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Objectives: Delirium is common during acute infection in older patients and is associated with functional
decline. Geriatric rehabilitation (GR) can help older patients to return to their premorbid functional level.
It is unknown whether delirium affects GR outcomes in patients with acute infection. We evaluated
whether delirium affects trajectories of activities of daily living (ADL) and quality of life (QoL) recovery in
GR after COVID-19 infection.
Design: This study was part of the EU-COGER study, a multicenter cohort study conducted between
October 2020 and October 2021.
Setting and Participants: Participants were recruited after COVID-19 infection from 59 GR centers in 10
European countries.
Methods: Data were collected at GR admission, discharge, and at the 6-week and 6-month follow-ups.
Trajectories of ADL [using the Barthel index (BI)] and QoL [using the EuroQole5 Dimensionse5 Level
(EQ-5D-5L)] recovery were examined using linear mixed models.
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Results: Of the 723 patients included (mean age 75.5 � 9.9 years; 52.4% male), 28.9% had delirium before
or during GR admission. Participants with delirium recovered in ADL at approximately the same rate as
those without (linear slope effect ¼ �0.13, SE 0.16, P ¼ .427) up to an estimated BI score of 16.1 at
6 months. Similarly, participants with delirium recovered in QoL at approximately the same rate as those
without (linear slope effect ¼ �0.017, SE 0.015, P ¼ .248), up to an estimated EQ-5D-5L score of 0.8 at
6 months.
Conclusions and Implications: Presence of delirium during the acute phase of infection or subsequent GR
did not influence the recovery trajectory of ADL functioning and QoL.

� 2024 The Authors. Published by Elsevier Inc. on behalf of AMDA e The Society for Post-Acute and
Long-Term Care Medicine. This is an open access article under the CC BY license (http://

creativecommons.org/licenses/by/4.0/).
Delirium is a common complication of acute infection in older
adults, with an estimated prevalence of 33% in hospitalized patients
aged �70 years.1 Delirium can be triggered by known predisposing
(eg, age and cognitive impairments) and precipitating (eg, hypoxemia
and electrolyte abnormalities) risk factors. Preventative measures
implemented in care settings during the COVID-19 pandemic (eg,
social distancing and use of personal protective equipment) could
have provoked or worsened delirium.2-4 Short-term outcomes of
delirium during hospitalization include decline in quality of life (QoL)
and physical functioning, which may be persistent.1

After acute infection, geriatric rehabilitation (GR) can enable older
adults to improve physical function and regain independence.5 GR is
defined as “a multidimensional approach of diagnostic and thera-
peutic interventions, the purpose of which is to optimize functional
capacity, promote activity and preserve functional reserve and social
participation” in older patients.6 GR can be provided in an inpatient or
outpatient setting by a multidisciplinary team specialized in rehabil-
itation of patients with multimorbidity and geriatric syndromes.6,7

The effect of delirium on GR outcomes in patients following acute
infectionremainsunclear.AScottishstudy, includinghip fracturepatients
aged �50 years admitted to a trauma center during the COVID-19
pandemic, found that patients with delirium required post-acute inpa-
tient rehabilitation significantly more often compared to patients
without delirium.8 Although this study reflects that delirium has a sig-
nificant impact on prognosis, it remains to be investigated whether
delirium affects long-term physical recovery of patients after acute
infection. Knowledge about the impact of delirium patients’ recovery in
GR postinfection could help with the design of GR pathways and alloca-
tion of resources in the event of future pandemics.With this inmind, we
evaluatedwhetherdelirium is associatedwith trajectories for activities of
daily living (ADL) and QoL after COVID-19 infection in a multicenter
cohort of patients undergoing GR and up to 6 months after discharge.
Methods

Study Design and Participants

The EU-COGER study was a multicenter observational cohort study
that recruited participants from 59 centers in 10 countries (Czech
Republic, Germany, Ireland, Israel, Italy, Malta, Russia, Spain, the
Netherlands, and the United Kingdom) between October 2020 and
October 2021. Consortium members contributing to the study are
listed in Supplementary Tables 1 and 2. The rationale and design of the
EU-COGER study has been described in detail elsewhere.9 In short,
patients were enrolled in GR centers by a local health care practitioner
who was appointed as local study coordinator in each participating
center. The local coordinator was responsible for identifying patients
for inclusion and communication about the study to all those involved
within their center.10 Patients were eligible for inclusion if they were
receivingmultidisciplinary rehabilitation care, either institution based
or at home, to support recovery from COVID-19 infection. The COVID-
19 infection was confirmed with polymerase chain reaction (PCR) for
viral RNA. Potential participants with severe cognitive impairment,
which led to insufficient decisional capacities to participate in the
study, were excluded. The institutional review committee of the Lei-
den University Medical Center approved the study (protocol number
CoCo 2020-040). In all other countries, the local ethical regulations
were followed, and approval from local ethics committeewas sought if
required by local regulations.
Data Collection

Demographics and clinical parameters were collected by local co-
ordinators from electronic medical records at admission (T1) and
discharge (T2) from GR. Data regarding premorbid health status and
routine medical care data (T0) were collected retrospectively through
referral letters from the hospital or general practitioner. Follow-up
data were prospectively collected by phone at 6 weeks (T3) and
6 months (T4) after discharge from GR. A complete overview of all
measures collected is described in the protocol paper.9 Data were
collected using Castor Electronic Data Capture.11

The primary outcome measure was ADL functioning, evaluated
with the Barthel index (BI) at all time points (T0-T4).12 The BI is a 10-
item instrument, which can generate total scores ranging from 0 to 20,
where a score of 20 represents complete independence for the ADL
included. In centers where the ADL score was assessed using a
different but comparable measure, for example, the Utrecht Scale for
the Evaluation of Rehabilitation (USER) or the Functional Indepen-
dence Measure (FIM), these were converted to the BI using stan-
dardized approaches.13,14 The secondary outcome measure was QoL
evaluated with the EuroQole5 Dimensionse5 Level (EQ-5D-5L) QoL
questionnaire from GR admission onward (T1-T4).15 The EQ-5D-5L
questionnaire is available in more than 200 languages and consists
of 5 dimensions (mobility, self-care, usual activities, pain/discomfort,
and anxiety/depression) that each have 5 response levels. The re-
sponses were converted into an index value with a maximum of 1 for
optimal QoL, using available country tariffs.16-22 For the Czech Re-
public and Russia, there were no country tariffs available and we used
the country tariff of Poland as it is geographically the closest.

The independent variable of interest was delirium during the acute
phase of infection or during the consecutive recovery trajectory
(before or during GR). The presence of deliriumwas assessed through
medical record review. Because these datawere collected from routine
clinical care records, the methods used for diagnosing delirium were
heterogeneous across countries, with methods including clinical
judgment, the Delirium Observation Screening Scale (DOSS), the 4 A’s
Test (4AT), or the Single Question in Delirium (SQiD). A DOSS score>3,
4AT score >3, or SQiD score >0 was used to define delirium.

Additional data were collected about intensive care unit (ICU)
admission (yes/no), frailty, and comorbidities (eg, myocardial infarc-
tion, heart failure, dementia, stroke, and diabetes). The number of
comorbidities was determined using the Functional Comorbidity
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EU-COGER study
Total number of included pa�ents

N = 793

Number of pa�ents included for 
baseline analysis 

N = 723

Reason for exclusion
• Not mee�ng inclusion criteria

o Main reason for admission not COVID-19 (n=36)
o COVID-19 not confirmed by PCR or serology 

(n=8)
o Cogni�ve impairment (n=2)
o No informed consent (n=1)
o Admission date not between Sept. 2020 and 

Oct. 2021 (n=4)
• Empty records (n=10)
• Withdrawal of rehabilita�on center (n=7)
• Duplicates (n=2)

Number of pa�ents included for 
outcome analysis  

ADL models: N = 573
QoL models: N = 450

Reason for exclusion
• ADL models

o Admission or discharge date GR (n=22)
o Barthel index for all �me points (n=1)
o Premorbid Barthel index (n=69)
o ICU admission (n=5)
o Myocardial infarc�on (n=47)
o Heart failure (n=1)
o Demen�a (n=3)
o Stroke (n=2)

• QoL models 
o Admission or discharge date GR (n=22)
o EQ-5D-5L score for all �me points (n=166)
o Premorbid Barthel index (n=36)
o ICU admission (n=5)
o Myocardial infarc�on (n=39)
o Heart failure (n=1)
o Demen�a (n=2)
o Stroke (n=2)

Fig. 1. Flowchart patient inclusions.
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Index (FCI).23 This index is the sum of 18 diagnoses associated with
physical function. Frailty was measured using the Clinical Frailty Scale
(CFS) and was categorized into 3 groups: fit (CFS score 1-3), prefrail
(CFS score 4-5), and frail (CFS score 6-9).24,25

Statistical Analyses

Characteristics of study participants were summarized using
descriptive statistics. Continuous datawere presented as mean and SD
or median and interquartile range, depending on the distribution of
the data. Categorical data were presented as number (n) and per-
centage (%).

The trajectories of ADL and QoL recovery during and after GR were
examined using linear mixed models, in which time was defined as
months since GR admission. Threemodels were built for each outcome
measure: anunconditional growthmodel, a univariablemodel inwhich
deliriumwas added, and a fully adjusted model that included delirium
andwas adjusted for age, sex, premorbid BI, ICU admission, myocardial
infarction, heart failure, dementia, stroke, and diabetes. A sensitivity
analysis was performed using delirium starting before GR (during the
acute phases of the COVID-19 infection) as an independent variable
instead of delirium before or during GR. For this sensitivity analysis, 3
models were built in the same way as described above.

To identify the best-fitting unconditional models for ADL and QoL,
we first checked whether the fixed slopes should be linear or
quadratic. Second, we tested whether estimating random intercepts
for variance between persons and between countries (3-level model)
improved the model fit. Third, we tested whether estimating random
linear and quadratic slopes for variance between persons and between
countries improved the model fit. In every step, we fitted models
using the default optimizer in the lmer R function nloptwrap, and
optimizer Neldermead.26 The model with the highest loglikelihood
value (for nested models) was chosen as the best-fitting model. The
models were built with unstructured variance-covariance matrices.
Because premorbid data were collected for ADL (T0), these models
were fittedwith 2 splines. All records withmissing values in 1 or more
of the covariates were excluded from the analyses, and all covariates
weremean-centered to present the change in ADL and QoL for a mean
participant.We testedwhether participants withmissing values in the
independent variables, who had to be excluded from complete case
analysis, had similar recovery trajectories as the included participants.
Outcomes were presented as parameter estimates (SE) for the fixed
and random effects of the models. All models were build using R
version 4.2.2 and R package lme4.

Results

A total of 793 records were initially created in the database. We
excluded 70 records because the inclusion criteria were not met (n ¼
51), records were empty (n ¼ 10), the GR center withdrew from the
study (n¼ 7), or because they were duplicates (n¼ 2). This resulted in
723 participants available for baseline analysis. Additionally, partici-
pants were excluded from linear mixed model analyses when GR
admission or discharge datesweremissing, or all time points in ADL or
QoL were missing, or participants had missing values in any of the
covariates added to the models. This resulted in a total of 573 par-
ticipants available for the analysis of ADL models and 450 participants
available for the QoL models (Figure 1). No clinically relevant differ-
ences were observed for patients included and excluded in the final
ADL and QoL models.

Baseline characteristics of the 723 included participants are
presented for those with and without delirium (before or during GR)



Table 1
Patient Characteristics for the Total Study Population and Compared Between Patients With and Without Delirium

No. Available (%) Total Study Population
(N ¼ 723)

Patients With Delirium
(n ¼ 209; 28.9%)

Patients Without Delirium
(n ¼ 514; 71.1%)

Patient characteristics
Age at GR admission, mean (SD) 719 (99.4) 75.5 (9.9) 75.5 (10.1) 75.5 (9.8)
Male, n (%) 723 (100) 379 (52.4) 128 (61.2) 251 (48.8)
BMI at GR admission, mean (SD) 655 (90.6) 27.0 (5.6) 25.8 (5.0) 27.5 (5.7)
Living situation before GR

admission, n (%)
720 (99.6)

Own home 675 (93.8) 202 (97.1) 473 (92.4)
Nursing home 29 (4.0) 2 (1.0) 27 (5.3)
Assisted living 13 (1.8) 3 (1.4) 10 (2.0)
Other 3 (0.4) 1 (0.5) 2 (0.4)

FCI score, mean (SD) 634 (87.7) 3.2 (2.1) 3.0 (1.8) 3.3 (2.2)
Myocardial infarction, n (%) 662 (91.6) 88 (13.3) 26 (13.7) 62 (13.1)
Heart failure, n (%) 662 (91.6) 224 (33.8) 54 (28.4) 170 (36.0)
Dementia, n (%) 659 (91.1) 70 (10.6) 36 (18.9) 34 (7.2)
Stroke, n (%) 662 (91.6) 105 (15.9) 27 (14.1) 78 (16.6)
Diabetes, n (%) 665 (92) 219 (32.9) 65 (34.0) 154 (32.5)
Frailty (CFS score) at

admission, n (%)
493 (68.2)

CFS 1-3 51 (10.3) 5 (3.4) 46 (13.3)
CFS 4-5 129 (26.2) 35 (24.0) 94 (27.1)
CFS 6-9 313 (63.5) 106 (72.6) 207 (59.7)

In-hospital outcomes
Hospital stay before GR
admission, n (%)

720 (99.6) 653 (90.7) 204 (97.6) 449 (87.7)

Hospital length of stay, d,
median (IQR)

645 (98.8) 23 (13-46.5) 34 (18-59) 21 (12-40)

ICU admission before GR
admission, n (%)

711 (98.3) 240 (33.8) 102 (49.0) 138 (27.4)

Length of stay in ICU, d,
median (IQR)

232 (96.7) 23 (11-43) 28 (16-49) 19 (7-41)

GR outcomes
Length of stay in GR, d,
median (IQR)

691 (95.6) 26 (16-40) 28 (20-44) 25 (15-38)

Discharge destination, n (%) 703 (97.2)
Own home 544 (77.4) 152 (75.2) 392 (78.2)
Nursing home 83 (11.4) 29 (14.4) 54 (10.8)
Assisted living 20 (2.8) 5 (2.5) 15 (3.0)
Hospital 30 (4.3) 9 (4.5) 21 (4.2)
Deceased during GR 11 (1.6) 3 (1.5) 8 (1.6)
Other 15 (2.1) 4 (2.0) 11 (2.2)

FCI, Functional Comorbidity Index; IQR, interquartile range.
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in Table 1. These participants were recruited from 59 GR sites in 10
European countries: Czech Republic (n ¼ 53), Germany (n ¼ 50),
Ireland (n ¼ 50), Israel (n ¼ 32), Italy (n ¼ 30), Malta (n ¼ 17), Russia
(n ¼ 50), Spain (n ¼ 96), the Netherlands (n ¼ 293), and United
Kingdom (n ¼ 51). Overall, 209 (28.9%) patients had delirium. The
majority of participants received inpatient rehabilitation. Of these,
delirium started before GR admission in 189 patients (90.4%). For the
patients with delirium commencing before GR, it had ended before
GR admission in 119 patients (56.9%), whereas for the remaining 70
patients (33.5%) delirium was also reported during GR. Presence of
delirium stratified by country is presented in Supplementary Table 3.
Patients with delirium were more often male compared to those
without (61.2% vs 48.8%). Additionally, participants with delirium
were more often frail (CFS score �6) at GR admission than those
without (72.6 vs 59.7%) and had longer stays in GR (median 27.5 vs
25 days). The patient characteristics of the subgroups of the ADL and
QoL sample are presented in Supplementary Table 4. The patient
characteristics and outcomes of both subgroups were found to be
similar.
ADL Functioning Over Time

The BI scores of all participants over time were presented in
Supplementary Table 5.
The best-fitting unconditional growth model for ADL recovery is a
3-level quadratic growth model with a linear random slope for both
patient and country level. The unadjusted model showed a significant
recovery in BI from 11.17 at GR admission up to 16.81 at 6 months
postdischarge (Table 2). During and after GR admission, BI first
increased steeply (linear slope b ¼ 2.56, SE ¼ 0.16, P < .001) and
thereafter stabilized (quadratic slope b ¼ �0.27, SE 0.01, P < .001).
After adjustment for covariates in model 3, BI at GR admission was
nearly similar for patients with and without delirium, estimated as
0.28 (SE ¼ 0.20, P ¼ .163) points lower for patients with delirium.
During and after GR admission, patients with delirium recovered at
approximately the same rate as patients without delirium (linear
slope b ¼ �0.13, SE ¼ 0.16, P ¼ .427; quadratic slope b ¼ �0.002, SE ¼
0.02, P ¼ .914) (Figure 2).

The sensitivity analysis including only patients for whom delirium
started before GR admission is shown in Supplementary Table 6 and
Supplementary Figure 1. It found that patients with delirium starting
before GR admission (in the acute COVID-19 phase) had similar rates
of ADL recovery as those without delirium.
QoL Over Time

The EQ-5D-5L scores of all participants over time are presented in
Supplementary Table 5.



Table 2
Linear Mixed Model for Change in ADL Functioning (n ¼ 573)

Model 1: Unconditional Model Model 2: Univariable Model for
Delirium at Any Time Point

Model 3: Multivariable Model for
Delirium at Any Time Point*

Fixed effects Estimate (SE) P Value Estimate (SE) P Value Estimate (SE) P Value

Intercept at GR admission
ADL functioning 11.17 (1.04) <.001 11.12 (1.03) <.001 11.25 (0.93) <.001
Delirium N/A �0.01 (0.31) .99 �0.28 (0.20) .16

Change after admission, per month
Linear slope 2.56 (0.16) <.001 2.57 (0.16) <.001 2.73 (0.14) <.001
Delirium: linear slope N/A �0.27 (0.18) .13 �0.13 (0.16) .43
Quadratic slope �0.27 (0.01) <.001 �0.27 (0.01) <.001 �0.29 (0.01) <.001
Delirium: quadratic slope N/A 0.02 (0.02) .38 �0.002 (0.02) .91

Random effects Variance (SD) Variance (SD) Variance (SD)

At admission (intercept)
Between-persons variance 13.18 (3.63) 13.17 (3.63) 12.93 (3.60)
Between-countries variance 10.36 (3.22) 10.19 (3.19) 8.27 (2.88)

After admission (slope of change)
Between-persons variance 0.20 (0.45) 0.21 (0.45) 0.26 (0.51)
Between-countries variance 0.15 (0.39) 0.15 (0.39) 0.12 (0.35)
Residual 8.56 (2.93) 8.53 (2.92) 5.77 (2.40)

*Model 3 is adjusted for age, sex, premorbid ADL, ICU admission, myocardial infarction, heart failure, dementia, stroke, and diabetes mellitus.
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The best-fitting unconditional growth model for QoL was a 3-level
quadratic growth model with a random intercept on both the patient
and country level, and a linear random slope only on patient level. The
model was fitted using the Nelder_Mead optimizer. The unadjusted
model showed a significant recovery in EQ-5D-5L from 0.562 at GR
admission up to 0.802 at 6 months post discharge (Table 3). During
and after GR admission, EQ-5D-5L first increased steeply (linear slope
b ¼ 0.118, SE ¼ 0.007, P < .001) and thereafter stabilized (quadratic
slope b¼�0.013, SE¼ 0.001, P< .001). After adjustment for covariates
in model 3, EQ-5D-5L at GR admission was nearly similar for patients
with and without delirium, estimated as 0.005 (SE ¼ 0.028, P ¼ .869)
points higher for patients with delirium. During and after GR admis-
sion, patients with delirium recovered at approximately the same rate
as patients without delirium (linear slope b ¼ �0.017, SE ¼ 0.015,
P ¼ .248; quadratic slope b ¼ 0.002, SE 0.002, P ¼ .319) (Figure 3).
Fig. 2. Trajectory of ADL functioning for patien
The sensitivity analysis in which the trajectory of QoL recovery for
patients inwhomdelirium started before GRwas analyzed is shown in
Supplementary Table 7 and Supplementary Figure 2. It found that
patients for whom delirium started before GR (in the acute COVID-19
phase) had similar rates of QoL recovery compared to patients without
delirium.

Discussion

The aim of this study was to investigate the impact of delirium on
recovery of ADL and QoL in COVID-19 patients in Europe, during GR
and up to 6 months after discharge. This study had 3 main findings.
First, 28.9% of the patients had delirium during the acute phase of
infection or subsequent recovery. Second, the rates of recovery in ADL
and QoL were comparable between patients with and without
ts with and without a delirium (n ¼ 573).



Table 3
Linear Mixed Model for Change in QoL (n ¼ 450)

Model 1: Unconditional Model Model 2: Univariable Model for
Delirium at Any Time Point

Model 3: Multivariable Model for
Delirium at Any Time Point*

Fixed effects Estimate (SE) P Value Estimate (SE) P Value Estimate (SE) P Value

Intercept at GR admission
QoL 0.562 (0.462) <.001 0.561 (0.046) <.001 0.574 (0.039) <.001
Delirium N/A �0.011 (0.028) .70 0.005 (0.028) .87

Change after admission, per month
Linear slope 0.118 (0.007) <.001 0.119 (0.007) <.001 0.120 (0.007) <.001
Delirium: linear slope N/A �0.014 (0.014) .31 �0.017 (0.015) .25
Quadratic slope �0.013 (0.001) <.001 �0.013 (0.001) <.001 �0.013 (0.001) <.001
Delirium: quadratic slope N/A 0.002 (0.002) .19 0.002 (0.002) .32

Random effects Variance (SD) Variance (SD) Variance (SD)

Intercept at GR admission
Between-persons variance 0.038 (0.195) 0.038 (0.196) 0.031 (0.176)
Between-countries variance 0.017 (0.132) 0.017 (0.131) 0.012 (0.111)

Linear slope
Between-persons variance 0.001 (0.031) 0.001 (0.031) 0.001 (0.026)
Residual 0.030 (0.174) 0.030 (0.174) 0.030 (0.174)

*Model 3 is adjusted for age, sex, premorbid ADL, ICU admission, myocardial infarction, heart failure, dementia, stroke, and diabetes mellitus.
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delirium. Third, both patients with and without delirium seemed to
recover back to premorbid ADL levels.

No studies have investigated the association between delirium and
recovery trajectories in GR. There have, though, been studies consid-
ering the association between delirium and ADL and QoL recovery in
other contexts such as after ICU admission due to COVID-19 or after
hip fracture. A Chinese study, including 130 patients aged �65 years
undergoing elective orthopedic surgery found that patients with
delirium experienced greater decline in ADL (16 vs 9 points on the
Chinese ADL index, which ranges from 14 to 56 points) compared to
thosewithout delirium 24-36months postoperatively.27 Meanwhile, a
Portuguese study, including 124 COVID-19 patients (mean age
62 years, interquartile range 24-86) admitted to the ICU, found that
patients with delirium had worse QoL (based on the EQ-5D-5L ques-
tionnaire) 1-2 months after hospital discharge than those without
delirium.28
Fig. 3. Trajectory of QoL for patients wit
Our study found no such impact from delirium on recovery of
physical function and quality of life. A possible explanation for our
findings could be that our study sample is a selected group of patients.
Patients whowere expected not to benefit from GRmay not have been
referred to GR or accepted for rehabilitation and thus might have been
excluded from our study. Referral criteria for GR might have
been stricter than usual as the need for GR during the COVID-19
pandemic grew substantially while the capacity of hospitals and GR
centers was severely constrained.29 In addition, patients with delirium
who died during hospitalizationwere not included in this study. Other
studies with highly selected samples also did not find an impact of
delirium on recovery. For instance, a Dutch study including 1292 ICU
patients (median age 65 years, interquartile range 58-85) did not find
an association between delirium and quality of life (assessed with the
Short Form-36v1) in those who survived up to a median of 18 months
after ICU discharge.30 Similarly, a prospective Chinese study including
h and without a delirium (n ¼ 450).
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127 participants aged �65 years found no difference in delirium and
ADL function at a 24-month follow-up after a laryngectomy.31 More-
over, a study including 341 COVID-19 patients aged �60 years in the
United States did not find an association between delirium and in-
crease in functional disability (defined as dependence in any of 15
functional activities (ADL, instrumental ADL, and mobility) 6 months
after hospital discharge (OR 1.17, 95% CI 0.99-1.38).32

Our study has several limitations that need to be considered when
interpreting the results. The BI is restricted to basic ADL and does not
include more complex tasks (instrumental activities of daily living).
This could have contributed to a ceiling effect. However, the BI is the
most commonly used outcome measure in GR to capture basic ADL
and it was expected to capture change in ADL among posteCOVID-19
patients. The EQ-5D-5L questionnaire only captures broad categories
and may miss smaller variations in quality of life. Patients with severe
cognitive impairment were excluded in this study. Because delirium is
highly correlated with neurodegenerative disorders like dementia, the
true prevalence of delirium in COVID-19 patients in GR could be
underestimated in this study. Further, the assessment method for
delirium was heterogeneous across countries and we did not collect
information on the duration and severity of delirium, which might
have affected ADL and QoL trajectories. As we collected data on
delirium retrospectively, it was not possible to assess these factors.
Additionally, this study did not collect more detailed outcome mea-
sures such as instrumental ADL, because only routine clinical data
were collected. Lastly, given that the majority of patients were pro-
vided inpatient rehabilitation, our findings primarily reflect the
characteristics and outcomes associated with inpatient GR.

This study is strengthened by the large sample size of 723 patients
coming from 59 health centers in 10 European countries. This in-
creases the generalizability of our findings. Further, this study had a
long follow-up period (up to 6 months after GR discharge) and regular
follow-up intervals, maximizing sensitivity to change over time.

Although this study provides insight into the relationship between
delirium and recovery trajectories of COVID-19 patients in GR, certain
features remain unclear. For instance, qualitative studies might help to
gainmore knowledge into the psychological consequences of delirium
in this specific patient group. Additionally, because delirium is highly
correlated with cognition, more research is needed into the long-term
impact of delirium on cognitive function.

Conclusions and Implications

To conclude, this study found that delirium did not affect ADL and
QoL recovery after acute COVID-19 infection. These results can help
inform triage for GR during periods of resource constraint and may be
useful in widening participation in GR, by ensuring that patients with
delirium are not unduly excluded.
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Supplementary Figure S1. Trajectory of ADL functioning for patients with and without delirium starting before GR.

Supplementary Figure S2. Trajectory of QoL for patients with and without delirium starting before GR.
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Supplementary Table 1
EU-COGER Consortium List

Name of Health Center Country Study Coordinator 1 Study Coordinator 2 Study Coordinator 3

Vseobecna fakultní nemocnice Czech Republic Eva Topinková Lucie Bautzká Helena Michaálková
Agaplesion Bethanien Hospital Germany Stefan Grund Thomas Mross Lotte Feesche
Robert-Bosch-Krankenhaus Germany Rebekka Leonhardt Clemens Becker
Geriatrisches Zentrum Karlsruhe Germany Jan Gerhardus Brigitte R. Metz
Geriatrische Rehabilitationsklinik
Diakonissenkrankenhaus Mannheim

Germany Diana Franke-Chowdhury

University of Limerick Hospital Group (ULHG) Ireland Rose Galvin Aoife McCarthy
Beaumont Hospital Ireland Frances Dockery Kara McLoughlin
Fliman geriatric rehabilitation center Israel Bahaa Francis
IRCCS Istituti Clinici Maugeri Italy Matteo Cesari Annalisa Valentini
Karin Grech Hospital Malta Mark Vassallo Maria Bonnici
Russian Clinical and Research Center of
Gerontology

Russia Olga Nikolaevna Tkacheva Ksenia Eruslanova

Moscow Rehabilitation center Russia Luba Matchekhina
Parc Sanitari Pere Virgili Spain Laura Monica Perez Bazan
Hospital Universitari Sant Joan de Reus Spain Esther Roquer Fanlo
Hospital Universitari Parc de Salut Mar Spain Anna Renom Guiteras Lizzeth Angela Canchucaja
Hospital Central de la Cruz Roja San José y Santa
Adela

Spain Beatriz Pallardo Sergio Martínez Zujeros

Hospital San Joan de Deu Mallorca Spain Margarita Viñuela Oriol Miralles Resina
Hospital Guadarrama Spain Gema Isabel Dominguez Sarah Caro Bragado
Hospital de Barcelona Spain Nadia Stasi Jennifer Garrillo Cepeda
Consorci Sanitari Alt’Pènedes i Garraf Spain Marta Arroyo-Huidobro Ana Gonzalez
Leiden University Medical Center The Netherlands Wilco Achterberg Monique Caljouw Miriam Haaksma
Omring The Netherlands Saskia Drijver
Zorgcirkel The Netherlands Paula Vonk
BrabantZorg The Netherlands Liesbeth Sikken Irma Baars
Ijsselheem The Netherlands Nathalie Deden
Topaz Revitel The Netherlands Gerda Nijgh Sylvia van der Drift
Tante Louise The Netherlands Heike de Wever Els Calle
MUMCþ|Herstelzorg e Vitalaþ The Netherlands Kaoutar Karramass Josette Hendriks
Axion continu The Netherlands Lauren Ebbes
TriviumMeulenbeltZorg Almelo The Netherlands Anne Hartman Hatice Koc
TriviumMeulenbeltZorg Hengelo The Netherlands Laura de Vries
Patyna The Netherlands Hylco Bouwstra
Careyn The Netherlands Laura Langendoen-Wigman
Sensire The Netherlands Berber Oldenbeuving Sabine Noordam-Hemeltjen
Azora The Netherlands Liesbeth Lanting Lulu Andela
Argos Zorggroep The Netherlands Mathilde Meerkerk
Meriant (Alliade) The Netherlands Lianne Willemstein Krisztina Krasznai
Liemerije The Netherlands Janneke Wolting
Laurens Intermezzo Zuid The Netherlands Janette Tazmi
de Wever The Netherlands Eveline Keustermans
Icare e De Boshof The Netherlands Janetta de Vries Sanne van Weers
SVRZ ‘t Gasthuis The Netherlands Lenni Boogaard
De Betuwe, Zorgcentrum Beatrix The Netherlands Simone Been
Archipel Zorggroep The Netherlands Danielle Termeer
Florence The Netherlands Patricia te Pas Eva Lodewijks
Pieter van Foreest, locatie Bieslandhof The Netherlands Jeroen van den Berg
Reactiveringscentrum Klimop The Netherlands Sandra Prent Marloes Boontje
Zorgspectrum Nieuwegein The Netherlands Joël Harms Jeffrey Bakker
Zorggroep Maas en Waal The Netherlands Carolien de Croon
Attent The Netherlands Christa van Schieveen
Vivium Flevoburen (Zorggroep Almere) The Netherlands Ewout Smit
Kennemerhart Schoterhof The Netherlands Patricia van Berlo
Van Neynsel The Netherlands Dionne Ruchtie
Sheffield teaching Hospitals United Kingdom Jane Manson
Frimley Health NHS Foundation Trust United Kingdom Maria Espasandin Lucy Abbott
Harrogate District Hospital United Kingdom Sarah Chadwick Rebecca Watts
Imperial College Healthcare NHS Trust United Kingdom Melani Dani Jackie McNicholas
University Hospitals of Derby and Burton United Kingdom Adam Gordon Andy Cole
Calderdale & Huddersfield United Kingdom Vincent Chau
Derbyshire Community Health Services United Kingdom Andy Cole
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Supplementary Table 2
COOP Consortium List

Health Care Center Country Name

LUMC Center for
Medicine for Older
People, Leiden
University Medical
Center, Leiden

The Netherlands Simon Mooijaart,
Jacobijn Gussekloo

Radboud University
Medical Center,
Nijmegen

The Netherlands René Melis

Supplementary Table 3
Participants With and Without Delirium by Country

Country, n (%) Total Study
Population
(N ¼ 723)

Patients With
Delirium
(n ¼ 209; 28.9%)

Patients Without
Delirium
(n ¼ 514; 71.1%)

Czech Republic 53 (7.3) 21 (10.0) 32 (6.2)
Germany 50 (6.9) 11 (5.3) 39 (7.6)
Ireland 50 (6.9) 11 (5.3) 39 (7.6)
Israel 32 (4.4) 12 (5.7) 20 (3.9)
Italy 30 (4.1) 3 (1.4) 27 (5.3)
Malta 17 (2.4) 4 (1.9) 13 (2.5)
Russia 50 (6.9) 1 (0.5) 49 (9.5)
Spain 96 (13.3) 44 (21.1) 52 (10.1)
The Netherlands 293 (40.5) 76 (36.4) 217 (42.2)
United Kingdom 52 (7.2) 26 (12.4) 26 (5.1)
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Supplementary Table 4
Patient Characteristics for the Total Study Population and Compared Between the ADL and QoL Sample

No. Available (%) Total Study
Population (N ¼ 723)

ADL Sample
(n ¼ 573; 79.3%)

QoL Sample
(n ¼ 450; 62.2%)

Patient characteristics
Age at GR admission, mean (SD) 719 (99.4) 75.5 (9.9) 75.8 (9.8) 75.0 (9.6)
Male, n (%) 723 (100) 379 (52.4) 299 (52.2) 237 (52.7)
BMI at GR admission, mean (SD) 655 (90.6) 27.0 (5.6) 27.1 (5.7) 27.1 (5.7)
Living situation before GR admission, n (%) 720 (99.6)
Own home 675 (93.8) 533 (93.2) 417 (92.7)
Nursing home 29 (4.0) 27 (4.7) 24 (5.3)
Assisted living 13 (1.8) 10 (1.7) 7 (1.6)
Other 3 (0.4) 2 (0.3) 2 (0.4)

Delirium, n (%) 723 (100) 209 (28.9) 173 (30.2) 125 (27.8)
FCI score, mean (SD) 634 (87.7) 3.2 (2.1) 3.3 (2.1) 3.3 (2.2)
Myocardial infarction, n (%) 662 (91.6) 88 (13.3) 78 (13.6) 56 (12.4)
Heart failure, n (%) 662 (91.6) 224 (33.8) 193 (33.7) 150 (33.3)
Dementia, n (%) 659 (91.1) 70 (10.6) 68 (11.9) 48 (10.7)
Stroke, n (%) 662 (91.6) 105 (15.9) 86 (15.0) 69 (15.3)
Diabetes, n (%) 665 (92) 219 (32.9) 191 (33.3) 149 (33.1)
Frailty (CFS score) at admission, n (%) 493 (68.2)
CFS 1-3 51 (10.3) 45 (10.1) 44 (11.5)
CFS 4-5 129 (26.2) 116 (26.0) 109 (28.5)
CFS 6-9 313 (63.5) 285 (63.9) 229 (59.9)

In-hospital outcomes
Hospital stay before GR admission, n (%) 720 (99.6) 653 (90.7) 523 (91.3) 407 (90.4)
Hospital length of stay, d, median (IQR) 645 (98.8) 23 (13-46.5) 24 (14-47) 26 (14-51)
ICU admission before GR admission, n (%) 711 (98.3) 240 (33.8) 187 (32.6) 158 (35.1)
Length of stay in ICU, d, median (IQR) 232 (96.7) 23 (11-43) 27 (12-45) 27 (12-45)

GR outcomes
Length of stay in GR, d, median (IQR) 691 (95.6) 26 (16-40) 26 (16-40) 26 (15-38)
Discharge destination, n (%) 703 (97.2)
Own home 544 (77.4) 427 (74.8) 348 (77.5)
Nursing home 83 (11.8) 77 (13.5) 59 (13.1)
Assisted living 20 (2.8) 19 (3.3) 12 (2.7)
Hospital 30 (4.3) 26 (4.6) 15 (3.3)
Deceased during GR 11 (1.6) 8 (1.4) 2 (0.4)
Other 15 (2.1) 14 (2.5) 13 (2.9)

ADL, activities of daily living; BMI, body mass index; CFS, Clinical Frailty Scale; FCI, Functional Comorbidity Index; GR, geriatric rehabilitation; ICU, intensive care unit; IQR,
interquartile range.

Supplementary Table 5
Outcome Measures Over Time

Available (Nonmissing)
Values, n (%)

Total, Mean
(SD) (N ¼ 723)

Patients With Delirium, Mean
(SD) (n ¼ 209; 28.9%)

Patients Without Delirium, Mean
(SD) (n ¼ 514; 71.1%)

ADL functioning (Barthel index)
Premorbid 641 (88.7) 17.9 (3.6) 18.1 (3.3) 17.9 (3.7)
GR admission 714 (98.8) 10.9 (5.4) 9.1 (5.4) 11.7 (5.2)
GR discharge 655 (90.6) 15.9 (4.7) 14.8 (5.6) 16.4 (4.2)
6 wk after discharge 515 (71.2) 16.8 (4.5) 15.8 (5.1) 17.2 (4.2)
6 mo after discharge 509 (70.4) 16.9 (4.4) 15.8 (5.2) 17.3 (4.0)

Quality of life (EQ-5D-5L)
GR admission 471 (65.1) 0.52 (0.32) 0.47 (0.31) 0.54 (0.33)
GR discharge 413 (57.1) 0.77 (0.22) 0.73 (0.26) 0.79 (0.20)
6 wk after discharge 423 (58.5) 0.78 (0.20) 0.74 (0.22) 0.79 (0.20)
6 mo after discharge 425 (58.8) 0.77 (0.25) 0.74 (0.25) 0.77 (0.25)

ADL, activities of daily living; EQ-5D-5L, EuroQole5 Dimensionse5 Level; GR, geriatric rehabilitation.
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Supplementary Table 6
Linear Mixed Model for Change in ADL Functioning for Delirium Starting Before GR (n ¼ 573)

Model 1: Unconditional Model Model 2: Univariable Model for
Delirium Starting Before GR

Model 3: Multivariable Model for
Delirium Starting Before GR*

Fixed effects Estimate (SE) P Value Estimate (SE) P Value Estimate (SE) P Value

Intercept at GR admission
ADL functioning 11.2 (1.0) <.001 11.6 (1.0) <.001 11.3 (0.9) <.001
Delirium N/A 0.07 (0.3) .81 �0.3 (0.2) .18

Change after admission, per month
Linear slope
Delirium: linear slope
Quadratic slope
Delirium: quadratic slope

2.6 (0.2)
N/A
�0.3 (0.01)
N/A

<.001
<.001

2.6 (0.2)
�0.09 (0.2)
�0.3 (0.01)
0.004 (0.02)

<.001
.61
<.001
.86

2.7 (0.1)
0.1 (0.2)
�0.3 (0.01)
�0.03 (0.02)

<.001
.55
<.001
.21

Random effects Variance (SD) Variance (SD) Variance (SD)

Intercept at GR admission
Between-persons variance 13.2 (3.6) 13.2 (3.6) 13.0 (3.6)
Between-countries variance 10.2 (3.2) 10.2 (3.2) 8.3 (2.9)

After admission (slope of change)
Between-persons variance 0.2 (0.5) 0.2 (0.5) 0.3 (0.5)
Between-countries variance 0.2 (0.4) 0.2 (0.4) 0.1 (0.3)
Residual 8.6 (2.9) 8.5 (2.9) 5.8 (2.4)

ADL, activities of daily living; GR, geriatric rehabilitation.
*Model 3 is adjusted for age, sex, premorbid ADL, ICU admission, myocardial infarction, heart failure, dementia, stroke, and diabetes mellitus.

Supplementary Table 7
Linear Mixed Model for Change in QoL (n ¼ 450)

Model 1: Unconditional Model Model 2: Univariable Model for
Delirium Starting Before GR

Model 3: Multivariable Model for
Delirium Starting Before GR*

Fixed effects Estimate (SE) P Value Estimate (SE) P Value Estimate (SE) P Value

Intercept at GR admission
QoL 0.6 (0.05) <.001 0.6 (0.05) <.001 0.6 (0.04) <.001
Delirium N/A �0.06 (0.03) .84 0.001 (0.03) .73

Change after admission, per month
Linear slope 0.1 (0.007) <.001 0.1 (0.007) <.001 0.1 (0.007) <.001
Delirium: linear slope N/A �0.004 (0.01) .77 �0.006 (0.02) .68
Quadratic slope �0.01 (0.0008) <.001 �0.01 (0.0008) <.001 �0.01 (0.0009) <.001
Delirium: quadratic slope N/A 0.001 (0.002) .45 0.0006 (0.002) .75

Random effects Variance (SD) Variance (SD) Variance (SD)

Intercept at GR admission
Between-persons variance 0.04 (0.2) 0.04 (0.2) 0.03 (0.2)
Between-countries variance 0.02 (0.1) 0.02 (0.1) 0.01 (0.1)

After admission (slope of change)
Between-persons variance 0.001 (0.03) 0.001 (0.02) 0.0007 (0.03)
Residual 0.03 (0.2) 0.03 (0.2) 0.03 (0.2)

GR, geriatric rehabilitation; QoL, quality of life.
*Model 3 is adjusted for age, sex, premorbid ADL, ICU admission, myocardial infarction, heart failure, dementia, stroke and diabetes mellitus.
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