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Abstract
Denmark implemented early widespread social distancing to reduce pressure on the healthcare system from the coronavirus 
disease 2019 (COVID-19) pandemic, with the aims to reduce mortality. Unintended consequences might be delays in treat-
ment for other diseases and subsequent mortality. We examined national all-cause mortality comparing weeks 1–27 in 2020 
and 2015–2019. This registry-based study used Danish national registry data until 5 July 2020. We examined all-cause mortal-
ity rates among all deaths recorded from 2015 to 2020 and among chronic conditions (cardiovascular (cardiac & circulatory), 
chronic pulmonary, chronic kidney disease, cancer, and diabetes), comparing each week in 2020 to weeks in 2015–2019. In 
2020, there were 28,363 deaths in weeks 1–27 (30 December 2019–5 July 2020), the mean deaths in 2015–2019 were 28,630 
deaths (standard deviation 784). Compared to previous years, the mortality rate in weeks 3–10 of 2020 was low, peaking 
in week 14 (17.6 per 100,000 persons in week 9, 19.9 per 100,000 in week 14). Comorbidity prevalence among deceased 
individuals was similar in 2020 and 2015–2019: 71.1% of all deceased had a prior cardiovascular diagnosis, 30.0% of all 
deceased had a prior cardiac diagnosis. There were 493 deaths with COVID-19 in weeks 11–27, (59.8% male), and 75.1% 
had a prior cardiovascular diagnosis. Weekly mortality rates for pre-existing chronic conditions peaked in week 14, and 
then declined. During the COVID-19 pandemic, due to timely lockdown measures, the mortality rate in Denmark has not 
increased compared to the mortality rates in the same period during 2015–2019.
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Introduction

The coronavirus disease 2019 (COVID-19) pandemic puts 
pressure on healthcare systems across the world, with 6.1% 
percent of cases in China classified as critical, and 12% of 
cases in Northern Italy requiring intensive care treatment [1]. 
Despite having above the European average of both critical 
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care beds and physicians, the Italian healthcare system has 
been under pressure, with an 8-fold increase in pressure from 
11 to 25 March 2020 [2]. In addition to the mortality due to 
COVID-19 itself (case fatality rate of 7.2% reported in Italy 
[3]), there may be indirect effects of COVID-19 on mor-
tality. Indirect effects include changes in timely healthcare 
usage by patients and concerns about “bothering the doctor” 
[4, 5]. In addition, changes in treatment offered (when and 
if) for certain conditions (such as cardiac conditions) may 
also worsen patients’ health: deterioration in patient condi-
tion caused by postponement of treatment must be weighed 
against the risk of contracting coronavirus in hospital fol-
lowing treatment [5]. Monitoring of total mortality is recom-
mended, as not all deaths occur in hospitals [6]. Italy reports 
a 45% excess total mortality, highest in the North [7].

To delay the spread of COVID-19, thereby reducing 
healthcare systems pressure, and hopefully mortality, lock-
downs and social distancing measures have been imple-
mented in many countries, affecting half of the world’s popu-
lation on the Twentieth of April 2020 [8]. In the course of the 
COVID-19 pandemic, changes in health seeking behaviours 
may have occurred, with people less likely to seek help and 
delaying in doing so: In Denmark the amount of contacts 
to the general practitioner decreased by up to 40% [9]. In 
Hong Kong, acute myocardial infarction patients took longer 
time to call after developing symptoms, compared to before 
coronavirus [4]. Contrary to expectations in a stressful time 
period, there were less admissions for acute myocardial 
infarction both in the United States and Hong Kong [4, 10, 
11]. Following the outbreak in Northern Italy, while signifi-
cantly less patients have been admitted with acute coronary 
syndrome [12], more out-of-hospital cardiac arrests occurred, 
with 77.4% of the excess cases having suspected or confirmed 
COVID-19 [13]. Concerning healthcare pressure, in a past flu 
pandemic hospitals experiencing a high surge of patients, had 
increased case fatality rates for stroke and acute myocardial 
infarction compared to those under less pressure [14].

Restrictions in Denmark were put in early [15]. The first 
coronavirus patient was identified on 27 February 2020 [16]. 
On 11 March most people (in both public and private sec-
tors) were instructed to work from home and schools to close 
from 13 March latest [15], from 13 March elective surgery 
and all non-urgent consultations at hospital were postponed 
to pre-empt a surge due to coronavirus [17]. On 18 March 
gatherings of over 10 people were banned. More extensive 
lockdown measures were not put into force. A timeline of 
events from weeks 9–31 is available in online supplementary 
figure 1. On 27 April 8 a.m, there were 8698 individuals 
with confirmed coronavirus infections [18]. A gradual return 
to ordinary hospital care was announced on 13 April [19]. 
The first death happened on 11 March, by 27 April, 427 
people had died [18]. According to the European Monitoring 
of excess mortality for public health action (EuroMOMO), 

mortality in Denmark has not been substantially increased 
(i.e. exceeded 4 Z-scores above expected deaths) during the 
outbreak [20].

Therefore, we examined the effect of lockdown on overall 
all-cause mortality, in comparison to previous years. In addi-
tion to overall mortality, we examined all-cause mortality by 
age group and gender, and among people with pre-existing 
chronic conditions, known to be more affected by COVID-
19 [21], to see whether some groups were more affected by 
the lockdown.

Methods

Setting

Data from the Danish registries were used for a retrospective 
observational study. Included were all Danish residents from 
29th December 2014 (start of week 1 of year 2015, per the 
International Organization for Standardization (ISO)) [22]. 
Data was available until 10th July 2020, due to the possibil-
ity of delays in registration of deaths in the Danish Civil 
Registration system, data to the end of week 27 (5th July) 
was used. I.e. for each year data were used from Monday in 
week 1 to Sunday in week 27. At the start of 2020, the Dan-
ish population was 5.82 million.

The Danish healthcare system is tax-funded and univer-
sal healthcare is provided to all citizens [23]. Following 
the pandemic outbreak, the healthcare system was reorgan-
ized, out-patient visits were converted to telemedicine or 
cancelled whenever possible, elective non-vital procedures 
were cancelled or postponed, emergency rooms and inten-
sive care units were upgraded to care for the expected surge 
of patients with coronavirus [17].

Data sources

All residents in Denmark have a unique, personal civil reg-
istration number for administrative usage, which enables 
individual-level linkage between different national Danish 
registries. This study used data from: the Danish National 
Patient Registry, the Danish Civil Registration system and 
the Danish National Prescription Registry [23]. The Civil 
Population Registry registers date of birth, sex, migration 
status, municipality of residence, and date of death. Highest 
education level (until 2019) was available from the Danish 
Population education registry. The Prescription Registry 
holds information on every filled prescription from a Dan-
ish pharmacy, including date and Anatomical Therapeutic 
Chemical (ATC) code [23]. The Danish National Patient 
Registry holds information on every hospitalization in Den-
mark since 1977, with diagnosis codes for every hospital 
contact (in- and out-patient diagnosis codes and dates and 
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times) according to the International Classification of Dis-
ease, Tenth Revision (ICD-10 codes) [24].

Variables

Covariates

Age and sex were obtained from the Danish Civil registra-
tion system. Residence in one of the five Danish regions was 
obtained through collation of the last municipality of resi-
dence after 2007 (data available until 2019) [25]. Chronic 
conditions were based on all-time hospital contacts (in-
patient or outpatient, A- or B-diagnoses) recorded in the 
Danish National Patient Registry since 1977, conditions 
were: Cardiac diseases, other circulatory diseases, any can-
cer (except non-melanoma skin cancer), chronic pulmonary 
diseases (asthma, COPD, and interstitial lung diseases), dia-
betes, and chronic kidney disease, see Table 1 for details. 
Cardiac diseases and other circulatory diseases were also 
combined as “cardiovascular disease”. For diabetes we also 
considered having ever had a prescription for an antidiabetic 
medication, ATC A10. For hypertension we also considered 
having redeemed prescriptions for at least two antihyperten-
sive medications within 180 days before the 1st of January 
each year [26]. All conditions were considered permanent, 
except cancer where only diagnoses ≤ 10 years ago were con-
sidered [27]. Week numbers were calculated using the ISO 
8601 standard [22], where weeks start on a Monday. Corona-
virus diagnoses (starting date of in- or outpatient contact with 
COVID-19 diagnosis) were also identified from the Danish 
National Patient Registry (ICD-10: B34.2, B97.2), if this had 
been registered following microbiological testing.

Outcomes

Deaths occurring within 30 days of COVID-19 diagnosis 
were counted as deaths with COVID-19, in line with the def-
inition used by Statens Serum Institut (SSI, institute within 
the Danish Ministry of Health that monitors infectious dis-
eases) [18]. Additionally, deaths occurring more than after 
30 days after COVID-19 diagnosis were reported. This defi-
nition required that a ICD-10 diagnosis code for COVID-19 
had been registered following hospital contact (in-patient or 
out-patient), therefore positive test results in the community 
and subsequent deaths (without hospital contact) were not 
captured by this definition; however these deaths are still 
counted in the total deaths for each week, although there 
may be delays in ascertainment.

Statistics

Person characteristics were presented by year for all 
deaths from 29 December 2014 to 5 July 2020. Age was 

categorized, and categorical variables were summarized 
with percentages. Sex and age group distribution was pre-
sented for the entire Danish population at the beginning of 
2015-2020, and comorbidities for the entire Danish popula-
tion at the beginning of 2020. Descriptive statistics were 
also presented, by sex, for all patients who had died within 
30 days of COVID-19 diagnosis.

The weekly mortality rates were calculated by dividing 
the number of deaths during the week by the number of per-
sons alive at the beginning of the week and reported as num-
ber of events per 100,000 persons. These rates were reported 
for the entire population, and the population divided by sex 
and age, and sex and comorbidities (with incidence of new 
comorbidities counted from the following first whole week), 
and by region of residence. The proportion of deaths with 
comorbidities among all deaths was calculated for each 
week.

Among the dead in weeks 1–27 of years 2015–2019 and 
2020 all possible combinations of four comorbidities (car-
diovascular disease, chronic pulmonary disease, cancer and 
kidney disease) were counted. For each combination, the 
percentage of total mortality in each date range was also 
calculated.

Data management and analyses were performed with R 
[28].

Results

Mortality in 2015–2020

296,789 deaths occurred from 29th December 2014 to 10 
July 2020, 32 were excluded due to ambiguous dates of 
death, and 477 deaths occurred in week 28 of 2020, leading 
to 296,280 deaths included. A total of 28,363 deaths were 
identified between 28 December 2019 and 5 July in 2020 
(weeks 1–27). In 2015–2019 between 27,887 and 29,948 
deaths occurred in weeks 1–27, mean 28,630 deaths, stand-
ard deviation 784 (Table 2). The age at time of death was 
comparable across years, with on average 50.8% ≥ 80 at time 
of death.

In Fig. 1 the rate of deaths observed in weeks 1–27 of 
2020 is shown with rates in 2015–2019. The highest mortal-
ity rate in the years 2015–2020 rate was 23.1 per 100,000 
and occurred in week 10 of 2018. In 2020, the overall rate 
of deaths in weeks 3–10 was low, the lowest was in week 9 
(17.6 per 100,000), rising to 19.9 per 100,000 in week 14. 
In weeks 16 and 17 in 2020 the overall death rate was higher 
than previous years. Investigating the mortality rate by sex 
and age groups, in 2020 deaths rates in men aged 65-79 
were highest in weeks 13–15 (59.9 per 100,000 in week 14). 
Death rates in men ≥ 80 years in 2020 were 191 per 100,000 
in week 9 and 270 per 100,000 in week 13 (Fig. 2). 
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Table 2   Characteristics for deceased individuals from 29 December 2014 to 5 July 2020

Variable Level Years 2015–2019 Year 2020 Total

2015 (n = 53,416) 2016 (n = 52,558) 2017 (n = 53,088) 2018 
(n = 55,046)

2019 
(n = 53,809)

2020 
(n = 28,363)

Total 
(n = 296,280)

Age group 0–49 2193 (4.1) 2159 (4.1) 2050 (3.9) 2027 (3.7) 1892 (3.5) 1004 (3.5) 11,325 (3.8)
50–64 6614 (12.4) 6457 (12.3) 6107 (11.5) 6164 (11.2) 6005 (11.2) 3020 (10.6) 34,367 (11.6)
65–79 17,703 (33.1) 17,613 (33.5) 17,792 (33.5) 18,571 (33.7) 18,492 

(34.4)
9808 (34.6) 99,979 (33.7)

≥ 80 26,906 (50.4) 26,329 (50.1) 27,139 (51.1) 28,284 (51.4) 27,420 
(51.0)

14,531 (51.2) 150,609 
(50.8)

Sex Female 26,706 (50.0) 26,273 (50.0) 26,295 (49.5) 27,139 (49.3) 26,430 
(49.1)

13,853 (48.8) 146,696 
(49.5)

Male 26,710 (50.0) 26,285 (50.0) 26,793 (50.5) 27,907 (50.7) 27,379 
(50.9)

14,510 (51.2) 149,584 
(50.5)

Resident abroad 76 80 88 124 47 9 424
ISCED education 

level
1–2: primary or lower 

secondary
24,711 (51.0) 24,251 (50.0) 24,495 (49.4) 25,261 (48.7) 24,582 

(47.9)
12,661 (46.7) 135,961 

(49.1)
3: General or 

vocational upper 
secondary

16,839 (34.7) 16,989 (35.0) 17,588 (35.5) 18,651 (35.9) 18,519 
(36.1)

9989 (36.9) 98,575 (35.6)

5–6: Short-cycle and 
medium-length 
tertiary, Bachelor or 
equivalent

5325 (11.0) 5546 (11.4) 5693 (11.5) 6146 (11.8) 6303 (12.3) 3385 (12.5) 32,398 (11.7)

7–8: Master’s, doctoral 
or equivalent

1596 (3.3) 1702 (3.5) 1816 (3.7) 1862 (3.6) 1916 (3.7) 1063 (3.9) 9955 (3.6)

Unknown 4945 4070 3496 3126 2489 1265 19,391
ISO weeks 1–27, 

date range: 
Monday wk 1–
Sunday wk 27

29 December–5 July 4 January–10 
July

2 January–09 July 1 January–8 
July

31 Decem-
ber–7 July

30 December 
January–5 
July

Weeks 1-27 Total: n (% of entire 
year)

28,254 (52.9) 27,887 (53.1) 28,479 (53.6) 29,948 (54.4) 28,583 
(53.1)

28,363 (100.0) 171,514 
(57.9)

Wks: n 
(% of 
wks 
1–27)

1–4 4382 (15.5) 4315 (15.5) 4420 (15.5) 4530 (15.1) 4472 (15.6) 4370 (15.4) 26,489 (15.4)
5–8 4437 (15.7) 4309 (15.5) 4694 (16.5) 4868 (16.3) 4744 (16.6) 4265 (15.0) 27,317 (15.9)
9–12 4657 (16.5) 4525 (16.2) 4537 (15.9) 5199 (17.4) 4244 (14.8) 4291 (15.1) 27,453 (16.0)
13–16 4270 (15.1) 4188 (15.0) 4004 (14.1) 4540 (15.2) 4172 (14.6) 4486 (15.8) 25,660 (15.0)
17–20 3829 (13.6) 3985 (14.3) 4069 (14.3) 4052 (13.5) 4081 (14.3) 4110 (14.5) 24,126 (14.1)
21–24 3927 (13.9) 3761 (13.5) 3932 (13.8) 3880 (13.0) 3916 (13.7) 3923 (13.8) 23,339 (13.6)
25–27 2752 (9.7) 2804 (10.1) 2823 (9.9) 2879 (9.6) 2954 (10.3) 2918 (10.3) 17,130 (10.0)

Weeks 28-53 Total: n(% of entire 
year)

25,162 (47.1) 24,671 (46.9) 24,609 (46.4) 25,098 (45.6) 25,226 
(46.9)

124,766 
(42.1)

Wks: n 
(% of 
wks 
28–53)

28–39 11,172 (44.4) 11,270 (45.7) 11,344 (46.1) 11,972 (47.7) 11,700 
(46.4)

57,458 (46.1)

40–53 13,990 (55.6) 13,401 (54.3) 13,265 (53.9) 13,126 (52.3) 13,526 
(53.6)

67,308 (53.9)

Cardiovascular  Total 37,919 (71.0) 37,270 (70.9) 38,228 (72.0) 39,436 (71.6) 37,677 
(70.0)

20,019 (70.6) 210,549 
(71.1)

Cardiac  Total 16,377 (30.7) 16,008 (30.5) 16,201 (30.5) 16,346 (29.7) 15,685 
(29.1)

8156 (28.8) 88,773 (30.0)

 Myocar-
dial 
infarc-
tion

11,885 (22.2) 11,585 (22.0) 11,705 (22.0) 11,622 (21.1) 11,123 
(20.7)

5704 (20.1) 63,624 (21.5)

 Heart 
failure

9898 (18.5) 9678 (18.4) 9822 (18.5) 9916 (18.0) 9439 (17.5) 4969 (17.5) 53,722 (18.1)

Other 
circula-
tory

 Total 35,660 (66.8) 35,246 (67.1) 36,166 (68.1) 37,297 (67.8) 35,286 
(65.6)

18,899 (66.6) 198,554 
(67.0)

 Hyper-
ten-
sion

29,986 (56.1) 29,794 (56.7) 30,752 (57.9) 31,435 (57.1) 29,213 
(54.3)

15,938 (56.2) 167,118 
(56.4)
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Fig. 1   Death rates (all deaths per 100,000 population) for weeks 
1–27, 2020 compared to 2015–2019. Years and week numbers 
according to the ISO 8601 standard (i.e. 3 days in 2014 included in 
week 1 of 2015)

Variable Level Years 2015–2019 Year 2020 Total

2015 (n = 53,416) 2016 (n = 52,558) 2017 (n = 53,088) 2018 
(n = 55,046)

2019 
(n = 53,809)

2020 
(n = 28,363)

Total 
(n = 296,280)

 Periph-
eral 
vas-
cular 
dis-
ease

8208 (15.4) 8001 (15.2) 8293 (15.6) 8484 (15.4) 8444 (15.7) 4254 (15.0) 45,684 (15.4)

 Cerebro-
vas-
cular 
dis-
ease

14,856 (27.8) 14,205 (27.0) 14,552 (27.4) 15,120 (27.5) 14,667 
(27.3)

7617 (26.9) 81,017 (27.3)

Cancer ≤ 10 years 19,342 (36.2) 19,159 (36.5) 19,438 (36.6) 19,590 (35.6) 19,479 
(36.2)

10,082 (35.5) 107,090 
(36.1)

Chronic kidney 
disease

4908 (9.2) 5054 (9.6) 5280 (9.9) 5503 (10.0) 5274 (9.8) 2755 (9.7) 28,774 (9.7)

Chronic Pulmo-
nary Disease

13,071 (24.5) 13,047 (24.8) 13,611 (25.6) 13,813 (25.1) 13,426 
(25.0)

7006 (24.7) 73,974 (25.0)

Diabetes 11,135 (20.8) 11,147 (21.2) 11,456 (21.6) 12,118 (22.0) 11,833 
(22.0)

6052 (21.3) 63,741 (21.5)

None of the above 6510 (12.2) 6405 (12.2) 6193 (11.7) 6566 (11.9) 6399 (11.9) 3468 (12.2) 35,541 (12.0)
All cancer 21,618 (40.5) 21,323 (40.6) 21,700 (40.9) 22,105 (40.2) 22,103 

(41.1)
11,470 (40.4) 120,319 

(40.6)

Table 2   (continued)

Numbers in brackets are percentages. Wks weeks, ISCED International Standard Classification of Education

Comorbidities

Generally small differences between each year from 2015 to 
2020 were identified in the proportion of people dying with 
comorbidities. The proportion of people in 2020 dying with 
pre-existing conditions including cardiac disease, other cir-
culatory diseases, cancer diagnoses ≤ 10 years ago, chronic 
kidney disease, chronic pulmonary disease, and diabetes was 
found to be very similar to those observed from the previous 
years (Table 2). The scatter-pie chart in Fig. 3 illustrates 
the combination of the pre-existing conditions among peo-
ple dying in 2020 and the averaged combination observed 
for 2015–2019 in the same weeks. Cardiovascular disease 
appeared often in combination with other conditions, on its 
own it was the single most common disease in both popula-
tions (30.0% in 2020 and 29.7% in 2015–2019). In 2020 
12.2% of people died without one of the specified comor-
bidities, in 2015–2019 this figure was 12.1%.

The weekly rate of deaths was equally examined in sub-
groups of pre-existing comorbidities and sex (Fig. 4). There 
were fluctuations in the weekly mortality rates, both before 
and after the first case of COVID-19. While chronic kid-
ney disease was uncommon among the general population, 
the mortality rate was generally high and variable, with 47 
deaths in week 9 and 62 deaths in week 10 among ~ 29,100 
males resulting in 162 and 213 deaths per 100,000, similar 
variations were seen in females (Fig. 4). Among men with 
cardiac, chronic kidney or chronic pulmonary disease, lower 
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mortality was seen in week 9, compared to preceding weeks, 
and followed by a subsequent rise. The most recent peak 
mortality rate was in week 14 for all comorbidities, followed 
by a gradual decline.

The proportion of comorbidities among deaths in each 
week is shown in online supplementary figure 2, with the 
biggest variation seen in women with chronic pulmonary 
disease from the lowest value in week 4 to highest in week 
5, followed by a gradual downward descent.

COVID‑19 related deaths

There were 493 deaths after 30 days where the deceased 
had a coronavirus diagnosis. Pre-existing comorbidities 
were common, with only 11.0% of patients not having 
had a condition. 75.1% of patients had a prior diagno-
sis of a cardiovascular disease. Diabetes and peripheral 
vascular disease were more common among men than 
women (Table 3). An additional 86 individuals died more 
than 30 days after COVID-19 diagnosis. The distribu-
tion of deaths by region varied: of the 493 deaths within 
30 days of COVID-19 diagnosis, 275 deaths occurred in 
the Capital region of Denmark and 62 Region Zealand 

corresponding to 3.4% and 2.1% of all deaths respectively 
in weeks 1–27. In the North Denmark Region 19 deaths 
occurred (0.62% of deaths in weeks 1–27) (Online sup-
plementary figure 3).

Discussion

This nationwide study examined all-cause mortality follow-
ing the first case of COVID-19 and subsequent lockdown 
and social distancing measures, as part of national strategies 
to prevent the spread of SARS-CoV-2. We compared the first 
27 weeks of 2020 to the same weeks in years 2015–2019.

Our study showed that the overall weekly mortality 
has to date (5 July) only slightly exceeded mortality rates 
in all the previous 5 years in weeks 14–17. In the sub-
group of the population of males 65–79 and ≥ 80 slight 
increases in death rates were observed from week 9 to 
15, but still similar to rates in previous years. Despite this 
small change, it did not have an effect of overall caus-
ing excess mortality in the population, even though other 
studies have found that elderly men are at increased risk 
of death [7]. There was no marked change in death rates 

Fig. 2   Mortality rates, divided 
by sex and age groups, in weeks 
1–27 in 2020 compared to years 
2015–2019. Grey lines are indi-
vidual years. Vertical lines at 
weeks 9 and 11 indicate the first 
coronavirus case and lockdown 
measures, respectively. Years 
and week numbers according 
to the ISO 8601 standard. (i.e. 
3 days in 2014 included in week 
1 of 2015). The blue shaded 
space represents deaths with 
COVID-19, only displayed 
for > 3 deaths per week. Note, 
different Y-axis scale for differ-
ent age-groups. Table lists the 
population distribution of sex 
and age groups in week 1 of 
each year, deaths in parentheses
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among those with comorbidities, which following a peak 
declined gradually, suggesting that no collateral damage 
has occurred due to lockdown, or restrictions in hospital 
services. Most deaths following a coronavirus diagnosis 
were among older males, with multiple comorbidities.

That Danish mortality is currently not in excess, is con-
firmed by EuroMOMO, who show that mortality in Den-
mark has not exceeded 4 Z-scores above expected deaths 
during the outbreak [20]. A recent publication from the 
EuroMOMO group mentions Denmark as one of the Euro-
pean countries with little or no excess mortality [29]. It 
appears that government policies towards social distancing 
and changes in individual behaviour were timely in Den-
mark. According to SSI, social distancing measures in Den-
mark had the immediate effect of reducing the prevalence 
of flu: while similar amounts of people were tested in weeks 
11 (when social distancing measures were implemented) and 
12, a lower percentage of tests were positive (20% and 7% in 
weeks 11 and 12, respectively) and the incidence of flu fell 

from 884 to 260 [30]. Social distancing measures have been 
reported as being effective in Asia, to flatten the epidemic 
curve [31].

One consequence of the lockdown is less movement of 
people. One Danish hospital, compared accidents in March/
April to March/April last year, half as many people have 
been at hospital due to an accident (at home, in school/
at work, in traffic) [32], which may explain changes in 
mortality.

In Denmark, in March 2020 after lockdown, fewer cases 
of new-onset atrial fibrillation (47%) and heart failure (30%) 
have been diagnosed [33, 34]. For patients with pre-existing 
heart failure, there were less hospitalizations for worsening 
heart failure after lockdown; the authors report that 90 heart 
failure patients (0.08% of all diagnosed heart failure patients 
in Denmark) contracted COVID-19, following which 25 died 
(37%, 95% CI 23–50%) [33]. In the months since lockdown 
we find the overall mortality for pre-existing comorbidities 
and proportion of deaths with pre-existing comorbidities to 

Fig. 3   Combinations of pre-existing comorbidities in patients dead 
in weeks 1–27, 2020 compared to the average of years 2015–19. 
Each circle’s area represents the amount of people in this combina-
tion of conditions. Each person only appears once, in the circle cor-
responding to their combinations of comorbidities. Percentages 

are percentages of the total deaths (of the averages in 2015–2019) 
and of the total for 2020. The segmentation of the circles shows the 
amount of conditions in this combination, and the colours show the 
chronic conditions in question. Average number of deaths in 2015–
2019:28,630.2, deaths in 2020: n = 28,363 deaths
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be within a similar range, suggesting that collateral damage 
due to changes in health-care utilization or pressure has yet 
to happen.

Yearly variations in seasonal mortality are apparent in our 
data, likely caused by weather extremes and influenza out-
breaks. The high mortality in week 9–10 of spring 2018 is 
possibly explained by high influenza prevalence, with 2822 

Fig. 4   Mortality rates in weeks 1–27 in for patients with pre-existing 
chronic conditions in. Incident cases only counted at the start of the 
next whole week. Vertical lines at weeks 9 and 11 indicate the first 
coronavirus case and lockdown measures, respectively. Week num-
bers according to the ISO 8601 standard (i.e. week 1 of 2020 starts 

on 30 December). The blue shaded space represents deaths with 
COVID-19, only displayed for > 3 deaths per week. Note, different 
sum than in Table 2, due to only counting incident cases in the fol-
lowing week. Also note different Y-axis scales for the rows
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deaths between week 40 in 2017 and week 20 in 2018 esti-
mated to be caused by Influenza (Influenza B and A H1N1) 
[35]. Corresponding estimated excess mortality figures for 
weeks 40–20 of 2016/2017 were 751 and in 2018/19 790. 
In weeks 40–20 of 2019/2020 only 97 people died within 
30 days of a positive influenza test, leading to estimates of 
119 (interval 41–196) excess deaths due to influenza [36]. 
This lower excess mortality due to influenza in 2020 likely 
explains the lower mortality in the beginning of 2020 in our 
study. One group working with flu outbreaks and pooled 
European data concluded that excess mortality in Spring 
2018 was mainly attributable to flu, but also to concurrent 
low average temperatures [37].

While pursuing the case fatality rate of COVID-19 infec-
tion is important, it requires knowing the amount of people 

infected [31]. Given that many cases of COVID-19 infec-
tion are asymptomatic, this is likely difficult to calculate. 
Based on data from the Diamond Princess cruise ship, the 
case fatality rate has been estimated as being 2.6%, while 
the infection fatality rate has been estimated as 1.3% as 
approximately half of individuals who tested positive were 
asymptomatic and thus would only contribute to the infec-
tion fatality rate, and not the case fatality rate if they had 
not been tested [38]. In Denmark serology in mid-April has 
revealed that overall 4.04% of tested healthcare workers in 
the Capital Region appear to have developed antibodies [39]. 
Test results of Danish blood donors (17–69 years), donating 
blood from 6 April–3 May, indicate that the overall seroprev-
alence of COVID-19 in Denmark is 1.9 (C.I. 0.8–2.3), high-
est in the Capital region (3.2%) compared to other regions 

Table 3   Characteristics of deceased individuals (5 July inclusive) who had a coronavirus disease diagnosis ≤ 30 days before death

P value from Chi squared test. ISCED International Standard Classification of Education

Variable Level Female (n = 198) Male (n = 295) Total (n = 493) p value

Age group 0–64 9 (4.5) 17 (5.8) 26 (5.3)
65–79 53 (26.8) 140 (47.5) 193 (39.1)
≥ 80 136 (68.7) 138 (46.8) 274 (55.6) < 0.01

ISCED education level 1–2: Primary or lower secondary 105 (56.5) 100 (34.8) 205 (43.3)
3: General or vocational upper secondary 55 (29.6) 133 (46.3) 188 (39.7)
5–6: Short-cycle & medium-length tertiary, Bachelor or equivalent 21 (11.3) 35 (12.2) 56 (11.8)
7–8: Master’s, doctoral or equivalent 5 (2.7) 19 (6.6) 24 (5.1) < 0.01
Unknown 12 8 20

Dead in week 11–12 4 (2.0) 20 (6.8) 24 (4.9)
13 16 (8.1) 34 (11.5) 50 (10.1)
14 35 (17.7) 62 (21.0) 97 (19.7)
15 37 (18.7) 35 (11.9) 72 (14.6)
16 28 (14.1) 32 (10.8) 60 (12.2)
17 17 (8.6) 22 (7.5) 39 (7.9)
18 17 (8.6) 33 (11.2) 50 (10.1)
19 12 (6.1) 14 (4.7) 26 (5.3)
20 10 (5.1) 17 (5.8) 27 (5.5)
21 4 (2.0) 6 (2.0) 10 (2.0)
22 4 (2.0) 7 (2.4) 11 (2.2)
23 6 (3.0) 8 (2.7) 14 (2.8)
24–27 8 (4.0) 5 (1.7) 13 (2.6) 0.171

Cardiovascular Total 150 (75.8) 220 (74.6) 370 (75.1) 0.849
Cardiac Total 62 (31.3) 90 (30.5) 152 (30.8) 0.928

 Myocardial infarction 41 (20.7) 69 (23.4) 110 (22.3) 0.554
 Heart failure 41 (20.7) 57 (19.3) 98 (19.9) 0.793

Other circulatory Total 142 (71.7) 212 (71.9) 354 (71.8) 1.000
 Hypertension 129 (65.2) 191 (64.7) 320 (64.9) 1.000
 Peripheral vascular disease 20 (10.1) 51 (17.3) 71 (14.4) 0.036
 Cerebrovascular disease 51 (25.8) 88 (29.8) 139 (28.2) 0.377

Cancer ≤ 10 years 38 (19.2) 63 (21.4) 101 (20.5) 0.638
Chronic kidney disease 25 (12.6) 50 (16.9) 75 (15.2) 0.237
Chronic Pulmonary Disease 55 (27.8) 74 (25.1) 129 (26.2) 0.574
Diabetes 39 (19.7) 99 (33.6) 138 (28.0) < 0.01
None of the above 23 (11.6) 31 (10.5) 54 (11.0) 0.811
All cancer 57 (28.8) 76 (25.8) 133 (27.0) 0.523
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(1.2%), difference 2.0%, CI for difference 1.4–2.6 [40]. This 
is reflected by the higher mortality after COVID-19 diagno-
sis in the Capital Region in our results. The total positive 
confirmed swab tests were 3355 on 2 April and 7912 on 
22 April [41, 42], Denmark’s population is 5.82 million. A 
representative sample of the Danish population was drawn, 
of which 1071 participated, estimating the seroprevalence 
of COVID-19 antibodies (until May) to be between 0.5 and 
1.8% in the general population [43].

Strategies, testing, and mortality differed in Scandinavia. 
Denmark (population 5.8 million) tested 104,580 in week 
27, Sweden (population 10.3 million) tested 75,151 in week 
26, and Finland (population 5.4 million) tested 17,777. In 
week 26 (inclusive) total tests were ~ 1.04 million in Den-
mark (~ 180,000 tests per million), and ~ 0.52 million in 
Sweden (~ 50.5 tests per million) [44–46]. The Oxford 
COVID-19 Government Response Tracker (OxCGRT) has 
related stringency of government policies relative to case 
amounts. They show that Denmark & Finland had imple-
mented more stringent control measures than Sweden, and 
more rapidly reaching their maximal levels after identi-
fication of the first case [47]. By 6 August Denmark had 
recorded 14,185 cases and 616 deaths, Sweden 81,540 cases 
and 5760 deaths, Finland 7512 cases and 331 deaths [48]. 
Even since the gradual societal reopening Danes still exhibit 
the appropriate behaviour (avoiding hugs/kisses, cough in 
elbow, use alcogel, stay home if sick, maintain distance), 
with high degrees of knowledge efficacy; however through 
July the amount of close contacts (<1m distance) lasting 
over 15 min has increased to 8–9 per fortnight, and Danes 
experience that fellow citizens are less compliant to the rec-
ommendations [49]. Since release on 18 June the Danish 
COVID-19 smartphone app has been downloaded more than 
824,000 times. 209 people have notified the app of infec-
tion, leading to at least 48 people being notified of possible 
exposure to an infected individual [50].

Excess all-cause mortality may be a better estimate for 
the pandemic’s mortality in the setting of limited testing 
and many asymptomatic cases. EuroMOMO report that 
overall, the total deaths in Europe exceeded the level of an 
“substantial increase” in weeks 11–20, with overall excess 
deaths reported from weeks 9 to 22 and again in 26–27 [51]. 
A comparison has been made between historical mortality 
in countries across the world and deaths with COVID-19, 
but also excess deaths, which estimates that 36,000 (as of 23 
April 2020) more deaths have occurred following COVID-
19 than those figuring in official reports for COVID-19—
which might be either COVID-19 deaths or people unable 
to get treated for other diseases [52].

Strengths and limitations

Strengths were the database quality, reported with limited 
delays

Limitations were that we used registered diagnosis of pre-
existing comorbidities and not causes of death, on death cer-
tificates, which were unavailable. For deaths in patients with 
coronavirus, coronavirus is not necessarily the primary cause 
of death, but a contributing part, however review of death cer-
tificates, by another group, for the first 278 Danish deaths with 
COVID-19 indicate that only one patient likely died due to 
another cause [53]. We did not have actual test results from 
the Danish Microbiology database, only diagnoses from the 
Danish National Patient Registry. At the end of 5 July, we 
could count 493 deaths with COVID-19; however, the figures 
released from SSI show 607 deaths counted on 5 July [18]. 
Comparison of weekly deaths with COVID-19 to SSI’s data 
indicate that we are underreporting between 8 and 23 deaths 
with COVID-19 per week in weeks 13–19, and 1–5 in weeks 
11–12 and 20–27, on average 7 less deaths per all weeks [54]. 
An explanation could be that general practitioners may order 
the test [55], if the patient is otherwise not in contact with the 
hospital, the diagnosis of COVID-19 will not be visible in the 
Danish National Patient Registry.

Conclusion

During the COVID-19 epidemic we found that the total 
number of deaths in Denmark in the first half of 2020 has 
not increased above the observed number of deaths in the 
same period during 2015–2019. Comorbidities among the 
deceased were comparable, and there were no changes in 
mortality in those with pre-existing chronic conditions.
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