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Background
Previous studies of the incidence and case fatality of acute myocardial infarction in
Norway are based on administrative data that do not distinguish between myocardial
infarction with ST segment elevation (STEMI) and without ST segment elevation
(NSTEMI). The aim of this study was to investigate the incidence, case fatality and
patient characteristics for different types of myocardial infarction in the period 2013–
2021.

Material and method
The Norwegian Myocardial Infarction Registry, the Norwegian Patient Registry and the
Norwegian Cause of Death Registry were linked in order to identify all patients with
myocardial infarction. We calculated age-adjusted incidence and 30-day case fatality.

Results
Incidence of all types of myocardial infarction in total fell by 3.8 % per year on average
(95 % CI 3.6–4.1). There was a reduction of 2.3 % (95 % CI 1.8–2.8) for STEMI,
3.1 % (95 % CI 2.8–3.4) for NSTEMI, and 6.5 % (95 % CI 5.9–7.1) for out-of-hospital
deaths from myocardial infarction. Thirty-day case fatality for all types of myocardial
infarction in total was 21.3 % in 2013 and 17.5 % in 2021. Case fatality for all
infarctions fell by an average of 2.8 % per year (95 % CI 2.3–3.3), case fatality for
NSTEMI fell by 4.4 % per year (95 % CI 3.3–5.5) per year, while case fatality for
STEMI was unchanged.

Interpretation
Incidence of all types of myocardial infarction declined in the period 2013–2021.
Thirty-day case fatality remains high, despite a fall in case fatality for all myocardial
infarctions in total and for NSTEMI. There was no change in case fatality for STEMI.

Main findings

The incidence of acute myocardial infarction decreased by an average of 3.8 % per year
in the period 2013–2021.

The proportion of patients who died within 30 days fell in patients admitted to hospital
with myocardial infarction without ST segment elevation (NSTEMI), but not in
patients admitted with myocardial infarction with ST segment elevation (STEMI).

In 2021, about 1 in 5 patients with acute myocardial infarction died within 30 days.

Over the past 100 years, ischemic heart disease mortality has changed considerably in
Norway. In the first half of the last century, mortality steadily increased, except for a
marked decrease during World War II (1). Mortality then rose substantially in the post-
war years, peaking in the 1970s, and then falling again just as dramatically (2).

The mortality of a disease depends on how many people are affected (incidence) and
the proportion of those who die (case fatality). In the 1960s, the Norwegian
epidemiologist Knut Westlund documented in several classic studies that the post-war
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increase in the mortality of acute myocardial infarction was correlated with increased
incidence (3). The decline in mortality from myocardial infarction in Norway after
1970 is associated with changes in both incidence (4) and case fatality (5). These
analyses are based on data from the Norwegian Patient Registry (6) and do not
distinguish between myocardial infarction with ST segment elevation (STEMI) and
without ST segment elevation (NSTEMI). This is an important distinction, as STEMI is
usually associated with a total occlusion of a coronary artery, leading to greater
myocardial injury. This type of infarction is associated with higher case fatality than
NSTEMI and requires different treatment in the acute phase (7).

Since 2012, Norwegian hospitals have been required to register patients who are
admitted with myocardial infarction in the Norwegian Myocardial Infarction Registry
(8, 9). The registry contains information about risk factors, patient characteristics and
the type of myocardial infarction. In this study, we linked data from the Norwegian
Myocardial Infarction Registry, the Norwegian Patient Registry and the Norwegian
Cause of Death Registry to obtain a more comprehensive picture of all types of
myocardial infarction than in previous studies. The aim was to examine incidence, case
fatality and patient characteristics for different types of myocardial infarction in the
period 2013–2021.

Material and method

Data collection
The Norwegian Myocardial Infarction Registry (9), the Norwegian Patient Registry (6)
and the Norwegian Cause of Death Registry (10) were used to identify all patients
registered with acute myocardial infarction (ICD-10 codes I21 and I22) in national
health registries in the period 1 January 2013 to 31 December 2021 (11). We included
patients with a Norwegian personal identification number who were over the age of 20
years when the myocardial infarction occurred. The three registries were linked using
serial numbers/encrypted personal identification numbers.

The Norwegian Myocardial Infarction Registry is a national medical quality registry
that contains information on patients treated in Norwegian hospitals for acute
myocardial infarction (9). The registry is not consent-based. The coverage rate is
approximately 90 % compared to the Norwegian Patient Registry (9).

The Norwegian Myocardial Infarction Registry contains 80 variables, including age
and sex, type of myocardial infarction (STEMI, NSTEMI, unknown), smoking habits
(never, current smoker, ex-smoker, unknown), the first LDL cholesterol level (mmol/L)
measured after admission, ongoing medication for hypertension (yes, no, unknown),
diabetes mellitus (yes, no, unknown), as well as the highest values of troponin-T and
troponin-I (ng/L) measured during hospitalisation.

The Norwegian Patient Registry contains personally identifiable information about
discharge diagnoses for patients in Norwegian hospitals from 2008 (6). The Norwegian
Cause of Death Registry includes underlying and contributory causes of death (10). In
this study, the category 'Out-of-hospital deaths from myocardial infarction' includes
patients registered in the Norwegian Cause of Death Registry with myocardial
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infarction as an underlying or contributory cause of death who were not recorded in the
Norwegian Myocardial Infarction Registry or the Norwegian Patient Registry as having
been admitted to hospital with a myocardial infarction diagnosis.

A first-time infarction event (incident) was defined as the first hospital admission
recorded in the Norwegian Myocardial Infarction Registry or the Norwegian Patient
Registry with myocardial infarction as the discharge diagnosis, or death with
myocardial infarction as an underlying or contributory cause of death without having
been registered in the Norwegian Patient Registry or the Norwegian Myocardial
Infarction Registry in the preceding five years (12). In this study, a first-time infarction
event is defined as an event occurring in a person who has not experienced a
myocardial infarction in the five years prior, hence the five-year look-back period. This
look-back period was chosen since the Norwegian Patient Registry contains personal
identification numbers from 2008.

Thirty-day case fatality is defined as the percentage of first-time infarction events with
a fatal outcome within 30 days of the admission date.

The study was approved by the Regional Committee for Medical and Health Research
Ethics in South-Eastern Norway. The Norwegian Institute of Public Health assessed the
implications for privacy and granted permission to link data.

Statistical analyses
We calculated annual incidence rates in ten-year age intervals using the population of
Norway at the start of each calendar year as the denominator. Age-adjusted incidence
rates per 100 000 inhabitants were calculated using the direct method, with ten-year
age strata and the Norwegian population in 2017 as the standard population. Age
adjustment of case fatality was performed using the direct method with ten-year age
strata and the population in the Norwegian Myocardial Infarction Registry in 2017 as
the standard population.

Time trends were examined using Poisson regression, with the year of the infarction
event and age as continuous, independent variables. The incidence rate ratio (IRR)
from Poisson regression, along with the corresponding 95 % confidence interval (CI),
expresses the mean annual percentage change from the previous year, adjusted for age.
The Wald test was used to analyse gender differences in the incidence trend. Logistic
regression with the covariates of sex, age, hypertension, diabetes and smoking was
used to examine gender differences in case fatality.

Results

Incidence
The number of patients with a first-time infarction event decreased from 14 361
(391/100 000) in 2013 to 11 264 (271/100 000) in 2021, corresponding to a mean
reduction in age-adjusted incidence rates of 3.8 % per year (95 % CI 3.6 to 4.1; p <
0.001) (Table 1) (see Table 1 in the appendix on tidsskriftet.no). The incidence of
STEMI decreased by 2.3 % per year (p < 0.001), NSTEMI incidence decreased by
3.1 % per year (p < 0.001), and the incidence of out-of-hospital deaths decreased by
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6.5 % per year (p < 0.001). There was a significant decline in the incidence of all types
of myocardial infarction, as well as STEMI and NSTEMI, among both men and women
in all age groups over 20 years (Figure 1, Table 2).

Table 1

Number of first-time myocardial infarction events and incidence per 100 000 inhabitants in
Norway in 2013, 2017 and 2021 based on registry linkage. CI = confidence interval.

2013 2017 2021

Type of
myocardial
infarction

No. Age-
adjusted
incidence
per
100 000

No. Age-
adjusted
incidence
per
100 000

No. Age-
adjusted
incidence
per
100 000

Mean %
change in age-
adjusted
incidence per
year (95 % CI)

All
myocardial
infarctions¹

14 361 391 13 110 332 11 264 271 -3.8 (-3.6 to
-4.1)

Admitted to
hospital²

12 388 338 11 463 290 10 041 243 -3.5 (-3.2 to
-3.7)

STEMI³ 3 941 81 2 878 72 2 719 63 -2.3 (-1.8 to
-2.8)

NSTEMI⁴ 7 160 195 7 198 181 6 388 148 -3.1 (-2.8 to -3.4)

Out-of-
hospital
deaths from
myocardial
infarction⁵

1 973 54 1 647 42 1 223 29 -6.5 (-5.9 to
-7.1)

¹ Registered in the Norwegian Myocardial Infarction Registry or Norwegian Patient
Registry or Norwegian Cause of Death Registry.

² Registered in the Norwegian Myocardial Infarction Registry or Norwegian Patient
Registry. The number is higher than the sum of STEMI and NSTEMI events because it
also includes patients registered in the Norwegian Myocardial Infarction Registry with
unknown type of myocardial infarction and patients not registered in the Norwegian
Myocardial Infarction Registry, but in the Norwegian Patient Registry.

³ Registered in the Norwegian Myocardial Infarction Registry as myocardial infarction
with ST elevation.

⁴ Registered in the Norwegian Myocardial Infarction Registry as myocardial infarction
without ST elevation.

⁵ Registered in the Norwegian Cause of Death Registry but not in the Norwegian
Myocardial Infarction Registry or the Norwegian Patient Registry.
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Figure 1 Age-adjusted incidence of first-time myocardial infarction registered in the Norwegian
Myocardial Infarction Registry, Norwegian Patient Registry or Norwegian Cause of Death
Registry (all myocardial infarctions) and of STEMI and NSTEMI events registered in the
Norwegian Myocardial Infarction Registry for the period 2013–21. P-values represent the mean
change per year during this period. The incidence of all myocardial infarctions is higher than the
sum of STEMI and NSTEMI events because the category 'all myocardial infarctions' includes
those of unknown type in the Norwegian Myocardial Infarction Registry, as well as myocardial
infarctions in the Norwegian Patient Registry and Norwegian Cause of Death Registry that were
not registered in the Norwegian Myocardial Infarction Registry.

Table 2

Mean annual change in the incidence of acute myocardial infarction by sex and age in Norway
2013–21 based on registry linkage. STEMI = myocardial infarction with ST segment elevation,
NSTEMI = myocardial infarction without ST segment elevation.

Annual change in incidence¹
(%)

Age Men Women

All myocardial infarctions²

20–49 years -5.3 (-4.4 to -6.3) -6.1 (-4.3 to -8.0)

50–79 years -3.1 (-2.8 to -3.5) -3.3 (-2.8 to -3.8)

> 80 years -6.1 (-5.5 to -6.6) -6.3 (-5.8 to -6.8)

> 20 years, age-adjusted -3.2 (-2.9 to -3.5) -5.0 (-4.6 to -5.3)³

STEMI events⁴

20–49 years -6.1 (-4.6 to -7.6) -5.8 (-2.2 to -9.2)

50–79 years -2.2 (-1.6 to -2.9) -3.2 (-2.1 to -4.3)

≥ 80 years -2.7 (-1.1 to -4.2) -2.9 (-1.4 to -4.3)

≥ 20 years, age-adjusted -2.0 (-1.4 to -2.5) -3.1 (-2.3 to -4.0)⁵

NSTEMI events⁴

20–49 years -4.6 (-3.2 to -5.9) -5.2 (-2.7 to -7.7)

50–79 years -2.9 (-2.4 to -3.3) -2.9 (-2.2 to -3.6)

> 80 years -5.1 (-4.4 to -5.8) -4.8 (-4.1 to -5.5)
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Annual change in incidence¹
(%)

> 20 years, age-adjusted -2.7 (-2.3 to -3.0) -3.9 (-3.4 to -4.4)³

¹ Age-specific mean annual change (%) in incidence, calculated using Poisson
regression. Values for 20 years and older are age-adjusted.

² Registered in the Norwegian Myocardial Infarction Registry or Norwegian Patient
Registry or Norwegian Cause of Death Registry.

³ Significant difference from men (p < 0.001).

⁴ Registered in the Norwegian Myocardial Infarction Registry.

⁵ Significant difference from men (p = 0.027).

30-day case fatality
30-day age-adjusted case fatality for all myocardial infarctions decreased from 21.2 %
in 2013 to 17.5 % in 2021 (p < 0.001). Case fatality after NSTEMI fell from 8.2 % to
6.0 % (p < 0.001), while case fatality after STEMI remained unchanged. The trends
were similar for men and women. The case fatality after STEMI events was
approximately twice as high as after NSTEMI events (Figure 2, see Table 1 in the 
appendix).

Figure 2 Age-adjusted 30-day case fatality for all myocardial infarctions, STEMI and NSTEMI
events for the period 2013–21. P-values indicate the mean change per year during the period.
The case fatality for all myocardial infarctions is higher than for STEMI and NSTEMI because
the category 'all myocardial infarctions' includes out-of-hospital deaths from myocardial
infarction that were registered in the Norwegian Cause of Death Registry but not in the
Norwegian Myocardial Infarction Registry.

Patient characteristics
STEMI patients were younger than NSTEMI patients. In the STEMI group, there were
more men and smokers, fewer with hypertension and diabetes, and troponin levels were
approximately ten times higher (Table 3, see Table 2 in the appendix). There were no
significant changes over time in age, gender distribution or LDL cholesterol, but the
proportion of smokers fell while the proportion with diabetes increased. The highest
troponin-T and troponin-I levels remained unchanged over time for STEMI patients.
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For NSTEMI patients, a significant decline was observed over time in the highest
troponin-I level (Table 3), and the highest troponin-T level was also lower in 2019 (p =
0.011) and 2020 (p = 0.009) than in 2013 (see Table 2 in the appendix).

Table 3

Characteristics of patients admitted to hospital with a first-time STEMI or NSTEMI in 2013,
2017 and 2021, who were registered in the Norwegian Myocardial Infarction Registry

STEMI NSTEMI

2013 2017 2021 2013 2017 2021

Number 3 941 2 878 2 719 7 160 7 198 6 388

Age, year,
mean (SD)

66 (13) 66 (13) 67 (13)¹ 72 (14) 72 (13) 72 (13)

Men, % 71 73 73¹ 62 62 64

Smokers, % 40 35 34¹ 26 23 22¹

LDL
cholesterol,
mmol/L²,
mean (SD)

3.4 (1.1) 3.4 (1.1) 3.3 (1.1) 3.1 (1.4) 3.1 (1.2) 3.0 (1.2)

Hypertension,
%

39 37 42³ 51 50 50

Diabetes
mellitus,
%

13 16 17¹ 20 21 22¹

Troponin-T,
ng/L⁴, median
(upper and
lower
quartile)

3 288
(1 162–
7 088)

3 167
(1 279–
6 896)

3 359
(1 353–
7 040)

317
(105–980)

298
(94–
908)

306
(100–998)

Troponin-I,
ng/L⁴, median
(upper and
lower
quartile)

13 229
(2 283–
39 936)

15 553
(2 812–
45 783)

14 683
(3 296–
43 974)

1 373
(300–
5 417)

985
(219–
5 229)

1 021
(206–5 007)¹

¹ P < 0.001 for change from 2013 to 2021.

² First measurement during hospitalisation.

³ p = 0.009 for change from 2013 to 2021.

⁴ Highest level measured during hospitalisation.

Gender differences
The age-adjusted incidence of all types of myocardial infarction was twice as high for
men as for women (Figure 1). The decrease in incidence was less pronounced for men
than for women (Table 2).
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Throughout the study period, STEMI case fatality was higher for women than men and
NSTEMI case fatality was lower (Figure 2). For the period as a whole, STEMI case
fatality was 21 % higher for women than men (age-adjusted OR, 1.21; 95 % CI 1.10 to
1.32; p < 0.001). The difference was significant after adjusting for hypertension,
diabetes and smoking in addition to age (multivariable adjusted OR, 1.13; 95 % CI 1.02
to 1.25; p = 0.016). NSTEMI case fatality was 9 % lower for women than men for the
period as a whole (age-adjusted OR, 0.91; 95 % CI 0.84 to 0.98; p = 0.015). The
difference was significant after adjusting for hypertension, diabetes and smoking in
addition to age (multivariable adjusted OR, 0.88; 95 % CI 0.81 to 0.95; p < 0.001).
Table 3 in the appendix shows gender-specific numbers of myocardial infarctions and
the number of deaths per year.

Discussion

In this study, we observed a significant decline in the incidence of acute myocardial
infarction during the period 2013–21. Despite the decrease in case fatality, acute
myocardial infarction remains a serious condition. In 2021, nearly one in five patients
died within 30 days. Many deaths occur in out-of-hospital settings. The falling
incidence is due to fewer patients being treated in hospitals for STEMI and NSTEMI
and a reduction in out-of-hospital deaths.

Previous studies from Norway (4, 13) and other countries (14) have reported a
decreasing incidence of myocardial infarction. In some countries, this decline began as
early as the 1980s (14). Our data suggest that the decline continued into the 2000s and
applied to both sexes and all age groups. Data from the Swedish National Board of
Health and Welfare for the period 2013–21 (15) show remarkable similarities between
Swedish and Norwegian trends. In Sweden, the incidence fell by 3.2 % per year to
298/100 000 in 2021, while in Norway, the decrease was 3.8 % per year to 271/100 000
in the same year.

National data on the incidence and case fatality of STEMI and NSTEMI events have
not been published previously. Our findings align with results from a study in Tromsø,
which found that the incidence of myocardial infarction decreased by 3.0 % per year in
the period 1995–2010 (13). In both studies, a marked decline was observed in the
incidence of STEMI events and out-of-hospital deaths. This supports the hypothesis
that a key driver for the reduced mortality from myocardial infarction in Norway is the
reduction in the number of people who experience myocardial infarction, as opposed to
a reduction in case fatality among patients admitted to hospital. Studies in other
countries have reported similar findings. In the international MONICA study conducted
in the 1980s and 1990s, it was found that approximately three-quarters of the decrease
in mortality from myocardial infarction could be attributed to reduced incidence and
one-quarter to reduced case fatality (14).

More favourable levels of the three classic risk factors – cholesterol, smoking and
blood pressure – are likely the main reason for the drop in the number of myocardial
infarctions. Studies have shown that these three risk factors account for most of the
changes in incidence within a population (16, 17). In the Tromsø Study, it was found
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that 66 % (95 % CI 48 to 97) of the decline in ischemic heart disease incidence from
1995 to 2010 could be attributed to changes in modifiable risk factors such as
cholesterol, blood pressure, smoking and inactivity (13).

Surveys of cardiovascular health in three Norwegian counties showed that the decline
in cholesterol, blood pressure and smoking began in the early 1970s (18). More recent
data suggests that this favourable trend continues (19). The reduction in cholesterol is
primarily attributed to dietary changes (20, 21). Even after statins were introduced in
the 1990s, these account for less than 30 % of the cholesterol reduction in the
population (22). Lower risk factor levels may also have contributed to the decline in
case fatality (23).

National data from Sweden shows that 28-day case fatality after all myocardial
infarctions was 22 % in 2021 (15), while the 30-day case fatality in Norway was
17.5 % in 2021. A Danish study covering the period 2004–08 shows a slightly higher
30-day case fatality in hospital settings (14.8 %) (24) than what we found for 2012
(10.1 %). This suggests that case fatality after myocardial infarction may be somewhat
lower in Norway than in other Scandinavian countries.

It is striking that during the period 2013–2021 there was no change in case fatality for
STEMI, in contrast to NSTEMI. Previous studies from the United States (25) and
Norway (13) also found no change in STEMI case fatality between 1995 and 2008,
despite the introduction of new treatment methods during this period, such as
percutaneous coronary intervention. In both studies, and in our study, markers of
myocardial injury decreased in NSTEMI cases, but not in STEMI cases. This may
indicate that an increasing proportion of NSTEMI patients had less extensive
myocardial injuries, potentially leading to lower case fatality.

It is well-known that men have approximately twice the risk of myocardial infarction
than women, and this increased risk is lifelong (26). However, studies on gender
differences in case fatality have yielded inconsistent findings (27, 28). We found that
case fatality was higher in women than men in STEMI cases. This has also been
observed in other studies and may be due to longer delays between symptom onset and
hospital admission (27) and/or fewer women receiving reperfusion therapy within the
recommended timeframe (29).

A strength of our study is that we used information from all three national registries
containing data on myocardial infarction. Using data from both the Norwegian
Myocardial Infarction Registry and the Norwegian Patient Registry was found to have
a positive predictive value of 97 % and a sensitivity of 92 %, measured against a
reference standard (30).

The study also has several weaknesses. Concerns have been raised about the quality of
data in the Norwegian Cause of Death Registry, particularly for ischemic heart disease
(10, 31). The proportion of misdiagnoses is likely higher for out-of-hospital deaths than
for patients admitted to hospital. However, we are not aware of any changes in coding
practices during the study period that could have affected our incidence calculations.
Coding errors have been identified in the Norwegian Patient Registry (32). A validation
study nevertheless showed a high positive predictive value and completeness
(sensitivity) for acute myocardial infarction (30). The five-year look-back period means
that a number of myocardial infarction cases in our study (perhaps 5–7 %) are not first-
time infarctions, but recurrent events (12). This will slightly reduce the observed
decrease in incidence (12), but does not weaken our findings.
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Conclusion

We found a declining incidence of acute myocardial infarction from 2013 to 2021
across younger, middle-aged and older men and women. Case fatality decreased for all
types of myocardial infarction combined, driven by a lower incidence of both STEMI
and NSTEMI events and out-of-hospital deaths, as well as lower case fatality following
NSTEMI events. Case fatality after STEMI remained unchanged.

The article has been peer-reviewed.
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