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Background On 13 March 2020, the Danish authorities imposed extensive nationwide lockdown measures to prevent the
spread of the coronavirus disease 2019 (COVID-19) and reallocated limited healthcare resources. We investigated
mortality rates, overall and according to location, in patients with established cardiovascular disease before, during,
and after these lockdown measures.

...................................................................................................................................................................................................
Methods
and results

Using Danish nationwide registries, we identified a dynamic cohort comprising all Danish citizens with cardiovascu-
lar disease (i.e. a history of ischaemic heart disease, ischaemic stroke, heart failure, atrial fibrillation, or peripheral
artery disease) alive on 2 January 2019 and 2020. The cohort was followed from 2 January 2019/2020 until death
or 16/15 October 2019/2020. The cohort comprised 340 392 and 347 136 patients with cardiovascular disease in
2019 and 2020, respectively. The overall, in-hospital, and out-of-hospital mortality rate in 2020 before lockdown
was significantly lower compared with the same period in 2019 [adjusted incidence rate ratio (IRR) 0.91, 95% confi-
dence interval (CI) CI 0.87–0.95; IRR 0.95, 95% CI 0.89–1.02; and IRR 0.87, 95% CI 0.83–0.93, respectively]. The
overall mortality rate during and after lockdown was not significantly different compared with the same period in
2019 (IRR 0.99, 95% CI 0.97–1.02). However, the in-hospital mortality rate was lower and out-of-hospital mortality
rate higher during and after lockdown compared with the same period in 2019 (in-hospital, IRR 0.92, 95% CI 0.88–
0.96; out-of-hospital, IRR 1.04, 95% CI1.01–1.08). These trends were consistent irrespective of sex and age.

...................................................................................................................................................................................................
Conclusions Among patients with established cardiovascular disease, the in-hospital mortality rate was lower and out-of-

hospital mortality rate higher during lockdown compared with the same period in the preceding year, irrespective
of age and sex.
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Introduction

Governments worldwide have imposed comprehensive strategies to
prevent the rapid spread of the coronavirus disease 2019 (COVID-
19) pandemic, caused by the severe acute respiratory syndrome cor-
onavirus 2 (SARS-CoV-2) and to alleviate the increasing burden on
healthcare systems and providers.1 Such strategies include extensive
societal lockdown and reorganization of healthcare systems.
Compared with many other countries, the rates of laboratory-
confirmed COVID-19 cases and COVID-19 related deaths have
been low in Denmark.2 Thus, as of 16 October 2020, Denmark, with
a population of 5.8 million people, had a total of 35 291 cases and 679
deaths.2,3 However, these mitigation strategies, which were imple-
mented in Denmark on 13 March 2020, may have a detrimental effect
on medical care of other and more prevalent medical conditions and
may, for example, affect optimal treatment delivery to patients with
acute or established cardiovascular diseases. Another consequence
may also be that some individuals experiencing symptoms suggestive
of acute cardiovascular conditions or clinical deterioration in estab-
lished cardiovascular diseases may be more likely to stay at home,
and perhaps seek alternative care, rather than attending emergency
departments due to fear of acquiring COVID-19.4–16 While the detri-
mental impact of these widespread strategies has been suggested,
longitudinal data in patients with established cardiovascular disease
are lacking. Specifically, whether, and to what extent, a lockdown
strategy and reorganization of the healthcare system, as well as the
pandemic itself, have impacted mortality rates and location of death
in patients with established cardiovascular diseases has not been
examined. Given that established cardiovascular diseases constitute a
leading cause of global morbidity and mortality17,18 and necessitate
optimal medical care and regular evaluation, such knowledge is of
great importance and will shed light on another possible collateral ef-
fect of a lockdown strategy and reorganization of the healthcare
system.

We performed a nationwide registry-based cohort study to inves-
tigate all-cause mortality rates, overall and according to location of
death, in patients with established cardiovascular disease, including is-
chaemic heart disease, ischaemic stroke, heart failure, atrial fibrilla-
tion, and peripheral artery disease, before, during, and after the
lockdown of Danish society and reorganization of the healthcare sys-
tem due to the COVID-19 pandemic.

Methods

The COVID-19 lockdown and reopening in

Denmark
On 13 March 2020, the Danish authorities imposed extensive nationwide
lockdown measures to prevent the spread of COVID-19, including clos-
ure of Danish borders, schools, and daycare facilities, and sending home
all employees working in non-essential jobs in the public sector. On 18
March 2020, these measures were further extended to include a ban of
gatherings of >10 people.19 The Danish healthcare system was also reor-
ganized, outpatient visits were converted to telemedicine or cancelled,
whenever possible, and elective, non-vital procedures were cancelled or
postponed. On 6 April, the Danish authorities announced that the gov-
ernment would commence a gradual and controlled reopening of Danish
society. The first phase of reopening of Danish society included reopening
of schools for younger pupils (15 April) and liberal professions (20
April).19 The second phase included reopening of restaurants and cafes
(18 May), schools for older pupils (18 May), cultural and recreational
activities (i.e. museums, theatres, and outdoor parks), and research insti-
tutions (27 May).19 The third phase included an easing of the ban of gath-
erings to 50 people (8 June) and allowed all public sector employees to
return to work in person (15 June).19

Data sources
In Denmark, all citizens are assigned a unique and personal identification
number, which allows accurate linkage of nationwide administrative regis-
tries at an individual level. For this study, data from several nationwide
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administrative registries were obtained. The Danish National Patient
Registry contains information on all hospital admissions and outpatient
contacts according to the International Classification of Diseases (ICD).20

The Danish National Prescription Registry holds detailed information on
dispensing date, strength, and quantity on all claimed drug prescriptions in
Denmark.21 The Danish Civil Registration System comprises data on birth
date, sex, and vital status [i.e. whether a person is alive and resident in
Denmark, disappeared (persons whose residence is unknown to Danish
authorities), emigrated, or dead, along with the date of these events].22

Statistics Denmark holds data on education, household income, and mari-
tal status.23,24 The Danish registries are validated and of high quality, and
have been described in detail previously.20–24

Study population
The study population comprised all Danish citizens with cardiovascular
disease who were >_18 years old and alive on 2 January 2019. The study
cohort was dynamic; thus, patients with cardiovascular disease could also
enter the study cohort on 2 January 2020 if they were >_18 years old and
alive on this date. The index date for patients who were part of the dy-
namic cohort in 2019 and 2020 was 2 January 2019 and 2 January 2020,
respectively. Established cardiovascular disease was defined as an in-
hospital or outpatient diagnosis code of ischaemic heart disease, ischae-
mic stroke, heart failure, atrial fibrillation, or peripheral artery disease (for
ICD codes, see Supplementary material online, Table S1) within 10 years
prior to inclusion. These diagnoses have previously been validated with
high positive predictive values in the Danish National Patient
Registry.25,26

Follow-up and outcomes
The dynamic cohort was followed from the date of inclusion until death
or end of follow-up, whichever came first. As 2020 was a leap year and to
ensure a similar potential follow-up period, patients included in 2019 and
2020 were followed until 16 October 2019 and 15 October 2020, re-
spectively. The primary outcome was all-cause mortality. Secondary out-
comes were in-hospital all-cause mortality and out-of-hospital all-cause
mortality. In-hospital mortality was defined as date of death during a hos-
pital admission. Conversely, out-of-hospital mortality was defined as date
of death not during a hospital admission.

The rates of outcomes were also examined for each subgroup of
patients with established cardiovascular disease (i.e. ischaemic heart dis-
ease, ischaemic stroke, heart failure, atrial fibrillation, and peripheral ar-
tery disease). The rates of outcomes were also examined in patients with
established cardiovascular disease according to sex and age categories
(<60 years, 60–79 years, and >_80 years). Finally, we assessed the total
number of cardiovascular admissions (and not only the first during the
study period) in patients with established cardiovascular disease.
Cardiovascular admissions were defined as any primary of secondary in-
hospital diagnosis code of diseases of the circulatory system (ICD-10
code category I) with an overnight stay.

Covariates
Comorbidity was obtained using in-hospital and outpatient diagnosis codes
up to 10 years prior to inclusion, i.e. 2 January in 2019 and 2020, respect-
ively (for ICD-10 codes, see Supplementary material online, Table S1).
Patients with hypertension were identified using claimed drug prescriptions
as described previously.27,28 To quantify the burden of comorbidities, the
Charlson Comorbidity Index was calculated as described previously.26

Pharmacotherapy at baseline was defined as claimed prescriptions
within 180 days prior to inclusion (for ATC codes, see
Supplementary material online, Table S2). The highest level of
completed education was classified in accordance with the

International Standard Classification of Education. Duration of car-
diovascular disease was determined using the date of the first
diagnosis code of ischaemic heart disease, ischaemic stroke, heart
failure, or peripheral artery disease within 10 years prior to inclu-
sion and graded in years.

Statistics
Baseline characteristics according to inclusion year were reported as
frequencies with percentages or medians with 25th–75th percentiles,
and differences were tested with the v2 test for categorical variables
and the Mann–Whitney test for continuous variables. In addition, char-
acteristics of patients with an in-hospital and out-of-hospital death, re-
spectively, during lockdown at the time of death in 2019 and 2020
were reported. Rates of overall, in-hospital, and out-of-hospital mortal-
ity per 1000 person-years were calculated for each of the 41 weeks in
2019 and 2020 and reported with 95% exact Poisson confidence inter-
vals (CIs). Mortality rate ratios with 95% CIs were calculated using
adjusted Poisson regression models for each of the 41 weeks, with the
weeks in 2019 as reference. In addition, mortality rate ratios with 95%
CIs were calculated using adjusted Cox regression models before (be-
tween 2 January and 12 March), during [between 13 March (i.e. the
date of the initiation of the Danish COVID-19 lockdown and health-
care reorganization) and 14 April], and after lockdown (between
15 April (i.e. the date of the first phase of reopening) and 15/16
October], with 2019 as reference. All models were adjusted for age
modelled as linear spline with two knots at 60 and 80 years, sex, edu-
cation, living alone, duration of cardiovascular disease (categorial vari-
able), a history of ischaemic heart disease, ischaemic stroke, peripheral
artery disease, diabetes mellitus, heart failure, atrial fibrillation, hyper-
tension, malignancy, chronic kidney disease, chronic obstructive pul-
monary disease, and liver disease. All statistical analyses were
performed with SAS statistical software (SAS 9.4, SAS Institute, Cary,
NC, USA) and R (version 3.6.1, The R Foundation).29 The level of stat-
istical significance was set at 5%.

Ethics
In Denmark, registry-based studies that are conducted for the sole pur-
pose of statistics and scientific research do not require ethical approval
or informed consent by law. However, the study is approved by the insti-
tute responsible for the data [the Capital Region of Denmark (approval
number: P-2019-191)] in accordance with the General Data Protection
Regulation.

Results

The dynamic cohort comprised 340 392 Danish citizens with cardio-
vascular disease who were 18 years of age or older and alive on 2
January 2019 and 2 January 2020, respectively. In total, 308 081
(88.7%) who were part of the cohort in 2020 were also part of the
cohort in 2019. Patients in 2019 and 2020 were comparable with re-
spect to age, sex, socioeconomic status, comorbidities, and concomi-
tant medical treatment (Table 1).

Overall mortality
In total, 14 660 (4.3%) and 14 743 (4.2%) patients died during the
study period in 2019 and 2020, respectively. The weekly mortality
rates per 1000 person-years from 2 January in 2019 and 2020, re-
spectively are shown in Figure 1A, and Figure 2A displays the weekly
adjusted mortality rate ratios in 2020 compared with 2019. The
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..overall mortality rate before13 March was significantly lower in 2020
compared with 2019 [adjusted incidence rate ratio (IRR) 0.91, 95%
CI 0.87–0.95]. The overall mortality rate between 13 March (lock-
down) and 15/16 October (end of follow-up) was not significantly dif-
ferent in 2020 compared with 2019 (adjusted IRR 0.99, 95% CI 0.97–
1.02). Likewise, the mortality rates between 13 March (lockdown)
and 14 April and between 15 April (first phase of reopening) and 15/
16 October (end of follow-up) were not significantly different in
2020 compared with 2019.

In-hospital and out-of-hospital mortality
Table S3 in the Suppplementary material online displays the char-
acteristics of patients with an in-hospital death between 13 March
(lockdown) and 15/16 October (end of follow-up) in 2019 and
2020. Compared with patients who died during hospital admission
in 2019, those who died during hospital admission in 2020 were
less often living alone (55.6% vs. 51.0%, P-value <0.001) and more
often had a history of atrial fibrillation (38.4% vs. 41.2%, P-value
0.01).

....................................................................................................................................................................................................................

Table 1 Baseline characteristics of the study population

2019 cohort (n 5 340 392) 2020 cohort (n 5 347 136)

Demographics

Age, median (25th–75th percentile) 71 (62–79) 72 (62–79)

Age, n (%)

<60 years 70 133 (20.6) 69 165 (19.9)

60–79 years 190 732 (56.0) 194 899 (56.1)

>_80 years 79 527 (23.4) 83 072 (23.9)

Male, n (%) 202 005 (59.3) 206 991 (59.6)

Socioeconomic status

Education, n (%)

ISCED 0–2 126 298 (37.1) 125 854 (36.3)

ISCED 3 140 556 (41.3) 144 799 (41.7)

ISCED 5–6 55 142 (16.2) 57 335 (16.5)

ISCED 7–8 18 396 (5.4) 19 148 (5.5)

Living alone, n (%) 134 334 (39.5) 132 344 (38.1)

Comorbidities, n (%)

Ischaemic heart disease 125 882 (37.0) 124 108 (35.8)

Ischaemic stroke 50 674 (14.9) 53 661 (15.5)

Heart failure 37 777 (11.1) 42 008 (12.1)

Atrial fibrillation 101 383 (29.8) 107 200 (30.9)

Peripheral artery disease 18 595 (5.5) 18 142 (5.2)

Hypertension 171 035 (50.2) 176 082 (50.7)

Diabetes 28 506 (8.4) 26 958 (7.8)

Malignancy 32 671 (9.6) 33 497 (9.6)

Chronic kidney disease 13 889 (4.1) 14 988 (4.3)

Chronic obstructive pulmonary disease 18 599 (5.5) 19 082 (5.5)

Liver disease 4560 (1.3) 4860 (1.4)

Charlson Comorbidity Index

0 138 887 (40.8) 139 904 (40.3)

1 111 004 (32.6) 114 118 (32.9)

2 29 215 (8.6) 30 337 (8.7)

>_3 61 286 (18.0) 62 777 (18.1)

Concomitant medical treatment, n (%)

Lipid-lowering drugs 186 989 (54.9) 193 090 (55.6)

Aspirin 104 940 (30.8) 102 103 (29.4)

ADP receptor inhibitors 61 556 (18.1) 63 955 (18.4)

Oral anticoagulants 110 278 (32.4) 118 367 (34.1)

Beta-blockers 158 066 (46.4) 161 521 (46.5)

Calcium channel blockers 81 727 (24.0) 86 450 (24.9)

RAAS inhibitors 154 794 (45.5) 161 329 (46.5)

RAAS, renin–angiotensin–aldosterone system; ISCED, International Standard Classification of Education.
ISCED 0–2, early childhood, primary education, and lower secondary education; ISCED 3, general upper secondary education and vocational upper secondary education
(ISCED 4 does not exist in Denmark); ISCED 5–6, short-cycle tertiary, medium-length tertiary, and Bachelor’s-level education or equivalent; ISCED 7–8, second-cycle, Master’s
level or equivalent and PhD level.

4 J.H. Butt et al.
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..The weekly unadjusted in-hospital mortality rates per 1000
person-years from 2 January in 2019 and 2020, respectively, are
shown in Figure 1B, and Figure 2B displays the weekly adjusted in-
hospital mortality rate ratios in 2020 compared with 2019. The in-
hospital mortality rate before 13 March was not significantly lower in
2020 compared with 2019 (adjusted IRR 0.95, 95% CI 0.89–1.02).
However, the in-hospital mortality between 13 March (lockdown)
and 15/16 October (end of follow-up) was significantly lower in 2020
compared with 2019 (adjusted IRR 0.92, 95% CI 0.88–0.96), with a
similar trend between 13 March (lockdown) and 14 April and be-
tween 15 April (first phase of reopening) and 15/16 October (end of
follow-up).

The characteristics of patients with an out-of-hospital death be-
tween 13 March (lockdown) and1 5/16 October (end of follow-up)
at the time of death in 2019 and 2020 are shown in Supplementary
material online, Table S4. Patients who died out of hospital in 2020
were less often living alone (65.9% vs. 62.0%, P-value <0.001, more
often had heart failure (21.1% vs. 22.9%, P-value 0.02, and less often
had peripheral artery disease (10.3% vs. 9.1%, P-value 0.02) and dia-
betes (11.4% versus 10.2%, P-value 0.04) than those who died out of
hospital in 2019. The weekly unadjusted out-of-hospital mortality

rates per 1000 person-years from 2 January in 2019 and 2020, re-
spectively, are shown in Figure 1C, and Figure 2C displays the weekly
adjusted out-of-hospital mortality rate ratios in 2020 compared with
2019. The out-of-hospital mortality rate before 13 March was signifi-
cantly lower in 2020 compared with 2019 (adjusted IRR 0.87, 95% CI
0.83–0.93). However, the out-of-hospital mortality rate between 13
March (lockdown) and 15/16 October (end of follow-up) was signifi-
cantly higher in 2020 compared with 2019 (adjusted IRR 1.04, 95%
CI, 1.01–1.08), with a similar trend between 13 March (lockdown)
and 14 April, and between 15 April (first phase of reopening) and 15/
16 October (end of follow-up).

Sex and age
Adjusted IRRs for mortality before and after 13 March in 2020 com-
pared with 2019 according to subgroups are shown in
Supplementary material online, Table S5. In both men and women,
there was a trend towards a lower in-hospital mortality rate and a
trend towards a higher out-of-hospital mortality rate after 13 March
in 2020 compared with 2019. A similar trend was seen in patients
aged 60–79 years and >_80 years. In patients <_60 years, the in-

Figure 1 Weekly mortality rates from 2 January in 2019 and 2020.
(A) Overall mortality; (B) in-hospital mortality; and (C) out-of-hospital mortality.

Figure 2 Weekly adjusted mortality rate ratios in 2020 compared with 2019.
(A) Overall mortality; (B) in-hospital mortality; and (C) out-of-hospital mortality. Green indicates a significantly increased mortality rate in 2020 compared with

2019. Red indicates a significantly decreased mortality rate in 2020 compared with 2019.

Cardiovascular disease, mortality, and location of death during the COVID-19 pandemic 5
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hospital or out-of-hospital mortality rates were not significantly dif-
ferent in 2020 compared with 2019.

Subgroups of cardiovascular diseases
Adjusted IRRs for mortality before and after 13 March in 2020 com-
pared with 2019 according to subgroups are shown in Figure 3.
Between 13 March (lockdown) and 15/16 October (end of follow-
up), the overall mortality rate in all subgroups was not significantly dif-
ferent in 2020 compared with 2019. However, there was a trend to-
wards a lower in-hospital mortality rate after 13 March in 2020
compared with 2019 in all subgroups, though this was only statistical-
ly significant in patients with heart failure. Likewise, there was a trend
towards a higher out-of-hospital mortality rate after 13 March in

2020 compared with 2019 in all subgroups, apart from peripheral ar-
tery disease, though this was not statistically significant. Overall, there
was a similar trend between 13 March (lockdown) and 14 April and
between 15 April (first phase of reopening) and 15/16 October (end
of follow-up).

Cardiovascular admissions
The total number of cardiovascular admissions during the first 4
weeks after 13 March was lower in 2020 compared with 2019
(Figure 4). After the gradual reopening, the total number of cardiovas-
cular admissions increased and returned to numbers similar to those
observed in 2019.

Discussion

In this Danish nationwide cohort study, we investigated all-cause
mortality rates, overall and according to location of death, in patients
with established cardiovascular diseases before, during, and after the
lockdown of Danish society and reorganization of the healthcare sys-
tem due to the COVID-19 pandemic. This study yielded the following
major findings: first, the mortality rate in patients with established car-
diovascular diseases during lockdown and reopening of Danish soci-
ety was not significantly different compared with the same period in
the preceding year. Second, the in-hospital mortality rate was signifi-
cantly lower and the out-of-hospital mortality rate significantly higher
during lockdown and reopening of Danish society compared with the
same period in the preceding year. Third, these findings were consist-
ent across subgroups of cardiovascular diseases.

Although the COVID-19 pandemic is an unprecedented threat to
global health in recent time,1 reports of potential collateral effects of
the widespread strategies to prevent the rapid spread of SARS-CoV-
2 and to alleviate the burden on healthcare systems are emerging.
For example, several countries, including the USA, Italy, France,
Austria, and Denmark, have observed a substantial decline in hospital

Figure 3 Adjusted incidence rate ratios for mortality before, during, and after lockdown in 2020 compared with 2019 overall and according to
subgroups.
13 March 2020: lockdown.

15 April 2020: first phase of reopening.

Figure 4 Total number of cardiovascular admissions from 2
January in 2019 and 2020.

6 J.H. Butt et al.
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.
admissions for acute cardiovascular diseases, such as acute coronary
syndrome, stroke, new-onset atrial fibrillation, and decompensated
heart failure, and a considerable proportion of excess deaths not
attributed to COVID-19 during the ongoing pandemic.4–16,30,31

There has also been concern that the societal lockdown and reorgan-
ization of healthcare systems with reduced routine care may confer
an increase in deaths not due to COVID-19 in patients with estab-
lished cardiovascular diseases. However, whether the potential col-
lateral effects of the COVID-19 lockdown may extend to patients
with established cardiovascular diseases has not been investigated. In
our nationwide study, we did not observe an increased mortality rate
in patients with established cardiovascular diseases during lockdown
and reopening of Danish society compared with the same period in
the preceding year, and this finding was consistent across all sub-
groups of established cardiovascular diseases. This finding is also in
keeping with a previous study, in which we found that the overall
mortality rate in the general population during weeks 1–27 in 2020
was not higher than the mortality rates in the same period in 2015–
2019 in Denmark.32 However, this is in contrast to the findings from
many other countries.30,31 Although we can only speculate on this
finding, it is possible that the implementation of timely, and compre-
hensive, lockdown measures and subsequent low burden of COVID-
19 may in part explain the absence of excess mortality in the general
population as well as in patients with chronic cardiovascular diseases.
While our findings apparently do not suggest any collateral effects of
the lockdown strategy on the care of patients with cardiovascular dis-
eases, further data are needed to establish the long-term impact on
the prognosis in these patients.

In Denmark, professional medical societies and patient associations
have issued statements and developed tools to increase recognition
of symptoms of acute cardiovascular diseases, including stroke and
acute coronary syndrome, in the general population and to underline
the importance of immediate contact with emergency medical serv-
ices should such symptoms occur.33,34 Moreover, telehealth has
been increasingly adopted in primary and secondary healthcare sec-
tors during the pandemic.6,35 Interestingly, this study demonstrated a
marked difference in location of death. While the overall mortality
rate in patients with established cardiovascular diseases during lock-
down and reopening of Danish society was not different from that of
the preceding year, a decrease in the rate of in-hospital mortality and
a corresponding increase in the rate of out-of-hospital mortality was
observed compared with the same period in 2019. This difference in
location of death was evident across all subgroups of established car-
diovascular diseases, particularly heart failure. It is therefore import-
ant to try to better understand why the overall mortality rate was
similar during lockdown compared with the same period in the pre-
ceding year despite a substantial change in location of death. It may
reflect an increased reluctance of patients with established cardiovas-
cular diseases, particularly those with terminal illness and end-stage
disease, to contact emergency medical services and seek medical
care due to the message from governments worldwide to stay at
home, the fear of acquiring COVID-19 in hospital, or perhaps to
avoid adding to an overburdened healthcare system. As patients with
established cardiovascular disease are more susceptible to becoming
infected with SARS-CoV-2 and have a higher case-fatality rate com-
pared with COVID-19 patients without cardiovascular disease,36–42

these patients are likely to be even more reluctant to contact

emergency medical services and to seek medical care. This is in line
with recent studies which suggest that the number of hospital admis-
sions for cardiovascular diseases in general have decreased during the
COVID-19 pandemic.4–16 An interesting observation was that the in-
cidence rate for out-of-hospital mortality seemed to increase before
the implementation of lockdown measures (i.e. from week 8 in 2020
compared with 2019). This finding further supports the notion that
the observed changes in mortality patterns are not due to lockdown
measures alone, but also reflect an increased reluctance towards
seeking medical care due to the message from governments world-
wide to stay at home or the fear of acquiring COVID-19 in hospital.
What are the potential implications of our findings? We believe that
our findings suggest that the message from governments worldwide
to stay at home should be more nuanced and reinforce the necessity
of a clear public health message to patients experiencing symptoms
suggestive of acute cardiovascular conditions or clinical deterioration
in established cardiovascular diseases to still seek emergency medical
services rather than to stay at home or seek alternative care. Further
studies are needed to confirm these findings and to clarify the causes
of such changes.

Another interesting finding of this study was the decrease in the
overall mortality rate in the first months of 2020 prior to lockdown
compared with the same period in the preceding year. The explana-
tions for this observation are not clear and we can only speculate on
this finding. However, a substantial decrease in the number of cases
with a positive test for influenza in Denmark was observed in the
2020 season compared with the 2019 season (7575 vs. 11 645 posi-
tive cases in Denmark, with a population of 5.8 million people)43 and
it is possible that this may, in part, contribute to the observed lower
mortality rate in 2020 compared with 2019.

Strengths and limitations
In the present study, we used data from complete and unselected na-
tionwide administrative registries, which enables us to examine
trends in mortality on a nationwide scale. The Danish healthcare sys-
tem, funded by taxes, provides equal access to healthcare services for
all residents regardless of socioeconomic or insurance status. The
findings of this study, however, should be viewed in the context of a
number of limitations. The observational nature precludes the assess-
ment of causal inference. Thus, we report associations and not
cause–effect relationships. Likewise, the possibility of residual con-
founding cannot be excluded despite adjustment for potential con-
founders. Data on important clinical parameters, such as
cardiovascular disease severity, symptoms, and laboratory (e.g. esti-
mated glomerular fraction and natriuretic peptides) and echocardio-
graphic measurements, and utilization of visiting nurse services or
palliative care initiatives were not available. Likewise, data on
COVID-19 status among patients who died were not available.
However, the burden of COVID-19 was relatively small in Denmark
compared with other European countries and the USA. In Denmark,
deaths must be registered within 2 weeks after their occurrence.
However, we addressed this potential issue by terminating follow-up
on 15 October 2020, despite the fact that data on mortality were
available until Mid November 2020. In addition, data on cause of
death were not available for this study as the Danish Registry of
Causes of Death is currently updated until the end of 2018. Finally,
the impact of the societal lockdown and healthcare system
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.
reorganization in Denmark with 5.8 million citizens, a universal
healthcare system, and high socioeconomic status may not be gener-
alizable to larger countries with less uniform healthcare systems and
low socioeconomic status.

Conclusions

Among patients with established cardiovascular disease, the mortality
rate during lockdown and reopening of Danish society was similar
compared with the same period in the preceding year. However, the
in-hospital mortality rate was lower, and the out-of-hospital mortality
rate was higher during lockdown and reopening of Danish society
compared with the same period in the preceding year.

Supplementary material

Supplementary material is available at European Heart Journal online.
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