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A B S T R A C T   

Background and aims: Few studies have determined whether the declining incidence of myocardial infarction 
carries into the current decade, and how it is affected by age and sex. We aimed to determine age- and sex- 
specific changes in myocardial infarction incidence in Denmark from 2005 through 2021. 
Methods: First-time myocardial infarction admissions in adults aged ≥18 years were identified through Danish 
nationwide registries. Incidence rates per 100,000 persons with 95% confidence intervals (CI) were calculated 
across calendar year, sex, and age groups (≤49, 50–69, 70–84, ≥85 years). We also presented incidence rate 
ratios (IRR) with 95% CIs for 2019–2021 compared to 2005–2007. 
Results: From January 1, 2005, through August 4, 2021, there were 116,481 incident acute myocardial in-
farctions in approximately 4.5 million Danes aged ≥18 years. Overall incidence rate of myocardial infarction per 
100,000 persons decreased in both sexes from 2005 through 2021 (females: 143 to 80; males: 243 to 174) and 
across all age groups. The steepest declines in incidence were observed for ages ≥85 years (males: 55%, IRR: 0.45 
[0.41–0.49]; females: 58%, IRR: 0.42 [0.39–0.45]) and 70–84 years (males: 46%, IRR: 0.54 [0.52–0.57]; females: 
52%, IRR: 0.48 [0.46–0.51]). Rates also declined significantly for ages 50–69 (males: 19%, IRR: 0.81 
[0.79–0.84]; females: 17%, IRR: 0.83 [0.78–0.88]) and ≥49 years (males: 30%, IRR: 0.70 [0.64–0.76]; females: 
37%, IRR: 0.63 [0.54–0.74]). 
Conclusions: Declines in the incidence of myocardial infarction continued into the current decade across age 
groups and sex. However, significantly steeper absolute and relative declines were observed among the oldest 
age groups (≥70 years).   

1. Introduction 

The incidence of myocardial infarction has declined in various 
populations since the middle of the previous century [1–6], due to a 
reduction of traditional risk factors for atherosclerotic cardiovascular 
disease and establishment of new effective treatments for primary and 
secondary prevention in randomized trials [7–14]. However, females 
and the elderly were underrepresented in cardiovascular prevention 
research historically [15,16], and have differential risk factors for 
atherosclerotic cardiovascular disease compared to males and younger 

individuals [17,18]. The most recent studies of myocardial infarction 
incidence had follow-up through the mid-2010s [19–22], or reported 
age- and sex-standardized incidences, thus not showing the age- and 
sex-specific developments in the incidence of myocardial infarction 
[23]. 

Hence, it remains unclear whether the declining incidence of 
myocardial infarction from the 1950s to the mid-2010s have continued 
in the present decade, and whether they apply specifically to women and 
the elderly. To address this knowledge gap, we conducted a nationwide, 
registry-based study of the age- and sex-specific trends in the incidence 

* Corresponding author. The Danish Heart Foundation Vognmagergade, 7, 3rd floor 1120 København, Denmark. 
E-mail addresses: dmchristensen@hjerteforeningen.dk, rwz992@alumni.ku.dk (D.M. Christensen).  

Contents lists available at ScienceDirect 

Atherosclerosis 

journal homepage: www.elsevier.com/locate/atherosclerosis 

https://doi.org/10.1016/j.atherosclerosis.2022.03.003 
Received 14 February 2022; Accepted 1 March 2022   

mailto:dmchristensen@hjerteforeningen.dk
mailto:rwz992@alumni.ku.dk
www.sciencedirect.com/science/journal/00219150
https://www.elsevier.com/locate/atherosclerosis
https://doi.org/10.1016/j.atherosclerosis.2022.03.003
https://doi.org/10.1016/j.atherosclerosis.2022.03.003
https://doi.org/10.1016/j.atherosclerosis.2022.03.003
http://crossmark.crossref.org/dialog/?doi=10.1016/j.atherosclerosis.2022.03.003&domain=pdf
http://creativecommons.org/licenses/by/4.0/


Atherosclerosis 346 (2022) 63–67

64

of first-time myocardial infarction in Denmark from 2005 through mid- 
2021. 

2. Patients and methods 

2.1. Data collection 

We used the individual and unique Personal Registration Number to 
cross-link deidentified individual data from several nationwide Danish 
registries: The Danish Civil Registration System containing demographic 
data, [24], The National Patient Registry covering all hospital contacts 
and diagnoses coded according to the International Classification of 
Diseases ([ICD], 10th revision since 1994, 8th revision before 1994) 
since 1977 [25], The National Prescription Registry containing infor-
mation on all prescription fills since 1994 [26], and The Cause of Death 
Registry holding information on date (through 2021) and cause 
(through 2018) of death [27]. 

2.2. Setting 

We included the entire Danish population above 18 years of age from 
January 1, 2005, through August 4, 2021 (end of data collection). The 
study population was stratified according to sex, age groups (≤49 years, 
50–69 years, 70–84 years, and ≥85 years), and calendar year. 

2.3. Identification and characterization of first-time myocardial 
infarction 

First-time myocardial infarction was defined as a first primary 
discharge diagnosis of myocardial infarction (ICD-10: DI21, ICD-8: 410) 
in the registry with a look-back period spanning to 1977. This definition 
of first-time myocardial infarction has been validated previously 
through chart review with a positive predictive value of 97% [28,29]. 
For each identified first-time myocardial infarction, we acquired infor-
mation on whether coronary angiography, percutaneous coronary 
intervention, or coronary artery bypass graft surgery was performed 
within 30 days of hospital admission. 

2.4. Comorbidities and comedication 

Comorbidities and comedication were defined using hospital contact 
diagnostic codes (10 years) and pharmacy prescription fills (1 year) 
prior to the date of myocardial infarction. Diabetes and hypertension 
were defined using prescriptions for glucose-lowering and antihyper-
tensive drugs, as described and validated previously [30,31]. Further 
details are supplied in the supplement (Supplementary Table 1). 

2.5. Statistical analyses 

We presented characteristics of patients hospitalized with first-time 
myocardial infarction in 4-year calendar intervals at the date of hospi-
talization as counts and percentages for categorical variables and me-
dian with interquartile range (IQR) for age. We calculated the incidence 
rate of myocardial infarction according to sex, age groups (≤49, 50–69, 
70–84, and ≥85 years), and calendar year per 100,000 person years with 
95% confidence intervals (CI). For each year, the entire Danish popu-
lation was followed from January 1 until death, myocardial infarction, 
or December 31, whatever came first. To characterize relative changes 
in the incidence of myocardial infarction, we calculated incidence rate 
ratios (IRR) with 95% CIs for the average yearly incidence rates in 
2019–2021 compared with the average yearly incidence rates in 
2005–2007 (reference), separately for each sex and age group. We also 
calculated age- and sex-specific changes in the use of pre-myocardial 
infarction statin treatment during the study period. Lastly, we con-
ducted an additional analysis adding out-of-hospital death due to 
myocardial infarction to the outcome. This supplementary analysis was 

limited to the years 2005–2018 due to limitations of the data on cause of 
death. The level of statistical significance was set at 5%. All analyses 
were performed using the statistical software R. 

2.6. Ethics 

In Denmark, studies such as the present, based on pseudonymized 
registry data do not requiring ethical approval. The data-responsible 
institution (Capital Region of Denmark) approved the study (approval 
number P-2019-191). 

3. Results 

3.1. Patient characteristics 

Patients with first-time myocardial infarction during the latter part 
of the study period were more often men and had more invasive pro-
cedures during hospitalization (Table 1). The median age at incident 
myocardial infarction (Table 1) remained relatively stable for males at 
around 66 years and decreased slightly for females from 76 to 73 years. 
Prevalence of most non-cardiovascular comorbidities, specifically 
chronic kidney disease, diabetes, and cancer increased, whereas chronic 
obstructive pulmonary disease remained stable. Prevalence of cardio-
vascular comorbidities appeared to be decreasing slightly (Table 1). 
Males generally received more invasive procedures and had less co-
morbidity at baseline. Pre-myocardial infarction statin use increased, 
whereas aspirin use decreased throughout the study period (Table 1). 
The age- and sex-specific analysis of pre-myocardial infarction statin use 
showed relatively steady proportions among patients aged ≤69 years, 
whereas use increased drastically for the older age groups, e.g., from 
10.4% to 31.4% in males aged ≥85 years and from 26.6% to 39.3% for 
females aged 70–84 years (Supplementary Fig. 1). 

3.2. Sex- and age-specific incidence of myocardial infarction 

During the study period of 17 years, the Danish population above 18 
years of age grew from 4,202,034 to 4,687,295 with the largest relative 
population growth in the older age groups (Supplementary Figure 2). In 
total, 116,481 patients had a first acute myocardial infarction. The 
incidence of myocardial infarction decreased from 2005 through 2021 
in total and across all age groups in both sexes: from 15 to 9 cases per 
100,000 in females ≤49 years and from 49 to 35 cases per 100,000 in 
males ≤49 years; from 122 to 91 cases per 100,000 in females aged 
50–69 years and from 353 to 274 cases per 100,000 in males aged 50–69 
years; from 501 to 208 cases per 100,000 in females aged 70–84 years 
and from 821 to 392 cases per 100,000 in males aged 70–84 years; from 
1138 to 415 cases per 100,000 in females ≥85 years and from 1791 to 
643 cases per 100,000 in males ≥85 years. The incidences declined 
steadily throughout the study period in persons aged ≥70 years, while 
they remained relatively stable in those aged ≤69 years until 2014, 
whereupon a steady decline was observed (Fig. 1A). Similar results were 
noted in the supplementary analysis adding out-of-hospital death due to 
myocardial infarction to the outcome (Supplementary Figure 3). This 
indicates that the decreasing incidence of hospitalizations for myocar-
dial infarction observed across sex and age groups were not offset by 
deaths out-of-hospital. 

3.3. Relative changes in the incidence of myocardial infarction 

For both sexes, a significantly larger relative decrease in myocardial 
infarction incidence from the 2005–2007 period to the 2019–2021 
period was observed among the oldest age groups compared to the 
younger (Fig. 1B): 55% decrease among males (IRR: 0.45 [0.41–0.49]) 
and 58% decrease among females (IRR: 0.42 [0.39–0.45]) aged ≥85 
years; 46% decrease among males (IRR: 0.54 [0.52–0.57]) and 52% 
decrease among females (IRR: 0.48 [0.46–0.51]) aged 70–84 years; 19% 
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decrease among males (IRR: 0.81 [0.79–0.84]) and 17% decrease among 
females (IRR: 0.83 [0.78–0.88]) aged 50–69 years; 30% decrease among 
males (IRR: 0.70 [0.64–0.76]) and 37% decrease among females (IRR: 
0.63 [0.54–0.74]) aged ≤49 years. 

4. Discussion 

Our study provides a contemporary estimate of the age- and sex- 
specific incidence of first-time myocardial infarction in a nationwide 
setting. Using the Danish registries with national coverage, we identified 
gaps in the rate of decline in myocardial infarction incidence across age 
groups. We observed a steeper decline among the older age groups (≥70 
years) compared to the young and middle aged. While the incidence rate 
remained higher among males, and the median age at onset remained 
higher among females, both sexes experienced similar declines in 
myocardial infarction incidence. 

Our findings highlight the need for intensified focus on cardiovas-
cular prevention in the young and middle aged population. Further-
more, contemporary age- and sex-specific rates are useful for updating 
priors in clinical trials as well as updating and calibrating risk prediction 
models. For example, SCORE2 was calibrated using Danish Heart Sta-
tistics, an open access interactive database (https://hjerteforeningen. 
shinyapps.io/HjerteTal-en/)sourcing shared underlying data with the 
present study [28,32]. 

Our study had several strengths. Denmark has a fully tax-funded free- 
of-charge healthcare system with universal coverage for all residents 
and a virtually complete registration of hospital diagnoses since 1977. 
Thus, our registry-based retrospective cohort design greatly reduced 
selection bias. 

Furthermore, the Danish registries provided timely, contemporary 
data (follow-up until August 4, 2021), which allowed us to present 
completely up-to-date estimates. Also, the look-back period of at least 28 
years (from 2005 to 1977) allowed us to ascertain first-time myocardial 
with a very high accuracy, as a previous study found incremental im-
provements in the accuracy of defining first-time myocardial infarction 
with longer look-back periods up to approximately 24 years [33]. 

Our study also had several limitations. Firstly, during the latter part 
of our study, several COVID-19 case surges and national lockdowns 
affected the Danish population. Hospital contacts for acute disease, 
including myocardial infarction, were lower during the first lockdown in 
the spring of 2020 [34]. However, the relative weekly incidence merely 
dropped by approximately 20% and stabilized at pre-pandemic levels 
after a few weeks [34]. In a previous study from our group, we found 

that the incidence of various acute cardiovascular diseases remained 
stable compared to pre-pandemic levels during a subsequent case surge 
and national lockdown from December 2020 to January 2021 [35]. 
Thus, the effects of the COVID-19 pandemic were unlikely to have 
severely obfuscated our findings. The analysis including out-of-hospital 
death to the outcome definition supported our main findings, but data 
on out-of-hospital death carry a large degree of uncertainty, which 
should be considered when interpreting the results of this analysis. 
Additionally, clinical criteria and diagnostic sensitivity for myocardial 
infarction changed during the study period, and we were unable to 
specifically quantify the impact of these changes. High sensitivity 
troponin assays were introduced in 2009/2010 leading to a more reli-
able identification of smaller infarctions, including type 2 myocardial 
infarctions, thus increasing myocardial infarction incidence by about 
20% [36]. Also, more invasive cardiac procedures were performed, 
leading to more peri-procedural myocardial infarctions [37]. However, 
the expected bias of the improved sensitivity on our results would be 
towards the null. Hence, the decline in myocardial infarction that we 
report may, in fact, be an underestimation. Finally, we lacked access to 
clinical variables such as electrocardiograms, angiographic findings, 
blood samples, etc., hence, no information was provided on the patient 
characteristics with regards to such. 

The declines in myocardial infarction incidence during the previous 
century mainly pertained to younger persons, which led to a shift in the 
burden of coronary disease towards older age groups [38]. In contrast to 
this phenomenon, our findings suggest that during from 2005 to 2021, 
median age at first myocardial infarction has remained relatively stable, 
and that the middle aged to older age groups, rather than the elderly, 
need additional preventive focus going forward. This is underlined by 
the divergent development in pre-myocardial infarction statin use. To 
the best of our knowledge, the present study is the only one to report a 
such contrast in the relative decline of myocardial infarction incidence 
for the elderly. Thus, our findings require corroboration in other pop-
ulations and data sources. 

Our findings build upon previous studies, that showed declines in 
myocardial infarction incidence across various populations and several 
decades [3,19–23,38]. These improvements likely pertain to better risk 
factor control and higher uptake of evidence-based preventive treatment 
[1,2,39,40]. We found that these developments extend into the present 
decade. However, we observed stable rates of myocardial infarction 
incidence among the younger (≤69 years) until circa 2014, whereas the 
incidence declined steadily among the older (≥70 years) from 2005 
through 2021. Where older iterations of international prevention 

Table 1 
Characteristics of patients hospitalized with incident myocardial infarction.   

2005–2008 2009–2012 2013–2016 2017–2021 

Male  
(n = 19147) 

Female  
(n = 11302) 

Male  
(n = 18471) 

Female  
(n = 10651) 

Male  
(n = 18380) 

Female  
(n = 9835) 

Male  
(n = 19234) 

Female  
(n = 9461) 

Age (years, median [IQR]) 66.3 [57.0, 76.7] 76.1 [65.3, 84.0] 66.4 [56.9, 76.0] 75.1 [63.8, 84.2] 66.3 [56.5, 75.2] 73.4 [62.5, 82.7] 66.2 [56.6, 75.3] 72.9 [62.1, 81.2] 
Coronary angiography 14898 (77.8) 6730 (59.5) 15224 (82.4) 7082 (66.5) 16220 (88.2) 7520 (76.5) 17384 (90.4) 7628 (80.6) 
Percutaneous coronary  

intervention 
11129 (58.1) 4338 (38.4) 11405 (61.7) 4287 (40.2) 12085 (65.8) 4481 (45.6) 13962 (72.6) 5043 (53.3) 

Coronary artery bypass graft 1387 (7.2) 374 (3.3) 1518 (8.2) 394 (3.7) 1679 (9.1) 363 (3.7) 1495 (7.8) 293 (3.1) 
Atrial fibrillation 1342 (7.0) 1166 (10.3) 1503 (8.1) 1228 (11.5) 1574 (8.6) 1130 (11.5) 1624 (8.4) 974 (10.3) 
Chronic kidney disease 778 (4.1) 455 (4.0) 913 (4.9) 538 (5.1) 992 (5.4) 590 (6.0) 1161 (6.0) 610 (6.4) 
Cancer 1745 (9.1) 1258 (11.1) 2072 (11.2) 1499 (14.1) 2336 (12.7) 1516 (15.4) 2774 (14.4) 1642 (17.4) 
Stroke 1461 (7.6) 1063 (9.4) 1452 (7.9) 1040 (9.8) 1315 (7.2) 902 (9.2) 1326 (6.9) 825 (8.7) 
Diabetes 2159 (11.3) 1419 (12.6) 2454 (13.3) 1398 (13.1) 2694 (14.7) 1439 (14.6) 2822 (14.7) 1446 (15.3) 
Heart failure 1315 (6.9) 1102 (9.8) 1261 (6.8) 1032 (9.7) 1134 (6.2) 798 (8.1) 1046 (5.4) 590 (6.2) 
Angina 2783 (14.5) 1668 (14.8) 3063 (16.6) 1655 (15.5) 3117 (17.0) 1623 (16.5) 2917 (15.2) 1435 (15.2) 
Chronic obstructive  

pulmonary disease 
1174 (6.1) 1105 (9.8) 1310 (7.1) 1255 (11.8) 1213 (6.6) 1106 (11.2) 1211 (6.3) 1016 (10.7) 

Hypertension 5022 (26.2) 4165 (36.9) 5585 (30.2) 4216 (39.6) 5440 (29.6) 3759 (38.2) 5196 (27.0) 3268 (34.5) 
Statin 4055 (21.2) 2493 (22.1) 5275 (28.6) 3182 (29.9) 5358 (29.2) 3116 (31.7) 5504 (28.6) 2927 (30.9) 
Aspirin 5310 (27.7) 3966 (35.1) 5345 (28.9) 3701 (34.7) 4279 (23.3) 2642 (26.9) 3355 (17.4) 1819 (19.2) 

IQR = interquartile range. 
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guidelines mainly focused on the middle aged population [41,42], more 
attention has been put on cardiovascular prevention throughout the 
lifespan [43]. This was reflected in the pre-myocardial infarction pro-
portion of statin use in our study population, which was stable for the 
younger and steeply increasing for the older age groups. As such, our 
findings may represent a lag in prevention among the elderly during the 
1990s and 2000s, i.e., the observed larger relative and total decline 
among the elderly throughout the study period may represent a catch-up 
effect. However, this only suggests a partial and speculative explanation 
for our findings, whereas temporal developments in the distribution of 
risk factors for myocardial infarction such as smoking, blood pressure, 
and physical activity may also have played an important role but were 
unfortunately not available in our data. Another explanation for our 
findings could be, as mentioned, that the diagnostic sensitivity had 
improved. If this improvement had differential effects across age groups, 
i.e., the enhanced diagnostic sensitivity had led to more myocardial 
infarctions detected in the younger, but not the older, this may account 
for some the observed discrepancy. However, as mentioned, we would 
expect the opposite to be the case, namely that more infarctions would 
be detected among the elderly. Unfortunately, data on diagnostic 

findings such as troponin were not available. In any case, notably, after 
2014, the incidence continued to decline for the younger up to the 
present time of writing. Furthermore, the observed steeper relative 
decrease in the rate of incident myocardial infarction among the elderly 
may have been affected by a concomitantly increasing long-term sur-
vival. Indeed, a recent Danish study found that while the continuous 
decline in myocardial infarction incidence had translated into a lower 
prevalence of myocardial infarction overall, the prevalence had risen 
among the oldest age groups [44]. Thus, secondary prevention in the 
elderly still requires significant attention, despite the large improve-
ments in first-time myocardial infarction incidence described in our 
study. 

4.1. Conclusions 

The incidence of myocardial infarction declined from 2005 through 
2021 across age and sex but was marked by a steeper decline among 
those aged ≥70 years. Continuous focus on risk factor modification and 
preventive intervention might further reduce the incidence of myocar-
dial infarction in the future. 

Fig. 1. (A) Incidence rate of myocardial infarction per 100,000 persons with 95% confidence intervals, 2005–2021. (B) Relative changes in the incidence of first-time 
myocardial infarction during the 2019–2021 period compared to the 2005–2007 period (reference), presented as incidence rates ratios and percentages with 95% 
confidence intervals. ↓ = decrease; CI = confidence intervals; IRR = incidence rate ratio. 
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