SLEEP IN THE ELDERLY

More Daytime Sleeping Predicts Less Functional Recovery Among Older
People Undergoing Inpatient Post-Acute Rehabilitation
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Study Objectives: To study the association between sleep/wake pat-
terns among older adults during inpatient post-acute rehabilitation and
their immediate and long-term functional recovery

Design: Prospective, observational cohort study

Setting: Two inpatient post-acute rehabilitation sites (one community
and one Veterans Administration)

Participants: Older patients (aged = 65 years, N = 245) admitted for
inpatient post-acute rehabilitation

Interventions: None

Measurements and Results: Based on 7-day wrist actigraphy during
the rehabilitation stay, mean nighttime percent sleep was only 52.2%
and mean daytime percent sleep was 15.8% (16.3% based on struc-
tured behavioral observations). Using the Pittsburgh Sleep Quality
Index (PSQI), participants reported their sleep was worse during re-
habilitation compared to their premorbid sleep. Functional recovery
between admission and discharge from rehabilitation (measured by
the motor component of the Functional Independence Measure) was
not significantly associated with reported sleep quality (PSQI scores)
or actigraphically measured nighttime sleep. However, more daytime

percent sleep (estimated by actigraphy and observations) during the
rehabilitation stay was associated with less functional recovery from
admission to discharge, even after adjusting for other significant pre-
dictors of functional recovery (mental status, hours of rehabilitation
therapy received, rehospitalization, and reason for admission; adjusted
R?=0.267, P < 0.0001). More daytime sleeping during rehabilitation
remained a significant predictor of less functional recovery in adjusted
analyses at 3-month follow-up.

Conclusions: Sleep disturbance is common among older people un-
dergoing inpatient post-acute rehabilitation. These data suggest that
more daytime sleeping during the rehabilitation stay is associated with
less functional recovery for up to three months after admission for re-
habilitation.
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OLDER PEOPLE ARE AT HIGH RISK FOR FUNCTIONAL
DECLINE (L.E., LOSS OF INDEPENDENCE IN PERSONAL
CAREACTIVITIES) DURING ACUTE HOSPITALIZATION.
This functional decline often leads to increased caregiving needs
at home, nursing home placement, or death.! For older persons,
rehabilitation (i.e., physical and occupational therapies) is in-
creasingly provided outside of the acute care hospital in post-
acute facilities, such as nursing homes and intermediate care
facilities. The goal of post-acute rehabilitation is to facilitate
return home by assisting patients in achieving independence in
personal care activities. Prior research has identified specific
factors that predict poorer outcomes of rehabilitation among
patients recovering from hip fracture, stroke, medical condi-
tions and surgery.>!! These predictors include older age, cogni-
tive impairment, dependence in personal care activities before
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the health event, depression, pain, lack of family involvement,
and fewer hours of physical therapy during rehabilitation.

There has been some prior research addressing the potential
importance of sleep in rehabilitation settings. Studies among
older patients admitted for rehabilitation after a stroke show
that sleep apnea is common in this situation,'? is associated with
worse functional impairment on admission and predicts less re-
covery of functional abilities.'>!* To date, however, disturbance
of sleep/wake patterns has not been explored as a potential fac-
tor impacting functional outcomes among older adults admitted
to post-acute rehabilitation settings.

Evidence suggests that sleep disturbance is associated with
both poor health,'*'¢ and worse health-related quality of life
among older people.'”'® Reports of poor sleep among older
people correlate strongly with health complaints and depressive
symptoms.'® Prior research also demonstrates a relationship be-
tween long sleep duration and mortality.?*?' In contrast, healthy
older adults have few sleep complaints.”>*

Studies in other institutional settings (e.g., nursing homes,
acute care hospitals) suggest that sleep problems are associated
with functional impairment, social isolation and poor health in
older people. In our prior work, we found that nursing home
residents with excessive daytime sleeping required more as-
sistance with self-care activities and engaged in fewer social
interactions.?* In the acute care hospital setting, Redeker et al.
found that both better sleep efficiency (by wrist actigraphy) and
better self-reported sleep predicted improved physical function
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and emotional well-being among older men and women 4 and
8 weeks after cardiac surgery.”® These same investigators also
found that women with more normal circadian activity-rest pat-
terns (measured by wrist actigraphy) have shorter hospital stays
and better functioning after coronary artery bypass surgery.”’
Many of these studies have been correlational or cross-section-
al in nature, limiting the ability to make causal inferences about
the relationship between sleep and health.

The development of poor sleep during rehabilitation may be
particularly important, since once established, abnormal sleep/
wake patterns may persist long after inciting events have re-
solved. In addition, abnormal sleep/wake patterns might affect
a patient’s motivation, level of fatigue and participation in re-
habilitation, which, in turn, may impact functional recovery of
personal care activities.

The purpose of the current study was to describe sleep pat-
terns among older people in the post-acute rehabilitation setting
and to examine sleep/wake patterns as a potential predictor of
recovery of functional abilities. We performed a prospective,
observational cohort study among older people admitted for in-
patient post-acute rehabilitation. We hypothesized that (1) dis-
rupted nighttime sleep and daytime sleeping would be common
in post-acute rehabilitation settings, (2) greater nighttime sleep
disruption and more daytime sleeping would be associated with
less recovery of functional abilities during the rehabilitation
stay (from admission to discharge), and (3) the effect of sleep
disturbance during the rehabilitation stay on recovery of func-
tional abilities would persist after discharge from the rehabilita-
tion setting.

METHODS
Study Design and Setting

The study design was a prospective, observational cohort
study among older people admitted to 2 post-acute rehabilita-
tion sites in the Los Angeles area. The first site (Site A) was
a freestanding, for-profit, community nursing home with 130
Medicare-certified beds, which focused on short-term rehabili-
tation. This site was included to provide an adequate represen-
tation of women in the final sample. The second site (Site B)
was an inpatient rehabilitation unit located within a Veterans
Administration Medical Center. Inclusion of this site provided
greater diversity of race/ethnicity in the final sample. Partici-
pant recruitment was performed at one site at a time, between
September 2002 and March 2004. All research methods were
approved by the Veterans Administration Greater Los Angeles
Healthcare System Institutional Review Board. Written in-
formed consent was obtained from all participants. For individ-
uals who were unable to provide self-consent, written informed
consent was obtained from their responsible party, with the as-
sent of the participant.

Participants

All patients admitted to the study sites were approached for
screening as soon as possible after admission to the rehabilita-
tion unit. The mean number of days between admission to the
rehabilitation unit and participant consent and enrollment was
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9-month Followup
N =130 (53%)

Figure 1—Participant screening, enrollment and follow-up

3.8 (SD 2.6) days. Inclusion criteria were: (1) aged 65 years
or older, and (2) admitted for rehabilitation (i.e., receiving
physical or occupational therapy). Exclusion criteria were: (1)
resided in a nursing home prior to admission; (2) transferred,
died, discharged, or were not identified within one week of ad-
mission; and (3) judged to be unable to participate in the study
due to a severe medical illness (e.g., end of life care) or severe
behavioral disorder (e.g., dementia with severe agitation identi-
fied on screening interview).

As shown in Figure 1, 97% of patients admitted to the 2 study
sites during the enrollment period were screened for the study;
79% were eligible based on inclusion and exclusion criteria.
Of these eligible patients, 33% consented to participate in the
study (158 from Facility A and 87 from Facility B).

Sleep Measures

Subjective sleep quality was assessed using the Pittsburgh
Sleep Quality Index (PSQI).?® The PSQI is an 18-item question-
naire that includes subscales to estimate subjective sleep qual-
ity, sleep latency, sleep duration, habitual sleep efficiency, sleep
disturbances, use of sleeping medication, and daytime dysfunc-
tion (score range 0-21; score >5 indicates sleep disturbance).

The PSQI was administered first in a format that asked par-
ticipants to answer questions regarding their sleep “before their
recent illness.” This was intended to reflect their premorbid
sleep patterns in the community prior to their acute hospitaliza-
tion or rehabilitation admission. The PSQI was administered
again after the participant had been in the rehabilitation facil-
ity for at least 7 days. Questions were modified to query par-
ticipants about their sleep over the past week (i.e., while in the
post-acute rehabilitation facility).

To obtain an objective measure of sleep during the rehabilita-
tion admission, participants wore a wrist actigraph (Octagonal
Sleep Watch-L, Ambulatory Monitoring, Inc, AMI, Ardsley,
NY) on their dominant arm (unless paralyzed or otherwise un-
able) for 7 consecutive days and nights. Raw actigraphy data
(1-min epoch length) were reviewed visually to eliminate tech-
nical (i.e., device failure) and situational (i.e., device was re-
moved) artifact, prior to scoring sleep using a validated algo-
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rithm within commercially available software (ACT software,
AMI). Here we report variables from automatic sleep scoring
using time above threshold (TAT; default algorithms), based
on prior literature and our own data comparing actigraphy with
standardized observations of sleep/wake in a portion of this
sample.?** Participants were queried daily for their bedtime
and wake-up times to determine nighttime and daytime periods
for analysis of actigraphy data.

Because of limited prior data on the validity of actigraphy
as a measure of daytime sleeping, participants also had 2 days
(09:00—-17:00) of structured behavioral observations of sleep
versus wakefulness and whether the participants were in or out
of bed. The behavioral observations were performed by trained
research staff every 15 min; sleep was defined as eyes closed
with no purposeful activity.***

Participants had one night of attended (i.e., research staff
present all night) bedside multichannel respiratory sleep re-
cording using the EdenTracell Digital Recorder (NellCor Puri-
tan Bennett, Ottawa, Ontario), with simultaneous measurement
of oxygen saturation, heart rate, respiratory effort, nasal airflow,
and snoring. Recordings were hand scored, using available soft-
ware (Sandman EASy). A respiratory disturbance index (num-
ber of apneas and hypopneas per hour of sleep) was calculated
to quantify evidence of sleep apnea. An apnea was defined as a
> 10 sec decrease in tidal volume to less than 10%, associated
with significant desaturation. A hypopnea was defined as > 10
sec decrease in tidal volume to less than 50%, with significant
desaturation. Significant desaturation on pulse oximetry was
defined as a drop in arterial blood oxygen saturation of > 4%
and to a value of < 90%.

Measure of Functional Independence

Functional independence in personal care activities was mea-
sured using the motor subscale of the Functional Independence
Measure (mFIM),*" which is widely used in rehabilitation set-
tings to assess functional limitations and change in functional
status with rehabilitation therapy. The mFIM is an ordinal scale
that measures level of disability based on the need for assis-
tance and/or assistive devices or aids during the performance
of activities of daily living (eating, grooming, transfer in/out
of the bath, bathing, dressing upper body, dressing lower body,
toileting, transferring in/out of a bed/chair/wheelchair, blad-
der control, bowel control, transferring in/out of a bed/chair/
wheelchair, walking and taking stairs). Each of the 13 items
of the mFIM has 7 possible levels, ranging from 1 (total de-
pendence) to 7 (total independence) with a possible range in
total mFIM score from 13 to 91, where higher scores indicate
greater independence. Admission and discharge mFIM scores
were obtained by mFIM-trained research staff from medical re-
cord review. At facility A (which did not use the mFIM scoring
system in patients but did evaluate the functional areas assessed
by the mFIM), a study physician (AW) used therapists’ records
and nursing documentation to complete a structured scoring al-
gorithm, based on the mFIM manual, to obtain a mFIM score.
At Facility B, therapists documented mFIM scores in the medi-
cal record. The therapists’ scores were abstracted by a study
research nurse trained in use of the mFIM. For the follow-up
assessments, since no therapists’ notes were available, trained
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research staff asked participants a series of questions to assess
level of assistance required for each of the 13 mFIM items. This
information was then scored by the research nurse to obtain the
mFIM score.

Other Measures

Basic demographic information was recorded for all par-
ticipants, including age, gender, and ethnicity. Reason for
admission to post-acute rehabilitation was recorded from the
transferring hospital discharge records and/or review of the re-
habilitation facility medical record. The total number of hours
of rehabilitation therapy (i.e., physical therapy, occupational
therapy, kinesiotherapy) received were calculated from thera-
pists’ notes in the medical record.

Questionnaire assessments included the Mini-Mental State
Examination*? (MMSE; a 20-item measure of general cognitive
functioning, assessing 5 cognitive domains; score range = 0-30;
scores < 24 suggest cognitive impairment) and the 15-item ver-
sion of the Geriatric Depression Scale** (GDS-15; this abbre-
viated version assesses symptoms of depression; score range
= 0-15; scores > 5 suggest depression). Pain was assessed us-
ing the Geriatric Pain Measure* (GPM; a 24-item measure that
assesses pain intensity, disengagement due to pain, pain with
ambulation, and pain with strenuous activities and other activi-
ties; adjusted score range 0-100, with higher scores suggesting
more pain).

The Cumulative Illness Rating Scale for Geriatrics®
(CIRS-G) was used to assess baseline illness severity and co-
morbidity.”® The CIRS-G was completed by a highly trained
research registered nurse, using data collected from a structured
medical record review and a brief physical examination by a
study physician. All medications received and transfers to an
acute care hospital during the rehabilitation stay were recorded
from facility records. An acute care hospital transfer (e.g., due to
an acute illness occurring during the rehabilitation stay) was de-
fined as spending one or more days in an acute setting between
the initial admission and final discharge from the rehabilitation
facility. Participants who did not return to the rehabilitation fa-
cility after transfer to an acute care hospital were considered
discharged from the facility at the time of transfer.

Procedures

After enrollment, participants completed a baseline assess-
ment. This assessment included one night of attended bedside
multichannel respiratory sleep recording, followed by 7 days
and nights of wrist actigraphy, and a battery of self-report ques-
tionnaires (described above). On 2 days of wrist actigraph re-
cordings, participants were observed every 15 min from 09:00
to 17:00. After discharge from the rehabilitation facility, a
structured medical record review was completed. All data were
collected by trained research personnel.

The actigraphy, PSQI, and behavioral observations were col-
lected several days after admission to the rehabilitation unit to
allow for a period of adjustment to the new setting to reflect
more persistent, rather than transient measures of sleep. The
PSQI was collected, on average, 9.1 (SD 4.3) days after admis-
sion to the rehabilitation unit. The first day of actigraphy began,
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Variable

Age, in years®

Gender, female®

Ethnicity, non-Hispanic white®

Reason for admission to rehabilitation

Orthopedic problem

Cardiac problem

Stroke/neurological disorder

Debility, general weakness

Pulmonary problem

Other

Rehabilitation therapy received, total hours

Length of stay on rehabilitation unit, days

Cumulative Illness Rating Scale-Geriatrics, total score
Number of routine medications®

Number of “as needed” medications?

Motor component Functional Independence Measure, total score®
Mini-Mental State Examination, total score?

Geriatric Depression Scale-Short Form, total score
Geriatric Pain Measure, total score

Table 1—Participant Characteristics at Baseline and Characteristics of their Inpatient Post-Acute Rehabilitation Stay (N = 245)

Site A Site B Total sample
Mean (SD) Mean (SD) Mean (SD)
or n (%) or n (%) or n (%)
82.0 (7.1) 78.1(6.7) 80.6 (7.2)
90 (57.0%) 3 (3.4%) 93 (38.0%)
145 (91.8%) 50 (57.5%) 195 (79.6%)
72 (45.6%) 33 (37.9%) 103 (42.1%)
16 (10.1%) 15 (17.2%) 32 (13.2%)
13 (8.2%) 12 (13.8%) 26 (10.6%)
18  (11.4%) 5 (5.7%) 23 (9.4%)
4 (2.5%) 2 (2.3%) 6 (2.6%)
35 (22.2%) 20 (23.0%) 54 (22.1%)
24.8 (10.9) 12.8 (7.6) 20.5 (11.4)
24.3 (12.0) 15.1 (8.5) 21.1 (11.75)
22.6 (6.0) 22.7(5.5) 22.6 (5.9)
9.0 (4.0) 12.1 (4.2) 10.1 (4.3)
1.5 (1.5) 3.5(2.5) 222.1)
42.1(10.9) 49.5 (13.8) 44.7 (12.5)
22.6 (6.9) 25.1 (4.4) 23.5(6.2)
4.2 (3.4) 4.0 (3.1) 4.1 (3.3)
47.2 (27.4) 44.8 (30.4) 46.3 (28.5)

“P-value < 0.05 for comparison between sites A and B (independent samples #-test or chi-square, as appropriate)

on average, 5.9 (SD 3.1) days after admission, and the first day
of behavioral observations was performed 13.3 (SD 7.4) days
after admission to the rehabilitation unit.

Follow-up assessments were conducted 3, 6, and 9 months
from the date of admission to the rehabilitation facility. Follow-
up assessments were conducted at the participant’s home (or
other living location) by research staff. When an in-person visit
was not possible (e.g., participant had moved out of the area),
the assessment was performed by telephone (33% of all follow-
up interviews). The follow-up assessment included all of the
components of the baseline assessment except the multichannel
respiratory sleep recording and behavioral observations, which
were not repeated. Actigraphy was included in the follow-up
assessments but is not reported here. Participants (or their prox-
ies) were queried about use of medications, emergency room
visits, and hospital and nursing home admissions since dis-
charge from the rehabilitation facility (at 3-month follow-up)
or since their last follow-up assessment (at 6 and 9 months).

Statistical Analysis

Data were analyzed with SPSS 13.0 (SPSS Inc., Chicago,
IL). As expected, comparison of demographic and other de-
scriptive characteristics (listed in Table 1) of participants be-
tween the 2 study facilities found many significant differences
(e.g., participants in Site B were younger, more likely to be
male, and had a shorter length of stay than participants in Site
A). However, there were few significant differences in sleep
measures between the 2 sites (see Tables 2 and 3), so analyses
were conducted with the combined sample.

Actigraphy variables were averaged over the 7 nights of re-
cording, including nighttime hours of sleep, nighttime percent
sleep (hours asleep/hours between bedtime and wake-up time),
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and nighttime number of awakenings. Nighttime was defined
as the period between reported bedtime and reported wake-up
time. Daytime hours of sleep, daytime percent sleep, and day-
time minutes of exposure to light greater than 1,000 lux were
also examined. Daytime was defined as the period between
reported wake-up time and reported bedtime for actigraphy
measures. Daytime percent sleeping by observation was also
included as a key sleep measure, based on the percent of obser-
vations asleep from 09:00 to 17:00 averaged over 2 days. We
used the observational data as the measure of daytime percent
sleep (rather than daytime sleeping estimated by actigraphy) in
regression analyses because observational data were available
in all participants, and these daytime observational techniques
have been validated in prior research,? while actigraphy has not
been adequately validated as a measure of daytime sleep.

To address our first hypothesis, we compared premorbid
sleep quality (premorbid PSQI) to sleep quality during reha-
bilitation (7-day PSQI, i.e., performed at least 7 days after ad-
mission to reflect subject sleep while in the rehabilitation unit).
We also summarized actigraphy-measured sleep variables and
behaviorally observed daytime sleep.

To address our second hypothesis, we examined sleep vari-
ables, demographic variables, and clinical measures as poten-
tial predictors of immediate functional recovery, defined as
change in mFIM score between admission and discharge (i.e.,
discharge mFIM score minus admission mFIM) with univari-
ate analyses (Pearson correlation coefficients). We then entered
the variables with the strongest relationship with immediate
functional recovery (using P < 0.01) in regression models to
determine whether sleep variables that were associated with
immediate functional recovery in univariate analyses remained
significant independent predictors when adjusted for other
significant predictors of functional change. These potential
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Pittsburgh Sleep Quality Index (PSQI), total score
Pittsburgh Sleep Quality Index subscales:

Sleep quality

Sleep latency

Sleep duration

Habitual sleep efficiency

Use of sleeping medications

Sleep disturbance

Daytime dysfunction

sleep patterns

admission to the rehabilitation unit.

Table 2—Self-Reported Sleep Quality Measures: Premorbid Sleep Versus Sleep During the Inpatient Post-Acute Rehabilitation Stay

Premorbid sleep®  Sleep during rehab stay® P-value*
Mean (SD) Mean (SD)
52(3.8) 8344 <0.0001
0.8 (0.8) 1.2(0.9) <0.0001
1.2(1.1) 1.6 (1.2) <0.0001
0.7 (1.0) 1.3(1.3) <0.0001
0.9 (1.1) 1.4 (1.3) <0.0001
0.5(1.1) 1.2(1.4) <0.0001
0.8 (0.6) 1.0 (0.6) <0.0001
0.4 (0.7) 0.6 (0.8) <0.0001

“PSQI administered after enrollment, modified to query participants about their sleep “before their recent illness,” to reflect their premorbid

®PSQI administered after the participant had been in the facility for at least 7 days, modified to query participants about their sleep over the
past week since admission to the inpatient post-acute rehabilitation setting. This PSQI was collected, on average, 9.1 (SD 4.3) days after

“T-test comparing premorbid PSQI versus PSQI values during the inpatient post-acute rehabilitation stay in the combined sample

independent predictors were checked for colinearity (noninde-
pendence) based on high inter-correlation prior to inclusion in
the regression models. When there were pairs of highly cor-
related variables, we chose the better variable (in terms of data
characteristics and relationship with the outcome of interest) to
include in the regression models. In addition, each regression
model was checked for evidence of multicolinearity among
the variables prior to acceptance of the final models. Regres-
sion analyses were repeated to predict change in mFIM score
from baseline to each follow-up time point (i.e., 3-month mFIM
minus baseline mFIM, 6-month mFIM minus baseline mFIM,
9-month mFIM minus baseline mFIM) to determine whether
relationships identified between sleep during the rehabilitation
stay and functional recovery persisted after discharge from the
rehabilitation facility. We attempted to test separate regression
models for 3-month, 6-month, and 9-month follow-up; how-
ever, significant loss to follow-up by 6 months prevented ap-
propriate testing of the models using the 6-month and 9-month
follow-up data. In all tests, P < 0.05 was used for statistical
significance.

RESULTS
Participants

Characteristics of participants on admission to the post-acute
rehabilitation facility and selected characteristics of their stay
are summarized in Table 1. Only 17 (7%) participants were
receiving rehabilitation after a cerebrovascular accident. One-
third of participants had an MMSE score that indicated cogni-
tive impairment (score < 24), and 28% had significant symptoms
of depression (GDS-15 > 5). As expected, there were several
significant differences in descriptive characteristics between
participants admitted to the 2 study sites. Compared to Site B
(Veterans Administration), participants at Site A (community
facility) were more likely to be older, female, non-Hispanic
white, use fewer medications, have worse functional status on
admission to the rehabilitation facility, and more cognitive im-
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pairment (see Table 1). Death and loss to follow-up rates over
the course of the study are shown in Figure 1.

Characteristics of Sleep/Wake Disturbance

Respiratory sleep monitoring data were collected in 115
(47%) participants (53% refused monitoring or provided inad-
equate data for analysis). Based on the available data, 26 (23%)
participants had evidence of mild-to-moderate sleep apnea (i.e.,
> 15 respiratory events per hour of recording), and 9 (8%) had
evidence of severe sleep disordered breathing (i.e., > 30 respira-
tory events per hour of recording).

In comparing PSQI scores between the 2 sites, there were
no significant differences in PSQI total scores or subscales
between sites except in 2 subscales of the premorbid PSQI
(premorbid sleep quality: Site A 0.87 [SD 0.83], Site B 0.60
[SD 0.85], P=0.021; premorbid sleep disturbance: Site A 0.90
[SD 0.63], Site B 0.70 [SD 0.56], P = 0.014 ). There were no
other differences between sites in PSQI scores, so data for the
combined sample are provided in Table 2. Participants reported
worse sleep during their rehabilitation admission compared to
their premorbid sleep (PSQI scores obtained at least 7 days af-
ter admission compared to premorbid PSQI scores). Twenty-
six percent of participants reported clinically significant sleep
disturbance (PSQI > 5) prior to the onset of their recent illness,
while 50% of participants reported clinically significant sleep
disturbance during their rehabilitation stay (chi-square = 23.3,
P <0.001).

Table 3 shows objective sleep measures during post-acute re-
habilitation. There were some differences between sites in these
variables. Compared to Site B, participants at Site A had more
nighttime total sleep by actigraphy (P =0.007), an earlier wake-
up time by sleep log (P < 0.0001), more minutes per day of
exposure to light > 1000 lux (P = 0.008), and spent less time in
bed during the daytime based on behavioral observations (P =
0.014). However these and the remaining sleep measures dem-
onstrated marked sleep disturbance among participants at each
site. For the combined sample (based on wrist actigraphy), par-
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Variable

Multi-channel respiratory sleep recording (n = 122):
Respiratory disturbance index®
Sleep schedule (based on daily sleep diary; n = 242):
Bedtime (self-report, 24-hr clock)
Wakeup time (self-report, 24-hr clock)¢
Wrist actigraphy variables® (n = 241):
Nighttime total sleep time, hours?
Nighttime percent sleep (time asleep over
time between bedtime and wake-up time)
Nighttime number of awakenings
Daytime total sleep time, hours
Daytime percent sleep (time asleep over
time between wake-up time and bedtime)
Daytime minutes of light >1000 lux¢
Daytime behavioral observations® (n = 241):
Daytime percent sleep
Daytime percent of observations in bed¢

bedtimes and wake-up times
‘Performed every 15 min from 09:00 to 17:00 for 2 days

Table 3—Objective Sleep Measures During the Inpatient Post-Acute Rehabilitation Stay

“Nighttime respiratory monitoring data available in 47% of participants
®Based on 7 consecutive days and nights of wrist actigraphy data where nighttime and daytime hours were determined based on reported

dP-value < 0.05 for comparison between sites A and B (independent samples #-test)

Site A Site B Total sample
Mean (SD) Mean (SD) Mean (SD)
11.6 (13.5) 10.3 (12.1) 11.2 (13.0)
21:43 (01:04) 21:47 (01:07) 21:45 (1:05)
07:20 (00:46) 06:34 (00:38) 7:04 (0:49)
53(@2.1) 4.6 (2.1) 51@2.1)
56.0 (20.7) 52.9(22.7) 54.9 (21.5)
16.1 (7.0) 14.8 (6.4) 15.6 (6.8)
1.9(1.4) 2.3(1.8) 2.1(1.6)
14.8 (11.4) 17.6 (13.1) 15.8 (12.1)
18.6 (26.0) 9.7 (24.0) 15.4 (25.6)
16.2 (12.5) 16.5 (14.7) 16.3 (13.3)
52.7 (28.0) 61.5(25.3) 55.8(27.4)

ticipants slept 54.9% of nighttime hours (bedtime to wake-up
time) and 15.8% of daytime hours (wake-up time to bedtime).
Structured observations also found that participants were asleep
on 16.3% of observations and in bed on 55.8% of observations
during the hours of 09:00 to 17:00.

Predictors of Functional Recovery

Participant mFIM scores (mean + SD) showed the greatest
improvement between admission (44.7 + 12.5) and discharge
(62.6 = 16.5) from the rehabilitation facility, with evidence of
a relative plateau in functional recovery at later follow-up (see
Figure 2).

Our main interest was in identifying predictors of immedi-
ate functional recovery (i.c., discharge mFIM minus admission
mFIM). To do this, we tested whether participant characteristics
(listed in Table 1) and sleep variables (listed in Tables 2 and 3)
were associated with immediate functional recovery using uni-
variate analyses (Table 4). Several participant characteristics
were significantly correlated with immediate functional recov-
ery (see Table 4). Among the key sleep variables, more daytime
sleeping during the rehabilitation stay (both by observation
and wrist actigraphy) and earlier wake-up time were associ-
ated with less immediate functional recovery. Nighttime sleep
percent (by actigraphy) and self-reported sleep (by PSQI total
score and subscale scores) were not associated with immediate
functional recovery.

We then tested whether the association between less day-
time sleeping (by observation) during the rehabilitation stay
and greater immediate functional recovery persisted in regres-
sion analyses, after adjusting for other significant predictors of
mFIM change. Earlier wake-up time had evidence of colinear-
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ity (high inter-correlation) with daytime sleeping (by observa-
tion), so earlier wake-up time was not included as a possible
independent variable. In the regression analysis predicting im-
mediate functional recovery (i.e., discharge mFIM score minus
admission mFIM score), we found that lower daytime percent
sleep during the rehabilitation stay remained a significant in-
dependent predictor of greater immediate functional recovery
(adjusted R?=0.267, model P < 0.0001) (Table 5, columns 2-4)
even after adjusting for other significant independent predic-
tors of greater immediate functional recovery including better
cognitive functioning (by MMSE score), more total hours of
rehabilitation therapy received, lack of transfer to an acute care
hospital during rehabilitation, and admission for an orthopedic
problem (versus other reasons for admission). Of note, partici-
pants admitted for an orthopedic problem had lower observed
daytime sleeping (13.8%, SD 10.7%) and lower daytime per-
cent sleeping by actigraphy (11.5%, SD 9.5%) compared to
participants admitted for all other reasons (daytime percent
sleeping by observation and actigraphy 17.5% [SD 14.3%] and
18.0% [SD 12.7%], respectively; independent sample #-test P =
0.024 and P < 0.0001, respectively). However, daytime sleep-
ing remained a significant independent predictor of immediate
functional recovery in the adjusted analysis. Other predictors
that were significant in univariate analysis (e.g., age, gender,
CIRS-G score, and number of “as needed” medications) were
not significant independent predictors of immediate functional
recovery in regression analysis.

In order to determine if the relationship between daytime
sleeping during rehabilitation and functional recovery persisted
in long-term follow-up, we repeated regression analyses using
the same independent variables to predict functional recovery
from admission to 3-month, 6-month, and 9-month time points.
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Table 4—Univariate Associations Between Descriptive Char-
acteristics and Immediate Functional Recovery (i.e., Discharge
mFIM Score Minus Baseline mFIM Score) During Inpatient Post-
Acute Rehabilitation

Variable Correlation (r) P-value
with immediate
functional recovery?
Demographics:
Age, in years -0.16 0.01
Gender, % female -0.12 0.07

Ethnicity, % non-Hispanic white 0.02 0.76
Clinical measures and characteristics:
Reason for admission:

orthopedic problem 0.26 <0.0001
Cumulative Illness Rating

Scale-Geriatrics, total score -0.16 0.01
Number of routine medications 0.03 0.65
Number of “as needed” medications 0.18 0.01
Mini-Mental State Examination 0.35 <0.0001
Geriatric Depression

Scale-Short Form, total score 0.02 0.77
Geriatric Pain Measure, total score 0.06 0.38
Hours of rehabilitation

therapy received 0.19 0.004
Acute hospitalization during

rehabilitation stay -0.27 <0.0001

Sleep measures:

Nighttime total sleep time,

hours (by actigraphy) -0.09 0.16
Nighttime percent sleep (time

asleep over time between bedtime

and wake-up time; by actigraphy) -0.02 0.72
Nighttime number of awakenings

(by actigraphy) -0.01 0.89
Daytime percent sleep

(by actigraphy) -0.25 <0.0001
Respiratory disturbance index 0.15 0.104
Pittsburgh Sleep Quality

Index, total score 0.10 0.18
Wake-up time (sleep diary) -0.27 <0.0001
Bedtime (sleep diary) 0.03 0.627
Daytime percent sleep

(by observation) -0.27 <0.0001
Daytime percent time in bed

(by observation) -0.09 0.19

‘Immediate functional recovery = mFIM score at discharge from
the inpatient rehabilitation setting minus mFIM score at admis-
sion to the inpatient rehabilitation setting; r = Pearson correlation
coefficient

Using only participants with available data for each follow-up
time point, less daytime sleeping during rehabilitation was a
significant predictor of greater functional recovery between ad-
mission and 3-month follow-up (adjusted R*> = 0.249, model P
< 0.0001; n = 171 participants included in analysis). Daytime
sleeping during rehabilitation was no longer a significant in-
dependent predictor in regression analyses predicting 6-month
(i.e., admission mFIM minus 6-month mFIM; n = 120 available
for analysis) and 9-month (admission mFIM minus 9-month
mFIM) functional recovery. Because of significant loss to
follow-up by the 6-month follow-up (see Figure 1), we were
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Figure 2—Trajectory of improvement in the motor component
of the Functional Independence Measure (mFIM) score from ad-
mission to the inpatient post-acute rehabilitation setting through
9-months follow-up

unable to adequately test whether the relationship between
daytime sleeping and functional recovery persisted at 6-month
and 9-month follow-up. Based on the plateau of mFIM scores
among available follow-up data (see Figure 2) and the high cor-
relation between each follow-up score with the immediately
prior score, we chose last observation carried forward (LOCF)
as a simple imputation method to replace missing data. When
the last mFIM score available was used for participants with
missing data who survived 6 months (i.e., last value carried for-
ward for survivors; n = 190 for analysis), less daytime sleeping
remained a significant predictor of better functional recovery at
6-month follow-up (adjusted R*?=0.212, model P <0.0001; n=
190); however, there is significant concern about the validity of
this imputed data.

DISCUSSION

To our knowledge, this is the first prospective descriptive
study of sleep among older people undergoing inpatient post-
acute rehabilitation. Similar to studies in other institutional
settings,”*” we found high rates of both objectively measured
and subjectively reported sleep disturbance. According to self-
report, sleep was more disturbed during rehabilitation than at
home prior to the onset of the current illness. While self-report
may be biased, the high degree of sleep disruption was also
reflected in the actigraphy recordings. Although there has been
some prior work to identify factors contributing to disturbed
sleep during acute hospitalization,*** factors that contribute to
this sleep disruption in the rehabilitation setting remain to be
explored. Medical comorbidities, environmental factors (e.g.,
noise at night), and sleep disorders are likely important consid-
erations.

Given the prior literature on stroke, sleep disordered breath-
ing (SDB), and rehabilitation outcomes,'>"* we planned to
assess SDB as a predictor of functional recovery among par-
ticipants in this study. To enhance compliance, we chose a re-
cording system that was minimally cumbersome. Despite these
efforts, we had a very high refusal rate for overnight respira-
tory monitoring (53%). In participants who agreed to the moni-
toring, 23% of participants had evidence of mild to moderate
SDB, and 8% had evidence of severe SDB; this prevalence is
similar to community samples of older people. For example, in
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Table 5—Predictors of Functional Recovery from Admission to Discharge from Post-Acute Rehabilitation, and from Admission to 3-Month-
Follow-Up (in Regression Analyses)

3-month mFIM minus
admission mFIM"

Discharge mFIM minus
admission mFIM*

Daytime percent sleep based on structured behavioral observations
*Adjusted R? = 0.267, P < 0.0001; df = 223
"Adjusted R*=0.249, P < 0.0001 ; df = 171

B (SE) T P-value B (SE) T P-value

Constant —1.64 (3.30) 0.49 0.620 2.65 (6.25) 0.42 0.672
MMSE, total score 0.60 (0.11) 5.48 <0.001 0.82(0.21) 3.96 0.000
Daytime percent sleep —0.14 (0.05) -2.87 0.005 —-0.31 (0.09) -3.27 0.001
Total hours of rehabilitation therapy received 0.19 (0.06) 3.36 0.001 0.007 (0.105) 0.07 0.945
Acute care hospital transfer during

rehabilitation (yes/no) —10.04 (2.82) -3.57 <0.001 -8.12 (5.79) —-1.40 0.163
Admitted for orthopedic problem 3.87 (1.35) 2.86 0.005 9.75 (2.54) 3.84 0.000

a large study of community-dwelling adults aged 45 years and
older participating in the Sleep Heart Health Study (mean age
= 63 years),* 24% of men and 11% of women had evidence of
mild-to-moderate SDB (i.c., > 15 respiratory events per hour of
recording), and 9% of men and 3% of women had evidence of
severe SDB (i.e., > 30 respiratory events per hour of recording).
Rates of SDB in our sample were similar to this community-
based study of a slightly younger cohort.

Among participants with respiratory sleep recordings, there
was not a significant relationship between their respiratory dis-
turbance index and immediate functional recovery. Stroke or
other neurological conditions were uncommonly the reason for
admission to rehabilitation in this study. Therefore, our study
may not be comparable to prior research suggesting that sleep
apnea is related to functional recovery with rehabilitation after
a stroke.*! However, the high rate of missing respiratory sleep
recordings makes it difficult for us to adequately test for a pos-
sible relationship between SDB and functional recovery in this
sample.

Perhaps the most important finding from this study is that
daytime sleeping is associated with functional improvement,
which is the main goal of post-acute rehabilitation. We found
that more daytime sleeping during the rehabilitation stay was
associated with less functional recovery between admission
and discharge. This association persisted when analyses were
adjusted for other significant independent predictors of func-
tional recovery, including total hours of therapy received, men-
tal status, acute hospital transfer during the rehabilitation stay,
and reason for admission to rehabilitation. In addition, the re-
lationship between daytime sleeping during rehabilitation and
functional recovery persisted up to 3 months after admission.
Unfortunately, because of significant loss to follow-up by 6
months, we were unable to adequately test whether the rela-
tionship between more daytime sleeping during the rehabilita-
tion stay and functional recovery persisted at 6- and 9-month
follow-up.

Counter to our hypotheses, nighttime sleep was not related to
functional recovery. Actigraphy data revealed that most partici-
pants showed a low percentage of sleep at nighttime, perhaps
making it difficult to identify an association. Alternatively, day-
time sleeping may play a more direct role in attenuating func-
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tional gains due to decreased motivation and effort expended
during therapy sessions. Unfortunately, quantifying these con-
structs is difficult and we can only speculate about these poten-
tial mediators of the relationship between daytime sleeping and
functional recovery.

Our findings are particularly relevant because, while many
other predictors of rehabilitation outcomes (e.g., cognitive
functioning, hospital readmission) are difficult or impossible to
change, sleep disturbance may represent a modifiable predictor
of rehabilitation outcomes. Interventions to improve abnormal
sleep/wake patterns during rehabilitation (particularly exces-
sive daytime sleeping) may result in better functional recovery
among older people. The potential impact of addressing sleep
problems in this setting is not trivial. Prior work examining the
clinical significance of change in mFIM scores suggests that
a 1-point improvement in mFIM score is associated with 2.2
fewer min of help required from another person each day.*
This translates into 15 min of caregiving per week for every
1-point change in mFIM. In our study, the mean improvement
between admission and discharge mFIM (17.9 points) trans-
lates to a reduction of 39.4 min of personal care needed each
day, which represents a clinically significant amount of person-
al care. Further, in the context of our study, a 10% reduction in
daytime sleeping would be associated with a 1-point additional
improvement in mFIM during rehabilitation. This degree of
change in daytime sleeping is attainable, since in our prior work
with nursing home residents we were able to reduce daytime
sleeping by 11% using a multifactorial nonpharmacological in-
tervention to improve sleep patterns (which was also associated
with increased participation in social and physical activities).*

There are important limitations of this study. First, as ex-
pected, there were several significant differences in descrip-
tive characteristics between participants admitted to the 2
study sites. As expected, Site A had more women and Site B
had greater diversity in race/ethnicity. However, there were
many other differences in participant characteristics between
the 2 sites. Although the combination of these 2 sites provided
greater diversity (and perhaps more generalizability) in the final
sample, caution is warranted in the interpretation of these find-
ings. Second, as previously mentioned our ability to determine
whether sleep apnea played a significant role in the observed
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relationship between daytime sleeping and functional recovery
was hindered by a high refusal rate for respiratory monitoring.
Third, we did not perform polysomnography and are unable to
test for a relationship between differences in sleep architecture
and functional recovery. Finally, the significant loss to follow-
up over time, due to death and other loss (among these older
people with significant comorbidity) made it difficult to know
with certainty the duration of the relationship between daytime
sleeping during the rehabilitation stay and functional recovery
beyond discharge from the rehabilitation setting. Newer meth-
ods to address missing data have been described,* but the sig-
nificant loss in our sample by the 6-month follow-up makes
it unlikely that our data meet the assumptions of missing data
incorporated in most of these methods. We performed a simple
imputation method (last value carried forward for survivors)
to begin to address whether the relationship between daytime
sleeping and functional recovery persists beyond 3 months, but
we are not confident that our data meet the assumptions of this
method.*® Further research is needed to address this issue.

This prospective study suggests that sleep disruption is com-
mon and severe among older people receiving inpatient post-
acute rehabilitation after illness or injury. The relationship be-
tween more daytime sleeping and less favorable immediate and
long-term functional recovery suggests sleep is an important
modifiable predictor of rehabilitation outcomes for this vulner-
able patient population. Interventions to improve sleep patterns
(particularly to reduce daytime sleeping) in this setting are
needed to further test for a causal relationship between sleep
and functional recovery, and to test whether such interventions
lead to clinically relevant improvements, such as increased in-
dependence and reduced caregiving needs.
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