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patients following hospitalisation due to
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Abstract

Background: Older people are particularly vulnerable to severe COVID-19. Little is known about long-term
consequences of COVID-19 on health-related quality of life (HR-QoL) and functional status in older people, and the
impact of age in this context. We aimed to study age-related change in health-related quality of life, functional
decline and mortality among older patients 6 months following hospitalisation due to COVID-19.

Methods: This was a cohort study including patients aged 60 years and older admitted to four general hospitals in
South-Eastern Norway due to COVID-19, from March 1 up until July 1, 2020. Patients who were still alive were
invited to attend a six-month follow-up. Change in HR-QoL and functional status compared to before the COVID-19
hospitalisation were assessed using the EuroQol 5-dimensional-5 levels questionnaire (EQ. 5D-5L). A change in visual
analogue scale (VAS) score of 7 or more was considered clinically relevant.

Results: Out of 216 patients aged 60 years and older that were admitted to hospital due to COVID-19 during the
study period, 171 were still alive 180 days after hospital admission, and 106 patients (62%) attended the six-month
follow-up. Mean age was 74.3 years, 27 patients (26%) had experienced severe COVID-19. Fifty-seven participants
(54%) reported a decrease in the EQ. 5D-5L VAS score after 6 months, with no significant difference between
persons aged 75 years and older compared to younger. Seventy participants (66%) reported a negative change in
any of the dimensions of the EQ. 5D-5L, with impaired ability to perform activities of daily life (35%), reduced
mobility (33%) and having more pain or discomfort (33%) being the most commonly reported changes. Forty-six
participants (43%) reported a negative change in cognitive function compared to before the COVID-19
hospitalisation. Six-month mortality was 21%, and increased with increasing age.

Conclusions: More than half of the patients reported a negative change in HR-QoL 6 months following
hospitalisation due to COVID-19, and one out of three experienced a persistently impaired mobility and ability to
carry out activities of daily living. The results suggest awareness of long-term functional decline in older COVID-19
patients.
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Background
The acute respiratory syndrome coronavirus 2 (SARS-
CoV-2) has caused a pandemic with over 83 million con-
firmed cases and over 1.8 million deaths globally by
January 3, 2021 [1].
The number of deaths and confirmed cases of corona-

virus disease (COVID-19) differ dramatically between
countries. Norway, with its 5.5 million inhabitants has
had a relatively low number of confirmed cases. By De-
cember 1, 2020 the cumulative number of people admit-
ted to hospital with COVID-19 in Norway was 1728 [2].
In concordance with international data, the majority of
hospitalised patients have been aged 60 years and older
[3].
Old age and comorbidities increase the risk of severe

COVID-19 and constitute the most prominent risk fac-
tors for in-hospital mortality due to COVID-19 [4, 5].
COVID-19 primarily affects the lungs and the majority

of hospital patients present with respiratory symptoms
and fever [6]. In older people, acute functional decline,
confusion and asthenia are also commonly reported
symptoms [7, 8]. COVID-19 causes hypoxemia, and pro-
longed oxygen treatment requirement is associated with
increased length of hospitalisation, with risk of immobil-
isation and acute sarcopenia [9]. In general, immobilisa-
tion during acute illness can cause loss of physical
functions with impact on activities of daily living (ADL)
[10, 11]. In some older people, hospitalisation causes
persistent functional decline [12]. So far, few studies
have reported long-term consequences of COVID-19
[13]. The role of age for functional decline in older
people who survive acute and severe disease is largely
unknown. Increased knowledge about determinants of
functional capacity following hospitalisation due to
COVID-19, is imperative to develop preventive measures
in patients at risk.
Cognitive and physical function are among the most

important factors for quality of life and independent liv-
ing in older people. Health-related quality of life (HR-
QoL) is an important measure used to assess patients’
perception of the impact of disease and disability on dif-
ferent dimensions of health [14]. A few studies suggest
the pandemic might influence HR-QoL in general, and
that older people might have higher risk of experiencing
reduced HR-QoL during the pandemic than younger
[15]. To our best knowledge, only a few studies have re-
ported post-discharge symptoms and HR-QoL in pa-
tients hospitalised due to COVID-19 [13, 16, 17]. Long-
term changes in HR-QoL, functional status and the abil-
ity to carry out ADL in older people following hospital-
isation due to COVID-19, have been sparsely
investigated until now.
In a six-month follow-up, we aimed to study age-

related change in HR-QoL, functional status and

mortality among patients aged 60 years and older after
hospitalisation due to COVID-19.

Methods
Study population
This was a multi-centre cohort study including patients
aged 60 years and older who were admitted to four gen-
eral hospitals in South-Eastern Norway due to COVID-
19 from March 1 up until July 1, 2020. The patients
were identified from administrative hospital data. All pa-
tients who were still alive 180 days after hospital admis-
sion were invited to participate in the study.
The participating centres were Akershus University

Hospital, Bærum Hospital Vestre Viken Hospital Trust,
Diakonhjemmet Hospital and Vestfold Hospital Trust.
Together, the four hospitals serve about 1,125,000 in-
habitants in the Oslo Region, Norway. This comprises
around 20% of the total Norwegian population.
COVID-19 was diagnosed by qualitative detection of

nucleic acid from SARS-CoV-2 in throat or nasal secre-
tions by use of real-time polymerase chain reaction. Pa-
tients with SARS-CoV-2 without symptoms of COVID-
19 hospitalised for any other reasons, were not consid-
ered for inclusion. All eligible patients received an invi-
tation letter to participate in the study and to attend a
follow-up consultation at their respective hospital
around 6 months after hospitalisation. For disabled pa-
tients, home visits or visits to nursing homes were
arranged.

Measurements
Characteristics of the participants, including comorbidi-
ties and work status were obtained from hospital re-
cords. We registered the length of hospitalisation, and
whether the patient had experienced severe or critical
acute COVID-19 illness, defined as admission to an in-
tensive care or intermediary care unit (ICU).
HR-QoL and functional status 6 months after hospital-

isation were assessed using the EuroQol 5-dimensional-5
levels (EQ. 5D-5L) questionnaire [18]. The EQ. 5D-5L
includes a vertical visual analogue scale (VAS) from 0 to
100 rating overall HR-QoL. Furthermore, the tool as-
sesses functional status with five dimensions (mobility,
self-care, usual activities, pain/discomfort and depres-
sion/anxiety), each with five levels of function (no prob-
lems, slight problems, moderate problems, severe
problems and unable to/extreme problems).
Premorbid HR-QoL and functional status (defined as 2

weeks prior to COVID-19 symptom onset) were re-
ported retrospectively at 6 months after hospital admis-
sion. The majority of patients replied to the premorbid
HR-QoL at home before attending the follow-up con-
sultation, while status after 6 months was filled out as a
part of the study visit. For disabled and cognitively
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impaired patients, the HR-QoL questionnaires were an-
swered with the help of a next-of-kin.
Patient-reported outcome measure on change in cog-

nitive function compared to 2 weeks before the onset of
COVID-19 symptoms, was assessed with the following
question: Has your cognitive function changed? (Add-
itional file 1 p 3).
We used the Montreal Cognitive Assessment (MoCA)

to evaluate cognitive capacity, and the Short Physical
Performance Battery (SPPB) to assess functional capacity
[19, 20]. Height and weight were measured as a part of
the study visit.
In-hospital mortality was defined as death during the

index hospital stay, related or unrelated to COVID-19,
and was obtained from hospital records. Six-month mor-
tality was defined as death related or unrelated to
COVID-19 within 180 days after the index hospital ad-
mission date. Mortality status 180 days after hospital ad-
mission was based on reports from hospital electronic
patient record systems, which update weekly from the
Norwegian National Death Register.

Statistical methods
We used the registry tool EpiData entry client version
4.4.3.1 (The EpiData Association, Odense, Denmark).
Continuous variables are presented as mean ± standard
deviation and categorical variables as number (%). We
used Student’s t test for means of continuous variables
and Pearson’s Chi-square test of independence for cat-
egorical variables to compare characteristics of study
participants aged under 75 years with participants aged
75 years and older. P-values < 0.05 were considered sta-
tistically significant.
We aimed to compare long-term outcomes between the

oldest patients and the younger old patients in the study.
Age is an independent risk factor for poor outcome in pa-
tients hospitalised due to COVID-19 [21], and a cut-off of
75 years was chosen based on clinical experience and with
the aim to create subgroups of equal size.
We present change in HR-QoL as the mean change in

EQ. 5D-5L VAS (0–100) by age group and disease sever-
ity, as well as the percentage of survivors reporting a
minimally clinically important difference in scores before
compared to after hospitalisation due to COVID-19. We
defined a clinically important difference as a change in
the VAS of 7 or more [22]. We present change in func-
tional status as the mean change in each of the five EQ.
5D-5L dimensions (mobility, self-care, usual activities,
pain and anxiety) by age group, as well as the percentage
of survivors reporting worsened function for each of the
dimensions.
In-hospital mortality and six-month mortality was cal-

culated with the total number of patients over 60 years
of age who were hospitalised due to COVID-19 during

the study period as denominator, and is reported as %
by age group. We present six-month mortality by age
group as Kaplan-Meier plots.
All statistical analyses were conducted using SPSS ver-

sion 26.0 (IBM, Armonk, NY, USA).

Ethical considerations
Patients who were alive at six months after hospitalisa-
tion, and able to receive and understand information
about the study, signed a written informed consent to
participate. If the patient was not able to consent, a pas-
sive consent to participate was assumed. The patient’s
proxy was then informed about the study and could
withdraw participation on behalf of the patient. The
need for written informed consent from the proxy of pa-
tients who were unable to consent was waived by the
Norwegian Regional Committees for Medical and Health
Research Ethics (REC Central, reference number
155425), due to the retrospective nature of the study,
and that participation would imply minimal risk or dis-
advantage for the participants. Patients who died were
included with patient administrative data only, and the
need for informed consent was waived by the REC Cen-
tral (reference number 155425) due to the retrospective
nature of the study. Participants or next-of-kin were at
any time able to withdraw from the study.
The study was approved by the Norwegian Regional

Committees for Medical and Health Research Ethics
(REC Central, reference number 155425) and the officers
of data protection at all the participating centres, and
complies with the Declaration of Helsinki.

Results
In total, 216 patients aged 60 years and older were hospita-
lised due to COVID-19 during the study period. Out of 171
persons who were still alive 6 months after hospital admis-
sion and eligible for the study, 106 (62%) attended the six-
month follow-up (median 186 days after discharge). Figure 1
shows the inclusion of participants to the study.

Study population
Table 1 shows characteristics of the study population by
age group. Mean age was 74.3 (range 60–96) years and
60 patients (57%) were men. Twenty-seven patients
(26%) had experienced severe or critical acute COVID-
19, defined as ICU or intermediary unit care during hos-
pitalisation. The mean length of hospitalisation was 11.6
(range 1–67) days. The proportion with severe COVID-
19 was higher in the youngest age group. Comorbid con-
ditions were more prevalent in the oldest age group. The
mean sum scores of both MoCA and SPPB were lower
in the oldest age group, indicating lower cognitive and
physical function in older compared to younger
participants.
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Fig. 1 Inclusion of participants to the study. a 19 patients did not wish to participate in the study, 8 patients we were unable to reach by phone,
1 patient died before the follow-up evaluation and 2 patients were excluded because of severe cognitive and physical impairment, after
consensus between the first and last author. Due to capacity challenges during the first wave, the list of admitted patients was retrospectively
found to be incomplete for one of the participating hospitals, and 35 patients were therefore not invited to participate in the study

Table 1 Study population characteristics at six-month follow-up by age group

< 75 years old
n = 61

≥ 75 years old
n = 45

p-value

Age (mean, SD) 68.4 (4.6) 82.4 (5.3) < 0.05

n (%) n (%)

Male gender 37 (61) 23 (51) 0.33

Current or previous smokinga 30 (50) 26 (59) 0.36

Severe acute diseaseb 22 (36) 5 (11) < 0.05

Length of hospital stay (mean, SD) 12.5 (12.5) 10.3 (12.1) 0.37

Work statusc < 0.05

Full-time or part-time employed 18 (30) 0 (0)

Sick leave, retirement or disability advantages 42 (69) 45 (100)

Comorbidities

Hypertension 22 (36) 19 (42) 0.52

Cardiac conditions 12 (20) 22 (49) < 0.05

COPDd or asthma 18 (30) 11 (24) 0.56

Diabetes mellitus 10 (16) 6 (13) 0.66

Dementia 0 (0) 5 (11) < 0.05

Obesity (BMI > 30)e 16 (28) 6 (16) 0.20

Otherf 9 (15) 14 (31) < 0.05

Cognitive capacity Mean (SD) Mean (SD)

MoCA total score (0–30)g 25.3 (3.8) 21.7 (5.8) < 0.05

Functional capacity

SPPB total score (0–12)h 10.6 (2.3) 7.8 (3.1) < 0.05

Patients aged 60 years and older admitted to four Norwegian hospitals from March 1 to July 1, 2020 due to COVID-19, and still alive after 6 months, n = 106
aMissing data for 2 patients
bAdmission to intensive care unit or intermediary ward during hospitalisation
cMissing data for 1 patient
dChronic obstructive pulmonary disease
eMissing data for 11 patients
fIncluding active cancer, previous depression, chronic kidney disease or previous brain stroke
gIncomplete or missing data for 14 participants
hSix patients did not perform the SPPB
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HR-QoL, functional decline and patient-reported outcome
measures
Out of 106 participants, 57 (54%) reported a decrease of
more than 7 points in the EQ. 5D-5L VAS score, com-
pared to before the hospital admission. Mean VAS score
was 77.0 (SD 16.7) before admission and 65.8 (SD 19.1)
after 6 months (mean change -11.5 (SD 14.2)). Figure 2
shows mean changes in the EQ. 5D-5L VAS by age
group. Older people had lower scores both before and
after COVID-19, but the magnitude of change did not
differ between persons aged 75 years and older and
younger people (mean change -10.3 (SD 12.8) vs. -12.3
(SD 15.1), p = 0.51). The share of patients who experi-
enced a minimally clinically important change in VAS
score did not differ between patients with severe or crit-
ical acute COVID-19 and less severe COVID-19 (68 vs.
53%, p = 0.20), but the magnitude of change was signifi-
cantly larger among patients with severe or critical dis-
ease (mean change -17.6 (SD 16.2) vs. -9.5 (SD 13.0),
p < 0.05).
While 35 (33%) and 37 patients (35%), respectively, re-

ported a decline in mobility and the ability to perform
activities of daily living compared to before COVID-19,
35 patients (33%) reported having more pain or discom-
fort, 28 patients (26%) increased anxiety and 18 patients
(17%) a decline in the ability in self-care. Eleven patients
(10%) reported a major change (a decrease of two or
more functional levels) in mobility and 12 patients (11%)
in usual activities. Table 2 demonstrates mean change in
EQ. 5D-5L dimensions by age group.
Figures 3a-e demonstrate changes in dimension-

specific EQ. 5D-5L scores by age group. Older people
had lower functional status, but the change in functional

status did not differ between the age groups in any of
the dimensions.
Forty-six of the participants (43%) experienced a nega-

tive change in cognitive function 6 months after the
COVID-19 hospitalisation, with a a higher proporton
reporting cognitive decline among persons 75 years and
older, compared to younger persons (59% vs. 37%, p <
0.05).

Mortality
In-hospital mortality was 16% (34 out of 216 patients).
Six-month mortality was 21% (45 out of 216 patients),
36% in patients aged 75 years and older (35 out of 98 pa-
tients) and 8% in patients aged 60 to 74 years (10 out of
118 patients) (p < 0.05). Eleven patients (5%) died out of
hospital. Figure 4 shows Kaplan-Meier survival plots by
age group.

Discussion
To our knowledge, this is the first study to report long-
term impact of COVID-19 on HR-QoL and functional
status in older people.
More than half of the study participants reported a

clinically relevant decline in HR-QoL 6 months after
hospitalisation due to COVID-19, compared to before
hospital admission. One out of three patients reported
decline in mobility and the ability to carry out activities
of daily living. We found no difference in functional de-
cline 6 months after hospitalisation due to COVID-19
when comparing patients aged 75 years or older with pa-
tients aged under 75 years. Still, the oldest patients re-
ported lower functional status, possibly increasing their
risk of permanent care needs and loss of independence

Fig. 2 Mean change in HR-QoL (0–100 scale) by age 6 months after COVID-19. Patients aged 60 years and older admitted to four Norwegian
hospitals from March 1 to July 1, 2020 due to COVID-19, and still alive after 6 months, n = 106. For 6 participants, information on EQ. 5D VAS
scale was incomplete: 4 participants missed both status before and 6 months after COVID-19, and 2 participants missed status after 6 months
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following hospitalisation due to COVID-19. The results
of our study suggest awareness of long-term functional
decline in older COVID-19 patients, and sends the mes-
sage to prevent both the disease and its complications in
this vulnerable group of patients.
Reports about persistent symptoms among patients

who have suffered from COVID-19 are emerging, and
studies of long-term consequences of the disease are
highly warranted [23]. So far, knowledge on HR-QoL in
survivors is very sparse [17], and we are not aware of
any studies that have studied older patients with this
regard.
In a recently published paper, Huang, et al., reported

persistent symptoms among patients with a median age
of 57 years, after hospitalisation due to COVID-19 in
China [13]. Interestingly, the mean EQ. 5D-5L VAS at 6
months was much lower in our study compared to in
the patients in China (65.8 vs. 80.9), and very few pa-
tients in the Chinese study had problems with mobility
or ADL. The most likely explanations for these differ-
ences are the much higher mean age, more comorbidity,
and a higher proportion of patients with severe disease
and ICU treatment, in our study. Patients who had

experienced severe COVID-19 had the largest decline in
HR-QoL in our study. The results suggest that special
attention regarding long-term reduction of HR-QoL and
functional decline should be drawn to the oldest patients
and patients with severe COVID-19.
Functional loss during hospitalisation due to acute ill-

ness is common in older people. It reduces their ability
to live independently, and increases the risk of nursing
home admission and needs of community care [24–26].
In a recently published study that included 346 patients
aged 65 years and older with confirmed seasonal influ-
enza and other acute respiratory illness, 18% experienced
persistent functional decline 30 days after discharge from
hospital [12]. The functional losses were equivalent be-
tween patients with influenza and other acute respiratory
illnesses.
Comparison of functional decline following acute ill-

ness between studied populations is complicated by vari-
ations in the used assessment methods and duration of
follow-up. In a recently published meta-analysis, the
pooled prevalence of hospital-associated disability
among older adults was 30% [27]. However, all studies
included in this analysis had a shorter follow-up period

Table 2 Mean change in EQ. 5D-5L dimensions by age group

< 75 years old
n = 61

≥ 75 years old
n = 45

p-value

Dimensionsa Mean (SD) Mean (SD)

Mobility

Mean score before COVID-19 1.3 (0.7) 1.6 (0.9) 0.15

Mean score after 6 months 1.8 (1.0) 2.0 (1.0) 0.32

Mean change −0.4 (0.8) −0.4 (0.8) 0.87

Self-care

Mean score before COVID-19 1.1 (0.4) 1.4 (0.8) < 0.05

Mean score after 6 months 1.3 (0.7) 1.6 (1.0) 0.06

Mean change −0.2 (0.6) −0.3 (0.7) 0.68

Usual activities

Mean score before COVID-19 1.3 (0.6) 1.7 (1.1) < 0.05

Mean score after 6 months 1.7 (1.1) 2.2 (1.2) < 0.05

Mean change −0.5 (0.9) − 0.5 (0.9) 0.68

Pain

Mean score before COVID-19 1.7 (0.8) 1.8 (0.9) 0.36

Mean score after 6 months 2.0 (0.9) 2.1 (0.9) 0.40

Mean change - 0.3 (0.6) −0.3 (0.6) 0.96

Anxiety

Mean score before COVID-19 1.2 (0.5) 1.4 (0.8) 0.06

Mean score after 6 months 1.5 (0.8) 1.8 (1.1) 0.16

Mean change −0.4 (0.6) −0.3 (0.8) 0.70

Patients aged 60 years and older admitted to four Norwegian hospitals from March 1 to July 1, 2020 due to COVID-19, and still alive after 6 months, n = 106
aIncomplete data for 3 participants: 1 participant missing premorbid level of self-care, 1 participant missing premorbid and 6 months status for pain, as well as
premorbid score for anxiety, and finally 1 participant missing premorbid and 6 month status for anxiety
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compared to our study. Whether COVID-19 might
cause more severe long-term reduction in HR-QoL and
functional capacity compared to other acute conditions,
remains an unanswered question that should be ad-
dressed in further studies.
Many patients with COVID-19 require long-term oxy-

gen treatment, and both persistent hypoxemia and isola-
tion measures might promote immobilisation and
delirium. Immobilisation due to acute illness increases
the risk of acute sarcopenia and loss of physical function
[9]. Sarcopenia is furthermore associated with negative
impact on HR-QoL [28]. Emerging evidence suggest that

older patients with COVID-19 are at high risk of devel-
oping delirium, a condition associated with both in-
creased mortality and long-term cognitive impairment
and dementia [29, 30].
Prevention of hospital admission due to COVID-19

with vaccination of older people might be an effect-
ive measure to prevent long-term functional decline.
Furthermore, management of complications such as
immobilisation and delirium, might prevent long-
term functional loss, and should be implemented
subsequently in older patients hospitalised with
COVID-19.

Fig. 3 a-e Change in EQ. 5D-5L dimensions after hospitalisation due to COVID-19 by age group. Patients aged 60 years and older admitted to
four Norwegian hospitals from March 1 to July 1, 2020 due to COVID-19, and still alive after 6 months, n = 106
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Strengths and limitations
The main strengths of this study is the long follow-up
generating new knowledge about the persisting impact
of the lives of older people who have survived severe
COVID-19. Furthermore, the study population repre-
sents a high proportion of older survivors after hospital-
isation due to COVID-19 in Norway. Also, the
multicentre design supports the generalisability of our
results.
This study has some limitations. We made use of the

EQ. 5D-5L response form, which was scored retrospect-
ively for the premorbid status at 6 months. The response
in premorbid status might be influenced by experiences
during hospitalisation, the patient’s current health status
or the psychosocial effect of the pandemic situation in it-
self, leading to under- or overreporting of symptoms. A
few studies have investigated the validity of retrospect-
ively collected EQ. 5D-scores in other patient groups.
These studies find no significant differences in retro-
spectively and prospectively reported EQ. 5D-scores on
a population level [31, 32]. To prevent potential bias
from patients reporting only small changes in the EQ.
5D VAS scale, we chose a cut-off value of 7 points as
the minimally clinically important difference when com-
paring scores before and after discharge from hospital
[22].
Comparison of characteristics across chronological

age does not take into account the complex interplay
of physiological, pathological and psychosocial
changes seen with biological aging. Out of practical
reasons, we chose to compare patients across chrono-
logical age in our study. Additional clinical character-
istics of our study population might have elaborated
this topic.

Patients were evaluated at a single point follow-up at 6
months. We experienced that some patients with a high
degree of comorbidity or anamnestic great loss of func-
tion after COVID-19 were unwilling to participate in the
study because of the resources demanded in meeting at
the hospital. Home visits or institutional consultations
were arranged to include as many of these patients as
possible, but we still suspect that the frailest group is un-
derrepresented in our study, potentially leading to
underestimation of both symptoms and the magnitude
of functional decline at 6 months. Comorbidities were
most prevalent among the youngest age group in our
study. This might be due to selection effect of survivors.

Conclusions
This study is among the first to address long-term
change in HR-QoL and functional decline among older
people hospitalised due to COVID-19. More than half of
patients aged 60 years and older reported a negative
change in HR-QoL 6 months after hospitalisation due to
COVID-19. One out of three experienced a persistent
loss of physical function and ability to carry out ADL,
with no difference between the age groups studied. Six-
month mortality increased with increasing age, and was
very high among patients 75 years or older. These results
highlight the importance of preventing COVID-19 in
older people, and to prevent functional decline in older
patients hospitalised due to COVID-19.

Abbreviations
ADL: Activities of daily living; COVID-19: Coronavirus disease; EQ. 5D-
5L: EuroQol 5-dimensional-5 levels questionnaire; HR-QoL: Health-related
quality of life; ICU: Intensive Care Unit; MoCA: Montreal Cognitive
Assessment; SARS-CoV-2: Acute respiratory syndrome coronavirus 2;
SPPB: Short Physical Performance Battery; VAS: Visual Analogue Scale

Fig. 4 One hundred and eighty day survival after hospitalisation due to COVID-19 by age group. Patients aged 60 years and older admitted to
four Norwegian hospitals from March 1 to July 1, 2020, due to COVID-19, n = 216
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Patients who died were included with patient administrative data only, and
the need for informed consent was waived by the REC Central (reference
number 155425) due to the retrospective nature of the study. Participants or
next-of-kin were at any time able to withdraw from the study.
The study was approved by the Norwegian Regional Committees for Medical
and Health Research Ethics (REC Central, reference number 155425) and the
officers of data protection at all the participating centres, and complies with
the Declaration of Helsinki.

Consent for publication
Not applicable.

Competing interests
The authors declare that they have no competing interests.

Author details
1Department of Medical Research, Bærum Hospital, Vestre Viken Hospital
Trust, N-1346 Gjettum, Norway. 2Department of Medicine, Diakonhjemmet
Hospital, Oslo, Norway. 3Department of Clinical Science, University of Bergen,
Bergen, Norway. 4Department of Geriatric Medicine, Akershus University
Hospital, Lørenskog, Norway. 5Department of Geriatric Medicine, Vestfold
Hospital Trust, Tønsberg, Norway. 6Department of Internal Medicine, Bærum
Hospital, Vestre Viken Hospital Trust, N-1346 Gjettum, Norway.

Received: 18 January 2021 Accepted: 5 March 2021

References
1. Weekly epidemiological update - 3 January 2021: World Health

Organization; 2021. https://www.who.int/publications/m/item/weekly-
epidemiological-update%2D%2D-5-january-2021. Accessed 9 Jan 2021.

2. Daily report and statistics about coronavirus and COVID-19: Norwegian
Institute of Public Health; 2020. https://www.fhi.no/en/id/infectious-disea
ses/coronavirus/daily-reports/daily-reports-COVID19/. Accessed 7 Dec 2020.

3. COVID-19 Ukerapport – uke 48: The Norwegian Institute of Public Health;
2020 [Available from: https://www.fhi.no/contentassets/8a971e7b0a3c4a
06bdbf381ab52e6157/vedlegg/andre-halvar-2020/2020.12.02-ukerapport-
uke-48-covid-19.pdf.

4. Docherty AB, Harrison EM, Green CA, Hardwick HE, Pius R, Norman L, et al.
Features of 20 133 UK patients in hospital with covid-19 using the ISARIC
WHO clinical characterisation protocol: prospective observational cohort
study. BMJ. 2020;369:m1985.

5. Huang C, Wang Y, Li X, Ren L, Zhao J, Hu Y, Zhang L, Fan G, Xu J, Gu X,
Cheng Z, Yu T, Xia J, Wei Y, Wu W, Xie X, Yin W, Li H, Liu M, Xiao Y, Gao H,
Guo L, Xie J, Wang G, Jiang R, Gao Z, Jin Q, Wang J, Cao B. Clinical features
of patients infected with 2019 novel coronavirus in Wuhan, China. Lancet.
2020;395(10223):497–506. https://doi.org/10.1016/S0140-6736(20)30183-5.

6. Richardson S, Hirsch JS, Narasimhan M, Crawford JM, McGinn T, Davidson
KW, and the Northwell COVID-19 Research Consortium, Barnaby DP, Becker
LB, Chelico JD, Cohen SL, Cookingham J, Coppa K, Diefenbach MA,
Dominello AJ, Duer-Hefele J, Falzon L, Gitlin J, Hajizadeh N, Harvin TG,
Hirschwerk DA, Kim EJ, Kozel ZM, Marrast LM, Mogavero JN, Osorio GA, Qiu
M, Zanos TP. Presenting characteristics, comorbidities, and outcomes
among 5700 patients hospitalized with COVID-19 in the New York City area.
JAMA. 2020;323(20):2052–9. https://doi.org/10.1001/jama.2020.6775.

7. Zerah L, Baudouin É, Pépin M, Mary M, Krypciak S, Bianco C, et al. Clinical
characteristics and outcomes of 821 older patients with SARS-Cov-2
infection admitted to acute care geriatric wards: a multicenter retrospective
cohort study. J Gerontol A. 2020;76(3):e4-e12.

8. Poco PCE, Aliberti MJR, Dias MB, Takahashi SF, Leonel FC, Altona M, et al.
Divergent: age, frailty, and atypical presentations of COVID-19 in
hospitalized patients. J Gerontol A Biol Sci Med Sci. 2021;76(3):e46-e51.

9. Welch C, Greig C, Masud T, Wilson D, Jackson TA. COVID-19 and Acute
Sarcopenia. Aging Dis. 2020;11(6):1345–51. https://doi.org/10.14336/AD.202
0.1014.

10. Aarden JJ, van der Schaaf M, van der Esch M, Reichardt LA, van Seben R, Bosch
JA, Twisk JWR, Buurman BM, Engelbert RHH, on behalf of the Hospital-ADL
study group. Muscle strength is longitudinally associated with mobility among
older adults after acute hospitalization: the hospital-ADL study. PLoS One.
2019;14(7):e0219041. https://doi.org/10.1371/journal.pone.0219041.

11. Liu JYJ, Reijnierse EM, van Ancum JM, Verlaan S, Meskers CGM, Maier AB.
Acute inflammation is associated with lower muscle strength, muscle mass
and functional dependency in male hospitalised older patients. PLoS One.
2019;14(4):e0215097. https://doi.org/10.1371/journal.pone.0215097.

12. Andrew MK, MacDonald S, Godin J, McElhaney JE, LeBlanc J, Hatchette TF,
et al. Persistent functional decline following hospitalization with influenza or
acute respiratory illness. J Am Geriatr Soc. 2020. https://doi.org/10.1111/jgs.1
6950. Epub ahead of print. PMID: 33294986.

13. Huang C, Huang L, Wang Y, Li X, Ren L, Gu X, Kang L, Guo L, Liu M, Zhou X,
Luo J, Huang Z, Tu S, Zhao Y, Chen L, Xu D, Li Y, Li C, Peng L, Li Y, Xie W,
Cui D, Shang L, Fan G, Xu J, Wang G, Wang Y, Zhong J, Wang C, Wang J,
Zhang D, Cao B. 6-month consequences of COVID-19 in patients discharged
from hospital: a cohort study. Lancet. 2021;397(10270):220–32. https://doi.
org/10.1016/S0140-6736(20)32656-8.

14. Cella DF. Measuring quality of life in palliative care. Semin Oncol. 1995;22(2
Suppl 3):73–81.

15. Ping W, Zheng J, Niu X, Guo C, Zhang J, Yang H, Shi Y. Evaluation of health-
related quality of life using EQ-5D in China during the COVID-19 pandemic.
PLoS One. 2020;15(6):e0234850. https://doi.org/10.1371/journal.pone.0234
850.

16. Garrigues E, Janvier P, Kherabi Y, Le Bot A, Hamon A, Gouze H, et al. Post-
discharge persistent symptoms and health-related quality of life after
hospitalization for COVID-19. J Infect. 2020;81(6):e4-e6.

Walle-Hansen et al. BMC Geriatrics          (2021) 21:199 Page 9 of 10

https://doi.org/10.1186/s12877-021-02140-x
https://doi.org/10.1186/s12877-021-02140-x
https://www.who.int/publications/m/item/weekly-epidemiological-update%2D%2D-5-january-2021
https://www.who.int/publications/m/item/weekly-epidemiological-update%2D%2D-5-january-2021
https://www.fhi.no/en/id/infectious-diseases/coronavirus/daily-reports/daily-reports-COVID19/
https://www.fhi.no/en/id/infectious-diseases/coronavirus/daily-reports/daily-reports-COVID19/
https://www.fhi.no/contentassets/8a971e7b0a3c4a06bdbf381ab52e6157/vedlegg/andre-halvar-2020/2020.12.02-ukerapport-uke-48-covid-19.pdf
https://www.fhi.no/contentassets/8a971e7b0a3c4a06bdbf381ab52e6157/vedlegg/andre-halvar-2020/2020.12.02-ukerapport-uke-48-covid-19.pdf
https://www.fhi.no/contentassets/8a971e7b0a3c4a06bdbf381ab52e6157/vedlegg/andre-halvar-2020/2020.12.02-ukerapport-uke-48-covid-19.pdf
https://doi.org/10.1016/S0140-6736(20)30183-5
https://doi.org/10.1001/jama.2020.6775
https://doi.org/10.14336/AD.2020.1014
https://doi.org/10.14336/AD.2020.1014
https://doi.org/10.1371/journal.pone.0219041
https://doi.org/10.1371/journal.pone.0215097
https://doi.org/10.1111/jgs.16950
https://doi.org/10.1111/jgs.16950
https://doi.org/10.1016/S0140-6736(20)32656-8
https://doi.org/10.1016/S0140-6736(20)32656-8
https://doi.org/10.1371/journal.pone.0234850
https://doi.org/10.1371/journal.pone.0234850


17. Halpin SJ, McIvor C, Whyatt G, Adams A, Harvey O, McLean L, et al.
Postdischarge symptoms and rehabilitation needs in survivors of COVID-19
infection: a cross-sectional evaluation. J Med Virol. 2021;93(2):1013-22.

18. Rencz F, Lakatos PL, Gulácsi L, Brodszky V, Kürti Z, Lovas S, Banai J, Herszényi
L, Cserni T, Molnár T, Péntek M, Palatka K. Validity of the EQ-5D-5L and EQ-
5D-3L in patients with Crohn's disease. Qual Life Res. 2019;28(1):141–52.
https://doi.org/10.1007/s11136-018-2003-4.

19. Guralnik JM, Simonsick EM, Ferrucci L, Glynn RJ, Berkman LF, Blazer DG,
Scherr PA, Wallace RB. A short physical performance battery assessing lower
extremity function: association with self-reported disability and prediction of
mortality and nursing home admission. J Gerontol. 1994;49(2):M85–94.
https://doi.org/10.1093/geronj/49.2.M85.

20. Nasreddine ZS, Phillips NA, Bédirian V, Charbonneau S, Whitehead V, Collin I,
et al. The Montreal cognitive assessment, MoCA: a brief screening tool for
mild cognitive impairment. J Am Geriatr Soc. 2005;53(4):695–9. https://doi.
org/10.1111/j.1532-5415.2005.53221.x.

21. Navaratnam AV, Gray WK, Day J, Wendon J, Briggs TWR. Patient factors and
temporal trends associated with COVID-19 in-hospital mortality in England:
an observational study using administrative data. Lancet Respir Med. 2021.
https://doi.org/10.1016/S2213-2600(20)30579-8.

22. Nolan CM, Longworth L, Lord J, Canavan JL, Jones SE, Kon SSC, Man WDC.
The EQ-5D-5L health status questionnaire in COPD: validity, responsiveness
and minimum important difference. Thorax. 2016;71(6):493–500. https://doi.
org/10.1136/thoraxjnl-2015-207782.

23. Yelin D, Wirtheim E, Vetter P, Kalil AC, Bruchfeld J, Runold M, Guaraldi G,
Mussini C, Gudiol C, Pujol M, Bandera A, Scudeller L, Paul M, Kaiser L,
Leibovici L. Long-term consequences of COVID-19: research needs. Lancet
Infect Dis. 2020;20(10):1115–7. https://doi.org/10.1016/S1473-3099(20)30701-
5.

24. Covinsky KE, Palmer RM, Fortinsky RH, Counsell SR, Stewart AL, Kresevic D,
Burant CJ, Landefeld CS. Loss of independence in activities of daily living in
older adults hospitalized with medical illnesses: increased vulnerability with
age. J Am Geriatr Soc. 2003;51(4):451–8. https://doi.org/10.1046/j.1532-541
5.2003.51152.x.

25. Sager MA, Franke T, Inouye SK, Landefeld CS, Morgan TM, Rudberg MA,
Sebens H, Winograd CH. Functional outcomes of acute medical illness and
hospitalization in older persons. Arch Intern Med. 1996;156(6):645–52.
https://doi.org/10.1001/archinte.1996.00440060067008.

26. Fortinsky RH, Covinsky KE, Palmer RM, Landefeld CS. Effects of functional
status changes before and during hospitalization on nursing home
admission of older adults. J Gerontol A Biol Sci Med Sci. 1999;54(10):M521–
6. https://doi.org/10.1093/gerona/54.10.M521.

27. Loyd C, Markland AD, Zhang Y, Fowler M, Harper S, Wright NC, et al.
Prevalence of Hospital-Associated Disability in Older Adults: A Meta-analysis.
J Am Med Dir Assoc. 2020;21(4):455–61 e5.

28. Beaudart C, Reginster JY, Petermans J, Gillain S, Quabron A, Locquet M,
Slomian J, Buckinx F, Bruyère O. Quality of life and physical components
linked to sarcopenia: the SarcoPhAge study. Exp Gerontol. 2015;69:103–10.
https://doi.org/10.1016/j.exger.2015.05.003.

29. Pendlebury ST, Lovett NG, Smith SC, Dutta N, Bendon C, Lloyd-Lavery A,
Mehta Z, Rothwell P. Observational, longitudinal study of delirium in
consecutive unselected acute medical admissions: age-specific rates and
associated factors, mortality and re-admission. BMJ Open. 2015;5(11):
e007808. https://doi.org/10.1136/bmjopen-2015-007808.

30. Davis DH, Muniz-Terrera G, Keage HA, Stephan BC, Fleming J, Ince PG, et al.
Association of Delirium with Cognitive Decline in late life: a
Neuropathologic study of 3 population-based cohort studies. JAMA
Psychiatry. 2017;74(3):244–51. https://doi.org/10.1001/jamapsychiatry.201
6.3423.

31. Haagsma J, Bonsel G, de Jongh M, Polinder S. Agreement between
retrospectively assessed health-related quality of life collected 1 week and
12 months post-injury: an observational follow-up study. Health Qual Life
Outcomes. 2019;17(1):70. https://doi.org/10.1186/s12955-019-1139-4.

32. Lawson A, Tan AC, Naylor J, Harris IA. Is retrospective assessment of health-
related quality of life valid? BMC Musculoskelet Disord. 2020;21(1):415.

Publisher’s Note
Springer Nature remains neutral with regard to jurisdictional claims in
published maps and institutional affiliations.

Walle-Hansen et al. BMC Geriatrics          (2021) 21:199 Page 10 of 10

https://doi.org/10.1007/s11136-018-2003-4
https://doi.org/10.1093/geronj/49.2.M85
https://doi.org/10.1111/j.1532-5415.2005.53221.x
https://doi.org/10.1111/j.1532-5415.2005.53221.x
https://doi.org/10.1016/S2213-2600(20)30579-8
https://doi.org/10.1136/thoraxjnl-2015-207782
https://doi.org/10.1136/thoraxjnl-2015-207782
https://doi.org/10.1016/S1473-3099(20)30701-5
https://doi.org/10.1016/S1473-3099(20)30701-5
https://doi.org/10.1046/j.1532-5415.2003.51152.x
https://doi.org/10.1046/j.1532-5415.2003.51152.x
https://doi.org/10.1001/archinte.1996.00440060067008
https://doi.org/10.1093/gerona/54.10.M521
https://doi.org/10.1016/j.exger.2015.05.003
https://doi.org/10.1136/bmjopen-2015-007808
https://doi.org/10.1001/jamapsychiatry.2016.3423
https://doi.org/10.1001/jamapsychiatry.2016.3423
https://doi.org/10.1186/s12955-019-1139-4

	Abstract
	Background
	Methods
	Results
	Conclusions

	Background
	Methods
	Study population
	Measurements
	Statistical methods
	Ethical considerations

	Results
	Study population
	HR-QoL, functional decline and patient-reported outcome measures
	Mortality

	Discussion
	Strengths and limitations

	Conclusions
	Abbreviations
	Supplementary Information
	Acknowledgements
	Authors’ contributions
	Funding
	Availability of data and materials
	Declarations
	Ethics approval and consent to participate
	Consent for publication
	Competing interests
	Author details
	References
	Publisher’s Note

