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Abstract Objective: To determine whether age, mobility level, and change in mobility level
across the first 3 physical rehabilitation sessions associate with clinical outcomes of patients who
are critically ill.
Design: Retrospective, observational cohort study.
Setting: Medical Intensive Care Unit (MICU).
Participants: Hospitalized adults (n = 132) who received 3 or more, consecutive rehabilitation
sessions in the MICU.
Interventions: Not applicable.
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Measurements and Main Results: Sample included 132 patients with 60 (45%) classified as youn-
ger (18-59 years) and 72 (55%) as older (60+ years). The most common diagnosis was sepsis/septi-
cemia (32.6%). Older relative to younger patients had a significantly slower rate of improvement
in ICU Mobility Scale (IMS) scores across rehabilitation sessions (mean slope coefficient 0.3 vs 0.6
points, P<.001), were less likely to be discharged to home (30.6% vs 55.0%, P=.005), and were
more likely to die within 12 months (41.7% vs 25.0%, P=.046). Covariate-adjusted models indi-
cated greater early improvement in IMS scores were associated with discharge home (P=.005).
Longer time to first rehabilitation session, lower initial IMS scores, and slower improvement in
IMS scores were associated with increased ICU days (all P<.03).
Conclusion: Older age and not achieving the mobility milestone of sitting at edge of bed or lim-
ited progression of mobility across sessions is associated with poor patient outcomes. Our find-
ings suggest that age and mobility level contribute to outcome prognostication, and can aide in
clinical phenotyping and rehabilitative service allocation.
© 2023 The Authors. Published by Elsevier Inc. on behalf of American Congress of Rehabilitation
Medicine. This is an open access article under the CC BY-NC-ND license (http://
creativecommons.org/licenses/by-nc-nd/4.0/).
Adults admitted to the intensive care unit (ICU) for acute criti-
cal illness are at a high risk for physical complications, includ-
ing muscle weakness,1 functional decline,2 prolonged need for
mechanical ventilation (MV), and mortality.3 Impairments
acquired in the ICU can precipitate long-term physical, mental,
and social debility and poor quality of life.4-8 For example,
nearly one-third of critical illness survivors who were employed
prior to their illness will never return work,9 and an estimated
50% will require daily care from a caregiver at some point dur-
ing their recovery.10 Survivorship is often accompanied by fre-
quent hospital readmissions and higher secondary health care
costs.11-13 Older adult survivors are particularly at risk for long-
term impairments and poor outcomes.14-20 For instance, the
use of life support with MV can lead to persistent cognitive
impairment and dependence in activities of daily living.5,14

Moreover, the presence of frailty prior to illness is associated
with post-hospital institutionalization and mortality.21 Taken
together, age, comorbid status, and acute illness burden are
important variables in the clinical spectrum of post-critical ill-
ness disability.22 Therefore, critical care should emphasize
development and/or optimization of therapeutic interventions
that mitigate the negative sequelae of critical illness with
goal-concordant care,23 particularly for those individuals at
highest risk of poor outcomes.

Physical rehabilitation in the ICU is safe and feasible across
the adult age spectrum, and an emphasis on reducing the ini-
tial immobilization period has been purported to mitigate
functional decline, reduce ventilation days and ICU and hospi-
tal lengths of stays, and potentially improve quality of life.24-37

However, recent, larger randomized controlled trials compar-
ing protocolized early mobilization and physical rehabilitation
interventions with standard care have failed to show immedi-
ate or long-term benefits on primary endpoints.35,38-41 Cautious
interpretations of these findings are warranted because of the
complexity of critical illness, the heterogeneity of enrolled
patient populations and rehabilitation protocols delivered, and
changes in standard care operating procedures. Further, stan-
dard care rehabilitation is frequently reported only as a dichot-
omous variable (yes or no), and patient functional status in and
across rehabilitation sessions are rarely reported—neither of
which allows quantification or assessment of therapeutic and
physiological effect.
We hypothesize that age and patient-level physical func-
tion factors, including the highest level of mobility achieved
in physical rehabilitation sessions and change in mobility
level across the early sessions, are important variables influ-
encing clinical outcomes. Risk stratification that includes
mobility level may enhance outcome prognostication and
goal-concordant care while improving the allocation of lim-
ited resources in the ICU, including rehabilitation services.
Also, quantifying the initial mobility level and the early
response to rehabilitation may further contribute to clinical
phenotyping, better identify patients who can benefit from
continued rehabilitative service, and lead to an individual-
ized approach to rehabilitation.42,43 Therefore, the primary
purpose of this study is to determine whether age, mobility
level, and rate of change in mobility level across early reha-
bilitation sessions delivered in a real-world clinical context
have an effect on patient outcomes of length of stay, dis-
charge disposition, and mortality.
Methods

Design and patient population

The study is a retrospective cohort study of patients who were
admitted to the Medical Intensive Care Unit (MICU) at an aca-
demic medical center over a 1 year duration. The center has
925 licensed beds with 24 MICU beds housed in a single ICU.
Patients eligible for inclusion were (1) admitted to the MICU;
and (2) participated in 3 or more consecutive physical rehabili-
tation sessions with a daily mobility assessment completed and
documented in the electronic health record. Physical rehabili-
tation sessions included treatment provided by a physical ther-
apist alone or accompanied with an occupational therapist. To
mitigate the detrimental effects of immobility, treatment
included passive range of motions exercises, active range of
motion exercises, muscle resistance training, body positioning,
functional mobility and transfers, cycle ergometry, or any com-
bination of the aforementioned as functional and physiological
status permited. If a patient was readmitted during the
selected time frame, only data from the first admission was
analyzed. A total of 132 patients were identified from the
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electronic health records who met the eligibility criteria. The
132 patients were stratified into 2 groups based on age: (1)
younger were 18-59 years of age; and (2) older were age 60 or
greater. The study was approved by the Institutional Review
Board of the health care system. Informed consent process was
waived (exempt status) because of the retrospective study
design.

Patient characteristics

Patient characteristics included demographics and clinical
measures of critical illness severity and comorbid burden.
Age, sex, race, body mass index (BMI), admitting diagnosis,
rehabilitation session data, and preadmission health status
using the Functional Comorbidity Index and the Charlson
Comorbidity Index (CCI) were assessed. Higher scores on
Functional Comorbidity Index and CCI indicate a worse pre-
existing comorbid burden. Severity of illness was assessed at
admission using the Acute Physiology and Chronic Health
Evaluation II44 and Sequential Organ Failure Assessment
(SOFA)45,46 scores. Higher Acute Physiology and Chronic
Health Evaluation II scores correspond to greater severity of
disease or illness and a higher risk of mortality (score range:
0 to 71), while higher SOFA scores indicate higher risk for
morbidity and mortality due to sepsis (score range: 0 to 24).
Rehabilitation variables of interest included time from
admission to first rehabilitation session and the highest level
of mobility achieved. Mobility level was assessed during
each rehabilitation session using the ICU Mobility Scale
(IMS). The IMS was selected to track change in mobility sta-
tus over the course of critical illness given its high inter-
rater reliability (0.80),47 validity, and responsiveness.48,49

The IMS had a possible range of 0 to 10, with higher scores
representing greater mobility.

Patient outcomes

Clinical outcomes were MICU length of stay (LOS) in days,
hospital LOS in days, discharge disposition, in-hospital mor-
tality, 28-day mortality, and 12-month mortality. Discharge
disposition included home/home service, skilled nursing
facility, and long-term acute care, with each coded as 0=no
or 1=yes.

Statistical analysis

Descriptive statistics were used to detail patient character-
istics and key variables. Non-directional statistical tests
were performed with significance set at 0.05. SAS version
9.4a software was used to conduct the analyses.

Independent t tests and Wilcoxon Two-sample tests for
continuous measures as well as chi-square tests for categori-
cal variables were used to test for age group (older vs youn-
ger) differences in patient characteristics and identify
potential covariates for the outcome analyses.

Hierarchical random coefficients regression models for
longitudinal data (a type of mixed-effects model for
repeated measurements) were applied to assess the effect
of age on the trajectories of change in IMS scores over the
initial 3 rehabilitation sessions and estimate the rate of
change over sessions within each age group. The initial 3
rehabilitation sessions were selected as the indicator of
time so as to focus on the clinical effect of “early” rehabili-
tation interventions on patient outcomes. The trajectory
model included the fixed effects of age group, time, and
their interaction as well as the random effects of patient
and patient-by-time. The missing at random assumption was
met and a linear pattern of change was indicated. The model
was also used to determine the average rate of change in
mobility (ROC-M) per patient based on each patient’s esti-
mated trajectory of IMS scores (individual’s slope coeffi-
cient) across the 3 sessions. Finally, a priori contrasts using
independent t tests were performed to compare age group
differences in adjusted means for IMS scores at each session
and ROC-M.

Bivariate and multivariable (covariate-adjusted) regres-
sion models were used to explore the relationship between
age group and patient outcomes. Initial covariates for the
multivariable models were patient characteristics for which
the age groups significantly differed as well as IMS scores at
the first rehabilitation session and ROC-M due to their poten-
tial influence on outcomes. Each initial multivariable model
was reduced to a final parsimonious model using a manual
interactive backward elimination approach in which age
group, regardless of statistical significance, and only covari-
ates significant at the 0.05 level were retained in the final
model. Logistic regression was applied for binary outcomes,
while general linear regression was used for continuous out-
comes. Effect sizes were estimated to explore the clinical
significance, specifically odds ratios for binary outcomes and
r-squared for continuous outcomes.
Statistical power

The sample size of 132 patients that met eligibility (72 older,
60 younger) provided 80% statistical power for bivariate
analyses to test for age group differences in patient charac-
teristics and outcomes, assuming significance set at 0.05 for
two-tailed test with medium effects (Cohen’s d equivalent
of 0.55). The sample size did not provide at least 80% statis-
tical power for the initial covariate-adjusted regression
models with 7 covariates for effect sizes in small to medium
range. Thus, potentially clinically relevant covariates that
were not statistically significant at the 0.05 due to low sta-
tistical power were removed from the final parsimonious
model.
Results

Patient characteristics

Table 1 presents the demographic and clinical illness sever-
ity characteristics for the 132 patients in the total sample
and by age group. Most patients identified as white (74.6%),
and the most common admission diagnosis was sepsis/septi-
cemia (32.6%) followed by respiratory disease or failure
(24.2%). Patients were stratified into an older group (N=72)
with a mean age of 69.6 years and younger age group (N=60)
with a mean age of 45.0 years. The older group compared to
the younger group had significantly fewer women (37.5% vs
60.0%, P=.010), lower BMI scores (median 26.4 vs 31.3 kg/



Table 1 Patient demographic and clinical characteristics

Characteristic Total (N = 132) Older (N = 72) Younger (N = 60) P value

Age, in years 58.4 § 15.4 69.6 § 7.0 45.0 § 11.5 <0.001
Female 63 (47.7%) 27 (37.5%) 36 (60.0%) 0.010
White 97 (74.6%) 57 (80.3%) 40 (67.8%) 0.103
Admission diagnosis

Sepsis/septicemia 43 (32.6%) 25 (34.7%) 18 (30.0%) 0.564
Pulmonary disease/failure 32 (24.2%) 14 (19.4%) 18 (30.0%) 0.159
Transplant 13 (9.9%) 8 (11.1%) 5 (8.3%) 0.594
Oncology/hematologic disease 13 (9.9%) 7 (9.7%) 6 (10.0%) 0.958

Time to rehabilitation therapy, in hours 63.6 (20.5, 239.2) 47.8 (18.8, 120.2) 84.5 (37.2, 332.1) 0.029
APACHE score at admission 18.3 § 7.0 18.5 § 6.1 18.1 § 8.0 0.732
SOFA score at admission 6.0 § 3.9 5.3 § 3.3 6.8 § 4.3 0.023
BMI at admission, in kg/m2 27.6 (22.9, 33.9) 26.4 (22.5, 31.0) 31.3 (23.4, 38.5) 0.008
BMI overweight/obese at admission 86 (65.2%) 43 (59.7%) 43 (71.7%) 0.152
CCI score at admission 5.2 § 2.9 6.9 § 2.3 3.3 § 2.3 <0.001
CCI 10-year survival score at admission 21.4 (0.0, 77.5) 0.0 (0.0, 21.4) 77.5 (21.4, 95.9) <0.001
FCI score at admission 3.0 (2.0, 5.0) 3.0 (2.0, 5.0) 3.0 (2.0, 4.0) 0.139
IMS score at first rehabilitation session 3.9 § 2.1 4.0 § 1.8 3.7 § 2.4 0.498

NOTES: Mean § SD and independent t tests for age, APACHE, SOFA, CCI, and IMS scores; median (25th,75th percentile) and Wilcoxon Two-
Sample Test for time to rehabilitation therapy, BMI, CCI 10-year survical, and FCI due to skewness of § 1.0 or higher; n (%) and chi-square
test for categorical measures. BMI overweight/obese class defined as a BMI of 25 kg/m2 or greater.
Abbreviations: APACHE, Acute Physiology and Chronic Health Evaluation II; FCI, Functional Comorbidity Index.
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m2, P=.008), lower SOFA scores (mean 5.3 vs 6.8, P=.023),
and less time to rehabilitation therapy (median 47.8 vs
84.5 hours, P=.029), but higher CCI scores at admission
(mean 6.9 vs 3.3, P<.001).

Mobility trajectory analysis

Table 2 presents the adjusted mean IMS scores per session
and average ROC-M across the 3 sessions that derived the
trajectory model for the total sample and by age group. IMS
scores significantly increased across the 3 rehabilitation ses-
sions (time effect: P<.001) and the adjusted mean ROC-M
was 0.4 points, indicating that on average the IMS scores
improved by 0.4 points from session to session. However,
age group (P=.209) and its interaction with time (P=.164)
were not significantly associated with IMS scores. A priori
contrasts indicated no age group differences in the mean
adjusted IMS scores at each session, but the older group had
a significantly different pattern and slower rate of improve-
ment over time compared to the younger group (ROC-M
adjusted mean 0.3 vs 0.6 points, P<.001). Although both
Table 2 Trajectory analysis: ICU mobility scale scores over rehabi

Assessment Total (N=132)
Adjusted Mean § SD

Old
Adj

Time 1: Rehabilitation Session 1 3.9 § 1.5 4.0
Time 2: Rehabilitation Session 2 4.4 § 2.0 4.6
Time 3: Rehabilitation Session 3 4.8 § 1.8 4.6
ROC-M: Rate of change in mobility 0.4 § 0.4 0.3

NOTES: Means of adjusted scores derived from the trajectory analysis;
using independent t tests.
Abbreviations: ROC-M, rate of change in mobility per patient indicate
patient.
groups had a similar rate of improvement from session 1 to
2, older patients did not continue to improve from session 2
to 3 relative to the younger patients who continued to
improve by another 0.6 points on average.
Bivariate analyses: age group and patient outcomes

Bivariate regression models results (table 3) indicated older
relative to younger patients were less likely to be discharged
to home (30.6 % vs 55.0%, odds ratio [OR]=0.36, P=.005), but
were more likely to die within 12 months (41.7% vs 25.0%,
OR=2.14, P=.046). Age group was not significantly related to
MICU or hospital LOS nor in-hospital or 28-day mortality.
Multivariable analyses: age group and patient
outcomes

The initial multivariable regression models with age group
adjusted for 7 covariates: sex, time to rehabilitation ther-
apy, andIMS scores at first rehabilitation session, along with
litation sessions

er (N=72)
usted Mean § SD

Younger (N=60)
Adjusted Mean § SD

A priori contrast
P value

§ 1.3 3.7 § 1.7 0.366
§ 1.8 4.3 § 2.2 0.824
§ 1.6 4.9 § 1.9 0.663
§ 0.3 0.6 § 0.4 <0.001

P value for a priori contrasts comparing older and younger patients

d by the slope coefficient from the trajectory estimated for each



Table 3 Descriptive statistics and bivariate regression: age group and patient outcomes (N=132)

Binary Outcome Total n (%) Older n (%) Younger n (%) Wald x2 OR OR 95% CI P value

Discharge Disposition
Home/home service 55 (41.7%) 22 (30.6%) 33 (55.0%) 7.86 0.36 0.18, 0.74 0.005
Skilled nursing facility 18 (13.6%) 13 (18.1%) 5 (8.3%) 2.51 2.42 0.81, 7.24 0.113
Long-term acute care 17 (12.9%) 10 (13.9%) 7 (11.7%) 0.14 1.22 0.44, 3.43 0.705

Mortality
In-hospital 27 (20.5%) 16 (22.2%) 11 (18.3%) 0.30 1.27 0.54, 3.00 0.582
28-day 36 (27.3%) 24 (33.3%) 12 (20.0%) 2.89 2.00 0.90, 4.45 0.090
12-month 45 (34.1%) 30 (41.7%) 15 (25.0%) 3.98 2.14 1.01, 4.53 0.046

Continuous Outcome Total Median
(25th, 75th)

Older Median
(25th, 75th)

Younger Median
(25th, 75th)

b (SE) b R2 P value

MICU length of stay 9.9 (5.7, 16.1) 9.4 (6.1, 15.3) 12.8 (5.5, 15.9) �0.15 (0.21) �0.07 0.07 0.382
Hospital length of stay 21.9 (13.5, 33.1) 21.9 (12.2, 33.9) 24.4 (15.3, 35.3) �0.01 (0.24) �0.00 0.00 0.988

NOTES: Logistic regression for binary outcomes; bivariate regression for continuous outcomes. Natural log of continuous outcomes used in
regression models due to severe right skewness. Younger group = reference group for regression models.
Abbreviations: 95% CI, 95% confidence interval for odds ratio; b, unstandardized coefficent; b, standardized coefficient.
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ROC-M, CCI, SOFA, and BMI at admission. We did not include
CCI 10-year survival score at admission to avoid multicolli-
nearity with CCI score at admission. The initial covariate-
adjusted model for each outcome was reduced to a final
model that included age group and statistical significant
covariates only (tables 4 and 5). The final models indicated
that older patients compared to younger patients were less
likely to discharge to home with or without home services
(adjusted OR, [aOR]=0.47, P=.056) and were at higher risk
for mortality in 12 months (aOR=2.14, P=.046). Age group
was not significantly associated with any other outcomes (all
P>.05). Higher IMS scores (better mobility) at the first reha-
bilitation session were associated with discharge to home
with or without home services, and were related to a lower
risk for discharge to long-term acute care (aOR=0.63,
P=.010) and shorter MICU LOS (b=-0.23, P=.006). Greater
rates of early improvement in mobility were associated with
discharge to home with or without home services
(aOR=4.91, P=.005) and decrease in MICU length of stay (b=
�0.17, P=.030). Longer time to first rehabilitation session
was associated with longer ICU LOS (b=0.04 P<.001), and
Table 4 Binary outcomes: final logistic regression model results

Outcome Explanatory Variable

Home/home service Age group
IMS score at first rehabilitation
ROC-M

Skilled nursing facility Age group
CCI

Long-term acute care Age group
BMI at admission
IMS score at first rehabilitation

In-hospital mortality Age group
28-day mortality Age group
12-month mortality Age group

NOTES: Explanatory variables entered into model in descending order
group (0).
Abbreviations: aOR, adjusted OR; 95% CI, 95% confidence interval.
hospital LOS (b=0.39, P<.001). A brief summary of regression
results are provided in Supplemental Table 1 (available
online only at http://www.archives-pmr.org/).
Discussion

This study is a practice analysis demonstrating that age and
mobility level achieved in physical rehabilitation sessions
delivered in the ICU are associated with clinical outcomes.
Our findings suggest that older age, higher comorbid burden,
delayed time to initial rehabilitation session, lower mobility
level at the initial rehabilitation session, and a slower rate
of change in mobility level across the first 3 rehabilitation
sessions are associated with poorer outcomes. Mobility level
as a predictor of outcomes contributes to the mounting body
of literature supporting classification of the heterogenous
pool of patients with critical illness into clinical phenotypes
based on patient demographics, clinical variables, and
recovery markers50-52 to aide in outcome prognostication,
goal-concordant care discussions, and allocation of often
Wald x2 aOR aOR 95% CI P value

3.60 0.47 0.22, 1.03 0.056
3.82 1.20 1.0, 1.44 0.051
7.98 4.91 1.63, 14.80 0.005
0.018 1.09 0.30, 4.0 0.894
4.74 1.26 1.02, 1.56 0.029
3.00 3.20 0.86, 11.95 0.083
9.03 1.07 1.03, 1.12 0.003
6.72 0.63 0.44, 1.89 0.010
0.30 1.27 0.54, 3.00 0.582
2.88 2.00 0.90, 4.45 0.090
3.98 2.13 1.01, 4.53 0.046

(highest to lowest); age group=older group (1) relative to younger

http://www.archives-pmr.org/


Table 5 Continuous outcomes: final multiple regression model results

Outcome Explanatory Variable b SE t-value P value Adjusted R2

MICU length of stay 0.38
Age group �0.04 0.13 �0.56 0.571
Time to rehabilitation therapy, in hours 0.04 0.00 5.10 <0.001
IMS score at session 1 �0.23 0.03 �2.75 0.006
ROC-M �0.17 0.18 �2.11 0.030

Hospital length of stay 0.16
Age group 0.75 0.13 0.92 0.369
Time to rehabilitation therapy, in hours 0.39 0.00 4.69 <0.001

NOTE: Natural log of continuous outcomes evaluated in regression models due to severe right skewness. R2 adjusted for the overall model.
Abbreviation: b, standardized beta coefficient.
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limited resources in the ICU including rehabilitation serv-
ices. Together, these findings provide valuable insights into
the patient experience of serious illness and may help
explain the variances that exist in patient outcomes.

Physical rehabilitation in the ICU is a recommended stan-
dard component of patient care.53 Several studies demon-
strate that either earlier initiation or increased frequency of
physical rehabilitation sessions are associated with reduced
ICU and hospital LOS,28,54-56 greater likelihood of discharge
to home,57,58 and maybe improved long-term quality of
life.31,35 In our cohort, time to rehabilitation initiation was
significantly associated with MICU and hospital LOS. Less
attention in the field, however, has been given to mobility
levels achieved during rehabilitation as an indicator of dose,
and perhaprs a crude marker of intesnity. Recently, members
of our team demonstrated that a steeper, positive change in
mobility over the first 4 rehabilitation sessions in patients
requiring extracorporeal membrane oxygenation was associ-
ated with survival and discharge to home.52 Similarly, this
current analysis indicates that a positive mobility trajectory
over the first 3 sessions is associated with shorter ICU LOS
and discharge to home. Notably, the change in mobility had
a large effect on discharge to home. Also, a longer time to
rehabilitation initiation and an inability to sit edge of bed
(<3 IMS) at the initial rehabilitation session were associated
with longer ICU and hospital LOS. The data may suggest that
sitting upright at edge of bed is an important recovery mile-
stone. Our data must be interpreted cautiously as we cannot
draw causal inference from the study design. Also, the
severity of illness leading to ICU admission as well as the
underlying comorbid burden could influence the delay to
rehabilitation and progress in each individual session. Sim-
ply, patients with higher severity of illness and worse pre-
existing health may not have positive outcomes regardless
of rehabilitation delivery.

However, taken together, our studies provide seminal evi-
dence that mobility level and mobility trajectory in the con-
text of real-world ICU rehabilitation are at least associated
and may be strong predictors of patient outcomes. This
information may be useful in goal-concordant care discus-
sions where clinicians provide prognostic information to the
patient or their surrogate(s) for understanding the expected
effect of critical illness and treatments on patient survival
and functional outcomes.23 In parallel, mobility trajectory
across early rehabilitation sessions provides clinicians with
objective data that can assist with tailoring service
allocation. For example, a patient with a small, but positive
ROC-M during the first 3 sessions may benefit from shorter,
more frequent rehabilitation sessions to optimize mobility
and outcomes. Mobility trajectory may be a useful additional
component in clinical phenotyping to promote individualized
medicine and rehabilitation care delivery.

Despite differences in illness severity and comorbid bur-
den, mobility level gradually improved from the first to third
rehabilitation session in both groups. However, the older
group had a slower rate of change from the second to third
rehabilitation session compared to the younger group. These
data suggest that a different trajectory of illness and recov-
ery may exist by age. To that end, the dosing of rehabilita-
tion (mode, frequency, duration, intensity) may need to be
tailored to age given that older adults have a higher risk of
mortality, even with controlling for severity of illness and
prexisting morbidity,16,59-61 and likely respond differently to
rehabilitation compared to younger adults. Despite the near
decade-long explosion of studies in ICU rehabilitation, data
on rehabilitation dosing parameters beyond timing and fre-
quency are limited.62-64 In fact, recent clinical practice
guidelines recommend physical rehabilitation in ICU65 but
are devoid of recommendations on dosing parameters. A dif-
ference in trajectory of illness and recovery may also be
related to ICU exposures. For instance, older patients tend
to receive less intensive treatment in the ICU, including less
use of MV, circulatory support, and renal support, even after
adjustments for severity of illness and do not resuscitate sta-
tus,66 confounding the prediction of mortality solely due to
age.60 Whether less intensive intervention for patients with
older age extends to physical rehabilitation dosing is not
known. Future research should examine if rehabilitation ser-
vice allocation and dosing in the ICU is influenced by demo-
graphics such as age as well as social determinants of
health. A recent study suggests that referral to and receipt
of rehabilitation is significantly reduced for patients of His-
panic identity.67 Elucidating whether disparities exist in ICU
rehabilitative care and developing mitigation strategies to
address those should be given high priority by clinicians and
scientists alike.

Study limitations

This study has several key strengths including evaluation of
an age-diverse population of patients hospitalized in a large
academic MICU with documented clinical and mobility-
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specific variables. Further, using the novel approach of
assessing rate of mobility change, we established the impor-
tance of mobility as a patient outcome. In addition, we used
the IMS score, which has a high clinical utility and is a time-
efficient approach to assess changes in mobility levels.47

The IMS has high inter-rater reliability,47 excellent respon-
siveness with low floor and ceiling effects,68 and high
validity.48,69 This study is limited by its retrospective design,
which precludes establishing a causal association between
exposures and outcomes. Also, the small sample size pre-
vents the ability to perform complex regression modeling
while controlling for known confounders. Thus, we empha-
sized the regression analyses as exploratory to guide future
hypotheses and we also included adjusted and r-squared val-
ues to represent clinical significance. Our a priori approach
to the statistical modeling was selected to optimize statisti-
cal power while recognizing our variable selection methods
may inadequately control for confounders.70 Secondarily,
sparse documentation in the electronic health record pre-
cluded examination of frailty or nutritional status, which
have been purported to affect clinical and functional
outcomes.21,71 Details regarding post-hospital care and
rehabilitation, which could also confound long-term mortal-
ity, were not available. We decided a priori against stratify-
ing mobility levels in an ordinal fasion, but classification by
pattern of trajectory (positive, no-response, negative) may
have allowed us to better examine change in mobility on
mortality outcomes.
Conclusions

Age, time to first rehabilitation session, initial mobility
staus, and the change in mobility across early rehabilitation
sessions are related to clinical outcomes of patients
experiencing critical illness in the MICU. Knowledge of
mobility levels and change therein may contribute to out-
come prognostication, and thus aide in clinical phenotyping
and rehabilitative service allocation.
Supplier

a. SAS version 9.4 software; SAS Institute Inc
Corresponding author

Amy M. Pastva, PT, MA, PhD, Duke University School of Medi-
cine, Physical Therapy Division, DUMC 104002, Durham, NC
27710. E-mail address: amy.pastva@duke.edu.
References

1. Jolley SE, Bunnell AE, Hough CL. ICU-acquired weakness. Chest
2016;150:1129–40.

2. Mayer K, Thompson Bastin M, Montgomery-Yates A, et al. Acute
skeletal muscle wasting and dysfunction predict physical dis-
ability at hospital discharge in patients with critical illness. Crit
Care 2020;24:637.
3. Esteban A, Anzueto A, Frutos F, et al. Characteristics and out-
comes in adult patients receiving mechanical ventilationa 28-
day international study. JAMA 2002;287:345–55.

4. Hopkins RO, Weaver LK, Collingridge D, Parkinson RB, Chan KJ,
Orme Jr JF. Two-year cognitive, emotional, and quality-of-life
outcomes in acute respiratory distress syndrome. Am J Respir
Crit Care Med 2005;171:340–7.

5. Iwashyna TJ, Ely EW, Smith DM, Langa KM. Long-term cognitive
impairment and functional disability among survivors of severe
sepsis. JAMA 2010;304:1787–94.

6. Desai SV, Law TJ, Needham DM. Long-term complications of
critical care. Crit Care Med 2011;39:371–9.

7. Herridge MS, Tansey CM, Matte A, et al. Functional disability
5 years after acute respiratory distress syndrome. New Engl J
Med 2011;364:1293–304.

8. Morelli N, Parry SM, Steele A, et al. Patients surviving critical
COVID-19 have impairments in dual-task performance related
to Post-intensive Care Syndrome. J Intensive Care Med 2022;
37:890–8.

9. Kamdar BB, Sepulveda KA, Chong A, et al. Return to work and
lost earnings after acute respiratory distress syndrome: a 5-
year prospective, longitudinal study of long-term survivors.
Thorax 2018;73:125–33.

10. Chelluri L, Im KA, Belle SH, et al. Long-term mortality and qual-
ity of life after prolonged mechanical ventilation. Crit Care Med
2004;32:61–9.

11. Hill AD, Fowler RA, Pinto R, Herridge MS, Cuthbertson BH,
Scales DC. Long-term outcomes and healthcare utilization fol-
lowing critical illness−a population-based study. Crit Care
2016;20:76.

12. Lone NI, Gillies MA, Haddow C, et al. Five-year mortality and
hospital costs associated with surviving intensive care. Am J
Respir Crit Care Med 2016;194:198–208.

13. Hua M, Gong MN, Brady J, Wunsch H. Early and late unplanned
rehospitalizations for survivors of critical illness. Crit Care Med
2015;43:430–8.

14. Barnato AE, Albert SM, Angus DC, Lave JR, Degenholtz HB. Dis-
ability among elderly survivors of mechanical ventilation. Am J
Respir Crit Care Med 2011;183:1037–42.

15. Kahn JM, Benson NM, Appleby D, Carson SS, Iwashyna TJ. Long-
term acute care hospital utilization after critical illness. JAMA
2010;303:2253–9.

16. Wunsch H, Guerra C, Barnato AE, Angus DC, Li G, Linde-Zwirble
WT. Three-year outcomes for Medicare beneficiaries who sur-
vive intensive care. JAMA 2010;303:849–56.

17. Hajeb M, Singh TD, Sakusic A, Graff-Radford J, Gajic O,
Rabinstein AA. Functional outcome after critical illness in
older patients: a population-based study. Neurol Res
2021;43:103–9.

18. de Rooij SE, Govers AC, Korevaar JC, Giesbers AW, Levi M, de
Jonge E. Cognitive, functional, and quality-of-life outcomes of
patients aged 80 and older who survived at least 1 year after
planned or unplanned surgery or medical intensive care treat-
ment. J Am Geriatr Soc 2008;56:816–22.

19. Rodríguez-Villar S, Fern�andez-M�endez R, Adams G, et al. Basal
functional status predicts functional recovery in critically ill
patients with multiple-organ failure. J Crit Care 2015;30:511–7.

20. Sacanella E, P�erez-Castej�on JM, Nicol�as JM, et al. Functional
status and quality of life 12 months after discharge from a medi-
cal ICU in healthy elderly patients: a prospective observational
study. Crit Care 2011;15:R105.

21. Muscedere J, Waters B, Varambally A, et al. The impact of
frailty on intensive care unit outcomes: a systematic review
and meta-analysis. Intensive Care Med 2017;43:1105–22.

22. Haas B, Wunsch H. How does prior health status (age, comorbid-
ities and frailty) determine critical illness and outcome? Curr
Opin Crit Care 2016;22:500–5.

mailto:amy.pastva@duke.edu
http://refhub.elsevier.com/S2590-1095(23)00067-8/sbref0001
http://refhub.elsevier.com/S2590-1095(23)00067-8/sbref0001
http://refhub.elsevier.com/S2590-1095(23)00067-8/sbref0002
http://refhub.elsevier.com/S2590-1095(23)00067-8/sbref0002
http://refhub.elsevier.com/S2590-1095(23)00067-8/sbref0002
http://refhub.elsevier.com/S2590-1095(23)00067-8/sbref0002
http://refhub.elsevier.com/S2590-1095(23)00067-8/sbref0003
http://refhub.elsevier.com/S2590-1095(23)00067-8/sbref0003
http://refhub.elsevier.com/S2590-1095(23)00067-8/sbref0003
http://refhub.elsevier.com/S2590-1095(23)00067-8/sbref0004
http://refhub.elsevier.com/S2590-1095(23)00067-8/sbref0004
http://refhub.elsevier.com/S2590-1095(23)00067-8/sbref0004
http://refhub.elsevier.com/S2590-1095(23)00067-8/sbref0004
http://refhub.elsevier.com/S2590-1095(23)00067-8/sbref0005
http://refhub.elsevier.com/S2590-1095(23)00067-8/sbref0005
http://refhub.elsevier.com/S2590-1095(23)00067-8/sbref0005
http://refhub.elsevier.com/S2590-1095(23)00067-8/sbref0006
http://refhub.elsevier.com/S2590-1095(23)00067-8/sbref0006
http://refhub.elsevier.com/S2590-1095(23)00067-8/sbref0007
http://refhub.elsevier.com/S2590-1095(23)00067-8/sbref0007
http://refhub.elsevier.com/S2590-1095(23)00067-8/sbref0007
http://refhub.elsevier.com/S2590-1095(23)00067-8/sbref0008
http://refhub.elsevier.com/S2590-1095(23)00067-8/sbref0008
http://refhub.elsevier.com/S2590-1095(23)00067-8/sbref0008
http://refhub.elsevier.com/S2590-1095(23)00067-8/sbref0008
http://refhub.elsevier.com/S2590-1095(23)00067-8/sbref0009
http://refhub.elsevier.com/S2590-1095(23)00067-8/sbref0009
http://refhub.elsevier.com/S2590-1095(23)00067-8/sbref0009
http://refhub.elsevier.com/S2590-1095(23)00067-8/sbref0009
http://refhub.elsevier.com/S2590-1095(23)00067-8/sbref0010
http://refhub.elsevier.com/S2590-1095(23)00067-8/sbref0010
http://refhub.elsevier.com/S2590-1095(23)00067-8/sbref0010
http://refhub.elsevier.com/S2590-1095(23)00067-8/sbref0011
http://refhub.elsevier.com/S2590-1095(23)00067-8/sbref0011
http://refhub.elsevier.com/S2590-1095(23)00067-8/sbref0011
http://refhub.elsevier.com/S2590-1095(23)00067-8/sbref0011
http://refhub.elsevier.com/S2590-1095(23)00067-8/sbref0012
http://refhub.elsevier.com/S2590-1095(23)00067-8/sbref0012
http://refhub.elsevier.com/S2590-1095(23)00067-8/sbref0012
http://refhub.elsevier.com/S2590-1095(23)00067-8/sbref0013
http://refhub.elsevier.com/S2590-1095(23)00067-8/sbref0013
http://refhub.elsevier.com/S2590-1095(23)00067-8/sbref0013
http://refhub.elsevier.com/S2590-1095(23)00067-8/sbref0014
http://refhub.elsevier.com/S2590-1095(23)00067-8/sbref0014
http://refhub.elsevier.com/S2590-1095(23)00067-8/sbref0014
http://refhub.elsevier.com/S2590-1095(23)00067-8/sbref0015
http://refhub.elsevier.com/S2590-1095(23)00067-8/sbref0015
http://refhub.elsevier.com/S2590-1095(23)00067-8/sbref0015
http://refhub.elsevier.com/S2590-1095(23)00067-8/sbref0016
http://refhub.elsevier.com/S2590-1095(23)00067-8/sbref0016
http://refhub.elsevier.com/S2590-1095(23)00067-8/sbref0016
http://refhub.elsevier.com/S2590-1095(23)00067-8/sbref0017
http://refhub.elsevier.com/S2590-1095(23)00067-8/sbref0017
http://refhub.elsevier.com/S2590-1095(23)00067-8/sbref0017
http://refhub.elsevier.com/S2590-1095(23)00067-8/sbref0017
http://refhub.elsevier.com/S2590-1095(23)00067-8/sbref0018
http://refhub.elsevier.com/S2590-1095(23)00067-8/sbref0018
http://refhub.elsevier.com/S2590-1095(23)00067-8/sbref0018
http://refhub.elsevier.com/S2590-1095(23)00067-8/sbref0018
http://refhub.elsevier.com/S2590-1095(23)00067-8/sbref0018
http://refhub.elsevier.com/S2590-1095(23)00067-8/sbref0019
http://refhub.elsevier.com/S2590-1095(23)00067-8/sbref0019
http://refhub.elsevier.com/S2590-1095(23)00067-8/sbref0019
http://refhub.elsevier.com/S2590-1095(23)00067-8/sbref0019
http://refhub.elsevier.com/S2590-1095(23)00067-8/sbref0019
http://refhub.elsevier.com/S2590-1095(23)00067-8/sbref0020
http://refhub.elsevier.com/S2590-1095(23)00067-8/sbref0020
http://refhub.elsevier.com/S2590-1095(23)00067-8/sbref0020
http://refhub.elsevier.com/S2590-1095(23)00067-8/sbref0020
http://refhub.elsevier.com/S2590-1095(23)00067-8/sbref0020
http://refhub.elsevier.com/S2590-1095(23)00067-8/sbref0020
http://refhub.elsevier.com/S2590-1095(23)00067-8/sbref0020
http://refhub.elsevier.com/S2590-1095(23)00067-8/sbref0021
http://refhub.elsevier.com/S2590-1095(23)00067-8/sbref0021
http://refhub.elsevier.com/S2590-1095(23)00067-8/sbref0021
http://refhub.elsevier.com/S2590-1095(23)00067-8/sbref0022
http://refhub.elsevier.com/S2590-1095(23)00067-8/sbref0022
http://refhub.elsevier.com/S2590-1095(23)00067-8/sbref0022


8 K.P. Mayer et al.
23. Turnbull AE, Hartog CS. Goal-concordant care in the ICU: a con-
ceptual framework for future research. Intensive Care Med
2017;43:1847–9.

24. Nydahl P, Sricharoenchai T, Chandra S, et al. Safety of patient mobi-
lization and rehabilitation in the intensive care unit. Systematic
review with meta-analysis. Ann Am Thorac Soc 2017;14:766–77.

25. Bailey P, Thomsen GE, Spuhler VJ, et al. Early activity is feasible
and safe in respiratory failure patients. Crit Care Med
2007;35:139–45.

26. Adler J, Malone D. Early mobilization in the intensive care unit:
a systematic review. Cardiopulm Phys Ther J 2012;23:5–13.

27. Hodgson CL, Stiller K, Needham DM, et al. Expert consensus and
recommendations on safety criteria for active mobilization of
mechanically ventilated critically ill adults. Crit Care 2014;
18:658.

28. Morris PE, Goad A, Thompson C, et al. Early intensive care unit
mobility therapy in the treatment of acute respiratory failure.
Crit Care Med 2008;36:2238–43.

29. Mayer KP, Hornsby AR, Soriano VO, et al. Safety, feasibility, and
efficacy of early rehabilitation in patients requiring continuous
renal replacement: a quality improvement study. Kidney Int
Rep 2019;5:39–47.

30. Schweickert WD, Pohlman MC, Pohlman AS, et al. Early physical
and occupational therapy in mechanically ventilated, critically
ill patients: a randomised controlled trial. Lancet 2009;373:
1874–82.

31. Kayambu G, Boots R, Paratz J. Physical therapy for the critically
ill in the ICU: a systematic review and meta-analysis. Crit Care
Med 2013;41:1543–54.

32. Calvo-Ayala E, Khan BA, Farber MO, Ely EW, Boustani MA. Inter-
ventions to improve the physical function of ICU survivors: a sys-
tematic review. Chest 2013;144:1469–80.

33. Schaller SJ, Anstey M, Blobner M, et al. Early, goal-directed
mobilisation in the surgical intensive care unit: a randomised
controlled trial. Lancet 2016;388:1377–88.

34. Burtin C, Clerckx B, Robbeets C, et al. Early exercise in criti-
cally ill patients enhances short-term functional recovery. Crit
Care Med 2009;37:2499–505.

35. Tipping CJ, Harrold M, Holland A, Romero L, Nisbet T, Hodgson
CL. The effects of active mobilisation and rehabilitation in ICU
on mortality and function: a systematic review. Intensive Care
Med 2017;43:171–83.

36. Momosaki R, Yasunaga H, Matsui H, Horiguchi H, Fushimi K, Abo
M. Effect of early rehabilitation by physical therapists on in-hos-
pital mortality after aspiration pneumonia in the elderly. Arch
Phys Med Rehabil 2015;96:205–9.

37. Macchi C, Fattirolli F, Lova RM, et al. Early and late rehabilita-
tion and physical training in elderly patients after cardiac sur-
gery. Am J Phys Med Rehabil 2007;86:826–34.

38. Morris PE, Berry MJ, Files DC, et al. Standardized rehabilitation
and hospital length of stay among patients with acute respiratory
failure: a randomized clinical trial. JAMA 2016;315:2694–702.

39. Moss M, Nordon-Craft A, Malone D, et al. A randomized trial of
an intensive physical therapy program for patients with acute
respiratory failure. Am J Respir Crit Care Med 2016;193:1101–10.

40. Wright SE, Thomas K, Watson G, et al. Intensive versus standard
physical rehabilitation therapy in the critically ill (EPICC):
a multicentre, parallel-group, randomised controlled trial.
Thorax 2018;73:213.

41. TEAM Study Investigators and the ANZICS Clinical Trials Group.
Early Active Mobilization during Mechanical Ventilation in the
ICU. New Engl J Med 2022;387:1747–58.

42. Seymour CW, Gomez H, Chang C-CH, et al. Precision medicine
for all? Challenges and opportunities for a precision medicine
approach to critical illness. Crit Care 2017;21:257.

43. Hingorani AD, Windt DAvd, Riley RD, et al. Prognosis research
strategy (PROGRESS) 4: stratified medicine research. BMJ (Clini-
cal research ed) 2013;346:e5793-e5793.
44. Knaus WA, Draper EA, Wagner DP, Zimmerman JE. APACHE II: a
severity of disease classification system. Crit Care Med 1985;13:
818–29.

45. Vincent JL, de Mendonca A, Cantraine F, et al. Use of the SOFA
score to assess the incidence of organ dysfunction/failure in
intensive care units: results of a multicenter, prospective study.
Working group on “sepsis-related problems” of the European
Society of Intensive Care Medicine. Crit Care Med 1998;
26:1793–800.

46. Vincent JL, Moreno R, Takala J, et al. The SOFA (Sepsis-related
Organ Failure Assessment) score to describe organ dysfunction/
failure. On behalf of the Working Group on Sepsis-Related Prob-
lems of the European Society of Intensive Care Medicine. Inten-
sive Care Med 1996;22:707–10.

47. Hodgson C, Needham D, Haines K, et al. Feasibility and inter-
rater reliability of the ICU Mobility Scale. Heart Lung 2014;
43:19–24.

48. Tipping CJ, Bailey MJ, Bellomo R, et al. The ICU mobility scale
has construct and predictive validity and is responsive. a multi-
center observational study. Ann Am Thorac Soc 2016;13:887–93.

49. Parry SM, Denehy L, Beach LJ, Berney S, Williamson HC, Granger
CL. Functional outcomes in ICU − what should we be using? - an
observational study. Crit Care 2015;19:127.

50. Iwashyna TJ. Trajectories of recovery and dysfunction after
acute illness, with implications for clinical trial design. Am J
Respir Crit Care Med 2012;186:302–4.

51. Cuthbertson BH, Wunsch H. Long-term outcomes after critical
illness. the best predictor of the future is the past. Am J Respir
Crit Care Med 2016;194:132–4.

52. Mayer KP, Pastva AM, Du G, et al. Mobility levels with
physical rehabilitation delivered during and after Extracor-
poreal Membrane Oxygenation (ECMO): a marker of illness
severity, or an indication of recovery? Phys Ther 2021;102:
pzab301.

53. Devlin JW, Skrobik Y, G�elinas C, et al. Executive summary: clini-
cal practice guidelines for the prevention and management of
pain, agitation/sedation, delirium, immobility, and sleep dis-
ruption in adult patients in the ICU. Crit Care Med 2018;
46:1532–48.

54. Needham DM, Korupolu R, Zanni JM, et al. Early physical medi-
cine and rehabilitation for patients with acute respiratory fail-
ure: a quality improvement project. Arch Phys Med Rehabil
2010;91:536–42.

55. Watanabe S, Liu K, Morita Y, Kanaya T, Naito Y, Suzuki S, Hase-
gawa Y. Effects of mobilization among critically ill patients in
the intensive care unit: a single-center retrospective study.
Prog Rehabil Med 2022;7:20220013.

56. Johnson AM, Henning AN, Morris PE, Tezanos AGV, Dupont-Ver-
steegden EE. Timing and amount of physical therapy treatment
are associated with length of stay in the cardiothoracic ICU. Sci
Rep 2017;7:17591.

57. Johnson JK, Rothberg MB, Adams K, et al. Association of physi-
cal therapy treatment frequency in the acute care hospital with
improving functional status and discharging home. Med Care
2022;60:444–52.

58. Johnson JK, Lapin B, Green K, Stilphen M. Frequency of physical
therapist intervention is associated with mobility status and dis-
position at hospital discharge for patients with COVID-19. Phys
Ther 2021;101:pzaa181.

59. Kaarlola A, Tallgren M, Pettila V. Long-term survival, quality of
life, and quality-adjusted life-years among critically ill elderly
patients. Crit Care Med 2006;34:2120–6.

60. Fuchs L, Chronaki CE, Park S, et al. ICU admission characteris-
tics and mortality rates among elderly and very elderly
patients. Intensive Care Med 2012;38:1654–61.

61. Nielsson MS, Christiansen CF, Johansen MB, Rasmussen BS, Ton-
nesen E, Norgaard M. Mortality in elderly ICU patients: a cohort
study. Acta Anaesthesiol Scand 2014;58:19–26.

http://refhub.elsevier.com/S2590-1095(23)00067-8/sbref0023
http://refhub.elsevier.com/S2590-1095(23)00067-8/sbref0023
http://refhub.elsevier.com/S2590-1095(23)00067-8/sbref0023
http://refhub.elsevier.com/S2590-1095(23)00067-8/sbref0024
http://refhub.elsevier.com/S2590-1095(23)00067-8/sbref0024
http://refhub.elsevier.com/S2590-1095(23)00067-8/sbref0024
http://refhub.elsevier.com/S2590-1095(23)00067-8/sbref0025
http://refhub.elsevier.com/S2590-1095(23)00067-8/sbref0025
http://refhub.elsevier.com/S2590-1095(23)00067-8/sbref0025
http://refhub.elsevier.com/S2590-1095(23)00067-8/sbref0026
http://refhub.elsevier.com/S2590-1095(23)00067-8/sbref0026
http://refhub.elsevier.com/S2590-1095(23)00067-8/sbref0027
http://refhub.elsevier.com/S2590-1095(23)00067-8/sbref0027
http://refhub.elsevier.com/S2590-1095(23)00067-8/sbref0027
http://refhub.elsevier.com/S2590-1095(23)00067-8/sbref0027
http://refhub.elsevier.com/S2590-1095(23)00067-8/sbref0028
http://refhub.elsevier.com/S2590-1095(23)00067-8/sbref0028
http://refhub.elsevier.com/S2590-1095(23)00067-8/sbref0028
http://refhub.elsevier.com/S2590-1095(23)00067-8/sbref0029
http://refhub.elsevier.com/S2590-1095(23)00067-8/sbref0029
http://refhub.elsevier.com/S2590-1095(23)00067-8/sbref0029
http://refhub.elsevier.com/S2590-1095(23)00067-8/sbref0029
http://refhub.elsevier.com/S2590-1095(23)00067-8/sbref0030
http://refhub.elsevier.com/S2590-1095(23)00067-8/sbref0030
http://refhub.elsevier.com/S2590-1095(23)00067-8/sbref0030
http://refhub.elsevier.com/S2590-1095(23)00067-8/sbref0030
http://refhub.elsevier.com/S2590-1095(23)00067-8/sbref0031
http://refhub.elsevier.com/S2590-1095(23)00067-8/sbref0031
http://refhub.elsevier.com/S2590-1095(23)00067-8/sbref0031
http://refhub.elsevier.com/S2590-1095(23)00067-8/sbref0032
http://refhub.elsevier.com/S2590-1095(23)00067-8/sbref0032
http://refhub.elsevier.com/S2590-1095(23)00067-8/sbref0032
http://refhub.elsevier.com/S2590-1095(23)00067-8/sbref0033
http://refhub.elsevier.com/S2590-1095(23)00067-8/sbref0033
http://refhub.elsevier.com/S2590-1095(23)00067-8/sbref0033
http://refhub.elsevier.com/S2590-1095(23)00067-8/sbref0034
http://refhub.elsevier.com/S2590-1095(23)00067-8/sbref0034
http://refhub.elsevier.com/S2590-1095(23)00067-8/sbref0034
http://refhub.elsevier.com/S2590-1095(23)00067-8/sbref0035
http://refhub.elsevier.com/S2590-1095(23)00067-8/sbref0035
http://refhub.elsevier.com/S2590-1095(23)00067-8/sbref0035
http://refhub.elsevier.com/S2590-1095(23)00067-8/sbref0035
http://refhub.elsevier.com/S2590-1095(23)00067-8/sbref0036
http://refhub.elsevier.com/S2590-1095(23)00067-8/sbref0036
http://refhub.elsevier.com/S2590-1095(23)00067-8/sbref0036
http://refhub.elsevier.com/S2590-1095(23)00067-8/sbref0036
http://refhub.elsevier.com/S2590-1095(23)00067-8/sbref0037
http://refhub.elsevier.com/S2590-1095(23)00067-8/sbref0037
http://refhub.elsevier.com/S2590-1095(23)00067-8/sbref0037
http://refhub.elsevier.com/S2590-1095(23)00067-8/sbref0038
http://refhub.elsevier.com/S2590-1095(23)00067-8/sbref0038
http://refhub.elsevier.com/S2590-1095(23)00067-8/sbref0038
http://refhub.elsevier.com/S2590-1095(23)00067-8/sbref0039
http://refhub.elsevier.com/S2590-1095(23)00067-8/sbref0039
http://refhub.elsevier.com/S2590-1095(23)00067-8/sbref0039
http://refhub.elsevier.com/S2590-1095(23)00067-8/sbref0040
http://refhub.elsevier.com/S2590-1095(23)00067-8/sbref0040
http://refhub.elsevier.com/S2590-1095(23)00067-8/sbref0040
http://refhub.elsevier.com/S2590-1095(23)00067-8/sbref0040
http://refhub.elsevier.com/S2590-1095(23)00067-8/sbref0041
http://refhub.elsevier.com/S2590-1095(23)00067-8/sbref0041
http://refhub.elsevier.com/S2590-1095(23)00067-8/sbref0041
http://refhub.elsevier.com/S2590-1095(23)00067-8/sbref0042
http://refhub.elsevier.com/S2590-1095(23)00067-8/sbref0042
http://refhub.elsevier.com/S2590-1095(23)00067-8/sbref0042
http://refhub.elsevier.com/S2590-1095(23)00067-8/sbref0043
http://refhub.elsevier.com/S2590-1095(23)00067-8/sbref0043
http://refhub.elsevier.com/S2590-1095(23)00067-8/sbref0043
http://refhub.elsevier.com/S2590-1095(23)00067-8/sbref0043
http://refhub.elsevier.com/S2590-1095(23)00067-8/sbref0044
http://refhub.elsevier.com/S2590-1095(23)00067-8/sbref0044
http://refhub.elsevier.com/S2590-1095(23)00067-8/sbref0044
http://refhub.elsevier.com/S2590-1095(23)00067-8/sbref0045
http://refhub.elsevier.com/S2590-1095(23)00067-8/sbref0045
http://refhub.elsevier.com/S2590-1095(23)00067-8/sbref0045
http://refhub.elsevier.com/S2590-1095(23)00067-8/sbref0045
http://refhub.elsevier.com/S2590-1095(23)00067-8/sbref0045
http://refhub.elsevier.com/S2590-1095(23)00067-8/sbref0045
http://refhub.elsevier.com/S2590-1095(23)00067-8/sbref0046
http://refhub.elsevier.com/S2590-1095(23)00067-8/sbref0046
http://refhub.elsevier.com/S2590-1095(23)00067-8/sbref0046
http://refhub.elsevier.com/S2590-1095(23)00067-8/sbref0046
http://refhub.elsevier.com/S2590-1095(23)00067-8/sbref0046
http://refhub.elsevier.com/S2590-1095(23)00067-8/sbref0047
http://refhub.elsevier.com/S2590-1095(23)00067-8/sbref0047
http://refhub.elsevier.com/S2590-1095(23)00067-8/sbref0047
http://refhub.elsevier.com/S2590-1095(23)00067-8/sbref0048
http://refhub.elsevier.com/S2590-1095(23)00067-8/sbref0048
http://refhub.elsevier.com/S2590-1095(23)00067-8/sbref0048
http://refhub.elsevier.com/S2590-1095(23)00067-8/sbref0049
http://refhub.elsevier.com/S2590-1095(23)00067-8/sbref0049
http://refhub.elsevier.com/S2590-1095(23)00067-8/sbref0049
http://refhub.elsevier.com/S2590-1095(23)00067-8/sbref0050
http://refhub.elsevier.com/S2590-1095(23)00067-8/sbref0050
http://refhub.elsevier.com/S2590-1095(23)00067-8/sbref0050
http://refhub.elsevier.com/S2590-1095(23)00067-8/sbref0051
http://refhub.elsevier.com/S2590-1095(23)00067-8/sbref0051
http://refhub.elsevier.com/S2590-1095(23)00067-8/sbref0051
http://refhub.elsevier.com/S2590-1095(23)00067-8/sbref0052
http://refhub.elsevier.com/S2590-1095(23)00067-8/sbref0052
http://refhub.elsevier.com/S2590-1095(23)00067-8/sbref0052
http://refhub.elsevier.com/S2590-1095(23)00067-8/sbref0052
http://refhub.elsevier.com/S2590-1095(23)00067-8/sbref0052
http://refhub.elsevier.com/S2590-1095(23)00067-8/sbref0053
http://refhub.elsevier.com/S2590-1095(23)00067-8/sbref0053
http://refhub.elsevier.com/S2590-1095(23)00067-8/sbref0053
http://refhub.elsevier.com/S2590-1095(23)00067-8/sbref0053
http://refhub.elsevier.com/S2590-1095(23)00067-8/sbref0053
http://refhub.elsevier.com/S2590-1095(23)00067-8/sbref0053
http://refhub.elsevier.com/S2590-1095(23)00067-8/sbref0054
http://refhub.elsevier.com/S2590-1095(23)00067-8/sbref0054
http://refhub.elsevier.com/S2590-1095(23)00067-8/sbref0054
http://refhub.elsevier.com/S2590-1095(23)00067-8/sbref0054
http://refhub.elsevier.com/S2590-1095(23)00067-8/sbref0055
http://refhub.elsevier.com/S2590-1095(23)00067-8/sbref0055
http://refhub.elsevier.com/S2590-1095(23)00067-8/sbref0055
http://refhub.elsevier.com/S2590-1095(23)00067-8/sbref0055
http://refhub.elsevier.com/S2590-1095(23)00067-8/sbref0056
http://refhub.elsevier.com/S2590-1095(23)00067-8/sbref0056
http://refhub.elsevier.com/S2590-1095(23)00067-8/sbref0056
http://refhub.elsevier.com/S2590-1095(23)00067-8/sbref0056
http://refhub.elsevier.com/S2590-1095(23)00067-8/sbref0057
http://refhub.elsevier.com/S2590-1095(23)00067-8/sbref0057
http://refhub.elsevier.com/S2590-1095(23)00067-8/sbref0057
http://refhub.elsevier.com/S2590-1095(23)00067-8/sbref0057
http://refhub.elsevier.com/S2590-1095(23)00067-8/sbref0058
http://refhub.elsevier.com/S2590-1095(23)00067-8/sbref0058
http://refhub.elsevier.com/S2590-1095(23)00067-8/sbref0058
http://refhub.elsevier.com/S2590-1095(23)00067-8/sbref0058
http://refhub.elsevier.com/S2590-1095(23)00067-8/sbref0059
http://refhub.elsevier.com/S2590-1095(23)00067-8/sbref0059
http://refhub.elsevier.com/S2590-1095(23)00067-8/sbref0059
http://refhub.elsevier.com/S2590-1095(23)00067-8/sbref0060
http://refhub.elsevier.com/S2590-1095(23)00067-8/sbref0060
http://refhub.elsevier.com/S2590-1095(23)00067-8/sbref0060
http://refhub.elsevier.com/S2590-1095(23)00067-8/sbref0061
http://refhub.elsevier.com/S2590-1095(23)00067-8/sbref0061
http://refhub.elsevier.com/S2590-1095(23)00067-8/sbref0061


Age and Mobility during Rehabilitation in the ICU 9
62. Morris PE, Montgomery-Yates A. Mastering the design for
rehabilitation strategies in ICU survivors. Thorax 2017;
72:594–5.

63. Wang YT, Lang JK, Haines KJ, Skinner EH, Haines TP. Physical
rehabilitation in the ICU: a systematic review and meta-analy-
sis. Crit Care Med 2022;50:375–88.

64. Denehy L, Lanphere J, Needham DM. Ten reasons why ICU patients
should be mobilized early. Intensive Care Med 2016;43:86–90.

65. Devlin JW, Skrobik Y, Gelinas C, et al. Clinical practice guide-
lines for the prevention and management of pain, agitation/
sedation, delirium, immobility, and sleep disruption in adult
patients in the ICU. Crit Care Med 2018;46:e825–73.

66. Boumendil A, Aegerter P, Guidet B. Treatment intensity and out-
come of patients aged 80 and older in intensive care units: a
multicenter matched-cohort study. J Am Geriatr Soc 2005;
53:88–93.
67. Jolley S, Nordon-Craft A, Wilson MP, et al. Disparities in the
allocation of inpatient physical and occupational therapy
services for patients with COVID-19. J Hosp Med 2022;17:
88–95.

68. Parry SM, Beach L, Granger CL, Berney SC, Williamson HC, Denehy
L. Functional outcomes in the ICU setting-which measures should
we be using? Am J Respir Crit Care Med 2015;19:127.

69. Tipping CJ, Holland AE, Harrold M, Crawford T, Halliburton N,
Hodgson CL. The minimal important difference of the ICU
mobility scale. Heart Lung 2018;47:497–501.

70. Lederer DJ, Bell SC, Branson RD, et al. Control of confounding
and reporting of results in causal inference studies. Guidance
for authors from editors of Respiratory, Sleep, and Critical Care
Journals. Ann Am Thorac Soc 2019;16:22–8.

71. Bagshaw SM, McDermid RC. The role of frailty in outcomes from
critical illness. Curr Opin Crit Care 2013;19:496–503.

http://refhub.elsevier.com/S2590-1095(23)00067-8/sbref0062
http://refhub.elsevier.com/S2590-1095(23)00067-8/sbref0062
http://refhub.elsevier.com/S2590-1095(23)00067-8/sbref0062
http://refhub.elsevier.com/S2590-1095(23)00067-8/sbref0063
http://refhub.elsevier.com/S2590-1095(23)00067-8/sbref0063
http://refhub.elsevier.com/S2590-1095(23)00067-8/sbref0063
http://refhub.elsevier.com/S2590-1095(23)00067-8/sbref0064
http://refhub.elsevier.com/S2590-1095(23)00067-8/sbref0064
http://refhub.elsevier.com/S2590-1095(23)00067-8/sbref0065
http://refhub.elsevier.com/S2590-1095(23)00067-8/sbref0065
http://refhub.elsevier.com/S2590-1095(23)00067-8/sbref0065
http://refhub.elsevier.com/S2590-1095(23)00067-8/sbref0065
http://refhub.elsevier.com/S2590-1095(23)00067-8/sbref0066
http://refhub.elsevier.com/S2590-1095(23)00067-8/sbref0066
http://refhub.elsevier.com/S2590-1095(23)00067-8/sbref0066
http://refhub.elsevier.com/S2590-1095(23)00067-8/sbref0066
http://refhub.elsevier.com/S2590-1095(23)00067-8/sbref0067
http://refhub.elsevier.com/S2590-1095(23)00067-8/sbref0067
http://refhub.elsevier.com/S2590-1095(23)00067-8/sbref0067
http://refhub.elsevier.com/S2590-1095(23)00067-8/sbref0067
http://refhub.elsevier.com/S2590-1095(23)00067-8/sbref0068
http://refhub.elsevier.com/S2590-1095(23)00067-8/sbref0068
http://refhub.elsevier.com/S2590-1095(23)00067-8/sbref0068
http://refhub.elsevier.com/S2590-1095(23)00067-8/sbref0069
http://refhub.elsevier.com/S2590-1095(23)00067-8/sbref0069
http://refhub.elsevier.com/S2590-1095(23)00067-8/sbref0069
http://refhub.elsevier.com/S2590-1095(23)00067-8/sbref0070
http://refhub.elsevier.com/S2590-1095(23)00067-8/sbref0070
http://refhub.elsevier.com/S2590-1095(23)00067-8/sbref0070
http://refhub.elsevier.com/S2590-1095(23)00067-8/sbref0070
http://refhub.elsevier.com/S2590-1095(23)00067-8/sbref0071
http://refhub.elsevier.com/S2590-1095(23)00067-8/sbref0071

	Relationship of Age And Mobility Levels During Physical Rehabilitation With Clinical Outcomes in Critical Illness
	Methods
	Design and patient population
	Patient characteristics
	Patient outcomes
	Statistical analysis
	Statistical power

	Results
	Patient characteristics
	Mobility trajectory analysis
	Bivariate analyses: age group and patient outcomes
	Multivariable analyses: age group and patient outcomes

	Discussion
	Study limitations

	Conclusions
	Supplier
	Outline placeholder
	References




