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Abstract

Background: Population-level knowledge on individuals at high risk of severe and fatal
coronavirus disease 2019 (COVID-19) is urgently needed to inform targeted protection
strategies in the general population.

Methods: We examined characteristics and predictors of hospitalization and death in a
nationwide cohort of all Danish individuals tested for severe acute respiratory syndrome
coronavirus 2 (SARS-CoV-2) from 27 February 2020 until 19 May 2020.

Results: We identified 11 122 SARS-CoV-2 polymerase chain reaction-positive cases of
whom 80% were community-managed and 20% were hospitalized. Thirty-day all-cause
mortality was 5.2%. Age was strongly associated with fatal disease {odds ratio [OR] 15
[95% confidence interval (Cl): 9-26] for 70-79 years, increasing to OR 90 (95% Cl: 50-162)
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for >90years, when compared with cases aged 50-59 years and adjusted for sex and
number of co-morbidities}. Similarly, the number of co-morbidities was associated with
fatal disease [OR 5.2 (95% CI: 3.4-8.0), for cases with at least four co-morbidities vs no
co-morbidities] and 79% of fatal cases had at least two co-morbidities. Most major
chronic diseases were associated with hospitalization, with ORs ranging from 1.3-1.4
(e.g. stroke, ischaemic heart disease) to 2.6-3.4 (e.g. heart failure, hospital-diagnosed kid-
ney disease, organ transplantation) and with mortality with ORs ranging from 1.1-1.3
(e.g. ischaemic heart disease, hypertension) to 2.5-3.2 (e.g. major psychiatric disorder,
organ transplantation). In the absence of co-morbidities, mortality was <5% in persons
aged <80vyears.

Conclusions: In this nationwide population-based COVID-19 study, increasing age and
multimorbidity were strongly associated with hospitalization and death. In the absence
of co-morbidities, the mortality was, however, <5% until the age of 80 years.

Key words: COVID-19, SARS-CoV-2, infectious disease, epidemiology, population-based, predictors, hospitalization,

death

Key Messages

* We present population-based data on clinical characteristics and predictors of in-patient hospitalization and death for
all general-population members who tested positive for SARS-CoV-2 in an entire nation.

* COVID-19 mortality was <5% until the age of 80years in the absence of co-morbidities, with few patients under the
age of 60years dying regardless of co-morbidities and 79% of fatal cases having at least two co-morbidities.

* A wide range of major chronic diseases were associated with hospitalization and death, with odds ratios ranging
from 1.1-1.4 (e.g. stroke, ischaemic heart disease) to 1.8-3.4 (heart failure, hospital-diagnosed kidney disease, chronic
liver disease, major psychiatric disorder, organ transplantation).

Introduction

Despite worldwide efforts to prevent the spread of the severe
acute respiratory syndrome coronavirus 2 (SARS-CoV-2), the
derived coronavirus disease 2019 (COVID-19) has become a
global pandemic. By 22 June 2020, COVID-19 had led to al-
most 9000000 confirmed cases and 470000 deaths world-
wide.! In Denmark, the first COVID-19 case was reported
on 27 February 2020 and, after a few weeks, SARS-CoV-2
was widely transmitted in the Danish community.”
Hospital-based case series from the early stages of the
pandemic have suggested that patients with severe and fa-
tal COVID-19 are likely to be older men with a high bur-
den of co-morbid diseases.>” Most previous studies were,
however, restricted to hospitals and selected populations in
areas where the healthcare systems were overwhelmed by
the epidemic. Currently, no studies have examined
predictors of outcomes in nationwide population-based
COVID-19 cohorts in countries with early governmental
restrictions and a low burden on the healthcare system. We
describe clinical characteristics and predictors of

hospitalization and death for all SARS-CoV-2 polymerase
chain reaction (PCR)-positive cases in Denmark, where
early lockdown and surplus healthcare capacity during the
epidemic may have influenced the risk of critical disease.

Methods

In this population-based study of a Danish COVID-19 co-
hort capturing all individuals with a positive PCR test for
SARS-CoV-2 in Denmark, we provide nationwide data on
clinical characteristics and predictors of hospitalization
and death for all SARS-CoV-2 PCR-positive cases identi-
fied from 27 February 2020 to 19 May 2020. For descrip-
tive comparison, we also provide data on clinical
characteristics on all individuals with a negative PCR test
for SARS-CoV-2 in Denmark.

Handling of the epidemic in Denmark

From 27 February 2020 onwards, the spread of SARS-
CoV-2 in Denmark was observed within clusters and



1470

International Journal of Epidemiology, 2020, Vol. 49, No. 5

mainly suspected symptomatic COVID-19 cases with a rel-
evant travel history (mainly from China and Italy) were
tested. As of 12 March, community transmission was ob-
served and it was decided to shift from a containment to a
mitigation strategy, where testing of patients who had sus-
pected COVID-19 requiring hospital admission was priori-
tized and contact tracing with quarantine was stopped.
The government instituted a comprehensive lockdown of
the country on 13 March. On 18 March, testing of front-
line healthcare workers in critical functions who had respi-
ratory symptoms was possible and, from late March
onwards, test capacity was gradually upscaled to include
testing of individuals with mild to moderate respiratory
symptoms suspicious of COVID-19, as well as broader
screening of healthcare professionals. A controlled and
gradual reopening of selected sectors of the country was
initiated on 15 April.

The Danish SARS-CoV-2 cohort

We established the study cohort using data on SARS-CoV-
2 PCR results from the Danish Microbiology Database.®’
Using the unique personal identifier assigned to all Danish
citizens, the study cohort was linked to the Danish admin-
istrative and health registries.'®™" We obtained complete
information on the use of prescription drugs filled at com-
munity pharmacies, history of hospitalizations and co-
morbidities, authorized healthcare-worker status, admis-
sion to the intensive care unit (ICU) and date of death, if
any (for definitions of variables, see Supplementary Table
1, available as Supplementary data at IJE online).

A case was defined as an individual tested one or more
times with at least one positive PCR test result for SARS-
CoV-2 performed on oro- and nasopharyngeal swabs and/
or on respiratory-tract secretions and aspirates. The date
of the first positive PCR test was used as the index date
whereas individuals with negative SARS-CoV-2 PCR tests
were included by the date of their first negative test.
Hospital admissions due to COVID-19 were defined as
continuous in-hospital stays with a duration of 12 hours or
longer occurring up to 14 days after the index date. ICU
treatment was defined as intensive-care treatment from
2 days before the index date to 14 days after and was iden-
tified using procedure codes in the Danish National Patient
Registry'® or by direct reporting from the Danish Regions
to Statens Serum Institut. All-cause mortality was defined
as deaths occurring from 2 days before the index date to
30days identified in the Danish Civil
Registration System and the Danish Cause of Death

after and

Registry.''Real-time data updates and 30 days of follow-
up were available for the entire cohort.

Analysis

We first assessed the number of SARS-CoV-2 PCR-positive
cases in Denmark as well as the number of individuals who
tested as PCR-negative for SARS-CoV-2. Second, we de-
scribed clinical characteristics for individuals with negative
SARS-CoV-2 PCR results and for PCR-positive cases fur-
ther stratified by disease severity, i.e. cases who were man-
aged in the community, cases who were hospitalized, cases
who were admitted to an ICU and cases who died of all
causes within 30 days (inside or outside hospitals). Third,
we charted the proportion of hospitalized cases and cases
who died of all causes within 30 days, specified by age and
assessed predictors of hospitalization and death by estimat-
ing crude and age- and sex-adjusted odds ratios (ORs) us-
ing logistic regression for the associations between single
co-morbidities and hospitalization and death within
30 days. In a post-hoc analysis, predictors of all-cause mor-
tality were assessed in a population restricted to hospital-
ized SARS-CoV-2 test-positive cases. We chose a logistic
regression over a conventional Cox regression as we ob-
served a high number of patients who died very shortly af-
ter being tested positive. A survival analysis, like a Cox
regression, would put undue emphasis on the time interval
between the positive test and death, whereas a logistic re-
gression would merely reflect predictors of whether the pa-
tient died or not. To examine whether the outcome
associations with age and sex depended on the related bur-
den of co-morbidity, we additionally adjusted age and sex
ORs for number of co-morbidities. Co-morbidities were
defined as an ever-recording in the Danish health registries
of chronic lung disease, hypertension, ischaemic heart dis-
ease, heart failure, atrial fibrillation, stroke, diabetes, de-
mentia, any cancer, chronic liver disease, hospital-
diagnosed kidney disease, alcohol abuse, substance abuse,
major psychiatric disorders, organ transplantation, medi-
cal overweight and obesity, and/or rheumatoid arthritis/
connective-tissue disease, whereas the number of co-
morbidities was defined as the total number of any of these
coexisting conditions. In a supplementary analysis, ORs
were estimated for each co-morbidity while adjusting for
age, sex and additionally for the total number of co-
morbidities. Finally, we investigated clinical characteristics
of patients diagnosed during different phases of the epi-
demic in Denmark, defined as the containment phase, the
mitigation phase and during the gradual reopening.

Other

According to Danish law, studies based entirely on registry
data do not require patient consent or approval from an
ethics review board."” For legal reasons, individual-level
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Figure 1 New SARS-CoV-2 PCR-positive cases and the number of individuals who tested negative for SARS-CoV-2 per day during the stages of the
ongoing epidemic. The dotted lines illustrate the shift from containment to mitigation strategy as well as to the reopening of society. Note logarithmic

y-axis.

Cases diagnosed before 5 March are omitted to ensure anonymity.

raw data from Danish administrative and health registries
cannot be shared by the authors.

No patients or members of the public were involved in
the creation of this article.

Results

We identified 11 122 cases with SARS-CoV-2 detected by
PCR and 410697 individuals with a negative PCR test in
the Danish SARS-CoV-2 cohort from 27 February to 19
May 2020. The number of new SARS-CoV-2 PCR-positive
cases peaked at ~470 cases per day 5-6 weeks after the
identification of the first case. The number of new positive
cases, however, correlated closely with the number of indi-
viduals being tested during the first phases of the epidemic
(Figure 1).

In general, we only observed minor differences in age,
sex, medical history and prior drug use between PCR-
positive cases and test-negative individuals (Table 1).
Among all SARS-CoV-2 PCR-positive cases in Denmark,
20% were hospitalized whereas 2.8% were admitted to an
ICU and 5.2% had a fatal course of disease within 30 days
from the positive test (Table 1). Of those who died, 22%
were managed in the community [i.e. did not have an in-
hospital admission >12 hours within 14 days after the index
date (Supplementary Table 2, available as Supplementary
data at IJE online)]. The majority of hospitalized cases were
admitted on the date of the positive PCR test (57%)

(Supplementary Figure 1, available as Supplementary data
at IJE online). Forty-two per cent of all PCR-positive cases
were men, increasing to 73% among cases admitted to an
ICU and 57% among cases who died within 30 days of the
positive test (Table 1). When adjusted for age and number
of co-morbidities, ORs for hospitalization and death were
1.8 [95% confidence interval (CI): 1.6-2.0] and 2.1 (95%
CI: 1.7-2.6), respectively, for men (Table 2).

Among all PCR-positive cases, the median age was
48 years [interquartile range (IQR) 33-62], varying from
44 years (IQR 30-56) among cases who were not hospital-
ized to 82years (IQR 75-88) among those who died
(Table 1). The proportion of SARS-CoV-2 PCR-positive
cases who were hospitalized increased substantially with
age to >60% among cases older than 70 years. Similarly,
the proportion of PCR-positive cases with a fatal course in-
creased from 17% by the age of 70-79 years to 29% by the
age of 80-89 years (Figure 2A). When applied to the num-
ber of individuals in the Danish population in each age
group, population mortality likewise increased from 29
per 100000 for individuals aged 70-70years to 266 per
100 000 by the age of 90 years (Figure 2B). When adjusting
for sex and number of co-morbidities, increasing age was a
very strong predictor of fatal disease [OR 15 (95% CI: 9-
26) for 70-79years, OR 30 (95% CI: 17-52) for 80-
89 years and OR 90 (95% CI: 50-162) for cases older than
90 years, when compared with middle-aged adults, 50—
59 years] (Table 2).
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Figure 2 (A) Distribution of hospitalization and death according to age
group in all SARS-CoV-2 PCR-positive cases. (B) The proportion of hos-
pitalized and fatal SARS-CoV-2 cases per 100 000 individuals relative to
the total Danish population within each age group

Fatal cases were defined as all PCR-positive cases who died of all
causes within 30 days from the index date.

In general, co-morbidities were more frequent among
PCR-positive hospitalized and fatal cases. Thus, 15% of
community-managed cases had two or more co-
morbidities, whereas the corresponding proportion was
56% for hospitalized and 79% for fatal cases. Similarly,
the proportion of individuals who had been hospitalized at
least once during the last year was higher among hospital-
ized cases (35%) and fatal cases (53%) than among PCR-
positive cases managed in the community (8 %) (Table 1).

The most frequent co-morbidities among hospitalized
cases were hypertension (55%), COPD (22%), ischaemic
heart disease (19%) and diabetes (19%) (Table 1). After
adjustment for higher age and sex, the association of many
co-morbidities with hospitalization risk reduced consider-
ably (e.g. for dementia, from OR 3.3 to OR 0.5).
However, most co-morbidities remained predictive of
COVID-19 hospitalization, ranging from OR 1.3 for
stroke, OR 1.4 for atrial fibrillation, cancer or ischaemic

heart disease, to OR 1.7 for hypertension or alcohol abuse,

Figure 3. Heat map illustrating proportion of patients dying (in %)
among SARS-CoV-2 PCR-positive cases within different subgroups of
age and number of co-morbidities

Total number of co-morbidities is assessed as the total number of any
of the following conditions: chronic lung disease, hypertension, ischae-
mic heart disease, heart failure, atrial fibrillation, stroke, diabetes, de-
mentia, cancer, chronic liver disease, hospital-diagnosed kidney
disease, alcohol abuse, substance abuse, major psychiatric disorder, or-
gan transplantation, overweight and obesity, and rheumatoid arthritis/
connective-tissue disease. Mortality was defined as all-cause mortality
within 30 days from the index date.

Stated mortality proportions in % in each subgroup are rounded to the
nearest number (green <1.50%; yellow 1.50-10.49%; orange 10.50-
20.49%; red >20.49%). The value 0% means that <0.5% in the subgroup
died or that there were no patients in the subgroup.

OR 1.8 for chronic lung disease or diabetes, and peaking
at OR 2.9 for hospital-diagnosed kidney disease and OR
3.4 for organ transplantation (Table 2). This pattern was
also evident among fatal cases, though the absolute preva-
lence of co-morbidities was higher in fatal than in hospital-
ized cases (Tables 1 and 2). Among PCR-positive cases
with four or more co-morbidities, the ORs for hospitaliza-
tion were 3.9 (95% CI: 3.2-4.8) and 5.2 (95% CI: 3.4-
8.0) for death compared with PCR-positive cases without
any co-morbidities (Table 2). When restricting the popula-
tion to hospitalized cases (Supplementary Table 3, avail-
able as Supplementary data at IJE online), largely similar
results were observed.

All-cause mortality increased substantially with increas-
ing age in combination with an increasing number of co-
morbidities (Figure 3). Among cases aged 60-69 and 70-
79 years with no co-morbidities, the mortality was 1% and
4%, respectively, although increasing to 11% and 29%,
respectively, among those with at least four co-morbidities.
Among the highest age categories, mortality was high re-
gardless of the number of co-morbidities (Figure 3).

When further adjusting for the total number of co-
morbidities, the ORs for patients with individual co-
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morbidities declined considerably (Supplementary Table 4,
available as Supplementary data at IJE online), suggesting
that multimorbidity and frailty in patients with e.g. hyper-
tension, diabetes or cardiopulmonary disease may be a key
driver of the observed associations.

Authorized healthcare workers comprised 22% of all
PCR-positive cases (Table 1). Of these, 133 cases (5.5%)
were hospitalized, 13 cases (0.5%) required ICU admission
and <35 cases (<0.2%) died within 30 days of the positive
test.

Patient characteristics of all PCR-positive cases changed
markedly during the different stages of the epidemic. Thus,
the proportion of women increased from 32% in the initial
stage [when travellers from risk areas (often males) were
frequently tested] to 60% during the reopening stage
[when healthcare workers (of whom 89% were females in
our study population) were frequently tested]. Mortality
(6.7%) and median age (52 years, IQR 38-66) were high-
est during the mitigation phase where predominantly indi-
viduals who were hospitalized were tested (Supplementary
Table 3, available as Supplementary data at IJE online).

Discussion

In this nationwide cohort of SARS-CoV-2 PCR-positive
cases from the general population in Denmark, we found
that older age (e.g. >70 years), male sex and number of co-
morbidities were risk factors for hospitalization and death.
In the absence of co-morbidities, the mortality was, how-
ever, <5% until the age of 80years. After controlling for
age and sex, virtually all co-morbidities that were prevalent
in our population, including e.g. hypertension, heart or
lung disease, obesity and diabetes were associated with se-
vere disease or death from COVID-19. Particularly strong
associations were observed for hospital-diagnosed kidney
disease, severe psychiatric disorder and organ
transplantation.

The register-based approach and Denmark’s universal
healthcare system are major strengths of this study, since
the Danish administrative and health registries allow com-
plete nationwide capture of an unselected cohort of all
individuals tested for SARS-CoV-2 without restricting to
those treated at hospitals and irrespective of socio-
economic differences. Population-based registries allowed
complete, independent individual-level ascertainment of all
previous hospital contacts and prescription-drug use, over-
coming limitations of missing data in previous reports. It
is, however, a limitation that co-morbidities often followed
in primary care, e.g. obesity and dementia, may be under-
reported in the Danish hospital and prescription registries,
thus causing an underestimation of the prevalence of these

specific diseases. It is also a limitation that we did not have

information on several factors such as smoking status, eth-
nicity and socio-economic deprivation that are likely to in-
fluence the risk of developing severe COVID-19 or
dying.'®'” Finally, we made no attempts to determine the
fraction of deaths directly attributable to COVID-19 as
this is subjective and difficult using registry data. The use
of 30-day all-cause mortality in our study may have led to
age associations appearing more extreme.

The existence of associations between almost any co-
morbidities and the risk of hospitalization and death due
to COVID-19 in our study is in accordance with previous
studies of both COVID-19 patients'®'? and patients with
severe influenza,”® thus suggesting resemblances between
COVID-19 and other severe respiratory infections with re-
gard to populations at risk. Among the most frequent co-
morbidities in our population, hypertension, obesity and
diabetes seemed to be clear predictors of both hospitaliza-
tion and fatal disease, which corroborates previous

2122 and underscores the

hospital-based outcome studies
probable importance of metabolic health in COVID-19
outcomes.>®> Our data add important new knowledge on
the possible role of hospital-diagnosed kidney disease and
organ transplantation as strong risk factors, and further-
more suggest that people with alcohol/substance abuse and
psychiatric illness may be an especially vulnerable group,
possibly in line with the socio-economic disparities that
have been observed during the COVID-19 epidemic.'®!”

Importantly, the assessment of predictors in our study
was performed without having any pre-specified hypothe-
ses. We did not aim to estimate causal effects, but rather to
identify factors that could help us to identify people at high
risk of hospitalization and all-cause mortality during
COVID-19. The potential causal associations of specific
individual diseases with COVID-19 outcomes, including
the potentially strong association observed for e.g. meta-
bolic diseases, should be analysed in future epidemiological
studies designed to evaluate causal effects, including de-
tailed, hypothesis-specific confounder assessment. Any
associations observed in this study should therefore be
interpreted with caution and not as evidence of causality.
Moreover, the threshold for diagnosing co-morbidities as
well as COVID-19 may differ across age groups. Among
elderly multimorbid persons, Berksonian-like bias may
have caused an overestimation of COVID-19-outcome
associations if some hospital admissions were primarily re-
lated to worsening underlying co-morbidities rather than
infection, and then led to testing and coincident detection
of SARS-CoV-2.

It is of note that the different test strategies instituted in
Denmark during the epidemic are crucial for the observed
characteristics of individuals with confirmed SARS-CoV-2
infection. In the early stages of the pandemic, the national
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test strategy in Denmark was directed at those who were
most sick and potentially in need of medical care. Though
the observed overall 30-day mortality rate of 5.2% ob-
served in our study corresponds to the case-fatality rate ob-
served worldwide (5.1%) (https://www.worldometers.info/
coronavirus/), the fact that mainly hospitalized patients
with severe symptoms were tested for SARS-CoV-2 during
the mitigation phase may have contributed to an overesti-
mation of the case fatality and the proportion of hospital-
ized cases (20%) in COVID-19. Preliminary results from
serologic (antibody-testing) studies in Denmark suggest
that, in May 2020, 1.1% (municipality screening, www.
ssi.dk) to 1.8% (blood-donor screening, unpublished data)
of all Danish citizens had been infected with SARS-CoV-2,
corresponding to an estimated 64 000 to 105000 COVID-
19 patients in Denmark (population 5.82 million). This
suggests that the prevalence of SARS-CoV-2 infection may
have been 6- to 9-fold higher than detected in our study,
thus corresponding to a possible infection fatality rate of
0.6-0.9% rather than the 5.2% that we observed.

Also, the high absolute number of PCR-positive health-
care professionals may reflect widespread testing in this
group to track down and limit in-hospital contamination,
rather than a particularly high level of contamination of
healthcare professionals. Widespread testing with detec-
tion of asymptomatic or mild symptomatic cases in this
group may also play a role for the observed lower risk of
hospital admission or death. Furthermore, the source of
transmission is unknown. It is a limitation in our study
that the subgroup of healthcare professionals only included
individuals authorized as healthcare personnel, i.e. mainly
nurses and doctors, but not professions for which an au-
thorization is not required, e.g. hospital porters and nurse
assistants. Further data on whether the healthcare profes-
sionals were involved in clinical work or working in other
settings were not available, thus some healthcare professio-
nals without current patient contact were included.

In accordance with previous descriptive studies, older
men with co-morbidities dominated the subgroup of cases
with severe or fatal disease.”**° Additionally, we found
that men had a 2.1-fold risk of death even when adjusting
for age and number of co-morbidities, thus suggesting that
the higher risk of severe or fatal disease among men cannot
be explained by a higher burden of co-morbidities in its en-
tirety. In our study, cases admitted to an ICU were mark-
edly younger and less co-morbid than cases with a fatal
course. This may be related to selection of those patients
for the ICU who are expected to clearly gain from
intensive-care therapy when it comes to later life expec-
tancy, functional status and quality of life. Some very el-
derly and frail patients may have passed away more
rapidly upon hospitalization and thus never have been

transferred to the ICU. Also, COVID-19 cases with a fatal
course who were not hospitalized (22% of fatalities) were
older and more likely to have dementia than those who
died following hospitalization. This finding is likely caused
by smaller outbreaks at nursing homes and suggests that
frailty impacted on the clinical decision of whether to ad-
mit COVID-19 cases or not. Of note, the median age of
82 years at death from COVID-19 in our study is almost
identical to the median age at death (81 years) of general-
population members in Denmark.?®

The findings of this study should be seen from the per-
spective that the COVID pandemic in Denmark has been
characterized by a strict, early lockdown and a rapid adap-
tation of healthcare to the situation. When the pandemic
peaked in the beginning of April, 142 patients were admit-
ted to ICUs nationwide.”” With a reported capacity of 925
mechanical ventilators available for COVID-19 patients,*®
the healthcare system was never overwhelmed. Also, the
early lockdown may have emphasized the seriousness of
the pandemic in the public at large, prompting patients to
report early in their disease course and hospitals to admit
COVID-19 patients at a lower threshold. Easy access and
affordability of healthcare could play a similar role.

Conclusion

In this nationwide population-based study, increasing age,
sex and the number and type of co-morbidities were closely
associated with hospitalization and death in SARS-CoV-2
PCR-positive cases. In the absence of co-morbidities, the
mortality was, however, lowest until the age of 80 years.
These results may help in accurate identification, triage
and protection of high-risk groups in general populations,
i.e. when reopening societies.
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