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Objectives: Insight into older adults’ physical resilience is needed to predict functional recovery after
hospitalization. We assessed functional trajectories in response to acute illness and subsequent hospi-
talization and investigated baseline variables and dynamic variables associated with these trajectories.
Design: Prospective observational cohort study (Hospitalization-Associated Disability and impact on daily
Life Study).
Setting and Participants: This study included 207 older adults (aged 79.8 � 6.9 years, 49% female, 57%
frail) acutely hospitalized in 6 Dutch hospitals.
Methods: Functional disability was assessed using the 15-item modified activities of daily living index
retrospectively 2 weeks before admission, and prospectively from admission up to 3 months after
discharge. Baseline variables including frailty, somatic, physical, and psychosocial factors were assessed
at admission. Dynamic variables (step count, pain, fatigue, and fear of falling) were continuously or
repeatedly assessed during hospitalization. We performed individual spline modeling using random
effects. Baseline variables and within-person mean levels and variability in the dynamic variables were
assessed as predictors of functional trajectories.
Results: Functional disability significantly increased before admission and decreased from admission to
3 months post discharge. Frail participants had a significantly higher increase in functional disability
before admission compared with nonfrail participants. Lower step count, higher pain scores, and higher
within-person variability in fear of falling were significantly associated with higher increase in functional
disability before admission. Higher within-person variability in fear of falling was associated with more
recovery.
Conclusions and Implications: Older adults increase in functional disability before hospitalization and start
to recover from admission onward. Frailty and dynamic variables are associated with a higher increase in
functional disability after acute illness. Our findings give more insight into older adults’ physical resil-
ience, which may improve the prediction of functional recovery and may improve therapeutic decision-
making and rehabilitation strategies to improve functional recovery after acute hospitalization.
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Acute illness and subsequent hospitalization including medical
treatment are large health stressors for older adults, and their func-
tional recovery is often unpredictable.1 After acute hospitalization,
older adults are at high risk of functional decline in activities of daily
living (ADL) like bathing and dressing, or instrumental ADLs (IADLs)
such as handling finances.2e5 Frail older adults are at increased risk of
functional decline after acute hospitalization,6,7 as they are less
resistant to stressors.8 After discharge, the prognosis for functional
recovery is poor because there is a high risk that this functional loss
will become permanent.2 However, in clinical practice, it is often hard
to predict which individuals will maintain or regain function after a
stressor and who will not.

Using the concept of physical resilience, we may get a deeper
understanding of the individual’s ability to bounce back following an
acute illness and hospitalization.9,10 Whitson et al.10 defined physical
resilience as a characteristic at thewhole-person level that determines
an individual’s capacity to resist decline and to recover function in
response to a health stressor.10 The actual response to the health
stressor is proposed to be a complex, dynamic process.1,11e13 Whitson
et al.10 suggested measuring the individual’s resistance and resilience
by direct observation of functional trajectories following a health
stressor. In their conceptual model, they propose that physical resil-
ience is influenced by the pre-stressor reserve in the cognitive, psy-
chological, and physical domains ranging from robust to frail.
However, physical resilience is a dynamic process rather than a static
state. This implies that besides the more static factors, such as
cognition and frailty, variability markers can reflect the quality of an
individual’s dynamic regulatory processes involved in the response to
stressors.14 Previous research using the dynamic systems theory
showed that the within-person variability and dynamic behavior of
variables may indicate an individual’s physical resilience.15e18 To
detect the within-person variability, time series data of variables such
as physical performance measures,12,19,20 physical activity,21,22 and
self-rated health factors15 can be used.

A previous study22 showed that among hospitalized older adults,
the dynamics in physical and mental factors improved the prediction
of recovery in addition to frailty status. However, in this earlier study,
recovery was assessed at one time point and did not provide detailed
information on the individual’s functional trajectories in response to
the stressor. To get more insight into hospitalized older adults’ phys-
ical resilience, the next step is to directly observe the functional tra-
jectories in in the presence of a stressor according to the model of
Whitson et al.10 and to identify indicators of physical resilience. We
hypothesized that besides single baseline characteristics that repre-
sent the pre-stressor reserve, also dynamic variables are indicators of
physical resilience. The aims of this study were (1) to assess functional
trajectories in response to acute illness and subsequent hospitaliza-
tion in older adults, and (2) to investigate the association of single
baseline variables and dynamic variables assessed during hospitali-
zation with resistance and resilience trajectories in ADL functioning.
Methods

Setting and Participants

Participants were included from the Hospital-Associated Disability
and impact on daily Life (Hospital-ADL) study, a multicenter obser-
vational prospective cohort study.23 Acutely hospitalized older adults
who were admitted to internal medicine, cardiology, and geriatric
wards in 6 Dutch hospitals for �48 hours between October 2015 and
June 2017 were included. Inclusion criteria were as follows: (1) age
�70 years; (2) approval of the medical doctor; (3) sufficient under-
standing of the Dutch language to answer questionnaires; and (4) a
Mini-Mental State Examination (MMSE) score of �15.24 Older adults
were excluded if they (1) had a life expectancy �3 months, or (2)
needed help with all 6 basic Katz-ADLs25 at the time of inclusion.

This study was approved by the institutional review board of the
Academic Medical Center. All participating hospitals provided local
approval. The study was performed according to the Dutch Medical
Research Involving Human Subjects Act26 and principles of the
Declaration of Helsinki (1964).27 Before study inclusion, written
informed consent was given by all participants or a legal representa-
tive of the participant if cognitively impaired.
Data Collection

All assessments were performed by trained researchers following a
standardized study protocol.23

Single Baseline Measurements
Single baseline characteristics included severity of acute illness,

education, comorbidities, cognitive functioning, depressive symp-
toms, and frailty, and were measured at study inclusion. Severity of
acute illness was measured with the Modified Early Warning Score
(MEWS).28 Comorbidities were assessed with the Charlson Comor-
bidity Index (CCI).29 Cognitive functioning was assessed with the
MMSE, with a score of �23 indicating cognitive impairment.30

Depressive symptoms were measured with the Geriatric Depression
Scale-15, whereby a score of �6 indicates depressive symptoms.31

Frailty was assessed according to Fried’s criteria,8 including weight
loss (having lost �6 kg in the past 6 months, or �3 kg in the past
month), fatigue [score of �4 assessed with numeric rating scale (NRS)
ranging from 0 to 10],32 slowness (walking 4 m in<6.42 seconds), low
physical activity (<30 minutes of moderate/vigorous physical activity,
like brisk walking or cycling, per month in the past 6 months), and
muscle weakness (maximum handgrip strength of <18 kg for women
and <30 kg for men).33,34 When 3 or more criteria were present, a
person was considered frail.

Dynamic Variables
Dynamic variables were step count and self-rated levels of pain,

fatigue, and fear of falling. Step count was continuously assessed from
study inclusion until discharge using the Fitbit Flex activity
tracker.35e37 For the analysis, step numbers were counted per day and
divided by 100. We asked participants to repeatedly rate their level of
pain, fatigue, and fear of falling using the NRS32,38 from inclusion until
discharge. For each variable, we calculated 2 predictors per partici-
pant: (1) the within-person mean during the whole admission period;
and (2) the within-person variability (Supplementary Table 1). The
within-person variability was calculated as a coefficient of variation
instead of a standard deviation (SD), as a higher SD can reflect a higher
mean. Thirty-three participants with less than 3 days of data were
omitted from the analysis.

Primary Outcome
The primary outcome was the functional disability score assessed

using the 15-item modified ADL index including basic and instru-
mental ADLs39 at 6 time points: 2 weeks before admission (retro-
spectively assessed), admission, discharge, and 1 month, 2 months,
and 3 months post discharge. We asked participants to rate whether
they can independently perform the ADLs. A score of 1 was given for
every ADL that could not be performed independently, and a total
score was calculated ranging from 0 (independent on all ADLs) to 15
(dependent on all ADLs). The researcher collected the data in person
during hospitalization, and at 1 and 3 months, and by telephone at
2 months after discharge.



Older adults ≥70 
years, acutely 
admi�ed ≥48h

N = 1024 

Par�cipants 
included in the 
analy�c sample

N = 207

Approached for 
par�cipa�on

N = 519

Included in the 
Hospital-ADL* 

study
N = 401

N = 505 Excluded
N = 211 Delirious/MMSE<15
N = 163 Could not be approached
N = 40   Did not speak Dutch
N = 39   Life expectancy <3 months
N = 39   Too ill to par�cipate
N = 10   Other reasons (e.g. deaf)
N = 3     Dependent at all six ADLs* 

N = 163 No step count data
N = 55 No informed consent Fitbit
N = 58 Medical/technical reason
N = 50 Died/lost to follow up/unknown

N = 31 No repeated measurements

N = 118 Declined to par�cipate

Fig. 1. Derivation of the study sample. *Activities of daily living.
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Statistical Analyses

Continuous variables were described with a mean and SD or me-
dian and interquartile range (IQR), depending on whether data were
normally distributed. Categorical variables were reported as a number
(n) and percentage (%).

The main analysis comprised 3 steps: (1) modeling the individual
change (ie, decline and recovery) in functional disability over time; (2)
examining which baseline characteristics are associated with these
changes in functional disability; and (3) examining the association of
the within-person mean and variability of each dynamic variable with
the change in functional disability. For this, we performed individual
growth modeling using multilevel regression analysis with repeated
measurements of functional disability.40 Time was structured as time
points: preadmission, admission, discharge, and 1-month, 2-months,
and 3-months post discharge. As the first step, we aimed to identify
the individual growth model that best explained how functional
disability changed over time within the individuals, for example,
linear growth, quadratic growth, or whether we needed to model the
trajectories using multiple splines representing different periods in
which the trajectory developed in a different direction. After we
identified the best fitting model, we added each single baseline vari-
able one-by-one to the model to assess which variables are associated
with the changes in functional disability over time, corrected for age
and gender. Variables with a P value <.10 were retained for further
analysis. Each variablewas added to themultivariablemodel andwere
retained only if it statistically improved the fit of themodel. As the last
step, we aimed to examine which dynamical variables are associated
with changes in functional disability in addition to the baseline vari-
ables. Therefore, we added the calculated individual mean and vari-
ability of the dynamic variables to the model, which was done
separately for each dynamic variable. In the Supplementary
Information we elaborate in detail on how we performed these indi-
vidual growth models.

To identify any influence of participants who died or dropped out
to the results, all analyses were repeated with only complete cases. To
check for selection bias, we compared baseline variables between
participants included in this analytic sample with excluded Hospital-
ADL participants. All statistical analyses were performed in RStudio/
1.2.1335 (RStudio Team (2018), RStudio: Integrated Development for R.
RStudio, Inc., Boston, MA, URL http://www.rstudio.com/). The indi-
vidual growth models were fitted in “nlme”.
Results

Of the 401 participants in the Hospital-ADL study, 207 older adults
were included in the analytic sample (Figure 1). Participants had a
mean (SD) age of 79.8 (6.9) years, 101 (49%) were women, and 118
(57%) were frail at admission. The median (IQR) length of hospital stay
was 6.8 (4.9e9.5) days (Table 1). Hospital-ADL study participants who
were not included in this analytic sample (n ¼ 194) had a lower ed-
ucation and were less frail compared with the participants included in
this analytic sample (n ¼ 207).
Functional Disability Over Time

When modeling within-person changes in functional disability
over time, we found that the best fitting model contained 2 splines.
The first spline described the individual difference between pread-
mission to admission (called “spline 1” in Supplementary Tables 2e4).
The second spline described the changes between time points from
admission to 3 months after discharge and contained both a linear
(“spline 2”) and a quadratic (“spline 22”) individual growth factor. This
model contained a random intercept and a random slope for the linear
growth factor of spline 2. A random slope for spline 22 was tested but
did not improve the fit of the model.

Figure 2 shows the mean growth curves of functional disability
over time for all participants predicted by model 1 (Supplementary
Table 2). Participants increased in functional disability with a point
estimate of 1.5 [95% confidence interval (CI) 1.2e1.7] from preadmis-
sion to admission and scored 4.6 (95% CI 4.2e5.0) at admission. From
admission, participants started to recover with the point estimate
decreasing by 0.5 (95% CI �0.7 to �0.3) at each time point. The esti-
mated quadratic rate of change was 0.1 (95% CI 0.0e0.1), showing that
recovery rates slowed down at each time point. At 3 months post-
discharge, the functional disability score was not significantly
different from the score at preadmission (b ¼ 0.3; 95% CI e0.1 to 0.7).
Association With Single Baseline Characteristics

Based on the univariable analysis, only frailty was found to be
significantly associated with changes in functional disability
(Supplementary Table 3). Also, the MEWS and CCI score were retained
for further analysis (P < .10). We added frailty to model 1 (model 2)
and added the MEWS (model 2A, Supplementary Table 3) and the CCI
(model 2B, Supplementary Table 3) to model 2. We found that adding
theMEWS or the CCI to model 2 did not significantly improve the fit of
the model (P > .05) and continued with model 2.

Figure 2 shows the mean growth curves predicted by model 2
(Supplementary Table 2) per frailty group. At every time point, func-
tional disability scores were significantly higher in the frailty group
than in the nonfrailty group. Frail participants showed a significantly
higher increase in functional disability than nonfrail participants did
before admission (b¼ 0.8; 95% CI 0.3e1.2). From admission, there was
no difference in recovery rates between frail and nonfrail participants,
estimated as �0.2 (95% CI �0.6 to 0.3). Compared with their pread-
mission levels, frail participants did not show significantly more
functional loss at 3 months than nonfrail participants did (b¼ 0.1; 95%
CI �0.7 to 0.9).

http://www.rstudio.com/


Table 1
Characteristics of the Study Sample

Characteristics N ¼ 207

Age (y), mean (SD) 79.8 (6.9)
Female, n (%) 101 (49)
Education, n (%)
Primary school 54 (26)
Elementary technical/domestic science school 43 (21)
Secondary vocational education 73 (35)
Higher-level high school/third-level education 37 (18)

Born in the Netherlands, n (%) 184 (89)
Living situation before admission, n (%)
Living independent 177 (86)
Senior residence 25 (12)
Nursing home 5 (2)

Primary admission diagnosis, n (%)
Cardiac 66 (32)
Respiratory 40 (19)
Other 31 (15)
Infection 28 (13)
Gastrointestinal 20 (10)
Renal 8 (4)
Electrolyte disturbance 8 (4)
Cancer (including hematology) 6 (3)

MEWS,* median (IQR) 1 (0e1)
Frail,y n (%) 118 (57)
Charlson Comorbidity Index,z median (IQR) 2 (1e3)
Cognitive impairment,x n (%) 39 (19)
Depressive symptoms,k n (%) 48 (23)
Length of hospital stay (d), median (IQR) 6.8 (4.9e9.5)
Discharge destination, n (%)
Home, living independently 157 (76)
Rehabilitation center 22 (11)
Senior residence 15 (7)
Nursing home 8 (4)
Other (eg, other hospital) 5 (2)

Health care utilization after discharge, n (%)
Physical/occupational therapy 148 (71)
Number of consultations, median (IQR) 8 (4e12)

General practitioner 134 (65)
Number of consultations, median (IQR) 2 (1e4)

Home care 65 (31)
Hours per week, median (IQR) 1.6 (0.7e3.4)

Unknown 14 (7)

*Modified Early Warning Score ranging from 0e14, higher scores indicate more
severe illness.

yAssessed using the 5 Fried criteria. A participant is defined frail if >2 compo-
nents are present.

zRange of 0e31, with a higher score indicating more or severe comorbidity.
xIf a score is <24 on the Mini-Mental State Examination (range 0e30).
kIf a score is >5 on the Geriatric Depression Scale (range 0e15).
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Fig. 2. Mean growth curves for functional disability* in all participants and frailtyy

groups. Black solid line shows mean growth curve for all participants as predicted by
model 1 in Supplementary Table 2. Black dotted line shows mean growth curve for frail
participants and black dashed line for nonfrail participants as predicted by model 2 in
Supplementary Table 2. *Assessed with the 15-item modified ADL index, which rates 6
basic activities and 9 instrumental activities based on whether they can be performed
dependently (score ¼ 1) or independently (score ¼ 0). Scores range from 0 to 15 with
higher scores indicating more dependency. Assessed at 6 time points: 2 weeks before
admission (assessed retrospectively), admission, discharge, and at 1, 2, and 3 months
post discharge. yAssessed using the 5 Fried criteria. A participant is defined frail if >2
components are present.
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Associations With Dynamic Variables

Corrected for age, sex, and frailty, a higher mean step count was
significantly associated with a lower increase in functional disability
before admission, estimated as �0.03 (95% CI �0.06 to �0.01) per 100
additional steps (model 3, Supplementary Table 4). Figure 3A shows
the predicted mean growth curves for different mean step levels. As
shown in Figure 3A, a higher mean step count was associated with
lower recovery rates up to 1 month postdischarge (b ¼ 0.04; 95% CI
0.02e0.06), but alsowith higher recovery rates in the second and third
month compared with those with lower step count. In the complete
case analysis, we found that a higher within-person variability in step
count was associated with a higher increase in functional disability
before admission.

As shown in Figure 3B, a higher within-person mean pain score
was associated with a significantly higher increase in functional
disability before admission, estimated as 0.1 (95% CI 0.0e0.2). A higher
mean pain score was not statistically significantly associated with
more recovery from admission (model 4, Supplementary Table 4). The
within-person variability in pain scores was not associated with
functional trajectories.

Neither the within-person mean and variability in fatigue scores
were significantly associated with individual changes in functional
disability (Supplementary Table 5, model 5). As shown in Figure 3C, a
higher variability in fear of falling was significantly associated with a
higher increase in functional disability before admission, estimated as
0.7 (95% CI 0.2e1.2). After admission, a higher within-person vari-
ability was also associated with significantly more recovery after
admission up to 1 month after discharge, which made up for the loss
of function before admission (Supplementary Table 5, model 6).
Discussion

In older adults hospitalized with acute illness, we found that
functional disability significantly increased before hospital admission
and improved from admission to 3 months post discharge. We found
that frailty was the only single baseline variable that was significantly
associated with changes in functional disability over time. Frail older
adults showed significantly a higher increase in functional disability in
the 2 weeks before admission than nonfrail older adults did. In
addition to frailty, we found that the dynamic variables of lower step
count, higher pain score, and higher within-person variability in fear
of falling during hospitalization were associated with a higher in-
crease in functional disability before hospitalization. We also found
that higher within-person variability in fear of falling was associated
with better recovery after admission, which made up for the func-
tional loss before admission.

Our findings provide clinically relevant information about the
ability of older adults to resist and recover from functional decline
following acute illness. In agreement with previous findings,41,42 our
study shows that older adults decline in function in the 2 weeks before
hospitalization and aremost dependent on help for ADL functioning at
hospital admission, especially if they are frail. We observed that most
recovery in ADL functioning occurred during hospitalization and in
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Fig. 3. Mean growth curves for functional disability* for different levels of (A) step
count, (B) pain, and (C) variability in fear of falling. The mean growth curve for
functional disability is presented as the median value (black solid line), the highest
value of the first quartile (black dotted line), and the highest value of the third quartile
(black dashed line) for each variable. *Assessed with the 15-item modified ADL index,
which rates 6 basic activities and 9 instrumental activities based on whether they can
be performed dependently (score ¼ 1) or independently (score ¼ 0). Scores range from
0 to 15, with higher scores indicating more dependency. Assessed at 6 time points:
2 weeks before admission (assessed retrospectively), admission, discharge, and at 1, 2,
and 3 months post discharge.
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the first month after discharge, which supports the findings of Boyd
et al.,2 who indicated that the first month after discharge is the most
critical for recovery of ADL functioning after discharge. Our findings
highlight the importance of assessing the prehospitalization func-
tional status of older adults and setting personalized rehabilitation
goals at hospital admission to optimize functional recovery after acute
hospitalization.

Our study also provides new evidence that frail older adults show a
higher increase in functional disability before hospitalization than
nonfrail older adults.1,3,8,11,43,44 In terms of physical resilience, our
findings may suggest that older adults are not resistant to functional
decline in response to acute health stressors, especially if frail.1,10,11 In
agreement with the conceptual model of Whitson et al.,10 our findings
show that frailty is a state of physiological vulnerability to stressors
among acutely hospitalized older adults. This underlines the impor-
tance of identifying frailty both in the community and at the time of
hospital admission.7 In the model of Whitson et al.,10 they also pro-
posed that physical resilience is constrained by the pre-stressor
reserve including physical, psychological, and cognitive factors, and
that health outcomes are also affected by the severity of the stressor.10

However, in our study, neither the severity of acute illness, which may
indicate the severity of the stressor, and other factors that may
represent the pre-stressor reserve, including education, comorbid-
ities, cognitive functioning, and depressive symptoms, were signifi-
cantly associated with resistant and resilience trajectories.

Several researchers have suggested that besides frailty status, it is
important to identify dynamic indicators of resilience to measure
physical resilience in clinical practice.10e12,44 Our study shows that
measuring dynamic variables that vary within a person over timemay
improve the prediction of recovery.15,22 We found that, in addition to
frailty status, the dynamic variables of step count, and self-rated fac-
tors of pain and fear of falling may act as indicators of physical resil-
ience.22 Previous studies showed that especially the variability in
factors might be good indicators of resilience15,16,18,22; however, we
found that only the variability in fear of falling was associated with
recovery. This contrasts with the study of Gijzel et al.,22 who also
found that high variability in physical activity measured using accel-
erometers indicates high resilience. However, Gijzel et al.22 measured
within-person variabilities within 1 day whereas we studied day-to-
day variabilities in the dynamic variables measured over several
days instead of several times per day, which might explain this
discrepancy.

This study provides clinically relevant information on older adults’
functional recovery and also on how indicators of physical resilience
can be explored in future studies. This approach might be used to
identify more robust indicators of resilience and improve the predic-
tion of functional recovery among acutely hospitalized older adults. A
better prediction of recovery may help clinicians in therapeutic de-
cision making, discharge planning, and the identification of older
adults in need of rehabilitation resources, but may also help older
adults and their caregivers to set realistic rehabilitation goals.45 Based
on our findings and previous studies,15,16,18,22 we may suggest
measuring dynamic variables continuously during the day and during
the whole recovery period to provide more information on the vari-
ability (eg, variability within the day and day-to day variability over
longer periods of time). We may also suggest assessing dynamic var-
iables both during hospital admission as after discharge, preferable via
wearable sensors, as this may be less burdensome and easier to
implement in clinical practice than collecting self-rated measures
from older adults.

Strengths and Limitations

A strength of this study is that functional disability was measured
as an outcome of physical resilience over time, from 2 weeks before
hospitalization to 3 months post discharge. The use of discontinuous
growth models40 enabled us to model the increase in functional
disability before admission and the recovery after admission. This
gave more insight into physical resilience in older adults and showed
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their resistance to functional decline and their ability to recover.46

Using this statistical technique, we also investigated the associations
between variables and resistance and recovery trajectories to identify
potential indicators of resilience. We investigated single baseline
variables at admission and dynamic variables repeatedly from study
inclusion to discharge. For some participants, the within-person
variability in the dynamic variables could not be assessed, as the
amount of data collected was limited by a short hospital stay, so these
participants had to be excluded, which may lower the generalizability
of our results. Another limitation is that we could not measure func-
tional disability before admission prospectively because acute hospital
admissions are unpredictable. The functional disability score at
2 weeks before admissionwas therefore assessed retrospectively. This
might have introduced recall bias in our outcomemeasure; however, a
previous study showed that this should give valid results.47 In addi-
tion, we were not able to fully capture the variables to quantify the
stressor that may modify physical resilience. This is an important
implication for future research to investigate how the severity of the
stressor can be measured.10 Another limitation of our analysis was
missing data in the outcome of interest due to death or loss to follow-
up after hospital discharge. To prevent selection bias, we did not omit
any participants from the analyses and used individual growthmodels
in a mixed-effects framework to deal with missing values in the
outcome variable. Sensitivity analysis suggested that the results were
not sensitive to missing values due to death and dropouts; however,
we observed a larger dropout rate in frail participants after discharge,
so the recovery rates in frail participants may have been over-
estimated. Moreover, in our heterogeneous sample of participants, we
observed a large variety in discharge destinations and health care
resources used after discharge, which probably also influenced older
adults’ recovery. Even though we have measured these variables, the
use of such resources may either be an indication of more need for
such resource (and thus be related to a risk for impaired recovery) or
be a factor promoting recovery. In the analysis, this cannot be
distinguished. Therefore, we refrained from additionally adjusting for
this.

Conclusions and Implications

We showed that older adults increase in functional disability in
response to acute illness before hospitalization but that they start to
recover during hospitalization. Frail older adults are especially
vulnerable to functional decline, highlighting the importance of
identifying frailty in older adults on hospital admission to determine
their physical resilience. Measuring both frailty and dynamic variables
may improve the prediction of an individual’s ability to recover from
acute illness. A better prediction may help to improve therapeutic
decision-making during hospitalization, discharge planning, and
rehabilitation strategies to improve functional recovery after acute
hospitalization. Future cohort studies are recommended to collect
intensive longitudinal data, including sensor technology measure-
ments, to further explore indicators of physical resilience.
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Supplementary Information
Unconditional Individual Growth Modeling

The main analysis comprised 3 steps: (1) modeling the individual
change (ie, decline and recovery) in functional disability scores over
time, (2) examining which single baseline characteristics are asso-
ciated with these changes in functional disability, and (3) examining
the association of the within-person mean and variability of each
dynamic variable with the change in functional disability. For each
step, we performed individual growth modeling using multilevel
regression analysis.40 Individual growth models include a level-1 sub
model describing the individual changes over time and a level-2
model that describes how these changes vary across individuals.
Time was treated as structured time points rather than an exact
time. First, we generated graphs for each participant’s functional
trajectory and explored which unconditional individual growth
model best explained the changes in functioning over time using the

deviance statistic (comparing the �2-log likelihood of models).
Starting with an unconditional means or empty model, we fitted
increasingly complex models to model the individual trajectories in
functioning before and after admission. We tested unconditional (ie,
no level-2 predictors included), linear, and quadratic growth and
modeled separate splines for the pre- and postadmission time pe-
riods.40 Second, we added each single baseline variable separately to
model 1 as a level-2 (between-participant) predictor. Variables with
a P value < .10 were retained for further analysis. We built a
multivariable model by adding variables whose inclusion gives a
statistically significant improvement of the fit of the model (model
2). Thirdly, we added the individual means and variability of dy-
namic variables over time to model 2 to assess whether these
between-person differences explained the heterogeneity in changes
in functional disability in the unconditional models modeled with
(uninformative) random terms. This last step was done separately
for each dynamic variable.
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Supplementary Table 1
Calculation of the Within-Person Mean and Variability of the Dynamic Variables

Parameters Calculation of Mean Calculation of Coefficient of Variation

Step count Available within-person step numbers per day in the past 7 days
of hospitalizationwere summed and divided by the number of
days with data

SD of all available within-person step numbers per day in the
past 7 days of hospitalization divided by the calculated mean

Pain Mean of all available within-person NRS scores during
hospitalization

SD of all available within-person NRS scores during
hospitalization divided by the mean

Fatigue Mean of all available within-person NRS scores during
hospitalization

SD of all available within-person NRS scores during
hospitalization divided by the mean

Fear of falling Mean of all available within-person NRS scores during
hospitalization

SD of all available within-person NRS scores during
hospitalization divided by the mean

Supplementary Table 2
Changes in Functional Disability* Over Time (Model 1) and the Differences in Changes Between Frailty Groups (Model 2)

Parameter Model 1: Changes in ADL Functioning
Over Time

Model 2y: Associations With Frailty

Estimate 95% CI Estimate 95% CI

ADL functioning* score at admissionz 4.6 4.2 5.0 3.2 2.7 3.6
Change in ADL functioning preadmission to admissionx 1.5 1.2 1.7 1.0 0.7 1.4
Time (linear) after admissionk �0.5 �0.7 �0.3 �0.4 �0.7 �0.1
Time (quadratic) after admission** 0.1 0.0 0.1 0.1 �0.0 0.1
Difference in ADL functioning at admission frail vs nonfrailyy 2.5 1.8 3.1
Change in ADL functioning preadmission to admission frail vs nonfrail 0.8 0.3 1.2
Time (linear) after admission frail vs nonfrail �0.2 �0.6 0.3
Time (quadratic) after admission frail vs nonfrail 0.0 �0.1 0.1

*Assessed with the 15-itemmodified ADL index, which rates 6 basic activities and 9 instrumental activities based on whether they can be performed dependently (score ¼
1) or independently (score ¼ 0). Scores range from 0 to 15 with higher scores indicating more dependency. Assessed at 6 time points: 2 weeks before admission (assessed
retrospectively), admission, discharge, and at 1, 2, and 3 months post discharge.

yAdjusted for age and sex.
zIn model 2, this row indicates the Katz-15 score at time of admission for participants without frailty.
xRate of change in Katz-15 scores from admission to preadmission. In model 2 this only holds for participants without frailty.
kLinear rate of change in Katz-15 scores per time point from admission. Time points after admission are (1) discharge, (2) 1 month, (3) 2 months, and (4) 3 months post

discharge. In model 2, this only holds for participants without frailty.
**Quadratic rate of change in Katz-15 scores per time point from admission. Time points after admission are (1) discharge, (2) 1 month, (3) 2 months, and (4) 3 months post

discharge. In model 2 this only holds for participants without frailty.
yyAssessed using the 5 Fried criteria. A participant is defined frail if >2 components are present. This row indicates the difference in Katz-15 scores in the frail group

compared with the nonfrail group at time of admission.
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Supplementary Table 3
Single Baseline Characteristics Associated With Changes in Functional Disability* Before Admission (Spline 1), Changes Per Time Point From Admission (Spline 2) and the
Quadratic Rate of Spline 2 (Spline 22)

Parameter Reference Univariable Analysisy Multivariable Analysis

Estimate P Valuez Model 2A: MEWS and
Frailty

Model 2B: CCI and
Frailty

Estimate P Value Estimate P Value

MEWSx *spline1 Score 0.2 .09 0.2 .10
MEWSx *spline2 Score �0.1 .26 �0.1 .27
MEWSx *spline22 Score 0.0 .80 0.0 .81
Education*spline1 Primary school
Elementary technical/domestic science school �0.3 .44
Secondary vocational education �0.3 .42
Higher level high school/third-level education �0.3 .38
Education*spline2 Primary school
Elementary technical/domestic science school 0.1 .72
Secondary vocational education �0.1 .70
Higher level high school/third-level education �0.1 .86

Education*spline22 Primary school
Elementary technical/domestic science school 0.0 .70
Secondary vocational education 0.1 .42
Higher level high school/third-level education 0.1 .24

CCIk *spline1 Score 0.1 .08 0.1 .33
CCIk *spline2 Score �0.1 .17 �0.1 .24
CCIk *spline22 Score 0.0 .46 0.0 .48
MMSE** *spline1 Score �0.1 .12
MMSE** *spline2 Score �0.0 .91
MMSE** *spline22 Score 0.0 .91
Depressive symptomsyy *spline1 No 0.3 .28
Depressive symptomsyy *spline2 No �0.2 .54
Depressive symptomsyy *spline22 No 0.0 .61
Frailtyzz *spline1 Nonfrail 0.7 .00 0.8 .00 0.7 .01
Frailtyzz *spline2 Nonfrail �0.2 .47 �0.2 .48 �0.1 .24
Frailtyzz *spline22 Nonfrail 0.0 .98 �0.0 .99 �0.0 .86

CV, coefficient of variation.
*Assessed with the 15-item modified ADL index, which rates 6 basic activities and 9 instrumental activities based on whether they can be performed dependently (score ¼

1) or independently (score ¼ 0). Scores range from 0 to 15, with higher scores indicating more dependency. Assessed at 6 time points: 2 weeks before admission (assessed
retrospectively), admission, discharge, and at 1, 2, and 3 months post discharge.

yAdjusted for age and sex.
zVariables with a P value <.10 were retained for further analysis.
xModified Early Warning Score ranging from 0e14, higher scores indicate more severe illness.
kCharlson Comorbidity Index ranging from 0e31, higher scores indicate more or severe comorbidity.
**Mini-Mental State Examination ranging from 0e30, higher scores indicate better cognitive functioning.
yyIf a score of �6 on the Geriatric Depression Scale.
zzAssessed using the 5 Fried criteria. A participant is defined frail if >2 components are present.
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Supplementary Table 4
Results of Individual Growth Model 3 and 4 of Functional Disability Over Time*

Parameter Model 3: Step County Model 4: Painy

Estimate 95% CI Estimate 95% CI

Fixed effects
Interceptz 4.6 4.2 4.9 3.3 2.8 3.8
Frailtyx 1.8 1.1 2.5 2.2 1.6 2.8
Step count, meank �0.1 �0.1 �0.0
Step count, CV 0.0 �1.1 1.1
Pain, mean 0.27 0.14 0.40
Pain, CV 0.11 �0.45 0.68

Difference between preadmission and admission (spline 1)** 1.5 1.2 1.7 1.1 0.7 1.5
Frailty*spline1 0.5 �0.1 1.0 0.6 0.1 1.1
Step count, mean*spline1 �0.03 �0.06 �0.01
Step count, CV*spline1 0.6 �0.3 1.5
Pain, mean*spline1 0.1 0.0 0.2
Pain, CV*spline1 �0.1 �0.6 0.3

Linear rate of change per time point from admission (spline 2)yy �0.5 �0.7 �0.3 �0.5 �0.8 �0.1
Frailty*spline2 0.2 �0.3 0.7 �0.1 �0.5 0.3
Step count, mean*spline2 0.04 0.02 0.06
Step count, CV*spline2 �0.4 �1.3 0.4
Pain, mean*spline2 �0.1 �0.2 0.0
Pain, CV*spline2 0.1 �0.3 0.5

Quadratic rate of change spline 22zz 0.1 0.0 0.1 0.1 �0.0 0.1
Frailty*spline22 �0.1 �0.2 0.0 �0.0 �0.1 0.1
Step count, mean*spline22 �0.01 �0.01 �0.00
Step count, CV*spline22 0.1 �0.1 0.3
Pain, mean*spline22 0.0 �0.0 0.0
Pain, CV*spline22 �0.0 �0.1 0.1

Random effects: variance components
Intercept, SD 1.8 1.6 2.0 1.8 1.6 2.0
Linear rate of change spline 2, SD 0.5 0.4 0.6 0.5 0.4 0.6
Correlation �0.2 �0.4 �0.0 �0.2 �0.4 0.0
Residual 1.2 1.2 1.3 1.3 1.2 1.3

CV, coefficient of variation.
*Assessed with the 15-itemmodified ADL index, which rates 6 basic activities and 9 instrumental activities based on whether they can be performed dependently (score ¼

1) or independently (score ¼ 0). Scores range from 0 to 15, with higher scores indicating more dependency. Assessed at 6 time points: 2 weeks before admission (assessed
retrospectively), admission, discharge, and at 1, 2, and 3 months post discharge.

yAdjusted for age and sex.
zThis row indicates the status at time of admission for participants without frailty, and with average step numbers (model 3) or pain scores (model 4).
xAssessed using the 5 Fried criteria. A participant is defined frail if >2 components are present.
kOne-unit stands for 100 steps.
**This row indicates the rate of change from preadmission to admission for participants without frailty and with average steps numbers (model 3) or pain scores (model 4).
yyThis row indicates the linear rate of change for every time point from admission to discharge, and 1month, 2months, and 3months post discharge for participants without

frailty and with average steps numbers (model 3) or pain scores (model 4).
zzThis row indicates the quadratic rate of change for every time point from admission to discharge, and 1 month, 2 months, and 3 months post discharge for participants

without frailty and with average step numbers (model 3) or pain scores (model 4).
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Supplementary Table 5
Results of Individual Growth Model 5 and 6 of Functional Disability* Over Time

Parameter Model 5: Fatiguey Model 6: Fear of fallingy

Estimate 95% CI Estimate 95% CI

Fixed effects
Interceptz 3.3 2.8 3.7 3.3 2.9 3.7
Frailtyx 2.3 1.6 3.0 2.2 1.6 2.8
Fatigue, mean 0.1 �0.1 0.3
Fatigue, CV �0.5 �1.4 0.4
Fear of falling, mean 0.3 0.2 0.4
Fear of falling, CV 0.9 0.3 1.5

Difference between preadmission and admission (spline 1)k 1.1 0.7 1.5 1.1 0.7 1.4
Frailty*spline1 0.7 0.2 1.2 0.7 0.2 1.1
Fatigue, mean*spline 1 0.1 �0.1 0.2
Fatigue, CV*spline 1 �0.3 �1.0 0.4
Fear of falling, mean*spline 1 0.1 �0.0 0.1
Fear of falling, CV*spline 1 0.7 0.2 1.2

Linear rate of change per time point from admission (spline 2)** �0.4 �0.8 �0.1 �0.5 �0.8 �0.1
Frailty*spline2 �0.2 �0.6 0.3 �0.1 �0.5 0.3
Fatigue, mean*spline 2 �0.0 �0.1 0.1
Fatigue, CV*spline 2 0.1 �0.6 0.7
Fear of falling, mean*spline 2 �0.0 �0.1 0.1
Fear of falling, CV*spline 2 �0.8 �1.2 �0.3

Quadratic rate of change spline 22yy 0.1 �0.0 0.1 0.1 �0.0 0.1
Frailty*spline22 0.0 �0.1 0.1 �0.0 �0.1 0.1
Fatigue, mean*spline22 �0.0 �0.0 0.0
Fatigue, CV*spline22 0.1 �0.1 0.2
Fear of falling, mean*spline22 0.0 �0.0 0.0
Fear of falling, CV*spline22 0.2 0.0 0.3

Random effects: variance components
Intercept, SD 1.9 1.7 2.1 1.8 1.6 2.0
Linear rate of change spline 2, SD 0.5 0.4 0.6 0.5 0.4 0.6
Correlation �0.2 �0.4 0.0 �0.2 �0.4 0.0
Residual 1.3 1.2 1.3 1.2 1.3 1.3

CV, coefficient of variation.
*Assessed with the 15-item modified ADL index, which rates 6 basic activities and 9 instrumental activities based on whether they can be performed dependently (score ¼

1) or independently (score ¼ 0). Scores range from 0 to 15 with higher scores indicating more dependency. Assessed at 6 time points: 2 weeks before admission (assessed
retrospectively), admission, discharge, and at 1, 2, and 3 months post discharge.

yAdjusted for age and sex.
zThis row indicates the status at time of admission for participants without frailty, and with an average level of fatigue (model 5) or fear of falling (model 6).
xAssessed using the 5 Fried criteria. A participant is defined frail if >2 components are present.
kThis row indicates the linear rate of change from preadmission to admission for participants without frailty and with an average level of fatigue (model 5) or fear of falling

(model 6).
**This row indicates the linear rate of change for every time point from admission to discharge, and 1month, 2months, and 3months post discharge for participants without

frailty and with an average level of fatigue (model 5) or fear of falling (model 6).
yyThis row indicates the quadratic rate of change for every time point from admission to discharge, and 1 month, 2 months, and 3 months post discharge for participants

without frailty and with an average level of fatigue (model 5) or fear of falling (model 6).
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