Age and Ageing 2024; 53: afae084 © The Author(s) 2024. Published by Oxford University Press on behalf of the British Geriatrics Society.
https://doi.org/ 1 0.1093/ageing/afac084 This is an Open Access article distributed under the terms of the Creative Commons Attribution
License (https://creativecommons.org/licenses/by/4.0/), which permits unrestricted reuse, distribution,

and reproduction in any medium, provided the original work is properly cited.

RESEARCH PAPER

Post-COVID-19 patients in geriatric
rehabilitation substantially recover in daily
functioning and quality of life

Lisa S. vaN ToL"*”, MIRIaM L. HaaksMA' 7 MATTEO CESARI?, FRANCES DOCKERY®, IRMA H.J. EVERINK®,
BaHAA N. FRANCIS®, ADAM L. GORDON’, STEFAN GRUND'®, LUBA MATCHEKHINA'',
LAURA MoNiIcA PErRez BazAN', Jos M.G.A. ScHoLs®, EvA TopiNkovA'”", MARK A. VASSALLO",

MonNIQUE A.A. Calouw'”*, WiLco P AcHTERBERG ' *, The EU-COGER consortium?

'Department of Public Health and Primary Care, Leiden University Medical Center, Leiden, The Netherlands

’Center for Medicine for Older People, Leiden University Medical Center, Leiden, The Netherlands

*University Network for the Care sector South-Holland, Leiden University Medical Center, Leiden, The Netherlands

“IRCCS Istituti Clinici Maugeri, University of Milan, Milan, Italy

Beaumont Hospital & Royal College of Surgeons in Ireland, Dublin, Ireland

®Department of Health Services Research, Maastricht University, Maastricht, The Netherlands

Fliman Geriatric Rehabilitation Hospital, Zalman Shneur Street, Haifa, 31021, Israel

®Geriatric Division, Holy Family Hospital, Bar Ilan University, Safad, Israel

? Academic Unit of Injury, Recovery and Inflammation Sciences (IRIS), School of Medicine, University of Nottingham, Medical
School, Nottingham, NG7 2UH, UK

'9Center for Geriatric Medicine, Agaplesion Bethanien Hospital Heidelberg, Geriatric Center at the Heidelberg University,
Heidelberg, Germany

'"Russian Gerontology Research and Clinical Centre, Pirogov Russian National Research Medical University, Moscow, Russia
'2RE-FiT Barcelona Research Group, Parc Sanitari Pere Virgili Hospital and Vall dHebron Institut de Recerca (VHIR), Barcelona,
Spain

'*Department of Geriatrics, First Faculty of Medicine, Charles University and General Faculty Hospital, Prague, Czech Republic
"“Faculty of Health and Social Sciences, University of South Bohemia, Ceske Budejovice, Czech Republic

'>Karin Grech Hospital, Pieta, Malta

Address correspondence to: Lisa S. van Tol, Department of Public Health and Primary Care, Leiden University Medical Center,
Postal zone VO-P PO. Box 9600, 2300 RC Leiden, The Netherlands. Tel: 003171 526 84 33; Email: L.S.van_Tol@lumc.nl, Twitter:
@LisaSvanTol

T Acknowledgement of collaborative authors: The EU-COGER consortium are Eva Topinkova, Lucie Bautzkd, Helena
Michadlkovd, Stefan Grund, Thomas Mross, Lotte Feesche, Rebekka Leonhardt, Clemens Becker, Jan Gerhardus, Brigitte R. Metz,
Diana Franke-Chowdhury, Rose Galvin, Aoife McCarthy, Frances Dockery, Kara McLoughlin, Bahaa Francis, Matteo Cesari,
Annalisa Valentini, Mark Vassallo, Maria Bonnici, Olga Nikolaevna Tkacheva, Ksenia Eruslanova, Luba Matchekhina, Laura Monica
Perez Bazan, Esther Roquer Fanlo, Anna Renom Guiteras, Lizzeth Angela Canchucaja, Beatriz Pallardo, Sergio Martinez Zujeros,
Margarita Vifiuela, Oriol Miralles Resina, Gema Isabel Dominguez, Sarah Caro Bragado, Nadia Stasi, Jennifer Garrillo Cepeda,
Marta Arroyo-Huidobro, Ana Gonzalez, Wilco Achterberg, Monique Caljouw, Miriam Haaksma, Lisa van Tol, Saskia Drijver, Paula
Vonk, Liesbeth Sikken, Irma Baars, Nathalie Deden, Gerda Nijgh, Sylvia van der Drift, Heike de Wever, Els Calle, Kaoutar
Karramass, Josette Hendriks, Lauren Ebbes, Anne Hartman, Hatice Koc, Laura de Vries, Hylco Bouwstra, Laura
Langendoen-Wigman, Berber Oldenbeuving, Sabine Noordam-Hemeltjen, Liesbeth Lanting, Lulu Andela, Mathilde Meerkerk,
Lianne Willemstein, Krisztina Krasznai, Janneke Wolting, Janette Tazmi, Eveline Keustermans, Janetta de Vries, Sanne van Weers,
Lenni Boogaard, Simone Been, Danielle Termeer, Patricia te Pas, Eva Lodewijks, Jeroen van den Berg, Sandra Prent, Marloes
Boontje, Joél Harms, Jeffrey Bakker; Carolien de Croon, Christa van Schieveen, Ewout Smit, Patricia van Berlo, Dionne Ruchtie,
Jane Manson, Maria Espasandin, Lucy Abbott, Sarah Chadwick, Rebecca Watts, Melani Dani, Jackie McNicholas, Adam Gordon
and Vincent Chau.

Gz0z aunp gz uo 1sanb Aq | 18799/ /¥808.le/S/cS/aonle/Buisbe/woo dno olwapese//:sdiy Woll papeojumoc]


https://creativecommons.org/licenses/by/4.0/
https://creativecommons.org/licenses/by/4.0/
https://creativecommons.org/licenses/by/4.0/
https://creativecommons.org/licenses/by/4.0/
https://creativecommons.org/licenses/by/4.0/
https://creativecommons.org/licenses/by/4.0/
https://creativecommons.org/licenses/by/4.0/
https://creativecommons.org/licenses/by/4.0/
https://creativecommons.org/licenses/by/4.0/
https://creativecommons.org/licenses/by/4.0/
https://creativecommons.org/licenses/by/4.0/
https://creativecommons.org/licenses/by/4.0/
https://creativecommons.org/licenses/by/4.0/

 39697
49387 a 39697 49387 a
 
mailto:L.S.van_Tol@lumc.nl
mailto:L.S.van_Tol@lumc.nl
mailto:L.S.van_Tol@lumc.nl
mailto:L.S.van_Tol@lumc.nl
mailto:L.S.van_Tol@lumc.nl
mailto:L.S.van_Tol@lumc.nl
mailto:L.S.van_Tol@lumc.nl
mailto:L.S.van_Tol@lumc.nl

 48839 49387 a 48839
49387 a
 
mailto:Twitter:@LisaSvanTol
mailto:Twitter:@LisaSvanTol
mailto:Twitter:@LisaSvanTol
mailto:Twitter:@LisaSvanTol
mailto:Twitter:@LisaSvanTol
mailto:Twitter:@LisaSvanTol
mailto:Twitter:@LisaSvanTol
mailto:Twitter:@LisaSvanTol

L.S.van Tol et al.

Abstract

Background: After an acute infection, older persons may benefit from geriatric rehabilitation (GR).

Objectives: This study describes the recovery trajectories of post-COVID-19 patients undergoing GR and explores whether
frailty is associated with recovery.

Design: Multicentre prospective cohort study.

Setting: 59 GR facilities in 10 European countries.

Participants: Post-COVID-19 patients admitted to GR between October 2020 and October 2021.

Methods: Patients’ characteristics, daily functioning (Barthel index; BI), quality of life (QoL; EQ-5D-5L) and frailty (Clinical
Frailty Scale; CFS) were collected at admission, discharge, 6 weeks and 6 months after discharge. We used linear mixed models
to examine the trajectories of daily functioning and QoL.

Results: 723 participants were included with a mean age of 75 (SD: 9.91) years. Most participants were pre-frail to frail
(median [interquartile range] CFS 6.0 [5.0-7.0]) at admission. After admission, the BI first steeply increased from 11.31
with 2.51 (SE 0.15, P < 0.001) points per month and stabilised around 17.0 (quadratic slope: —0.26, SE 0.02, P < 0.001).
Similarly, EQ-5D-5L first steeply increased from 0.569 with 0.126 points per month (SE 0.008, P < 0.001) and stabilised
around 0.8 (quadratic slope: —0.014, SE 0.001, P < 0.001). Functional recovery rates were independent of frailty level at
admission. QoL was lower at admission for frailer participants, but increased faster, stabilising at almost equal QoL values for
frail, pre-frail and fit patients.

Conclusions: Post-COVID-19 patients admitted to GR showed substantial recovery in daily functioning and QoL. Frailty
at GR admission was not associated with recovery and should not be a reason to exclude patients from GR.

Keywords: geriatric rehabilitation, COVID-19, recovery, older people

Key Points

* Post-COVID-19 patients from geriatric rehabilitation (GR) centres across 10 European countries showed substantial
recovery.

* Recovery in daily functioning and quality of life was independent of frailty level at admission to GR following COVID-19.

* Frailty should not be a reason to exclude patients from GR, as even frail people may considerably benefit from post-acute

care.

Introduction

The COVID-19 pandemic was associated with millions of
severe acute respiratory syndrome coronavirus 2 (SARS-
CoV-2) infections and deaths worldwide, but the highest
infection rates and most severe infections were among
older people [1-5]. Older people with SARS-CoV-2
infection were more often admitted to hospital and to
Intensive Care Unit (ICU), with periods of immobility as a
consequence [6].

Under normal circumstances, older people experiencing
acute deterioration in their health and functional status
would be offered geriatric rehabilitation (GR) [7-9]. GRis
aimed at people with complex health problems, including
pre-existing multimorbidity, cognitive impairment, frailty
or other geriatric syndromes [10]. GR can be provided in
diverse care settings [11]. During the COVID-19 pandemic,
the availability of GR care was diminished due to illness
among stafl, secondment to acute care wards, repurpos-
ing of GR facilities as isolation beds for SARS-CoV-2-
positive patients and reduced capacity due to pandemic-
related spacing requirements [12]. This reduction in rehabil-
itation supply at a time when demand increased due to many
older people experiencing acute health deteriorations due to
COVID-19 has been called the ‘COVID-19 rehabilitation
paradox’ [12, 13].

2

Future pandemic planning should include more effective
provision of rehabilitation. Therefore, we need to know
whether GR is successful in this context, what type of reha-
bilitation care to deliver and what population sub-groups are
likely to benefit [10, 14]. Evidence on recovery trajectories
for people in GR post-COVID is still limited, but suggests
that people participating in GR post-COVID experienced
at least partial recovery [15-18]. Outside the context of
COVID-19, frailty and functional decline are both fre-
quently used criteria in triage of acutely hospitalised patients
for referral to GR [19]. Moreover, frailty in older people has
been associated with lower functional status [20, 21] and
quality of life (QoL) [22]. Against this background, in this
study we aim to describe the recovery trajectories in daily
functioning and QoL of geriatric patients after COVID-19
in a multicentre, multinational European cohort during GR
and up to 6 months after discharge; and explore whether
the patient’s frailty level at GR admission is associated with
recovery in daily functioning and QoL.

Methods
Design

The European Cooperation in Geriatric Rehabilitation
study after COVID-19 (EU-COGER) was an international
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multicentre prospective observational cohort study. This
study was designed by the Special Interest Group for
Geriatric Rehabilitation of the European Geriatric Medical
Society (EuGMS) and registered in ClinicalTrials.gov
(identifier: NCT05749731).

Participants and setting

The terminology and definitions used for GR differ between
countries. In this study, we defined GR facilities, in line with
the consensus definition for GR developed by the EuGMS
[11], as facilities that provide multidisciplinary rehabilita-
tion care to frail and/or multimorbid patients. Participants
were recruited from the Czech Republic, Germany, Ireland,
Israel, Italy, Malta, Russia, Spain, the Netherlands, and the
UK between October 2020 and October 2021 [7]. Both
inpatient GR facilities and GR facilities that provided care
at home were included in the EU-COGER consortium
(Appendix I).

To be included, patients had to be receiving rehabilitation
in one of the participating facilities as part of recovery from
a SARS-CoV-2 infection, confirmed with either polymerase
chain reaction for viral RNA or serology for antibodies
against SARS-CoV-2. Potential participants with severe cog-
nitive impairment that led to insufficient decisional capaci-
ties to participate in the study were excluded [7].

Ethics

The Leiden University Medical Center COVID-19 science
ethical committee deemed this study exempt from the Med-
ical Research Involving Human Subjects Act (Wet medisch-
wetenschappelijk onderzoek met mensen, WMO), since the
study only used routinely collected data, and approved the
study based on an opt-out procedure for the Netherlands
(protocol number CoCo 2020-040). In all other countries,
the local ethical regulations were followed and approval
from local ethics committee was granted as per local
regulations.

Data collection

Routine medical care data from health records were collected
at admission to GR, and at discharge, including data from 2
weeks premorbid (pre-COVID) status from admission docu-
mentation [7]. In addition, participating facilities were asked
to collect data through telephone follow-ups at 6 weeks and
6 months after discharge. Local study coordinators entered
participant data into an online CASTOR [23] database using
standard operating procedures [24]. A complete overview of
the procedures and all measures collected is described in the
published protocol paper [7].

Outcome measures chosen were based on instruments
readily available in multiple languages and cross-culturally
validated. The primary outcome measure was daily func-
tioning, assessed with the Barthel Index (BI) for activities
of daily living (ADL) at all time points [25]. When certain
countries or facilities used comparable measures, i.e. the
Utrecht Scale for the Evaluation of Rehabilitation or the

A European longitudinal cohort study

Functional Independence Measure, these were converted to
the BI using standardised approaches [26, 27]. The Bl isa 10-
item instrument that produces a total score that ranges from
0 to 20, with higher scores indicating higher independence
in ADL.

The secondary outcome measure was health-related QoL
assessed with the EQ-5D-5L, available in >150 languages
[28]. EQ-5D-5L was assessed at all timepoints except pre-
morbid, and is a 5-item instrument that produces a 5-
digit status for mobility, self-care, daily activities, pain and
anxiety/depression. Using an available country tariff, this
status can be calculated into a societal value of maximum 1
for optimal QoL [29-34]. Malta, Czech Republic and Russia
had no country tariff available, and the geographically closest
available country tariff (Spain, Poland and Poland, respec-
tively) was used [32, 35]. There was no QoL data available
for Israeli participants, as data necessary for EQ-5D-5L were
not collected as part of routine practice.

Frailty, the independent variable of interest, was mea-
sured using the Clinical Frailty Scale (CES). This ranks
frailty on a scale from level 1 to 9, with level 1 ‘very
it to 9 ‘terminally ill' [36]. Premorbid frailty level
and frailty level at GR admission were collected. Other
variables collected include demographic characteristics,
clinical characteristics and received treatment components

(Table 1).

Statistical analysis

Descriptive statistics were used to give an overview of
participants’ demographic and clinical characteristics, and
treatment components. Continuous variables were reported
with mean and SD or median and interquartile range (IQR),
depending on whether data were normally distributed.
Categorical variables were presented as number (7) and
percentage (%).

The recovery trajectories in daily functioning and QoL
during and after GR were examined by linear mixed models,
with time in months since GR admission. For each outcome
measure, three models were built. Unconditional models
were used to illustrate the change in daily functioning and
QoL of the study population over time, independent of
covariates. To identify the best fitting unconditional models,
the following steps were taken: first, we tested whether
the fixed slopes were linear or quadratic; second, we tested
whether adding random intercept parameters for variance
between persons and between countries improved the model
fit; third, we tested whether adding random linear and
quadratic slope parameters for variance between persons and
variance between countries improved the model fit. In every
step, we ficted models using the default optimizer in the Imer
R function ‘nloptwrap’, and optimizer ‘Neldermead’ that has
been specially developed to find solutions of boundary fits
[37]. The model with the highest loglikelihood value (for
nested models) or the lowest Akaike Information Criterion
value (for non-nested models) was chosen [38]. Models were
built with unstructured variance—covariance matrices. For
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Table . Demographic characteristics, clinical characteristics and received treatment components and outcomes of post-

COVID-19 patients in geriatric rehabilitation

Characteristic

Age, mean (SD)

Sex, male, 7 (%)

Country, 7 (%)

Czech Republic

Germany

Ireland

Israel

Italy

Malta

Russia

Spain

The Netherlands

UK

Barthel Index at GR admission, mean (SD)
EQ-5D-5L at GR admission, mean (SD)
Clinical Frailty Scale (CFS) premorbid, median (IQR)
Fit (CFS 1-3)

Pre-frail (CFS 4-5)

Frail (CFS 6-9)

Clinical Frailty Scale (CFS) at GR admission, median (IQR)
Fit (CFS 1-3)

Pre-frail (CFS 4-6)

Frail (CFS 7-9)

Functional Comorbidity Index, median (IQR)
Hospital stay preadmission, 7 (%)

Hospital length of stay, days, median (IQR)
ICU stay preadmission, yes, 7 (%)

ICU length of stay, days, median (IQR)
Living situation premorbid, 7 (%)

Own home

Nursing home/assisted living

Other

Treatment components of GR, 7 (%)
Oxygen therapy

Physiotherapy (total)

Physiotherapy for sarcopenia
Physiotherapy for lung function
Occupational therapy (total)

Occupational therapy for iADL
Occupational therapy for house adaptations
Speech/language therapy (total)
Speech/language therapy for dysphagia
Speech/language therapy for voice/speech
Protein- or calorie-enriched diet
Psychosocial support

Cognitive training

Length of stay in GR, days; median (IQR)
Discharge destination, % ()

Own home

Nursing home/assisted living

Hospital

Other

Deceased during GR

Post-traumatic stress disorder at 6 weeks and/or 6 months after GR discharge, % ()

7 (%) available Value

719 (99.4)
723 (100)
723 (100)

75.49 (9.91)
379 (52.4)

293 (40.6)

52 (7.2)

10.94 (5.40)
0.52 (0.32)

3.0 (2.0-4.0)
283 (39.1)

149 (20.6)

58 (8.0)

6.0 (5.0-7.0)

51 (7.1)

129 (17.8)

313 (43.3)

3.0 (2.0-4.0)
653 (90.3)

23.0 (13.0-46.5)
240 (33.2)

23.0 (11.0-43.0)

714 (98.8)
471 (65.1)
490 (67.8)

493 (68.2)

634 (87.7)
720 (99.6)
645 (89.2)
711 (98.3)
232 (32.1)
720 (99.6)
675 (93.4)
42 (5.8)
3(0.4)
670 (92.7)
289 (40.0)
595 (82.3)
496 (74.0)
408 (60.9)
467 (64.6)
421 (62.8)
273 (40.7)
126 (17.4)
93 (13.9)
61 (9.1)
437 (60.4)
170 (23.5)
82 (11.3)
701 (97.0) 26.0 (15.0-41.0)
703 (97.2)
544 (75.2)
103 (14.3)
30 (4.1)
15 (2.1)
11 (1.5)
541 (74.8) 59 (8.16)

daily functioning, a premorbid value was available, but not
for QoL. Therefore, we were able to add a linear spline
from premorbid to GR admission in the models for daily
functioning.

Subsequently, the effect of frailty at GR admission on
recovery in daily functioning and QoL was examined in
univariable models and in multivariable models adjusted
for age, sex, premorbid daily functioning, comorbidities
(Functional Comorbidity Index) [39], hospital length of

4

stay (days) and ICU stay (yes/no). All independent variables
were mean-centred to present the recovery trajectory in daily
functioning and QoL for a sample mean participant. In the
same way, the effect of premorbid frailty on trajectories of
daily functioning and QoL was examined in a sensitivity
analysis. In addition, we tested whether participants with
missing values in the independent variables, who had to be
excluded from complete case analysis, had similar recovery
trajectories as the included participants.
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Records in database N=793

Analysis cohort N=723

A European longitudinal cohort study

Excluded records

e Main reason for admission not COVID-19
(N=36)

e COVID-19 not confirmed by PCR or serology
(N=8)

e  Cognitive impairment (N=2)

e  Noinformed consent (N=1)

e Admission date not between September
2020 and October 2021 (N=4)

e  Empty record (N=10)

e  Withdraw of rehabilitation center (N=7)

e  Duplicates (N=2)

Model cohort
e Daily functioning models: N=388
e QoL models: N=330

Figure 1. Flowchart of study participants.

Outcomes were presented as parameter estimates (SE) for
the fixed and random effects of the mixed models. All models
were built using R version 4.2.2 and R function Imer for
linear mixed models from R package Ime4. The effect of
frailty is illustrated in graphs for three stages of frailty defined
as fit (CFS 1-3), pre-frail (CFS 4-5) and frail (CFS 6-9)
(40, 41].

Results

Participants

Participants were recruited from 59 rehabilitation facilities
in 10 European countries. Records for 793 participants were
created in the database. After the exclusion of participants
from rehabilitation centres that withdrew from study partic-
ipation (7 =7), duplicates (n = 2), empty records (7 = 10) and
participants who did not meet the inclusion criteria (7 = 51),
the cohort consisted of 723 participants (Figure 1).
Participants’ mean age was 75 years (SD 9.9), and most of
them had been admitted to the hospital prior to GR (2 = 653;
90.3%). While premorbid most participants were fit or

A\ 4

Records with missing values excluded from analysis:
ADL models

e  Admission and/or discharge date (N=22)

e  Barthel index for all time points (N=1)

e  Frailty score (N=214)

e  Premorbid Barthel index (N=8)

e  Functional comorbidity index (N=38)

e  Hospital length of stay (N=50)

e |CUstay (N=2)

QoL models
e  Admission and/or discharge date (N=22)
e  EQ-5D-5L value for all time points (N=166)
e  Frailty score (N=121)
e  Premorbid Barthel index (N=2)
e  Functional comorbidity index (N=35)
e  Hospital length of stay (N=45)
e |CUstay (N=2)

pre-frail (n =490, CFES 3.0, IQR 2.0-4.0), at GR admission
most participants were frail or pre-frail (z =493, median
CES 6.0, IQR 5.0-7.0). More than half of the partici-
pants received physiotherapy (88.9%), occupational therapy
(69.7%), and a protein- or calorie-enriched diet (65.3%)
during GR. The median length of stay in GR was 26.0 days
(IQR 15.0-41.0) (Table 1). The available numbers of daily
functioning and QoL scores for each timepoint are presented
in Appendix II.

Data of respectively 388 and 330 participants were com-
plete for all covariates and had outcome data for at least
one of the timepoints and could be included in the lin-
ear mixed models (Figure 1). There were no clinically rel-
evant differences between the recovery trajectories for par-
ticipants included and excluded from the models for daily
functioning.

Daily functioning over time

The best fitting unadjusted model for the recovery trajectory
of daily functioning showed that BI decreased during acute
COVID infection from 17.41 before GR admission to 11.31

5
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Table 2. Linear mixed models for change in daily functioning over time (unconditional model) and effect of frailty

(univariable and multivariable models) (7 = 388)

Univariable model Multivariable model*

Unadjusted model
Estimate (SE)

Fixed effects

At admission (intercept)

Daily functioning (Barthel Index; range 0-20) 11.31 (0.81)

Frailty (Clinical Frailty Scale; range 1-9) N/A N/A

Change before admission (slope)

Change per week —3.05 (0.11)

Change after admission (slope)

Per month: linear component 2.51(0.15)

Per frailty score: linear component N/A N/A

Per month: quadratic component —0.26 (0.02)

Per frailty score: quadratic component N/A N/A

P-value

<0.001

<0.001

<0.001

<0.001

Estimate (SE) P-value Estimate (SE) P-value
11.51 (0.46) <0.001 11.64 (0.31) <0.001
—1.50 (0.13) <0.001 —0.90 (0.11) <0.001
—3.08 (0.11) <0.001 —3.10 (1.06) <0.001
2.58 (0.15) <0.001 2.73 (0.14) <0.001
—0.13 (0.09) 0.170 —0.17 (0.09) 0.075

—0.28 (0.02) <0.001 —0.30 (0.02) <0.001
0.03 (0.01) 0.019 0.04 (0.01) 0.007

Variance (SD)

Variance (SD) Variance (SD)

Random effects
At admission (intercept)

Between persons variance 8.13 (2.85)
Between countries variance 6.00 (2.45)
After admission (slope of change)

Between persons variance 0.03 (0.19)
Between countries variance 0.07 (0.26)
Residual 10.64 (3.26)

5.40 (2.32) 1.50 (1.23)
1.72 (1.31) 0.70 (0.84)
0.04 (0.20) 0.05 (0.22)
0.05 (0.22) 0.01 (0.10)
10.52 (3.24) 9.98 (3.16)

N/A, not available. *Adjusted for age, sex, premorbid BI, Functional Comorbidity Index, hospital length of stay and ICU stay.

BI (SE 0.81, P < 0.001; Table 2) at GR admission. After
GR admission, the largest increase in BI was seen within the
first 3 months: BI first steeply increased with 2.51 (SE 0.18,
P <0.001) points BI per month and stabilised (quadratic
slope: —0.26 BI per month squared, SE 0.02, P <0.001)
around 17.0 (Figure 2A). This best fitting model contained
random intercepts and slopes for participants and countries.

The multivariate model showed that BI for daily function-
ing at GR admission was significantly lower for participants
who were frailer at GR admission, estimated as 0.90 (SE
0.11, P < 0.001) points lower BI for each point that CFS is
higher (Table 2). Frailty at GR admission had little effect on
the rate of recovery in daily functioning (linear slope: —0.17
points BI per point CES per month, SE 0.09, P =0.075;
quadratic slope 0.04 points BI per point CFS per month
squared, SE 0.01, P =0.007). Figure 2B shows that the
recovery trajectories of daily functioning for participants of
different frailty stages were almost parallel to each other.

Sensitivity analysis showed that premorbid frailty had a
stronger association with the rate of recovery in daily func-
tioning compared to frailty at GR admission. Participants
who were frail premorbid (CFS 6-9, # =49) recovered more
slowly, leading to only partial recovery in daily functioning
(Appendix III: Table 5, Figure 3A).

Quality of life over time

The best fitting unadjusted model for the recovery trajectory
of QoL showed that the largest increase was seen within
the first 2 months: The EQ-5D-5L value also first steeply
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increased from 0.569 (SE 0.047, P < 0.001; Table 3) at GR
admission with 0.126 (SE 0.008, P <0.001) per month,
after which it stabilised (quadratic slope: —0.014 points EQ-
5D-5L per month squared, SE 0.001, P < 0.001) around
0.8 (Figure 2C). This best fitting model contained random
intercepts for participants and countries and a random slope
for participants.

The multivariate model found that EQ-5D-5L values for
QoL at GR admission were much lower for participants
who were frailer at GR admission, estimated as 0.07 (SE
0.01, P <0.001) points lower EQ-5D-5L for each point
that CFS is higher (Table 3). Frailty at GR admission was
also associated with the rate of recovery in daily functioning.
EQ-5D-5L values increased steeper for frailer participants
(linear slope 0.02 higher EQ-5D-5L value per point CES per
month, SE 0.01, P < 0.001; quadratic slope <—0.00 lower
EQ-5D-5L value per point CFS per month squared, SE
0.00, P =0.033). Figure 2D shows that within some months
this led to almost equal EQ-5D-5L values for frail, pre-frail
and fit participants.

Sensitivity analysis showed that the association between
premorbid frailty and the rate of recovery in QoL was
similar to the association for frailty at GR admission: the

rate of recovery in QoL was higher for frailer participants
(Appendix III: Table 6, Figure 3B).

Discussion

This study showed that European patients admitted to GR
following COVID-19 recovered in daily functioning almost
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Figure 2. A, Unconditional trajectory of daily functioning (n = 388). B, Trajectory of daily functioning for fit (z = 34), pre-frail
(7 =102) and frail (= =252) participants at GR admission (7 = 388). C, Unconditional trajectory of quality of life (z =330). D,
Trajectory of quality of life for fit (# = 33), pre-frail (n = 95) and frail (n = 202) participants at GR admission (7 = 330).

up to their premorbid status. Their QoL also substantially
increased. The largest increases in QoL and daily functioning
were observed within the first 2 or 3 months after GR
admission. A large proportion of geriatric post-COVID-
19 patients were frail ac GR admission. These frail patients
recovered in daily functioning approximately as fast as more
fit patients. Although QoL was lower at admission for
patients who were frail (either at GR admission or prior
to the infection), their recovery went faster compared to
fitter patients, leading to equal levels of QoL after a couple
of months.

This study was performed during a period when health-
care systems were severely strained, and this likely reduced
the quality of rehabilitation care. Patients were sometimes

discharged early from the hospital [42]. Consequently, pos-
sibly patients were frailer than usual at GR admission. There-
fore, the observed recovery may be an underestimation of the
potential recovery of post-COVID-19 patients. Moreover,
post-COVID-19 GR patients in our cohort (mean age 75,
SD 9.9) tend to be a little younger than pre-pandemic GR
patients (mostly patients recovering from stroke, complex
conditions, hip fracture or repeated falls), who have a mean
age of 80 (SD 4.3) [43].

Literature about older COVID-19 patients who did not
receive rehabilitation care after hospitalisation shows that the
majority of them did not fully recover. In a French and in
a Spanish cohort, one-third had a lower functional status
at 3 months after hospitalisation than they had at hospital
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Table 3. Linear mixed models for change in quality of life over time (unconditional model) and effect of frailty (univariable

and multivariable models (7 = 330))

Unadjusted model

Univariable model Multivariable model*

Estimate (SE) P-value
Fixed effects
At admission (intercept)
Quality of life (EQ-5D-5L; range 0-1) 0.569 (0.047) <0.001

Frailty (Clinical Frailty Score; range 1-9) N/A N/A
Change after admission (slope)

Per month: linear component 0.126 (0.008) <0.001
Per frailty score: linear component N/A N/A
Per month: quadratic component —0.014 (0.001) <0.001
Per frailty score: quadratic component N/A N/A

Estimate (SE) P-value Estimate (SE) P-value
0.566 (0.037) <0.001 0.587 (0.031) <0.001
—0.098 (0.01) <0.001 —0.075 (0.010) <0.001
0.125 (0.008) <0.001 0.124 (0.008) <0.001
0.027 (0.006) <0.001 0.023 (0.007) <0.001
—0.014 (0.001) <0.001 —0.014 (0.001) <0.001
—0.003 (0.001) 0.006 —0.002 (0.001) 0.033

Variance (SD)

Variance (SD) Variance (SD)

Random effects

At admission (intercept)
Between persons variance 0.035 (0.187)
Between countries variance 0.018 (0.132)
After admission (slope of change)

Between persons variance

Residual

0.001 (0.032)
0.030 (0.172)

0.026 (0.160)
0.011 (0.103)

0.022 (0.148)
0.007 (0.082)

0.001 (0.029)
0.029 (0.171)

0.001 (0.025)
0.029 (0.170)

N/A, not available. *Adjusted for age, sex, premorbid BI, Functional Comorbidity Index, hospital length of stay and ICU stay.

admission [44, 45]. Moreover, the majority experienced cog-
nitive decline, depressive symptoms, required readmission
or died [44]; or experienced fatigue, frailty or died [45].
Two-thirds of the older post-COVID-19 patients in a Nor-
wegian cohort reported a decline in any of the EQ-5D-5L
dimensions from their premorbid situation to 6 months after
hospital discharge [46]. Frailty, either measured premorbid
or at hospital admission, has been shown to be associated
with mortality in hospitalised older people with COVID-19
(41, 47, 48].

The present study found that for patients who were
admitted to GR, frailty at admission was not distinctive for
recovery. Even patients who were frail premorbid partially
recovered, though less completely so (Appendix III). These
findings support inclusivity when selecting patients for GR.
Guidelines are ambiguous about the use of frailty as a
selection criterion for GR after COVID-19. For example,
according to guidance by the EuGMS, a geriatric needs
assessment, which includes frailty, should be used in the
referral decision [10]. Guidelines developed by the World
Health Organisation do not mention frailty as a criterion
for GR referral [49]. Instead, these guidelines describe that
rehabilitation programmes should be individualised based on
functional limitations [49].

This study has a number of strengths. First, to our knowl-
edge, this is the only study on COVID-19 rehabilitation
with a follow-up time of >6 months. Second, patients were
recruited from 59 rehabilitation facilities in 10 European
countries. However, in the Czech Republic, Italy, Israel and
Malta, only one care facility participated, which may reduce
the generalisability of our results in these countries. Third,
this study specifically focussed on GR. Little research has
been done on COVID-19 in this field.

8

A limitation of this study is the lack of more detailed out-
come measures, such as instrumental ADL (IADL), because
only regular care data were collected. Second, few partici-
pants were fit at GR admission (7 = 51), and few participants
were frail prior to the SARS-COV-2 infection (n =58).
Therefore, our results are not very precise for these patient
groups. However, this is unlikely to pose large threat to the
generalisability of our findings to the GR population, as GR
patients are often selected based on their potential to benefit
from GR, leading to relatively small numbers of premorbid
frail or at admission very fit patients. Third, a large number
of participants had to be excluded from the linear mixed
models due to missing values. However, it is unlikely that this
biassed our results. Mixed models handle missing outcome
data well under the assumption it is missing at random,
and the recovery trajectories of the excluded and included
participants were similar. Fourth, due to the wide practice
variation, it is unclear whether our results apply to all GR
care settings and what optimal GR care constitutes.

In conclusion, this study found that patients admitted to
GR following COVID-19 substantially recover in terms of
daily functioning and QoL. Even patients who were frail at
GR admission substantially recovered, which suggests that
post-COVID-19 patients of all stages of frailty have the
potential to benefit from GR care and that frailty after acute
illness should not be used as a criterion to decline patients
access to rehabilitation. However, more research is needed to
quantify the association between premorbid frailty and reha-
bilitation potential. To make statements about what optimal
GR care for post-COVID-19 patients constitutes, differ-
ences between countries in GR care organisation, patient
selection and recovery trajectories should be explored. Bar-
ring a deterioration in the current global situation regarding
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COVID-19, opportunities to conduct similar large-scale
research in this context are unlikely to arise. The work
presented here may be extrapolated to other contexts and
acute conditions with similar clinical trajectories to bring our
understanding forward of where GR may add value.

Supplementary Data: Supplementary data mentioned in
the text are available to subscribers in Age and Ageing online.

Acknowledgements: The Covid-19 Outcomes in Older
People (COOP) consortium is a national collaboration
in the Netherlands between stakeholders from different
care settings (hospitals, primary care practices and nursing
homes) and a Seniors Advisory Board (Ouderenraad).
We would like to acknowledge researchers in the COOP
consortium and the Seniors Advisory Board (Ouderenraad)
for their helpful feedback on our outcome measures and
preliminary results.

Declaration of Conflicts of Interest: None.

Declaration of Sources of Funding: This study was
partly funded by the Leiden University Fund (Leiden
Empowerment Fund, grant number LEF2106-2-47). This
work was supported by Zorg Onderzock Nederland en
Medische Wetenschappen (ZonMw), first, to the COVID-
19 Outcomes in Older People (COOP) study (project num-
ber 10430102110005) under the COVID-19 programme,
and second, to the University Network of the Care sector
South-Holland (UNC-ZH) (grant number 640001003).
Adam Gordon is part funded by the UK National Institute
of Health Research Academic Research Collaboration-East
Midlands (ARC-EM) and is an NIHR Senior Investigator.
The views expressed are those of the author(s) and not
necessarily those of the NIHR or the UK Department of
Health and Social Care. The funders had no role in the
study design; in the collection, analysis and interpretation of
the data; in the writing of the report; and in the decision to
submit the article for publication

References

1. Comas A, Zalakain ], Lemmon E e 2l. Mortality Associated
with COVID-19 in Care Homes: International Evidence.
LTCcovid.org: INTERNATIONAL LONG TERM CARE
POLICY NETWORK, 2020; https://ltccovid.org/wp-conte
nt/uploads/2021/02/LTC_COVID_19_international_repo
rt_January- 1-February-1-2.pdf.

2. WHO. Infection prevention and control guidance for
long-term care facilities in the context of COVID-19 update.
Geneva: World Health Organization; 2021. https://www.
who.int/publications/i/item/WHO-2019-nCoV-IPC_long
term_care-2021.1 (Accessed: 2023, May 16).

3. Guan W, Ni Z, Hu Y ez 4/. Clinical characteristics of coro-
navirus disease 2019 in China. N Engl ] Med 2020; 382:
1708-20.

4. O’Diriscoll M, Dos Santos GR, Wang L ez al. Age-specific
mortality and immunity patterns of SARS-CoV-2. Nature
2020; 590: 140-5.

10.

11.

12.

13.

14.

15.

16.

17.

18.

19.

20.

21.

A European longitudinal cohort study

. Verity R, Okell LC, Dorigatti I. Estimates of the severity

of coronavirus disease 2019: a model-based analysis. Lancet
Infect Dis 2020; 20: E116-6.

. Morrow-Howell N, Galucia N, Swinford E. Recovering from

the COVID-19 pandemic: a focus on older adults. ] Aging
Soc Policy 2020; 32: 526-35.

. Grund S, Caljouw MAA, Haaksma ML ez al. Pan-European

study on functional and medical recovery and geriatric reha-
bilitation services of post-COVID-19 patients: protocol of the
EU-COGER study. J Nutr Health Aging 2021; 25: 668-74.

. Grabowski DC, Joynt MK, E. Postacute care preparedness for

COVID-19: thinking ahead. JAMA 2020; 323: 2007-8.

. Ceravolo MG, Arienti C, de Sire A et al. Rehabilitation and

COVID-19: the Cochrane rehabilitation 2020 rapid living
systematic review. Eur ] Phys Rehabil Med 2020; 56: 642-51.
van Haastregt JCM, Everink IH], Schols JMGA et al. Man-
agement of post-acute COVID-19 patients in geriatric reha-
bilitation: EuGMS guidance. Eur Geriatr Med 2022; 13:
291-304.

Grund S, Gordon AL, van Balen R ¢z 2/ European con-
sensus on core principles and future priorities for geriatric
rehabilitation: consensus statement. Eur Geriatr Med 2020;
11: 233-8.

Grund S, Gordon AL, Bauer JM, Achterberg WP, Schols
JMGA. The COVID rehabilitation paradox: why we need to
protect and develop geriatric rehabilitation services in the face
of the pandemic COMMENT. Age Ageing 2021; 50: 605-7.
Grund S, Gordon AL, Bauer JM, Achterberg WP, Schols
JMGA. COVID-19 pandemic and consecutive changes in
geriatric rehabilitation structures and processes - a deeper
attempt to explain the COVID rehabilitation paradox (lessons
to learn to ensure high quality of care in GR services). ] Nutr
Health Aging 2022; 26: 64-0.

Berentschot JC, Heijenbrok-Kal MH, Bek LM et a/. Physical
recovery across care pathways up to 12 months after hospital-
ization for COVID-19: a multicenter prospective cohort study
(CO-FLOW). Lancet Reg Health Eur 2022; 22: 100485.
Fugazzaro S, Contri A, Esseroukh O ez al. Rehabilitation inter-
ventions for post-acute COVID-19 syndrome: a systematic
review. Int ] Environ Res Public Health 2022; 19: 1-24.
Soril LJJ, Damant RW, Lam GY et 4l The effectiveness of
pulmonary rehabilitation for post-COVID symptoms: a rapid
review of the literature. Respir Med 2022; 195: 106782.
Piquet V, Luczak C, Seiler F ez al. Do patients with COVID-
19 benefit from rehabilitation? Functional outcomes of the
first 100 patients in a COVID-19 rehabilitation unit. Arch
Phys Med Rehabil 2021; 102: 1067-74.

Ramos JGR, Laporte LR, de Souza FR, de Andrade LF.
Functional outcomes of severe COVID-19 patients after a
post-acute care hospitalization. ] Am Med Dir Assoc 2021;
22: 2265-6.

de Groot AJ, Wattel EM, van Dam CS, van Balen R, van der
Wouden JC, Hertogh CMPM. Referral to geriatric rehabilita-
tion: a scoping review of triage factors in acutely hospitalised
older patients. Age Ageing 2022; 51: 1-12.

Kolk D, Melis RJF, MacNeil-Vroomen JL, Buurman BM,
Hospital ADL, s. g. Physical resilience in daily functioning
among acutely ill hospitalized older adults: the Hospital-ADL
study. ] Am Med Dir Assoc 2022; 23: 903.e1-12.

Kojima G. Frailty as a predictor of disabilities among
community-dwelling older people: a systematic review and
meta-analysis. Disabil Rehabil 2017; 39: 1897-908.

Gz0z aunp gz uo 1sanb Aq | 18799/ /¥808.le/S/cS/aonle/Buisbe/woo dno olwapese//:sdiy Woll papeojumoc]


https://academic.oup.com/ageing/article-lookup/doi/10.1093/ageing/afae084#supplementary-data
https://ltccovid.org/wp-content/uploads/2021/02/LTC_COVID_19_international_report_January-1-February-1-2.pdf
https://ltccovid.org/wp-content/uploads/2021/02/LTC_COVID_19_international_report_January-1-February-1-2.pdf
https://ltccovid.org/wp-content/uploads/2021/02/LTC_COVID_19_international_report_January-1-February-1-2.pdf
https://ltccovid.org/wp-content/uploads/2021/02/LTC_COVID_19_international_report_January-1-February-1-2.pdf
https://ltccovid.org/wp-content/uploads/2021/02/LTC_COVID_19_international_report_January-1-February-1-2.pdf
https://ltccovid.org/wp-content/uploads/2021/02/LTC_COVID_19_international_report_January-1-February-1-2.pdf
https://ltccovid.org/wp-content/uploads/2021/02/LTC_COVID_19_international_report_January-1-February-1-2.pdf
https://ltccovid.org/wp-content/uploads/2021/02/LTC_COVID_19_international_report_January-1-February-1-2.pdf
https://ltccovid.org/wp-content/uploads/2021/02/LTC_COVID_19_international_report_January-1-February-1-2.pdf
https://ltccovid.org/wp-content/uploads/2021/02/LTC_COVID_19_international_report_January-1-February-1-2.pdf
https://ltccovid.org/wp-content/uploads/2021/02/LTC_COVID_19_international_report_January-1-February-1-2.pdf
https://ltccovid.org/wp-content/uploads/2021/02/LTC_COVID_19_international_report_January-1-February-1-2.pdf
https://ltccovid.org/wp-content/uploads/2021/02/LTC_COVID_19_international_report_January-1-February-1-2.pdf
https://ltccovid.org/wp-content/uploads/2021/02/LTC_COVID_19_international_report_January-1-February-1-2.pdf
https://ltccovid.org/wp-content/uploads/2021/02/LTC_COVID_19_international_report_January-1-February-1-2.pdf
https://ltccovid.org/wp-content/uploads/2021/02/LTC_COVID_19_international_report_January-1-February-1-2.pdf
https://ltccovid.org/wp-content/uploads/2021/02/LTC_COVID_19_international_report_January-1-February-1-2.pdf
https://ltccovid.org/wp-content/uploads/2021/02/LTC_COVID_19_international_report_January-1-February-1-2.pdf
https://ltccovid.org/wp-content/uploads/2021/02/LTC_COVID_19_international_report_January-1-February-1-2.pdf
https://ltccovid.org/wp-content/uploads/2021/02/LTC_COVID_19_international_report_January-1-February-1-2.pdf
https://ltccovid.org/wp-content/uploads/2021/02/LTC_COVID_19_international_report_January-1-February-1-2.pdf
https://ltccovid.org/wp-content/uploads/2021/02/LTC_COVID_19_international_report_January-1-February-1-2.pdf
https://ltccovid.org/wp-content/uploads/2021/02/LTC_COVID_19_international_report_January-1-February-1-2.pdf
https://ltccovid.org/wp-content/uploads/2021/02/LTC_COVID_19_international_report_January-1-February-1-2.pdf
https://ltccovid.org/wp-content/uploads/2021/02/LTC_COVID_19_international_report_January-1-February-1-2.pdf
https://ltccovid.org/wp-content/uploads/2021/02/LTC_COVID_19_international_report_January-1-February-1-2.pdf
https://ltccovid.org/wp-content/uploads/2021/02/LTC_COVID_19_international_report_January-1-February-1-2.pdf
https://ltccovid.org/wp-content/uploads/2021/02/LTC_COVID_19_international_report_January-1-February-1-2.pdf
https://ltccovid.org/wp-content/uploads/2021/02/LTC_COVID_19_international_report_January-1-February-1-2.pdf
https://ltccovid.org/wp-content/uploads/2021/02/LTC_COVID_19_international_report_January-1-February-1-2.pdf
https://www.who.int/publications/i/item/WHO-2019-nCoV-IPC_long_term_care-2021.1
https://www.who.int/publications/i/item/WHO-2019-nCoV-IPC_long_term_care-2021.1
https://www.who.int/publications/i/item/WHO-2019-nCoV-IPC_long_term_care-2021.1
https://www.who.int/publications/i/item/WHO-2019-nCoV-IPC_long_term_care-2021.1
https://www.who.int/publications/i/item/WHO-2019-nCoV-IPC_long_term_care-2021.1
https://www.who.int/publications/i/item/WHO-2019-nCoV-IPC_long_term_care-2021.1
https://www.who.int/publications/i/item/WHO-2019-nCoV-IPC_long_term_care-2021.1
https://www.who.int/publications/i/item/WHO-2019-nCoV-IPC_long_term_care-2021.1
https://www.who.int/publications/i/item/WHO-2019-nCoV-IPC_long_term_care-2021.1
https://www.who.int/publications/i/item/WHO-2019-nCoV-IPC_long_term_care-2021.1
https://www.who.int/publications/i/item/WHO-2019-nCoV-IPC_long_term_care-2021.1
https://www.who.int/publications/i/item/WHO-2019-nCoV-IPC_long_term_care-2021.1
https://www.who.int/publications/i/item/WHO-2019-nCoV-IPC_long_term_care-2021.1
https://www.who.int/publications/i/item/WHO-2019-nCoV-IPC_long_term_care-2021.1
https://www.who.int/publications/i/item/WHO-2019-nCoV-IPC_long_term_care-2021.1
https://www.who.int/publications/i/item/WHO-2019-nCoV-IPC_long_term_care-2021.1
https://www.who.int/publications/i/item/WHO-2019-nCoV-IPC_long_term_care-2021.1
https://www.who.int/publications/i/item/WHO-2019-nCoV-IPC_long_term_care-2021.1
https://www.who.int/publications/i/item/WHO-2019-nCoV-IPC_long_term_care-2021.1
https://www.who.int/publications/i/item/WHO-2019-nCoV-IPC_long_term_care-2021.1
https://www.who.int/publications/i/item/WHO-2019-nCoV-IPC_long_term_care-2021.1

L.S.van Tol et al.

22.

23.
24.

25.
26.

27.

28.

29.

30.

31.

32.

33.

34.

35.

36.

37.

38.

39.

Kojima G, Iliffe S, Jivraj S, Walters K. Association between
frailty and quality of life among community-dwelling older
people: a systematic review and meta-analysis. ] Epidemiol
Community Health 2016; 70: 716-21.

Castor. 2023 hteps://www.castoredc.com/ Accessed: 2020.
Haaksma ML, Gordon AL, van Isselt EFV ez a2/ How to
conduct international geriatric rehabilitation research? J Clin
Med 2023; 12: 1-7.

Mahoney FI, Barthel DW. Functional evaluation: the Barthel
index. Md State Med ] 1965; 14: 61-5.

Nyein K, McMichael L, Turner-Stokes L. Can a Barthel score
be derived from the FIM? Clin Rehabil 1999; 13: 56-63.
Barthel Index uit USER 1.3-1.5 Word. Utrecht: Kenniscen-
trum Revalidatiegeneeskunde. https://www.kcrutrecht.nl/pro
ducten/user/ (Accessed: 2021, Jan. 13).

EuroQol. EQ-5D-5L | About. Rotterdam: EUROQOL.
https://euroqol.org/eq-5d-instruments/eq-5d-51-about/
(Accessed: 2020, Dec. 22).

Devlin NJ, Shah KK, Feng Y, Mulhern B, van Hout B.
Valuing health-related quality of life: an EQ-5D-5L value set
for England. Health Econ 2018; 27: 7-22.

Ludwig K, Graf von der Schulenburg JM, Greiner W. Ger-
man value set for the EQ-5D-5L. Pharmacoeconomics 2018;
36: 663-74.

Hobbins A, Barry L, Kelleher D et a/. Utility values for health
states in Ireland: a value set for the EQ-5D-5L. Pharmacoeco-
nomics 2018; 36: 1345-53.

Ramos-Goni JM, Craig BM, Oppe M ez al. Handling data
quality issues to estimate the Spanish EQ-5D-5L value set
using a hybrid interval regression approach. Value Health
2018; 21: 596-604.

Versteegh MM, Vermeulen KM, Evers SMAA, de Wit GA,
Prenger R, Stolk EA. Dutch tariff for the five-level version of
EQ-5D. Value Health 2016; 19: 343-52.

Finch AP, Meregaglia M, Ciani O, Roudijk B, Jommi C.
An EQ-5D-5L value set for Italy using videoconferencing
interviews and feasibility of a new mode of administration.
Soc Sci Med 2022; 292: 114519.

Golicki D, Jakubczyk M, Graczyk K, Niewada M. Valuation
of EQ-5D-5L health states in Poland: the first EQ-VT-based
study in central and Eastern Europe. Pharmacoeconomics
2019; 37: 1165-76.

Rockwood K, Song X, MacKnight C et al. A global clinical
measure of fitness and frailty in elderly people. Gerontologist
2005; 173: 489-386.

Box MJ. A new method of constrained optimization and a
comparison with other methods. Comput J 1965; 8: 42-52.
Singer JD, John B. Applied longitudinal data analysis: mod-
eling change and event occurrence. New York: Oxford Aca-
demic, online edn, 1 Sept. 2009; 2003. 10.1093/acprof:o
$0/9780195152968.001.0001.

Groll DL, To T, Bombardier C, Wright JG. The development
of a comorbidity index with physical function as the outcome.
J Clin Epidemiol 2005; 58: 595-602.

40.

41.

42.

43.

44.

45.

46.

47.

48.

49.

Federatie Medisch ~ Specialisten. LEIDRAAD  Triage
thuisbehandeling versus verwijzen naar het ziekenhuis
bij oudere patiént met (verdenking op) COVID-19
[GUIDELINE Triage home treatment versus referral to
hospital for older patients with (suspected) COVID-19].
Utrecht: Federatie Medisch Specialisten; vol. 7, 2021. https://
demedischspecialist.nl/sites/default/files/Leidraad %20tria
ge%20thuisbehandeling%20versus%20verwijzen%20oude
1e%20pati%C3%ABnt%20met%20verdenking%20COVI
D-19.pdf (accessed 25 July 2023).

Sablerolles RSG, Lafeber M, van Kempen JAL ez al. Associa-
tion between clinical frailty scale score and hospital mortality
in adult patients with COVID-19 (COMET): an interna-
tional, multicentre, retrospective, observational cohort study.
Lancet Health Longev 2021; 2: €163-70.

Demeco A, Marotta N, Barletta M et 2/, Rehabilitation of
patients post-COVID-19 infection: a literature review. ] Int
Med Res 2020; 48: 030006052094838.

Grund S, van Wijngaarden JP, Gordon AL, Schols J, Bauer
JM. EuGMS survey on structures of geriatric rehabilitation
across Europe. Eur Geriatr Med 2020; 11: 217-32.
Carrillo-Garcia P, Garmendia-Prieto B, Cristofori G ez al.
Health status in survivors older than 70 years after hospital-
ization with COVID-19: observational follow-up study at 3
months. Eur Geriatr Med 2021; 12: 1091—4.

Prampart S, Le Gentil S, Bureau ML ez /. Functional decline,
long term symptoms and course of frailty at 3-months follow-
up in COVID-19 older survivors, a prospective observational
cohort study. BMC Geriatr 2022; 22: 542.

Walle-Hansen MM, Ranhoff AH, Mellingsaeter M, Wang-
Hansen MS, Myrstad M. Health-related quality of life, func-
tional decline, and long-term mortality in older patients
following hospitalisation due to COVID-19. BMC Geriatr
2021; 21: 199.

Kastora S, Kounidas G, Perrott S, Carter B, Hewitt J, Myint
PK. Clinical frailty scale as a point of care prognostic indicator
of mortality in COVID-19: a systematic review and meta-
analysis. EClinicalMedicine 2021; 36: 100896.

Blomaard LC, van der Linden CM]J, van der Bol JM et al.
Frailty is associated with in-hospital mortality in older hospi-
talised COVID-19 patients in the Netherlands: the COVID-
OLD study. Age Ageing 2021; 50: 631-40.

World Health Organization. Clinical management of
COVID-19: living guideline. Geneva: World Health
Organization; 2023 . https://www.who.int/publications/i/i
tem/WHO-2019-nCoV-clinical-2023.2  (accessed 5 July
2023).

Received 8 November 2023; editorial decision 13 February
2024

Gz0z aunp gz uo 1sanb Aq | 18799/ /¥808.le/S/cS/aonle/Buisbe/woo dno olwapese//:sdiy Woll papeojumoc]


https://www.castoredc.com/
https://www.castoredc.com/
https://www.castoredc.com/
https://www.castoredc.com/
https://www.castoredc.com/
https://www.castoredc.com/
https://www.castoredc.com/
https://www.castoredc.com/
https://www.kcrutrecht.nl/producten/user/
https://www.kcrutrecht.nl/producten/user/
https://www.kcrutrecht.nl/producten/user/
https://www.kcrutrecht.nl/producten/user/
https://www.kcrutrecht.nl/producten/user/
https://www.kcrutrecht.nl/producten/user/
https://www.kcrutrecht.nl/producten/user/
https://www.kcrutrecht.nl/producten/user/
https://www.kcrutrecht.nl/producten/user/
https://www.kcrutrecht.nl/producten/user/
https://www.kcrutrecht.nl/producten/user/
https://www.kcrutrecht.nl/producten/user/
https://euroqol.org/eq-5d-instruments/eq-5d-5l-about/
https://euroqol.org/eq-5d-instruments/eq-5d-5l-about/
https://euroqol.org/eq-5d-instruments/eq-5d-5l-about/
https://euroqol.org/eq-5d-instruments/eq-5d-5l-about/
https://euroqol.org/eq-5d-instruments/eq-5d-5l-about/
https://euroqol.org/eq-5d-instruments/eq-5d-5l-about/
https://euroqol.org/eq-5d-instruments/eq-5d-5l-about/
https://euroqol.org/eq-5d-instruments/eq-5d-5l-about/
https://euroqol.org/eq-5d-instruments/eq-5d-5l-about/
https://euroqol.org/eq-5d-instruments/eq-5d-5l-about/
https://euroqol.org/eq-5d-instruments/eq-5d-5l-about/
https://euroqol.org/eq-5d-instruments/eq-5d-5l-about/
https://euroqol.org/eq-5d-instruments/eq-5d-5l-about/
https://euroqol.org/eq-5d-instruments/eq-5d-5l-about/
https://euroqol.org/eq-5d-instruments/eq-5d-5l-about/
10.1093/acprof:oso/9780195152968.001.0001
10.1093/acprof:oso/9780195152968.001.0001
10.1093/acprof:oso/9780195152968.001.0001
10.1093/acprof:oso/9780195152968.001.0001
https://demedischspecialist.nl/sites/default/files/Leidraad%20triage%20thuisbehandeling%20versus%20verwijzen%20oudere%20pati%C3%ABnt%20met%20verdenking%20COVID-19.pdf
https://demedischspecialist.nl/sites/default/files/Leidraad%20triage%20thuisbehandeling%20versus%20verwijzen%20oudere%20pati%C3%ABnt%20met%20verdenking%20COVID-19.pdf
https://demedischspecialist.nl/sites/default/files/Leidraad%20triage%20thuisbehandeling%20versus%20verwijzen%20oudere%20pati%C3%ABnt%20met%20verdenking%20COVID-19.pdf
https://demedischspecialist.nl/sites/default/files/Leidraad%20triage%20thuisbehandeling%20versus%20verwijzen%20oudere%20pati%C3%ABnt%20met%20verdenking%20COVID-19.pdf
https://demedischspecialist.nl/sites/default/files/Leidraad%20triage%20thuisbehandeling%20versus%20verwijzen%20oudere%20pati%C3%ABnt%20met%20verdenking%20COVID-19.pdf
https://demedischspecialist.nl/sites/default/files/Leidraad%20triage%20thuisbehandeling%20versus%20verwijzen%20oudere%20pati%C3%ABnt%20met%20verdenking%20COVID-19.pdf
https://demedischspecialist.nl/sites/default/files/Leidraad%20triage%20thuisbehandeling%20versus%20verwijzen%20oudere%20pati%C3%ABnt%20met%20verdenking%20COVID-19.pdf
https://demedischspecialist.nl/sites/default/files/Leidraad%20triage%20thuisbehandeling%20versus%20verwijzen%20oudere%20pati%C3%ABnt%20met%20verdenking%20COVID-19.pdf
https://demedischspecialist.nl/sites/default/files/Leidraad%20triage%20thuisbehandeling%20versus%20verwijzen%20oudere%20pati%C3%ABnt%20met%20verdenking%20COVID-19.pdf
https://demedischspecialist.nl/sites/default/files/Leidraad%20triage%20thuisbehandeling%20versus%20verwijzen%20oudere%20pati%C3%ABnt%20met%20verdenking%20COVID-19.pdf
https://demedischspecialist.nl/sites/default/files/Leidraad%20triage%20thuisbehandeling%20versus%20verwijzen%20oudere%20pati%C3%ABnt%20met%20verdenking%20COVID-19.pdf
https://demedischspecialist.nl/sites/default/files/Leidraad%20triage%20thuisbehandeling%20versus%20verwijzen%20oudere%20pati%C3%ABnt%20met%20verdenking%20COVID-19.pdf
https://demedischspecialist.nl/sites/default/files/Leidraad%20triage%20thuisbehandeling%20versus%20verwijzen%20oudere%20pati%C3%ABnt%20met%20verdenking%20COVID-19.pdf
https://demedischspecialist.nl/sites/default/files/Leidraad%20triage%20thuisbehandeling%20versus%20verwijzen%20oudere%20pati%C3%ABnt%20met%20verdenking%20COVID-19.pdf
https://demedischspecialist.nl/sites/default/files/Leidraad%20triage%20thuisbehandeling%20versus%20verwijzen%20oudere%20pati%C3%ABnt%20met%20verdenking%20COVID-19.pdf
https://demedischspecialist.nl/sites/default/files/Leidraad%20triage%20thuisbehandeling%20versus%20verwijzen%20oudere%20pati%C3%ABnt%20met%20verdenking%20COVID-19.pdf
https://demedischspecialist.nl/sites/default/files/Leidraad%20triage%20thuisbehandeling%20versus%20verwijzen%20oudere%20pati%C3%ABnt%20met%20verdenking%20COVID-19.pdf
https://demedischspecialist.nl/sites/default/files/Leidraad%20triage%20thuisbehandeling%20versus%20verwijzen%20oudere%20pati%C3%ABnt%20met%20verdenking%20COVID-19.pdf
https://demedischspecialist.nl/sites/default/files/Leidraad%20triage%20thuisbehandeling%20versus%20verwijzen%20oudere%20pati%C3%ABnt%20met%20verdenking%20COVID-19.pdf
https://demedischspecialist.nl/sites/default/files/Leidraad%20triage%20thuisbehandeling%20versus%20verwijzen%20oudere%20pati%C3%ABnt%20met%20verdenking%20COVID-19.pdf
https://demedischspecialist.nl/sites/default/files/Leidraad%20triage%20thuisbehandeling%20versus%20verwijzen%20oudere%20pati%C3%ABnt%20met%20verdenking%20COVID-19.pdf
https://demedischspecialist.nl/sites/default/files/Leidraad%20triage%20thuisbehandeling%20versus%20verwijzen%20oudere%20pati%C3%ABnt%20met%20verdenking%20COVID-19.pdf
https://demedischspecialist.nl/sites/default/files/Leidraad%20triage%20thuisbehandeling%20versus%20verwijzen%20oudere%20pati%C3%ABnt%20met%20verdenking%20COVID-19.pdf
https://demedischspecialist.nl/sites/default/files/Leidraad%20triage%20thuisbehandeling%20versus%20verwijzen%20oudere%20pati%C3%ABnt%20met%20verdenking%20COVID-19.pdf
https://demedischspecialist.nl/sites/default/files/Leidraad%20triage%20thuisbehandeling%20versus%20verwijzen%20oudere%20pati%C3%ABnt%20met%20verdenking%20COVID-19.pdf
https://demedischspecialist.nl/sites/default/files/Leidraad%20triage%20thuisbehandeling%20versus%20verwijzen%20oudere%20pati%C3%ABnt%20met%20verdenking%20COVID-19.pdf
https://demedischspecialist.nl/sites/default/files/Leidraad%20triage%20thuisbehandeling%20versus%20verwijzen%20oudere%20pati%C3%ABnt%20met%20verdenking%20COVID-19.pdf
https://demedischspecialist.nl/sites/default/files/Leidraad%20triage%20thuisbehandeling%20versus%20verwijzen%20oudere%20pati%C3%ABnt%20met%20verdenking%20COVID-19.pdf
https://demedischspecialist.nl/sites/default/files/Leidraad%20triage%20thuisbehandeling%20versus%20verwijzen%20oudere%20pati%C3%ABnt%20met%20verdenking%20COVID-19.pdf
https://demedischspecialist.nl/sites/default/files/Leidraad%20triage%20thuisbehandeling%20versus%20verwijzen%20oudere%20pati%C3%ABnt%20met%20verdenking%20COVID-19.pdf
https://demedischspecialist.nl/sites/default/files/Leidraad%20triage%20thuisbehandeling%20versus%20verwijzen%20oudere%20pati%C3%ABnt%20met%20verdenking%20COVID-19.pdf
https://demedischspecialist.nl/sites/default/files/Leidraad%20triage%20thuisbehandeling%20versus%20verwijzen%20oudere%20pati%C3%ABnt%20met%20verdenking%20COVID-19.pdf
https://demedischspecialist.nl/sites/default/files/Leidraad%20triage%20thuisbehandeling%20versus%20verwijzen%20oudere%20pati%C3%ABnt%20met%20verdenking%20COVID-19.pdf
https://demedischspecialist.nl/sites/default/files/Leidraad%20triage%20thuisbehandeling%20versus%20verwijzen%20oudere%20pati%C3%ABnt%20met%20verdenking%20COVID-19.pdf
https://demedischspecialist.nl/sites/default/files/Leidraad%20triage%20thuisbehandeling%20versus%20verwijzen%20oudere%20pati%C3%ABnt%20met%20verdenking%20COVID-19.pdf
https://demedischspecialist.nl/sites/default/files/Leidraad%20triage%20thuisbehandeling%20versus%20verwijzen%20oudere%20pati%C3%ABnt%20met%20verdenking%20COVID-19.pdf
https://demedischspecialist.nl/sites/default/files/Leidraad%20triage%20thuisbehandeling%20versus%20verwijzen%20oudere%20pati%C3%ABnt%20met%20verdenking%20COVID-19.pdf
https://demedischspecialist.nl/sites/default/files/Leidraad%20triage%20thuisbehandeling%20versus%20verwijzen%20oudere%20pati%C3%ABnt%20met%20verdenking%20COVID-19.pdf
https://demedischspecialist.nl/sites/default/files/Leidraad%20triage%20thuisbehandeling%20versus%20verwijzen%20oudere%20pati%C3%ABnt%20met%20verdenking%20COVID-19.pdf
https://demedischspecialist.nl/sites/default/files/Leidraad%20triage%20thuisbehandeling%20versus%20verwijzen%20oudere%20pati%C3%ABnt%20met%20verdenking%20COVID-19.pdf
https://demedischspecialist.nl/sites/default/files/Leidraad%20triage%20thuisbehandeling%20versus%20verwijzen%20oudere%20pati%C3%ABnt%20met%20verdenking%20COVID-19.pdf
https://demedischspecialist.nl/sites/default/files/Leidraad%20triage%20thuisbehandeling%20versus%20verwijzen%20oudere%20pati%C3%ABnt%20met%20verdenking%20COVID-19.pdf
https://demedischspecialist.nl/sites/default/files/Leidraad%20triage%20thuisbehandeling%20versus%20verwijzen%20oudere%20pati%C3%ABnt%20met%20verdenking%20COVID-19.pdf
https://demedischspecialist.nl/sites/default/files/Leidraad%20triage%20thuisbehandeling%20versus%20verwijzen%20oudere%20pati%C3%ABnt%20met%20verdenking%20COVID-19.pdf
https://demedischspecialist.nl/sites/default/files/Leidraad%20triage%20thuisbehandeling%20versus%20verwijzen%20oudere%20pati%C3%ABnt%20met%20verdenking%20COVID-19.pdf
https://demedischspecialist.nl/sites/default/files/Leidraad%20triage%20thuisbehandeling%20versus%20verwijzen%20oudere%20pati%C3%ABnt%20met%20verdenking%20COVID-19.pdf
https://demedischspecialist.nl/sites/default/files/Leidraad%20triage%20thuisbehandeling%20versus%20verwijzen%20oudere%20pati%C3%ABnt%20met%20verdenking%20COVID-19.pdf
https://demedischspecialist.nl/sites/default/files/Leidraad%20triage%20thuisbehandeling%20versus%20verwijzen%20oudere%20pati%C3%ABnt%20met%20verdenking%20COVID-19.pdf
https://demedischspecialist.nl/sites/default/files/Leidraad%20triage%20thuisbehandeling%20versus%20verwijzen%20oudere%20pati%C3%ABnt%20met%20verdenking%20COVID-19.pdf
https://demedischspecialist.nl/sites/default/files/Leidraad%20triage%20thuisbehandeling%20versus%20verwijzen%20oudere%20pati%C3%ABnt%20met%20verdenking%20COVID-19.pdf
https://demedischspecialist.nl/sites/default/files/Leidraad%20triage%20thuisbehandeling%20versus%20verwijzen%20oudere%20pati%C3%ABnt%20met%20verdenking%20COVID-19.pdf
https://demedischspecialist.nl/sites/default/files/Leidraad%20triage%20thuisbehandeling%20versus%20verwijzen%20oudere%20pati%C3%ABnt%20met%20verdenking%20COVID-19.pdf
https://demedischspecialist.nl/sites/default/files/Leidraad%20triage%20thuisbehandeling%20versus%20verwijzen%20oudere%20pati%C3%ABnt%20met%20verdenking%20COVID-19.pdf
https://demedischspecialist.nl/sites/default/files/Leidraad%20triage%20thuisbehandeling%20versus%20verwijzen%20oudere%20pati%C3%ABnt%20met%20verdenking%20COVID-19.pdf
https://demedischspecialist.nl/sites/default/files/Leidraad%20triage%20thuisbehandeling%20versus%20verwijzen%20oudere%20pati%C3%ABnt%20met%20verdenking%20COVID-19.pdf
https://demedischspecialist.nl/sites/default/files/Leidraad%20triage%20thuisbehandeling%20versus%20verwijzen%20oudere%20pati%C3%ABnt%20met%20verdenking%20COVID-19.pdf
https://demedischspecialist.nl/sites/default/files/Leidraad%20triage%20thuisbehandeling%20versus%20verwijzen%20oudere%20pati%C3%ABnt%20met%20verdenking%20COVID-19.pdf
https://demedischspecialist.nl/sites/default/files/Leidraad%20triage%20thuisbehandeling%20versus%20verwijzen%20oudere%20pati%C3%ABnt%20met%20verdenking%20COVID-19.pdf
https://demedischspecialist.nl/sites/default/files/Leidraad%20triage%20thuisbehandeling%20versus%20verwijzen%20oudere%20pati%C3%ABnt%20met%20verdenking%20COVID-19.pdf
https://demedischspecialist.nl/sites/default/files/Leidraad%20triage%20thuisbehandeling%20versus%20verwijzen%20oudere%20pati%C3%ABnt%20met%20verdenking%20COVID-19.pdf
https://demedischspecialist.nl/sites/default/files/Leidraad%20triage%20thuisbehandeling%20versus%20verwijzen%20oudere%20pati%C3%ABnt%20met%20verdenking%20COVID-19.pdf
https://demedischspecialist.nl/sites/default/files/Leidraad%20triage%20thuisbehandeling%20versus%20verwijzen%20oudere%20pati%C3%ABnt%20met%20verdenking%20COVID-19.pdf
https://www.who.int/publications/i/item/WHO-2019-nCoV-clinical-2023.2
https://www.who.int/publications/i/item/WHO-2019-nCoV-clinical-2023.2
https://www.who.int/publications/i/item/WHO-2019-nCoV-clinical-2023.2
https://www.who.int/publications/i/item/WHO-2019-nCoV-clinical-2023.2
https://www.who.int/publications/i/item/WHO-2019-nCoV-clinical-2023.2
https://www.who.int/publications/i/item/WHO-2019-nCoV-clinical-2023.2
https://www.who.int/publications/i/item/WHO-2019-nCoV-clinical-2023.2
https://www.who.int/publications/i/item/WHO-2019-nCoV-clinical-2023.2
https://www.who.int/publications/i/item/WHO-2019-nCoV-clinical-2023.2
https://www.who.int/publications/i/item/WHO-2019-nCoV-clinical-2023.2
https://www.who.int/publications/i/item/WHO-2019-nCoV-clinical-2023.2
https://www.who.int/publications/i/item/WHO-2019-nCoV-clinical-2023.2
https://www.who.int/publications/i/item/WHO-2019-nCoV-clinical-2023.2
https://www.who.int/publications/i/item/WHO-2019-nCoV-clinical-2023.2
https://www.who.int/publications/i/item/WHO-2019-nCoV-clinical-2023.2
https://www.who.int/publications/i/item/WHO-2019-nCoV-clinical-2023.2
https://www.who.int/publications/i/item/WHO-2019-nCoV-clinical-2023.2
https://www.who.int/publications/i/item/WHO-2019-nCoV-clinical-2023.2

.

ID NOW"PLATFORM

KNOW FASTER SO YOU
CAN ACT QUICKER

NOW

Now, you can provide rapid molecular

respiratory testing for COVID-19,

influenza, RSV and strep A in any SETRSER] IMPROVED WORKFLOW
algn ) with single patient swab for

acute care Settlng’ where and when IDOV-VABBOTT COVID-19 and influenza A & B

it’s needed most.


https://www.globalpointofcare.abbott/en/lp/id-now-eme-2022.html?utm_source=ageandaging&utm_medium=pdfdownload&utm_campaign=knowfasterpdfjune

	 Post-COVID-19 patients in geriatric rehabilitation substantially recover in daily functioning and quality of life
	Introduction
	Methods
	Results
	Discussion
	5 Supplementary Data:
	6  Acknowledgements:
	7 Declaration of Conflicts of Interest:
	8 Declaration of Sources of Funding:


