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Abstract
Purpose: After transitioning from an intensive care unit (ICU), hospitalized older adults are inactive, which may affect discharge
outcomes. We examined trends between post-ICU hourly activity counts and discharge disposition among hospitalized older
ICU survivors.
Design: A prospective, exploratory research design was used in this study.
Methods: We enrolled older ICU survivors within 24–48 hours of ICU discharge. Actigraphy measured post-ICU hourly activity
counts (0:00 a.m.–23:59 p.m.). Chart review provided discharge disposition. Analyses were conducted to illustrate trends between
post-ICU hourly activity counts and discharge disposition.
Findings: Mean hourly activity was about 2,233 ± 569 counts/hour. Graphs revealed trends between hourly activity counts and
discharge disposition. Participants with lower post-ICU activity counts, especially during daytime hours, tended to be discharged
to a care facility.
Conclusions: Future nursing research should determine whether post-ICU inactivity during hospitalization is a modifiable risk fac-
tor for worse discharge outcomes.
Clinical Relevance: Activity could be a prognostic indicator of discharge disposition for older ICU survivors.
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Introduction

Inactivity and poor mobility among hospitalized older
adults have been previously described in the literature as
an epidemic (Brown et al., 2009), which has prompted
the development of clinical practice guidelines on activ-
ity for older adults during hospitalization for acute
medical illness (Baldwin et al., 2020). In fact, during
hospitalization for acute medical illness, about 16%–
33% of older adults exhibit low or intermediate levels
ofphysical activity.Lowmobility is a predictor of functional
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decline, new institutionalization, and mortality (Brown
et al., 2004). Yet, for older adults recovering from crit-
ical illness and hospitalization in the intensive care unit
(ICU), there has been little research or guidance on recovery
and rehabilitation specifically addressing post-ICU inactivity.

Although studies examining activity levels have been
conducted in general hospitalized older patients, few
studies have focused on older ICU survivors and their
outcomes. To our knowledge, studies have not yet exam-
ined the association between hourly activity and hospital
discharge outcomes among older ICU survivors. One
study reported an association between lower physical ac-
tivity levels andworse discharge outcomes (i.e., inability
to return home at time of discharge) among general hos-
pitalized older inpatients (Tasheva et al., 2020); however,
the study did not focus on older adults who required
ICU-level care and/or mechanical ventilation. It is known
that older age and mechanical ventilation are risk factors
associated with discharge to a facility (e.g., acute inpa-
tient rehabilitation, skilled nursing facility, long-term
acute care hospital) after ICU hospitalization (Feng
et al., 2009; Gehlbach et al., 2011). The aim of this study
was to explore the relationships between early post-ICU
hourly activity counts and discharge disposition among
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a cohort of hospitalized older ICU survivors.We hypothesized
that post-ICU hourly activity counts would tend to be lower
among older ICU survivors who were eventually discharged
to a care facility. If so, then differences in post-ICU hourly
activity counts could potentially help rehabilitation
nurses identify at-risk older ICU survivors who may be
likely to be discharged to a care facility rather than home.

Methods

Sample and Setting

We enrolled 30 hospitalized older adults (ages 65 years and
older) who were recently transferred out of ICU (within
24–48 hours of ICU discharge), mechanically ventilated
while in ICU, and functionally independent prior to hos-
pitalization. Using an exploratory study design and con-
venience sampling, we recruited patients from all 12
medical-surgical units at a Level 1 trauma hospital. The
institutional review boards of the university and the affil-
iated Level 1 trauma hospital approved the protocol prior
to study initiation.

Inclusion and Exclusion Criteria

All study participants must have been community-dwelling
older adults (i.e., admitted from home) and functionally
independent prior to hospital admission. The Katz Index
of Activities of Daily Living assessed the subject’s baseline
functional ability (i.e., prior to their hospital admission)
to independently perform six activities of daily living:
bathing, dressing, toileting, transferring, continence, and
feeding (Katz et al., 1963). During recruitment, potential
study participants were asked to retrospectively comment
on their baseline ability to perform each of these activities
of daily living independently 2 weeks prior to hospital ad-
mission (Covinsky et al., 2000). The Katz Index of Activ-
ities of Daily Living has demonstrated high reliability,
with Cronbach’s alpha coefficients ranging from .87
to .94 (Wallace & Shelkey, 2008). A score of 6 out of
6 indicates functional independence without any super-
vision or assistance; therefore, potential participants
who scored less than 6 were ineligible for the study. Addi-
tional exclusion criteria included preexisting diagnosis of
mild cognitive impairment or dementia, history of psychi-
atric disorder, active palliative care or hospice orders,
and/or spinal cord injury. Patients admitted from a care
facility or those who received home health care at home
prior to admission were excluded from this study.

Measures

Data Collection and Sample Characteristics

Demographic data were collected from participants and
their electronic medical records. Relevant data included
Copyright © 2021 by the Association of Rehabilitation Nurse
admission diagnoses, ICU severity of illness (Acute Physiology,
Age, Chronic Health Evaluation III score [APACHE];
Knaus et al., 1991), ICU length of stay and readmissions,
length of mechanical ventilation while in ICU, and ad-
ministrations of opioids and/or benzodiazepines during
the observation period of actigraphy.

Post-ICU Activity

Wrist actigraphy (Actiwatch Spectrum, Philips Respironics)
collected data on early post-ICU hourly activity, beginning
at the time of study enrollment. An actigraph is a light-
weight, wrist-worn monitoring device, designed for mea-
surement of gross motor activity. Actigraphy, based on
accelerometry algorithms using activity counts, has been uti-
lized to measure activity patterns in hospitalized older inpa-
tients (Lim et al., 2018) and adult ICU patients (Schwab
et al., 2019). An actigraph was placed on each participant’s
dominant arm. Activity counts were generated for each
15-second epoch: Activity counts that fell below a preset
threshold designated as “wake” were automatically
scored as rest or sleep. Analyses included hourly activity
counts between 0:00 a.m. to 23:59 p.m. during a full
24-hour period after study enrollment. Hourly activity
count thresholds are discussed in the literature: sleeping
(600 activity counts/hour), resting or lying down awake
(1,140 activity counts/hour), sitting andwatching televi-
sion (4,020 activity counts/hour), sitting and eating (10,620
activity counts/hour), sitting with active arm movement
such as writing a letter (11,400 activity counts/hour), ca-
sual walking (14,700 activity counts/hour), and brisk
walking (21,180 activity counts/hour; Beveridge et al.,
2015). Sedentary behavior, specifically in older adults,
has been defined as less than 6,000 activity counts/hour
(Evenson et al., 2012).

Discharge Outcomes

Discharge disposition to home (i.e., home with minimal
assistance or home with home health care) versus discharge
to a facility (i.e., inpatient rehabilitation facility, skilled
nursing facility, or long-term acute care hospital) was
prospectively collected via electronic medical records.
Data Analyses

Preliminary descriptive analyses were conducted using
IBM SPSS Statistics Version 26. The data were also exam-
ined for distribution shape, missing data, and outliers
prior to analyses. Preliminary trends were visually depicted
by graphs of aggregate activity (hourly activity counts over
a 24-hour period) grouped by discharge outcome. Graphs
were produced in Microsoft Excel and are presented in
Figure 1.
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Results

Sample Characteristics

Table 1 summarizes the demographic and clinical character-
istics of the study sample. Two participants were transferred
to out-of-network hospitals, so discharge disposition data for
these two participants were unavailable/missing for further
analyses. Post-ICU hourly activity averaged 2,233 ± 569
activity counts/hour among the final 28 participants. Three
(10%) participants were readmitted to ICU after the
actigraphy observation period. Ten (33.3%) participants were
dischargedhome,whereas 5 (16.7%)were discharged to inpa-
tient rehabilitation facilities, 12 (40%) were discharged to
skilled nursing facilities, and 1 was discharged (3.3%) to
a long-term acute care hospital.
Post-ICU Activity and Discharge Disposition

Post-ICU hourly activity counts tended to be higher among
participants eventually discharged home (2,862 ± 908
Figure 1. Graphic trends in post-intensive care unit (ICU) hourly activity count
trends in post-ICU hourly activity counts (mean activity counts/hour) by disp
counts were visibly higher (especially during morning and afternoon hours)
post-ICU hourly activity counts observed among the participants who were d
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activity counts/hour) when compared to those discharged
to an inpatient rehabilitation facility (2,062 ± 933 activity
counts/hour), a skilled nursing facility (1,901 ± 500 ac-
tivity counts/hour), and a long-term acute care hospital
(478 ± 444 activity counts/hour). In addition, Figure 1 pro-
vides graphic representation of a 24-hour activity/rest cycle,
includingdaytime andnighttimehours, and further illustrates
the trends between post-ICU hourly activity counts and dis-
charge disposition. Participants with lower post-ICU hourly
activity counts, especially during morning and afternoon
hours (Figure 1), tended to be discharged to a care facility
instead of home.
Discussion

Greater post-ICU hourly activity may be associated with
better hospital discharge outcomes, specifically discharge
to home instead of to a care facility, based on preliminary
findings from our study cohort of hospitalized older ICU
survivors. This study suggests that post-ICU hourly activity
s by discharge disposition. These 24-hour radial graphs illustrate intradaily
osition at time of hospital discharge. Notice that post-ICU hourly activity
among the participants who were discharged home compared to the
ischarged to a care facility.
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Table 1 Demographic and Clinical Characteristics

Variables Mean ± SD or n (%)

Age, years 71.1 ± 4.6
Female 11 (39.3%)
Race/ethnicity
White and non-Hispanic/Latino 21 (75%)
Black/African American 4 (14.3%)
Hispanic/Latino 3 (10.7%)

Primary ICU admission
Medical 12 (42.9%)
Surgical, cardiovascular 10 (35.7%)
Surgical, transplant 2 (7.1%)
Trauma 2 (7.1%)
Neuroscience 2 (7.1%)

APACHE III score 94.8 ± 32.6
Length of ICU stay, days 11.9 ± 11.8
Length of mechanical ventilation, days 5.4 ± 7.6
Total length of hospital stay, days 24.3 ± 17.1
Post-ICU hourly activity counts 2233 ± 569
Discharge disposition
Home 10 (35.7%)
Inpatient rehabilitation facility 5 (17.9%)
Skilled nursing facility 12 (42.9%)
Long-term acute care hospital 1 (3.6%)

Note. Values are mean ± standard deviation or n (%) of subjects. ICU = inten-
sive care unit; APACHE = Acute Physiology, Age, Chronic Health Evaluation.
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was loweramong thosewhowere eventuallydischarged toa fa-
cility. Importantly, we included only hospitalized older ICU sur-
vivorswho,atbaseline,were community-dwellingolder adults
and functionally independent prior to hospital admission,
which strengthens the implications of the findings.

Hourly activity among the older ICU survivors in our
study was significantly lower than that reported by other
studies of hospitalized older adults (Beveridge et al., 2015;
Kessler et al., 2019).WhereasBeveridge et al. (2015) reported
a mean daytime activity of 77 activity counts/minute and
Kessler et al. (2019) reported mean daytime activity of
129 activity counts/minute, the mean activity among the
participants in this study was about 38 activity counts/
minute. Of note, this sample was composed exclusively of
older ICU survivors immediately following ICU discharge
andwho had been onmechanical ventilation, whereas these
studies’ samples were composed of hospitalized older adults
who did not require intensive care. Another important dis-
tinction of this sample was the high proportion of partici-
pants who were admitted to a type of surgical or trauma
ICU and/or underwent a major surgery during hospitaliza-
tion. Thus, it is not surprising that about one fifth of our
sample had received at least three or more doses of opioids
for pain during the actigraphy observation period. More-
over, over half of our sample was discharged to a facility
instead of home. The preliminary trends observed in our
study support that hospitalized older adults who survive
Copyright © 2021 by the Association of Rehabilitation Nurse
an ICU stay and mechanical ventilation continue to display
sedentary behavior and inactivity even beyond the ICU set-
ting and suggest that even activity during the early post-ICU
transition period may affect discharge disposition.

The study results support those found in similar
studies of hospitalized older adults. Objective measure-
ment of activity using actigraphy or accelerometry has
been associated with hospital-acquired disability (Pavon
et al., 2020; Tasheva et al., 2020). These studies, how-
ever, did not exclusively focus on a cohort of hospitalized
older ICU survivors and their unique discharge outcomes.
In comparison to general hospitalized older inpatients,
recovery in older ICU survivors is often complicated by
higher severity of illness, and therefore, they are more
likely to require prolonged inpatient stays and have higher
acuity at discharge disposition. In fact, three participants
were transferred back to ICU after completion of the
actigraphy observation period, which prolonged their
hospital stays. Up to 90% of older ICU survivors are
discharged with at least one geriatric syndrome, which in-
creases risk of new institutionalization in a care facility
(Tang et al., 2016). Long-term cognitive, motor, and psy-
chological sequelae resulting from critical illness are col-
lectively recognized as post-ICU syndrome (Elliott et al.,
2014). Because older adults are likely at highest risk of
developing geriatric syndromes and/or post-ICU syn-
drome, rehabilitation nurses should pay particular atten-
tion to older ICU survivors throughout their recovery
from critical illness.

The graphic analyses suggest that the differences in
hourly activity by discharge disposition are more pro-
nounced during daytime hours versus nighttime hours.
Figure 1, created to display an activity/rest cycle in the
form of a 24-hour clock, visually represents this compar-
ison between daytime and nighttime hours. For instance,
increased post-ICU hourly activity was observed during
daytime hours, especially in the morning and afternoon,
among those discharged home. In comparison, post-ICU
hourly activity counts were lower during the morning
and afternoon hours among those discharged to an inpa-
tient rehabilitation facility, skilled nursing facility, or
long-term acute care hospital. We suggest that routine
nursing assessment of patients’ activity levels during day-
time hours could alert nurses and providers to potentially
worse outcomes. It may be likely that older ICU survivors
with higher severity of illness fall asleep between care ac-
tivities (e.g., vital signs,medication administration, sched-
uled meal times, baths, nursing care, and rehabilitation
therapy) and are therefore less active. Thus, we recom-
mend that future nursing intervention studies incorporate
promotion of daytime activity, combined with minimiza-
tion of daytime sedentary behavior and/or daytime naps,
s. Unauthorized reproduction of this article is prohibited.



Key Practice Points
• Hospitalized older ICU survivors are profoundly inactive,

especially during daytime hours, despite transition out of
ICU.

• Lower levels of activity during daytime hours could
identify older ICU survivors who are at risk of discharge to a
care facility instead of home.

• Rehabilitation nurses could draw on their expertise to
implement nursing interventions that decrease daytime
sedentary behavior and immobility while simultaneously
increasing daytime activity.

• Future research should investigate whether daytime activity
could be a target for implementation of nursing
interventions to promote outcomes for older ICU survivors.
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to determine whether inactivity is a modifiable risk factor
for worse discharge outcomes in older ICU survivors.
We propose that perhaps promotion of daytime activity
could mitigate worse discharge outcomes associated with
critical illness hospitalization. Nursing interventions de-
signed to avoid daytime naps and daytime sedentary behav-
ior could be combined with other interventions to increase
daytime activity.

Study limitations include the short observation period
and small sample size; these are due to the exploratory study
design. For example, we were unable to conduct a one-way
analysis of variance to compare the difference inmean activ-
ity counts by discharge disposition because of the small sam-
ple size. Our preliminary analyses are exploratory, provide
descriptive results as a pilot study, and thus do not imply
causality between post-ICU hourly activity and discharge
outcomes. Future research should include a larger sample
size, with longer periods of actigraphy observation or longi-
tudinal follow-up to observe trends in activity throughout
recovery.

Conclusion

Hospitalized older adult survivors of critical illness are
profoundly inactive despite transition of care out of ICU.
Participants with lower post-ICU activity counts, especially
during daytime hours, tended to be discharged to a care fa-
cility. Higher post-ICU daytime activity could help nurses
identify older adults who are likely to be discharged home
instead of a care facility. Increasing daytime activity may
decrease healthcare costs associated with poor discharge
outcomes for older ICU survivors, and rehabilitation nurses
and family members alike could potentially aid recovery via
optimization of the activity–rest cycle. Perhaps nursing as-
sessment of patients’ activity levels throughout recovery
from critical illness could trigger the implementation of
Copyright © 2021 by the Association of Rehabilitation Nurse
rehabilitative interventions to increase activity. Ultimately,
these findings may reflect that daytime activity could be a
target for future nursing research interventions to promote
discharge outcomes for hospitalized older ICU survivors.
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