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A B S T R A C T

Objectives: This study investigated demographics, comorbidities, and death rate in hospitalized patients
with confirmed COVID-19. In addition, we hypothesized that functional status, according to the Clinical
Frailty Scale (CFS), in patients aged 65 years or older is a better predictor of poor outcome than age and
comorbidities.
Methods: A total of 255 randomly selected COVID-19 patients admitted to a university hospital were
included and followed up for 60 days. Patient data were extracted manually from the electronic health
records with use of a standardized protocol.
Results: The age of the study population ranged between 20 and 103 years (mean age 66 years � 17 years).
Hypertension, diabetes mellitus, and obesity were the three most prevalent comorbidities. At the 60-day
follow-up, 70 patients (27%) had died. In multivariate analyses, age, chronic kidney disease, and previous
stroke were associated with death. Most fatal cases (90%) occurred in patients aged 65 years or older.
Among such patients, CFS level was the only predictor of death in multivariate analyses.
Conclusions: This study shows that increasing age, chronic kidney disease, and previous stroke
significantly contribute to a fatal outcome in hospitalized patients with COVID-19. In patients aged 65
years or older, CFS level was the strongest prognostic factor for death.
© 2020 The Author(s). Published by Elsevier Ltd on behalf of International Society for Infectious Diseases.

This is an open access article under the CC BY license (http://creativecommons.org/licenses/by/4.0/).

Introduction

The COVID-19 pandemic has greatly challenged the health care
systems of many countries because of rapidly increasing numbers
of infected patients within a short period. Danderyd University
Hospital in Stockholm was one of the first hospitals in Sweden to
experience a surge of COVID-19 patients in early March 2020.
Despite a fast expansion of inpatient beds and intensive care units
dedicated to COVID-19 patients, the high number of patients with
severe disease threatened to exceed the hospital capacity. For the
numerous elderly and frail patients with rapid progress of
respiratory failure, questions regarding optimal clinical manage-
ment and limitations of life-sustaining treatment were raised.

In the light of the difficulty in making well-grounded decisions
on advanced life support treatment for this new patient group, we
initiated a retrospective study of demographics, comorbidities,
clinical course, and case fatality rate in a group of randomly
selected patients admitted to the hospital.

In addition, for patients aged 65 years or older, we investigated
how physical and functional status, according to the Clinical Frailty
Scale (CFS), correlated with clinical outcome. The CFS is a validated
tool for prediction of future functional decline and death among
patients aged 65 years or older (Rockwood et al., 2005), and we
hypothesized that it would be a better predictor of poor outcome in
patients aged 65 years or older than age and comorbidities.

Methods

Study population and data collection

A total of 255 patients admitted to Danderyd University
Hospital between March 5 and April 28, 2020, were included.
Patients were randomly selected from lists including all patients
with confirmed COVID-19 who were discharged from the hospital
during the period. These lists were extracted from the hospital
discharge register by a registrar, and contained only the birth date
and a four-digit identification code of the patients. To achieve a
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ithin the different age strata. After inclusion, ten experienced
hysicians working at the hospital extracted the patient data
anually from the electronic health records using a standardized
rotocol with detailed instructions. Data extraction was supervised
y two senior clinicians. The final date of follow-up was July 10. At
hat time all patients included in the study had been discharged or
ad died, and all patients were followed up at 60 days after hospital
dmission. No antivirals or corticosteroids were used for the
reatment of COVID-19 during the study period. Chloroquine
erivatives were used only during the first few weeks of the study.
Data on demographics, comorbidities, laboratory and radio-

raphical findings, treatments, need for respiratory support,
ncluding intensive care unit transfer and mechanical ventilation,
omplications, and discharge from hospital were collected.
The functional state and frailty level of patients aged 65 years or

lder, before their acute illness, was determined on the original,
even-point Clinical Frailty Scale (CFS) (Rockwood et al., 2005).
etermination of CFS level was based on a description of activity
nd functional status as documented in electronic health records.
he CFS ranged from very fit (level 1) to severely frail (level 7; see
able 1), and was categorized into four groups: fit (levels 1–3),
ulnerable (level 4), mildly frail (level 5), and moderately to
everely frail (level 6 or 7). The frailty level for all patients was
ecided by one specialty registrar, and all borderline cases were
djudicated by a specialist physician.

efinitions

Patients were considered to have a confirmed infection if SARS-
oV-2 was detected in respiratory specimens by a polymerase
hain reaction assay. All patients were followed up for at least 60
ays after hospital admission. The term “older patients” in this
tudy refers to patients aged 65 years or older. The mention of
imitation of life-sustaining therapy in the text refers to
ithholding mechanical ventilation, since respiratory failure is
he predominant complication of COVID-19.

Obesity was defined as body mass index (BMI) greater than
0 kg/m2. Chronic kidney disease (CKD) was defined as stage 3 or
igher with reduced estimated glomerular filtration rate, below
0 mL/min/1.73 m2. Only progressive neurological conditions with
isabilities (e.g., multiple sclerosis or Parkinson’s disease) were
iagnosed as neurological disease in the study. Dementia was
efined by a registered dementia diagnosis before the study.
istory of stroke did not include previous transient ischemic
ttacks. During hospital stay, acute kidney failure was defined as a
0% increase in serum creatinine levels from baseline levels.
ulmonary embolism was diagnosed through computed tomogra-
hy pulmonary angiography (CTPA). Acute heart failure was
ocumented from the health records as defined by attending
linicians on the basis of clinical, laboratory, or ultrasound findings.
eptic shock was defined according to the Sepsis-3 definition
Singer et al., 2016).

Statistical analysis

Categorical and continuous variables were presented as the
number of patients, the percentage of patients, the mean � stan-
dard deviation, or the median with the interquartile range (IQR).
Independent t tests, the Mann–Whitney U test, or Fisher’s exact
test was used to evaluate differences between groups, as
appropriate. Survival of older patients within different CFS
categories was estimated by the Kaplan–Meier method and
compared with use of the log rank test. To explore the risk factors
associated with death, univariate and multivariate binomial
logistic regression models were used with 60-day mortality as
the dependent variable. P values less than 0.05 were considered
statistically significant. All statistical analyses were performed
with Statistica version 13 (TIBCO Software Inc.).

Results

Between March 5 and April 28, 832 patients with confirmed
COVID-19 were admitted to Danderyd University Hospital. Of
these, 255 patients were randomly selected and included in the
study cohort. The age distributions for all inpatients and the 255
patients included in our study during the same period are
presented in Figure 1.

The most common criterion for hospital admission for COVID-
19 patients was room air hypoxemia. Intensive care unit
admissions were most commonly reserved for patients with acute
respiratory failure that required mechanical ventilation.

Of the 255 randomly selected inpatients with COVID-19, 70
patients (27%) had died at the 60-day follow-up. All but one death
occurred within the first 30 days of hospital admission, and 64 of
the 70 patients died while in hospital. The median time from
hospital admission to death was 6 days (IQR 3–9 days). The length
of hospital stay for patients who were discharged alive was 7 days
(IQR 3–13 days). Six patients died after discharge, of whom five
died during palliative care.

The baseline characteristics of the study cohort, including
demographics, comorbidities, ongoing medication, and laboratory
findings, are listed in Table 2. The mean age was 66 years � 17
years. Nonsurvivors were significantly older than survivors. Among
the nonsurvivors, 63 of 70 patients (90%) were aged 65 years or
older. A male predominance of about 60% was observed in the
study cohort, with similar male-to-female ratios among survivors
and nonsurvivors. Most patients in the study were overweight
(median BMI 27.4 kg/m2, IQR 24.3–31.1 kg/m2). BMI was not
significantly different between survivors and nonsurvivors.
Hypertension, diabetes, and obesity were the three most prevalent
comorbidities. Among nonsurvivors, the frequencies of hyperten-
sion, chronic heart failure, previous stroke, dementia, and chronic
kidney disease were higher than in survivors. About 82% of the
patients in the study had one or several comorbidities. Of the 70
patients who died, only three (4%) had no relevant comorbidities.

able 1
linical Frailty Scale.

Level Definition

1 Very fit. People who are robust, active, energetic, and motivated. These people commonly exercise regularly. They are among the fittest for their age
2 Well. People who have no active disease symptoms but are less fit than those with level 1. Often they exercise or are very active occasionally (e.g., seasonally)
3 Managing well. People whose medical problems are well controlled but who are not regularly active beyond routine walking
4 Vulnerable. Although these people are not dependent on others for daily help, often their symptoms limit activities. A common complaint is being “slowed up”
and/or being tired during the day
5 Mildly frail. These people often have more evident slowing, and need help with high-order instrumental activities of daily living (e.g., finances, transportation,

heavy housework, and medications)
6 Moderately frail. People who need help with all outside activities and with housekeeping. Inside, they often have problems with stairs and need help with

bathing and might need minimal assistance with dressing
7 Severely frail. Completely dependent for personal care because of any cause (physical or cognitive).
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Figure 1. Age distribution of inpatients with COVID-19 in the study cohort and at Danderyd University Hospital between March 5 and April 28, 2020. The data show the
number of survivors (striped bars) and nonsurvivors (black bars) in the study cohort (left y-axis) and the total number of inpatients at Danderyd University Hospital (light gray
bars) during the same period (right y-axis).

Table 2
Patient characteristics on admission.

All patients (n = 255) Nonsurvivors (n = 70) Survivors (n = 185) P

Age (years) 66 � 17 78 � 11 62 � 17 <0.0001
Sex (n, %)
- Female 105 (41) 28 (40) 77 (42) 0.89
- Male 150 (59) 42 (60) 108 (58)
Current smoker (n, %) 9 (4) 3 (4) 6 (3) 0.71
Previous smoker (n, %) 103 (40) 38 (54) 65 (35) 0.07
BMI (kg/m2) 27.4 (24.3–31.1) 27.2 (23.9–30.0) 27.5 (24.6–31.6) 0.15
Clinical Frailty Scale category of patients aged �65 years (n, %) n = 143 n = 63 n = 80
- Fit (levels 1–3) 38 (27) 5 (8) 33 (41) <0.0001
- Vulnerable (level 4) 34 (24) 15 (24) 19 (24) 1.0
- Mildly frail (level 5) 38 (27) 17 (27) 21 (26) 1.0
- Moderately to severely frail (level 6 or 7) 33 (23) 26 (41) 7 (9) <0.0001
Comorbidity (n, %)
- Hypertension 137 (54) 50 (71) 87 (47) 0.0007
- Diabetes mellitus 78 (31) 25 (36) 53 (29) 0.29
- Obesity (BMI > 30 kg/m2) 63 (25) 15 (21) 48 (26) 0.52
- Chronic kidney disease 49 (19) 28 (40) 21 (11) <0.0001
- Ischemic heart disease 34 (13) 14 (20) 20 (11) 0.06
- Chronic heart failure 31 (12) 15 (21) 16 (9) 0.009
- Previous stroke 23 (9) 13 (19) 10 (5) 0.002
- Dementia 15 (6) 10 (14) 5 (3) 0.001
- Neurological disease 7 (3) 2 (3) 5 (3) 1.0
- Asthma 33 (13) 6 (9) 27 (15) 0.30
- COPD 14 (5) 6 (9) 8 (4) 0.22
- Obstructive sleep apnea syndrome 5 (2) 2 (3) 3 (2) 0.62
- Rheumatic disease 11 (4) 4 (6) 7 (4) 0.50
- Active cancer 12 (5) 5 (7) 7 (4) 0.32

- None of above comorbidities 47 (18) 3 (4) 44 (24) 0.0001
- �3 of above comorbidities 89 (35) 37 (53) 52 (28) 0.0004
Ongoing medication (n, %)
- ACEi/ARB 89 (35) 28 (40) 61 (33) 0.31
- Anticoagulant treatment 49 (19) 20 (29) 29 (16) 0.03
- Statin therapy 69 (27) 22 (31) 47 (25) 0.35
Immunosuppressive drugs 13 (5) 7 (10) 6 (3) 0.049
Blood biochemistry on admission
- C-reactive protein (mg/L) 76 (35–132) 71 (27–129) 76 (36–133) 0.95
- White blood cell count (�109/L) 6.5 (4.9–8.4) 7.0 (5.1–9.3) 6.2 (4.9–7.7) 0.04
- Lymphocyte count (�109/L) 0.9 (0.6–1.2) 0.7 (0.5–1.0) 0.9 (0.7–1.2) 0.003
- Platelet count (�109/L) 195 (154–247) 172 (135–238) 200 (167–254) 0.01
- Creatinine (mmol/L) 81 (65–105) 103 (80–161) 76 (61–92) <0.0001

Data are presented as the number and percentage in parentheses, the mean � standard deviation, or the median and the interquartile range in parentheses. P values show
comparison of data between survivors and nonsurvivors.
ACEi, angiotensin-converting enzyme inhibitor; ARB, angiotensin receptor antagonist; BMI, body mass index; COPD, chronic obstructive pulmonary disease.
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Clinical outcomes of all patients in the study are summarized in
able 3. About one-third of the inpatients with COVID-19 in the
tudy did not require any respiratory support, while 47% were
reated with oxygen supply administered through a nasal cannula,
n OxyMask, or a reservoir mask (see Table 2). Thirty patients (12%)
ere treated with invasive mechanical ventilation, of whom 20
urvived. The median number of days with invasive ventilation was
4.
Acute renal failure, defined as 50% increase in creatinine levels,

as more common among nonsurvivors. Of the 49 patients with
nown chronic kidney disease, 12 patients had an acute-on-
hronic kidney failure. Renal replacement therapy was started for
our patients during the study.

Nonsurvivors had higher troponin levels than survivors,
median 57 ng/L versus 9 ng/L). The highest troponin level
easured in a patient during hospitalization was 642 ng/L. Acute
eart failure was detected in six patients. Ten patients had new
nset of arrhythmia.
Pulmonary embolism was found in three patients. However,

TPA was performed in only 24 patients (9%) in the study
opulation. Patients with severe respiratory failure who were
onsidered too unstable to undergo CTPA were treated with full-
ose low molecular weight heparin in the absence of contra-
ndications. Treatment with full-dose anticoagulants (oral anti-
oagulants or full-dose low molecular weight heparin) during the
ospital stay was not associated with reduced mortality.
Secondary bacterial infections were diagnosed on the basis of

linical and laboratory findings in 66 patients (26%). Two patients
xperienced septic shock, and both survived. Peak levels of C-
eactive protein were higher in nonsurvivors than in survivors.
reatment with hydroxychloroquine was neither associated with
ncreased mortality nor associated with reduced mortality. During
he study period, corticosteroid therapy was started in none of the
atients.
Of the 255 patients included in the study, 143 were aged 65

ears or older. The frailty of these older patients before their first

presentation of symptoms was determined retrospectively with
use of the CFS. CFS category was significantly correlated to survival
(log rank test, P < 0.0001; Figure 2). Limitation of life-sustaining
therapy was common in older and vulnerable/frail patients (CFS
levels 4–7). Table 4 demonstrates the number of patients for whom
mechanical ventilation therapy was withheld among survivors and
nonsurvivors within the different CFS categories. Death events
were not significantly different in patients for whom mechanical
ventilation was withheld compared with patients without such
limitation of life-sustaining therapy among the vulnerable and frail
older patients.

We performed univariate binomial logistic regression analyses
to investigate possible risk factors associated with death in
patients with COVID-19. Age, sex, and comorbidities that were
prevalent in at least 20 patients in the study cohort were included
in the univariate analyses. For older patients, CFS level (range 1-7)
was also included as a possible predictor of death. Variables
significantly associated with death in the univariate analyses were
included in a multivariate logistic analysis model (Table 5). In the
univariate analyses of patients of all ages, patients with chronic
kidney disease had the highest odds ratio for death. Increasing age,
hypertension, chronic heart disease, and previous stroke were also
associated with death. In the multivariate model, increasing age,
chronic kidney disease, and previous stroke remained as signifi-
cant predictors of death. Among the older patients, CFS level was
the strongest predictor of death in the univariate analyses, and the
only predictor with significant impact on death in the multivariate
analyses.

Discussion

This report presents baseline characteristics and clinical
outcomes of 255 inpatients with COVID-19 admitted to a university
hospital in Stockholm between early March and late April, 2020. At
the 60-day follow-up, 27% of the patients (70 of 255 patients) in the
study cohort had died. Most deaths occurred in hospital and within

able 3
reatment and clinical outcomes of inpatients with COVID-19.

All patients (n = 255) Nonsurvivors (n = 70) Survivors (n = 185) P

Respiratory failure
- No respiratory support 94 (37) 13 (19) 81 (44) 0.0002
- Oxygen supply 121 (47) 41 (59) 80 (43) 0.04
- Noninvasive ventilation/HFNO 11 (4) 6 (9) 5 (3) 0.15
- Invasive mechanical ventilation 30 (12) 10 (14) 20 (11) 0.51
- Days with invasive ventilation 14 (9–21) 13 (4–23) 14 (10–17) 0.66
Circulatory failure
- Acute heart failure 6 (2) 5 (7) 1 (1) 0.007
- Peak troponin I level (ng/L) 13 (7–34) 57 (26–144) 9 (6–17) <0.0001
Renal failure
- Acute kidney failure 37 (15) 22 (31) 14 (8) <0.0001
- Renal replacement therapy (new onset) 4 (2) 2 (3) 2 (1) 0.30
- Peak serum creatinine level (mmol/L) 78 (60–120) 106 (77–165) 73 (58–92) <0.0001
Thromboembolism
- Pulmonary embolism 3 (1) 0 3 (2) 0.56
- Peak D-dimer level (mg/L) 1.9 (0.7–4.3) 2.5 (2.2–6.9) 1.0 (0.6–3.2) 0.03
- No anticoagulant treatment 119 (47) 27 (39) 92 (50) 0.12
- LMWH, single prophylactic dose 90 (35) 30 (43) 60 (32) 0.14
- LMWH, double prophylactic dose 9 (4) 1 (1) 8 (4) 0.45
- Full-dose LMWH or OAC 36 (14) 12 (17) 24 (13) 0.42
Inflammation and infections
- Peak C-reactive protein level (mg/L) 120 (68–233) 165 (92–265) 107 (63–215) 0.006
- Positive blood culture 12 (5) 2 (3) 10 (5) 0.52

- Antibiotic treatment >4 days 66 (26) 27 (39) 39 (21) 0.006
- Hydroxychloroquine treatment (mg/L) 65 (25) 16 (23) 49 (26) 0.63
Length of hospital stay (days) 7 (4–12) 7 (4–10) 7 (3–13) 0.84

ata are presented as the number and percentage in parentheses or the median and the interquartile range in parentheses. P values show comparison of data between
urvivors and nonsurvivors.
FNO, high-flow nasal oxygen support; LMWH, low molecular weight heparin; OAC, oral anticoagulant.
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Figure 2. Kaplan–Meier survival analyses in relation to Clinical Frailty Scale (CFS) category in patients aged 65 years or older.

Table 4
Survivors and nonsurvivors with limitation of treatment and mechanical ventilation therapy based on Clinical Frailty Scale (CFS) category among patients aged 65 years or
older.

CFS category Survivors Nonsurvivors

n Limitation of treatmenta Mechanical ventilation n Limitation of treatmenta Mechanical ventilation

Fit (levels 1–3) 33 4 7 5 3 3
Vulnerable (level 4) 19 15 0 15 11 2
Mildly frail (level 5) 21 17 0 17 16 0
Moderately to severely frail (level 6 or 7) 7 7 0 26 26 0

Data are presented as the number of patients.
a Refers to patients for whom intubation and mechanical ventilation was withheld.

Table 5
Risk factors associated with death.

Univariate regression analyses Multivariate regression analyses

Odds ratio (95% CI) P Odds ratio (95% CI) P

All patients
Age
Male sex

1.08 (1.05–1.11) <0.0001 1.07 (1.04–1.10) <0.0001

Obesity 1.07 (0.61–1.87) 0.81 – –

Diabetes mellitus 1.35 (0.68–2.66) 0.39 – –

Hypertension 1.37 (0.77–2.46) 0.29 – –

Chronic kidney disease 2.79 (1.54–5.05) 0.0007 0.92 (0.45–1.92) 0.83
Chronic heart failure 5.17 (2.68–10.01) <0.0001 3.30 (1.54–7.10) 0.002
Previous stroke 2.86 (1.33–6.17) 0.007 1.01 (0.42–2.42) 0.98
Ischemic heart disease 3.97 (1.65–9.54) 0.002 2.82 (1.06–7.51) 0.04
Asthma 2.05 (0.97–4.33) 0.06 – –

Patients aged �65 years 0.55 (0.21–1.38) 0.20 – –

Age 1.05 (1.01–1.09) 0.03 1.00 (0.96–1.06) 0.83
Sex (male) 1.29 (0.66–2.51) 0.46 – –

Male sex 1.06 (0.45–2.51) 0.89 – –

CFS level (anrange 1–7) 2.18 (1.59–2.99) <0.0001 2.07 (1.47–2.92) <0.0001
Hypertension 1.25 (0.60–2.60) 0.55 – –

Chronic kidney disease 2.73 (1.31–5.69) 0.007 2.07 (0.94–4.57) 0.07
Chronic heart failure 1.22 (0.54–2.76) 0.64 – –

Previous stroke 2.02 (0.80–5.10) 0.14 – –

Ischemic heart disease 1.04 (0.47–2.32) 0.92 – –

Diabetes mellitus 1.05 (0.53–2.09) 0.90 – –

Asthma 0.42 (0.13–1.39) 0.15 – –
CFS, Clinical Frailty Scale; CI, confidence interval.
30 days of admission. The high fatality rate in our study could in
part be explained by the fact that COVID-19 patients at that time
were not treated with corticosteroids or other specific therapies,
which have since proven to be beneficial. Our survival data are,
419
however, comparable to those of a study of 191 inpatients with
COVID-19 hospitalized in Wuhan showing a death rate of 28%
(Zhou et al., 2020), and to a large-scale UK study of 20,133
inpatients with COVID-19 showing a death rate of 26% (Docherty
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t al., 2020). We found that 90% of fatal cases occurred among
atients aged 65 years or older, where the death rate was as high as
4% (63 of 143 patients).
Decisions on limitations of life-sustaining therapy, which are

ommon for older patients with multimorbidity due to medical
utility, may, of course, have contributed to the higher fatality rate
mong older patients in our study. Indeed, we found that
ntubation and mechanical ventilation was withheld in 69% of
he older patients (99 of 143 patients) in the study. However,
ecisions to withhold mechanical ventilation therapy were based
n futility and not because of exhausted capacity at the hospital. In
ddition, vulnerable and frail older patients had similar death
ates, irrespective of whether mechanical ventilation was withheld
Table 4). We therefore believe that the overall fatality rate in our
tudy was not affected by decisions on limitations of life-
ustaining therapy among older patients.
The two most prevalent comorbidities found in patients with

OVID-19 were hypertension (54%) and diabetes mellitus (31%).
e found that hypertension, but not diabetes, was associated with

 fatal outcome in the univariate analysis. Potential overrepresen-
ation of hypertension among patients with COVID-19 has been
iscussed by several investigators, as reviewed by Sardu et al.
2020), and hypertension has also been reported as an indepen-
ent risk factor for severe COVID-19 (Guan et al., 2020). However,
ypertension is a common condition worldwide, with a prevalence
f about 78% in individuals aged between 65 and 74 years in
weden (Wolf-Maier et al., 2003), and after adjustment for age, we
o longer found an association between hypertension and death.
urthermore, among the older patients in our study, hypertension
as not associated with death in the univariate analysis. Thus, our
esults indicate that hypertension is not an independent risk factor
or death in hospitalized patients with COVID-19.

Overweight was also common among the patients in our study,
nd obesity was the third most prevalent comorbidity. High
revalence of obesity among inpatients with COVID-19 has also
een reported by others (de Siqueira et al., 2020). The association
etween obesity and severe COVID-19 may be due to a defective
mmune system and/or higher mass of adipose tissue with
ngiotensin-converting enzyme 2 (ACE2) receptors (Fortis et al.,
012; Hussain et al., 2020; Kassir, 2020). Furthermore, obesity may
ave a detrimental effect on lung volume and respiratory function.
otably though, our data showed no association between BMI and
isease severity in terms of survival or need for respiratory support
i.e., oxygen supply, noninvasive ventilation, or mechanical
entilation; data not shown).
The only two comorbidities that were identified as independent

isk factors for death in our multivariate analyses were chronic
idney disease and previous stroke. The association between
hronic kidney disease and an increased risk of severe pneumonia
as shown previously (Chou et al., 2014). For patients with COVID-
9, the association between kidney failure and a fatal outcome has
lso been demonstrated and discussed by other authors (Guan
t al., 2020; Cheng et al., 2020; Henry and Lippi, 2020). The
ssociation between previous stroke and death in our study may in
art be due to lasting disabilities in this patient group. Another
lausible explanation is that patients with previous stroke carry a
redisposition that, under the influence of COVID-19-induced
oagulopathy, may have led to vascular events contributing to a
atal outcome.

Age was highly associated with the risk of death in our

COVID-19, and not specifically among older patients. In our
multivariate analyses among older patients, age was not associated
with death when data were adjusted for relevant comorbidities
and frailty (Table 5). This distinction is important, as activity levels
and comorbidities differ substantially between individuals, even at
a high chronological age.

As a consequence of decline in multiple physiological functions,
older and frail individuals are at increased risk of adverse outcomes
when they have an acute illness. It seems that the number of
dysfunctional organ systems is more predictive of clinical frailty
than abnormalities in any particular organ system (Fried et al.,
2009). This is in line with our findings, where multimorbidity was
strongly associated with a fatal outcome (Table 2). Although frailty
increases with age and is related to multimorbidity, it has been
shown to be an independent predictor of adverse health effects
(Clegg et al., 2013). In this study, we used the original, seven-point
CFS for assessment of frailty among older patients, since this tool is
easy to use and has been validated for prediction of future
functional decline and death among patients aged 65 years or older
(Rockwood et al., 2005; Cardona et al., 2018).

We found that the CFS was strongly associated with death in
older patients with COVID-19 (Figure 2 and Table 5). The CFS level
was in fact the only independent predictor of fatal outcome in our
multivariate analyses, with a hazard ratio of 2.13 (95% confidence
interval 1.49–3.03). Thus, our data indicate that frailty is a
stronger predictor of death than age and comorbidities in older
COVID-19 patients requiring hospitalization. Accordingly, a recent
study of 81 older patients with COVID-19 in a geriatric
department in Belgium demonstrated that the CFS level had a
stronger association with death than age in bivariate logistic
regression analyses (De Smet et al., 2020). In addition, a large-
scale European multicenter study showed that the CFS level was a
better predictor of outcomes in adult hospitalized patients with
COVID-19 than age and comorbidities (Hewitt et al., 2020). That
study determined the CFS level in all patients aged 18 years or
older admitted to the hospital. However, since the CFS has not
been validated for younger adults, we determined the CFS level
only in patients aged 65 years or older. On the basis of our results
and the results in the above-mentioned studies, we suggest that
CFS grading should be part of a holistic approach in the decision-
making process for older patients.

Our study has some important limitations. Because of the
retrospective study design, evaluation of the CFS level had to
rely on information obtained from the electronic health records.
However, since most primary care units, outpatient clinics, and
hospitals in Stockholm County share the same electronic health
record system, data from various health care providers,
including physiotherapist evaluations, were considered when
we were estimating the CFS level. Also, we were not able to
include all patients with COVID-19 admitted to the hospital, and
the patients were not consecutively included in the study, which
could result in a less representative sample. However, we
believe that this risk is minimal since the patients were
randomly selected and no information on their clinical course
and outcome was available at the time of inclusion. Further-
more, the age distribution of our study population agreed with
that of the complete population of COVID-19 patients admitted
to the hospital during the same period. We therefore believe
that our results can be generalized to all patients with COVID-19
who were admitted to the hospital.
nivariate analyses (odds ratio 1.08, 95% confidence interval 1.05–
.11, P < 0.0001). This finding is in accordance with several large-
cale studies that presented increasing age as a risk factor for death
n hospitalized patients with COVID-19 (Docherty et al., 2020;
rgenziano et al., 2020; Petrilli et al., 2020). However, those studies
nvestigated age as a prognostic factor in a general population with
42
In conclusion, in this study of COVID-19 patients admitted to a
university hospital in Stockholm, we found that increasing age,
chronic kidney disease, and previous stroke contributed signifi-
cantly to a fatal outcome. However, among patients aged 65 years
or older, the physical and functional status, as assessed by the CFS,
was the strongest prognostic factor for death.
0
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