigraphy daytime % sleep 15.8 12.1 241 15.4 11.5 187

Table 2—Results of Cox proportional hazards model predicting mortality 
from PSQI-7day scores and selected covariates

Variables* Hazard Ratio (95% CI) P value
PSQI-7day 1.12 (1.04, 1.21) 0.001

Rehabilitation therapy 
received (min/day)

0.98 (0.96, 0.99) 0.001

Cumulative Illness Rating 
Scale-Geriatrics (CIRS-G)

1.11 (1.05, 1.17) 0.001

Reason for rehabilitation 
(orthopedic)

0.38 (0.16, 0.92) 0.033

Gender (female) 2.51 (1.31, 4.83) 0.006

*Overall Model: N = 188, LR χ2 = 48.17, df = 5, P < 0.0001.

Figure 1—Cumulative hazard of mortality by days since enrollment in 
study for three selected PSQI-7day scores based on the model.

0.25

0.20

0.15

0.10

0.05

0.00
0 100 200 300 365

Cu
m

ul
at

ive
 h

az
ar

d 
of

 m
or

ta
lit

y

Days since enrollment

PSQI score from post-acute stay
 4 8 12



SLEEP, Vol. 34, No. 12, 2011 1719 Sleep and Mortality in Rehabilitation—Martin et al

tality risk. We previously reported that the PSQI-7day was, on 
average 3 points higher than the pre-illness PSQI score for this 
sample,9 suggesting that improving sleep to the pre-illness level 
might result in substantially reduced mortality risk. Also, a re-
cent study of a brief behavioral treatment for insomnia among 
older adults found a 4-point reduction in PSQI score with ac-
tive treatment (and no change in controls).25 Behavioral treat-
ments to improve sleep quality in the post-acute care setting 
may therefore be beneficial.

Our follow-up analyses examining the three subscales of the 
PSQI do suggest that nighttime sleep represented by the Sleep 
Quality and Sleep Efficiency subscales were more strongly as-
sociated with mortality risk than the Daytime Dysfunction sub-
scale in this sample. This is in line with previous work showing 
that self-reported nighttime sleep is a consistent mortality risk 
factor,1-5 while daytime sleeping and daytime sleepiness2,6-8 are 
less consistently associated with elevated mortality risk. In our 
study, we did find that daytime sleeping (rather than nighttime 
sleep measures) predicted reduced functional improvement 
during rehabilitation after controlling for other known pre-
dictors of functional improvement in rehabilitation settings9; 
however, daytime sleeping (based on PSQI self-report or ac-
tigraphically estimated daytime sleep) was not related to mor-
tality risk. This suggests a complex picture in which daytime 
sleeping (or daytime sleepiness) and nighttime sleep disruption 
(or poor self-reported sleep quality) may operate in different 
ways during illness recovery. Additional research on the inter-
actions between daytime sleeping and nighttime sleep quality 
during illness recovery is needed.

A key consideration is the role of acute sleep disturbance 
in the post-acute care setting versus chronic sleep disturbance. 
Our findings suggest that acute sleep disturbance during illness 
recovery, regardless of sleep quality prior to the illness onset, 
may contribute to negative outcomes for older patients, as the 
pre-illness PSQI score was not significantly associated with 
mortality risk. This is particularly critical given the literature 
suggesting that sleep quality in hospital and nursing home set-
tings is poor,26 and that some causes of sleep disruption, such 
as noise, light, and caregiving interruptions, could be reduced.27

Also of interest, actigraphically estimated sleep measures 
were not related to mortality. Many previous studies have doc-
umented discrepancies between self-reported and objectively 
measured sleep, making this finding somewhat less surprising. 
Nonetheless, the absence of a relationship between objective 
sleep quality (estimated by actigraphy) and mortality supports 
the notion that the two constructs are different. Perhaps the self-
reported sleep quality captured by the PSQI represents a more 
complex phenomenon than the objectively quantified sleep 
captured by the actigraph. It is possible that poor self-reported 
sleep quality is the result of a constellation of symptoms, in-
cluding real sleep disturbance, recognition that sleep is more 
disturbed than it should be, and an ability to describe this sleep 
disturbance on questionnaires. It may be the combination of 
these factors that predicts shorter survival, while sleep distur-
bance on its own may not be sufficiently disruptive to increase 
mortality risk in this population.

The precise mechanisms underlying the relationships be-
tween self-reported sleep and mortality are not entirely clear. 
One plausible hypothesis is that sleep disruption is a marker 

formed entering each of the 3 PSQI subscale scores (Subjec-
tive Sleep Quality, Sleep Efficiency, and Daily Disturbances)23 
in place of the PSQI total score. After adjusting for the covari-
ates, the Subjective Sleep Quality subscale score was signifi-
cantly related to mortality (HR = 1.85, P < 0.001), as was the 
Sleep Efficiency subscale score (HR = 1.37, P = 0.011). The 
Daily Disturbances subscale score (HR = 1.11, P = 0.590) was 
not related to mortality. The same pattern of results was found 
entering all 3 PSQI subscale scores (as well as the covariates) 
into a single model; that is, mortality was associated with the 
Subjective Sleep Quality (P = 0.003) and Sleep Efficiency 
(P = 0.043) subscale scores, but not to the Daily Disturbances 
subscale score (P = 0.967).

Actigraphically Estimated Sleep and Mortality
Mortality was also modeled as a function of objectively esti-

mated sleep parameters derived from wrist actigraphy, namely 
number of minutes of nighttime sleep, percent of time asleep 
at night, mean number of awakenings at night, number of min-
utes asleep during the day, and percent of time asleep during 
the day. After adjusting for the previously mentioned covari-
ates, none of these measures of objective sleep were signifi-
cantly related to mortality.

DISCUSSION
In this prospective study of older people in the post-acute 

rehabilitation setting, the 1-year mortality rate was high (23%) 
compared to death rates for individuals over age 65 in the 
U.S. population, which ranged from 2.1% for those age 65-74 
to 13.8% for those age 85 and older in 2005 according to the 
Centers for Disease Control and Prevention.24 Studies of simi-
larly aged post-acute rehabilitation patients have found 1-year 
mortality rates similar to those in our study. One study found 
mortality rates of 14% for orthopedic patients, 17% for stroke 
patients, and 32% for deconditioned patients.11 Another study 
found that 17.9% of individuals admitted following hip frac-
ture were deceased or institutionalized within 1 year.10 Taken 
together, these studies suggest older adults who receive post-
acute care have higher mortality risk than the general popula-
tion, likely due to the precipitating health events leading to the 
rehabilitation stay or to comorbid medical conditions in these 
patients. To our knowledge, this is the first study to examine 
sleep as a potential mortality predictor among older adults in 
the post-acute care setting. In survival analyses, self-reported 
sleep quality during post-acute care (PSQI-7day) emerged as a 
significant predictor of survival in a model adjusting for min-
utes of rehabilitation therapy per day, gender, reason for re-
habilitation admission, and comorbidities (CIRS-G score). In 
addition to poor sleep quality, receiving less therapy, female 
gender, admission for a reason other than orthopedic rehabilita-
tion, and more comorbidities predicted shorter survival. With 
the exception of gender, these are consistent with the expected 
direction of these relationships. The increased mortality risk for 
women in this sample was likely a result of subtle differences 
in the characteristics of patients at the two sites (e.g., slightly 
older age) as most women were enrolled at the community site.

The magnitude of the impact of sleep disturbance on survival 
was not trivial. A 1-point increase in self-reported sleep distur-
bance on the PSQI was associated with a 12% increase in mor-
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for underlying medical morbidity, and there are data suggesting 
that the number and severity of medical conditions is related 
to sleep problems among older people.28 Studies controlling 
for medical comorbidities, however, still demonstrate that both 
short sleep and long sleep are associated with higher mortality 
risk.1,3,8 Alternatively, disrupted sleep may predict, either as a 
cause or as a prodromal symptom, adverse health events such 
as falls, cardiovascular disease, or stroke. Finally, chronic poor 
sleep may lead to chronic stress and disease, which then ulti-
mately lead to poor health and higher mortality risk. In addition, 
studies have found depression to be a significant predictor of at-
tenuated functional gains with rehabilitation and of increased 
risk of death or institutionalization after rehabilitation.10 Since 
sleep disturbance is a hallmark symptom of depression, and 
sleep has not been routinely assessed in these studies of depres-
sion, it is difficult to draw conclusions. Given that, in our study, 
depression was not a significant predictor of mortality when 
sleep variables were examined concurrently, our findings sug-
gest poor sleep may be an important component of depression 
that contributes to mortality risk. Future research on depression 
in post-acute care settings should attempt to tease apart the in-
dependent role of sleep disturbance.

This study has several limitations to be considered. First, 
we did not use polysomnographic sleep recordings to objec-
tively characterize sleep architecture, and pre-illness sleep 
quality was assessed retrospectively. Due to the relatively short 
length of the post-acute care stay, we used an adapted version 
of the PSQI in which respondents were asked to describe sleep 
over the prior week (rather than over the prior month). While 
we have not fully validated this method, in our preliminary 
work we found a high correspondence between one-month 
and one-week versions of the PSQI. Because of methodologi-
cal limitations, the lack of a relationship between pre-illness 
sleep problems and mortality must be interpreted with caution. 
Second, given participants with missing data showed signs of 
greater impairment (lower MMSE, and lower mFIM scores) but 
had to be excluded from the analysis, questions remain about 
whether this relationship would persist among the most frail 
and impaired individuals in post-acute care. Also, the survival 
status of eight participants could not be confirmed, and infor-
mation on cause of death was not available for any. Understand-
ing the specific cause of death would further our understanding 
of the mechanisms that may underlie the relationship between 
worse self-reported sleep quality during post-acute care and in-
creased mortality risk.

In summary, our findings suggest that, even after controlling 
for other risk factors, more self-reported sleep disturbance dur-
ing inpatient post-acute rehabilitation is a significant predictor 
of mortality within one year among older people. Since sleep 
disturbance in the inpatient setting represents a potentially 
modifiable risk factor, and empirically supported non-pharma-
cological treatments are available, targeted interventions to im-
prove sleep during the post-acute care stay should be explored.
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