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Abstract 

Background: Mortality following acute myocardial infarction (AMI) has decreased in western countries for decades; 
however, it remains unknown whether the decrease is distributed equally across the population independently of 
residential location. This study investigated whether the observed decreasing 28-day mortality following an incident 
AMI in Denmark from 1987 to 2016 varied geographically at municipality level after accounting for sociodemographic 
characteristics.

Methods: A register-based cohort study design was used to investigate 28-day mortality among individuals with 
an incident AMI. Global spatial autocorrelation (within sub-periods) was analysed at municipality level using Moran’s 
I. Analysis of spatio-temporal autocorrelation before and after adjusting for sociodemographic characteristics was 
performed using logistic regression and conditional autoregressive models with inference in a Bayesian setting.

Results: In total, 368,839 individuals with incident AMI were registered between 1987 and 2016 in Denmark; 128,957 
incident AMIs were fatal. The 28-day mortality decreased over time at national level with an odds ratio of 0.788 (95% 
credible interval (0.784, 0.792)) per 5-year period after adjusting for sociodemographic characteristics. The decrease 
in the 28-day mortality was geographically unequally distributed across the country and in a geographical region in 
northern Jutland, the 28-day mortality decreased significantly slower (4–12%) than at national level.

Conclusions: During the period from 1987 to 2016, the 28-day mortality following an incident AMI decreased 
substantially in Denmark. However, in a local geographical region, the 28-day mortality decreased significantly slower 
than in the rest of the country both before and after adjusting for sociodemographic differences. Efforts should be 
made to keep geographical trend inequalities in the 28-day mortality to a minimum.
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Introduction
Acute myocardial infarction (AMI) is a serious disease 
causing many deaths both worldwide and in Denmark. 
Post-AMI survival has significantly improved in western 
countries over the last decades largely due to substan-
tial improvements in the prophylaxis and treatment of 
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the disease [1–5]. Major changes have taken place dur-
ing the past 30  years in the Danish healthcare system 
that have improved the prevention of post-AMI deaths, 
e.g., increased use of secondary prevention by statins 
and antithrombotic treatment [6] and enhanced inva-
sive care at fewer specialized hospitals [7]. Even though 
these changes were implemented at the national level, 
they could have influenced post-AMI survival differently 
across the country.

A strong decline in the post-AMI mortality has been 
shown from 1984 through 2008 at a national level in 
Denmark [1]. However, studies have shown, that not 
all population groups seem to benefit equally from the 
improved prevention and treatment initiatives [6, 8, 9]. In 
addition, it has been shown that geographical differences 
in the 28-day mortality following an incident AMI in 
Denmark exists [10, 11], and only part of these geograph-
ical differences can be explained by the geographical 
variations in sociodemographic characteristics. Hence, it 
remains unknown if the decline in post-AMI mortality is 
geographically equally distributed across the country or 
whether the decline lacks behind in some areas and pop-
ulation groups.

The aim of the present study was to investigate whether 
the observed decreasing 28-day mortality following an 
incident AMI in Denmark from 1987 to 2016 varied geo-
graphically at municipality level after accounting for soci-
odemographic characteristics.

Methods
Study design and AMI population
The present study was a register-based cohort study 
including adults with an incident AMI (age ≥ 30  years) 
with residential location in Denmark at the time of AMI 
in the study period January 1st, 1987 to December 31st, 
2016. The outcome was 28-day mortality defined as the 
proportion of individuals with an incident AMI who died 
at any time between the day of AMI and 28 days after dis-
charge from the hospital.

Individuals with AMI were identified by International 
Classification of Disease 8th version (ICD-8) code 410 
until end 1993 and 10th version (ICD-10) code I21 from 
1994 onwards as primary or secondary diagnosis in the 
Danish National Patients Register (NPR) or underlying 
or contributing cause of death registered in the Danish 
Register of Causes of Death (RCD). All individuals with 
AMI in the period 1987–2016 were extracted from the 
NPR and RCD. Furthermore, individuals with previously 
registered AMI (1977–1986) were excluded in order to 
include only incident AMI cases in the study period.

The study period, 1987–2016, was divided into six 
5-year time periods in order to investigate the devel-
opment over time while still maintaining enough data 

within each time period. The AMI data were aggregated 
at municipality level. The average age of the individuals 
at date of AMI (denoted AMI age) was calculated within 
each time period and municipality.

The validity of the AMI diagnosis in the NPR and RCD 
has previously been reported to be high [12]. However, in 
Denmark the autopsy rate is below 10% overall, and the 
mortality statistics of the RCD are not regularly validated 
[13]. In order to account for the potentially higher uncer-
tainty on AMI diagnoses only registered in the RCD, a 
supplementary analysis was performed based only on 
individuals with an AMI diagnosis registered in the NPR.

Study area
The study area consisted of Denmark (43,000  km2), where 
the healthcare system is tax-financed and access to most 
primary and secondary healthcare is free-of-charge [14].

In 2007, a reform transferred the primary responsi-
bility for general practitioners and hospitals to 5 newly 
established administrative regions and the existing 271 
municipalities were merged into 98 [14]. In this study, 
residential locations from 1987 to 2006 were converted 
into the current 98 municipalities.

In the last time period, 2012–2016, less than 100 inci-
dent AMIs occurred in the population of each of the four 
small island municipalities Fanø, Samsø, Læsø and Ærø 
(locations shown in Additional file 1: Fig. S1). Therefore, 
these four municipalities were excluded to ensure the sta-
bility of the analysis. The excluded municipalities corre-
sponded to 0.44% of the individuals with AMI and 0.62% 
of the individuals with a fatal AMI.

Background population
The background population was defined as the residents 
in the municipalities in Denmark after the four small 
island municipalities were excluded. Characteristics of 
the background population at municipality-level were 
calculated for each of the six time periods based on the 
population in each of the five years within each time 
period.

The municipality-level sociodemographic characteris-
tics were [15]:

1. “Cohabitation”: proportion of adults (individu-
als ≥ 15  years) who were married or in a registered 
partnership,

2. “Low education”: proportion of adults with low edu-
cational level ( ≤ 9 years),

3. “Unemployment”: the proportion of unemployed 
among adults (unemployed 6 months or more within 
a year),

4. “Low income”: the proportion of adults in the low-
est third of family equalized income (derived 
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within gender and age groups (15–29, 30–44, 
45–64, ≥ 65  years); the cut-off value for the lowest 
third was based on country level data for every com-
bination of age group and gender).

All variables were standardized within each time period 
by subtracting the average and dividing by the standard 
deviation. This was done in order to reflect differences 
between the municipalities rather than temporal trends 
that may correlate with the 28-day mortality at a national 
level. Only a low degree of collinearity between the 
municipality-level sociodemographic characteristics was 
observed based on Pearson’s correlation coefficients.

Statistical analysis
First, 28-day mortality in the municipalities was mod-
elled using a simple logistic regression model with time 
period (mean centred) as the only covariate in order to 
investigate geographical inequalities in the 28-day mor-
tality adjusting for a national temporal trend (Model 1).

Second, Model 1 was extended by including AMI age, 
and municipality-level sociodemographic characteristics: 
low education, low income, unemployment, and cohabi-
tation (giving Model 2). Linearity of the covariates was 
evaluated by visual inspection of parameter estimates of a 
categorical version of the variables. The residuals for each 
of the six time periods were mapped (on the odds ratio 
(OR) scale) to visualize the geographical differences in 
observed and predicted value after adjusting for sociode-
mographic characteristics.

Data are said to be positively spatially autocorrelated 
when data points that are geographically closer to one 
another are more similar than data points further apart. 
After accounting for sociodemographic characteristics in 
a logistic regression, spatial structure of the residuals may 
remain. This is possibly due to an unknown or unmeas-
ured spatially autocorrelated covariate, or because sub-
jects tend to be close to similar subjects (neighbourhood 
effects) [16]. In order to model spatial autocorrelation 
in the residuals, Model 2 was extended by adding two 
spatially autocorrelated random effects denoted the spa-
tial structure component and the temporal structure 
component (giving Model 3). This extension is similar 
to that proposed by Bernardinelli et  al. (1995) [17] and 
represents the spatio-temporal pattern in mortality with 
spatially varying time trends. The spatial and temporal 
components were assumed to be independent, and both 
were modelled by the conditional autoregressive (CAR) 
model proposed by Leroux et  al. (2000) [18]. Spatial 
closeness between the municipalities was defined with 
a binary adjacency matrix in which entries were 1 if the 
municipalities shared a border and 0 otherwise. Island 

municipalities were considered adjacent to a municipality 
if the two were connected by ferry or bridge.

The spatial and temporal structure components reflect 
the mortality and trend over time, respectively, for each 
municipality relative to the national mean after adjust-
ment for sociodemographic characteristics. The ORs 
of the spatial and temporal structure components were 
mapped to visualize the geographical inequalities after 
adjusting for sociodemographic characteristics.

Model 3 was implemented in a Bayesian setting with 
inference based on Markov chain Monte Carlo (MCMC) 
simulations using the function ST.CARlinear() from the 
R-package CARBayesST (version 3.0.1) [19]. The model 
was estimated using 20,000 samples based on a total of 
1,050,000 samples with a burn-in of 50,000 and thin-
ning to every 50th sample. Convergence was assessed by 
inspection of trace-plots and Geweke’s diagnostic [20]. 
The random effect variances of the CAR model were 
assigned inverse-gamma prior distributions with default 
parameters (1; 0.01) and the fixed effects (effect of time 
period and sociodemographic characteristics) were 
assigned the default Gaussian (0; 100,000) prior distribu-
tion. The effect of the prior distributions was explored by 
comparing the obtained parameter estimates with esti-
mates from models with different priors (inverse-gamma 
distribution with parameters (0.5; 0.005) for the variance 
of the random effects and Gaussian (0; 200,000) distribu-
tion for the fixed effects).

Moran’s I [21] was used to measure the degree of global 
spatial autocorrelation in the residuals of Models 1, 2 and 
3. Monte Carlo simulation with 9999 permutations was 
used to determine significance of the statistic.

Data management was performed in SAS software ver-
sion 9.4 and statistical analyses were done in R version 
3.6.1 [22].

Results
From 1987 to 2016, a total of 368,839 individuals with 
incident AMI were registered out of which 128,957 
(35.0%) died between day of incident diagnosis and 
28  days after discharge from hospital. An illustration 
of the construction of the study population is shown in 
Additional file 1: Fig. S2. The number of individuals with 
AMI decreased from 85,146 in 1987–1991 to 45,324 in 
2012–2016, and the 28-day mortality decreased from 
46.4 to 20.1% during the same time span (Table 1). Rela-
tive to the national mean, however, 28-day mortality 
increased in especially northern Jutland throughout the 
study period. A decrease was seen on eastern Zealand 
(Fig. 1). Overall, the mean age at AMI was fairly constant 
until a slight decrease towards the end of the study period 
(Table 1). The proportion of men among individuals with 
AMI increased slightly in 2012–2016.
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Analysis of trends in geographical inequality
In all time periods, Moran’s I showed highly significant 
positive spatial autocorrelation in the residuals of Model 
1, which was only adjusted for the time period (Table 2). 
This indicated that significant geographical inequality 
was present in the 28-day mortality displayed in Fig. 1.

The residual ORs of Model 2, which was addition-
ally adjusted for sociodemographic characteristics, are 
visualized in Fig. 2. A residual OR above 1 in a munici-
pality indicates that the 28-day mortality is higher than 
expected by the model. The residual ORs in northern 
Jutland increased substantially during the study period 
and generally lie above 1 in especially the last two time 
periods. Moran’s I showed significant positive spatial 
autocorrelation in the residuals of Model 2 in all but 
the third time period (Table  2). This indicated that sig-
nificant geographical inequality was still present in the 
28-day mortality after adjusting for sociodemographic 
characteristics.

The estimated spatial and temporal structure com-
ponent ORs from Model 3 are seen in Fig.  3. The esti-
mated spatial structure component (Fig. 3a) indicates the 
level of the 28-day mortality in the municipality halfway 
through the study period (since time period was mean 
centred) compared to the national mean after adjusting 

for sociodemographic characteristics. Some geographi-
cal structure was seen in the spatial structure component 
with higher mortality in for example northern Jutland. 
The estimated temporal structure component indicates 
how the trend in 28-day mortality in each municipality 
deviated from the national trend after adjusting for soci-
odemographic characteristics. The estimated national 
trend in 28-day mortality was decreasing: OR = 0.788 
per 5-year period with 95% credible interval (CI) (0.784, 
0.792). This implies that an OR below 1 in the temporal 
structure component (Fig.  3c) indicates that the 28-day 
mortality in the municipality was decreasing faster than 
the national mean after adjusting for sociodemographic 
characteristics. On the other hand, an OR above 1 indi-
cates that the 28-day mortality was decreasing slower 
than the national mean. Potentially, the 28-day mortality 
in a municipality could even be increasing over time, but 
this was not observed.

The temporal structure component (Fig. 3c) displayed 
geographical patterns in the decreasing 28-day mortality. 
ORs above 1 were estimated in all municipalities located 
in northern Jutland suggesting that the 28-day mortality 
in this region was not decreasing as fast as in the rest of 
the country. At municipality level, the estimated decrease 
in northern Jutland was 4% (95% CI:(1%, 6%)) to 12% 

Table 1 Overview of the AMI and background population in the six time periods

AMI age is the average age of individuals with incident AMI. The characteristics of the background population were calculated as the mean value across the 94 
municipalities in the time period

AMI acute myocardial infarction, sd standard deviation

*Deaths within 28 days is the number of individuals with an incident AMI who died at any time between the day of AMI and 28 days after discharge from the hospital

Period

1987–1991 1992–1996 1997–2001 2002–2006 2007–2011 2012–2016

AMI population

 Individuals with incident AMI (N) 85,146 69,906 58,408 59,454 50,601 45,324

 Deaths within 28 days (N)* 39,518 29,236 20,592 17,342 13,163 9,106

 28-day mortality (%) 46.4 41.8 35.3 29.2 26.0 20.1

 AMI age (mean (sd)) 70.6 (12.7) 70.8 (13.0) 70.5 (13.6) 70.6 (14.0) 70.3 (14.2) 69.3 (13.9)

 Men (%) 60.8 59.4 59.2 59.6 60.7 63.0

Background population

 Cohabitation (%) 44.0 43.2 43.0 42.8 42.5 41.4

 Low education (%) 48.4 45.0 41.1 38.2 36.4 34.0

 Unemployment (%) 3.6 4.6 2.3 2.4 1.1 1.3

 Low income (%) 30.6 30.1 30.0 30.2 30.3 31.0

Fig. 1 The unadjusted 28-day mortality at municipality level throughout the study period a 1987–1991, b 1992–1996, c 1997–2001, d 2002–2006, 
e 2007–2011, f 2012–2016. Note that the scales are different for each period due to the decrease in the national mean throughout the study period. 
The white colour encapsulates the mean across the 94 municipalities in each period. Thus, red colour indicates 28-day mortality above the national 
mean, and green colour indicates 28-day mortality below the national mean. Data on administrative boundaries were obtained from the Danish 
Agency for Data Supply and Efficiency

(See figure on next page.)
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Fig. 1 (See legend on previous page.)
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(95% CI: (7%, 17%)) slower than the overall decrease at 
national level.

After the spatially autocorrelated random effects were 
added to Model 3, the spatial autocorrelation in the resid-
uals was further reduced in all time periods compared to 
Model 2, but significant spatial autocorrelation remained 
in the residuals in four out of six time periods (Table 2).

The regression coefficients from Models 1, 2, and 3 are 
listed in Additional file 2: Table S1. The sensitivity anal-
ysis in Model 3 showed that changing the priors of the 
model did not influence the results.

Supplementary analysis
A proportion of 18.8% of the AMI cases included in the 
study were only registered in the RCD (i.e., the AMI diag-
nosis was not given at a hospital). A supplementary anal-
ysis was performed including only those with an AMI 
diagnosis registered in the NPR using the same models as 
in the main analysis (tables and figures included in Addi-
tional file  3). The supplementary analysis found similar 
results when excluding individuals registered only in the 
RCD. In accordance with results from the main analy-
sis, significant geographical inequality was still present 
in the 28-day mortality in all time periods and adjusting 
for sociodemographic characteristics could only explain 
the inequality in two out of six time periods. Adjusted 
for sociodemographic characteristics, municipalities 
in northern Jutland, southern Zealand, and the islands 
south of Zealand had a higher 28-day mortality than the 
national mean. Additionally, the 28-day mortality also 
decreased slower in northern Jutland than in the rest of 
the country in this analysis in line with results from the 
main analysis. However, in contrast to the main analy-
sis, the geographical effect in Model 3 explained all the 

geographical inequality in the 28-day mortality when the 
individuals only registered in the RCD were excluded 
from the analysis.

The regression coefficients from the supplementary 
analysis are listed in Additional file 2: Table S2.

Discussion
Main findings
This study investigated the geographical patterns in post-
AMI mortality among individuals with incident AMI in 
Denmark in the period 1987 to 2016. Results showed that 
the 28-day mortality of AMI decreased substantially in 
1987–2016, but large differences between municipali-
ties were observed. After adjusting for sociodemographic 
characteristics, the 28-day mortality decreased more 
slowly in northern Jutland than in the rest of the country.

Interpretation of results
The drivers behind the overall decline in AMI mortality 
rates during the past decades are not fully understood 
as many potential determinants, including risk factors, 
treatment, and sociodemographic profile of the popula-
tion, have been changing simultaneously.

However, trends in AMI mortality have most likely ben-
efited from a decline in risk factors, more effective phar-
macological treatments, and better medical and invasive 
care [23]. In Denmark, five specialized heart centres were 
established during the study period, a ‘heart programme’ 
was introduced in 1993 to improve cardiac care and the 
Danish Heart registry was established in 1998 [9, 24]. 
These initiatives have almost certainly contributed to the 
decline in post-AMI mortality. However, this study found 
a slower decline in AMI mortality in parts of the coun-
try compared to the national mean. These geographical 

Table 2 Results of Moran’s I statistic

Moran’s I statistic of the spatial autocorrelation in the residuals in models of increasing complexity. Model 1 adjusted for time period, Model 2 further adjusted for age 
of individuals at date of AMI, low income, low education, cohabitation and unemployment and Model 3 additionally included spatially autocorrelated random effects. 
A higher statistic indicates a higher degree of geographical inequality in the data

Significance codes: *P < 0.05, **P < 0.01, ***P < 0.001

Period

1987–1991 1992–1996 1997–2001 2002–2006 2007–2011 2012–2016

Model 1 0.43*** 0.37*** 0.38*** 0.27*** 0.47*** 0.53***

Model 2 0.24*** 0.22** 0.10 0.16* 0.13* 0.25***

Model 3 0.13* 0.14* 0.02 0.15* 0.02 0.17**

(See figure on next page.)
Fig. 2 Residual ORs from Model 2 of the 28-day mortality for each time period: a 1987–1991, b 1992–1996, c 1997–2001, d 2002–2006, e 2007–
2011, f 2012–2016. The white colour indicates a residual OR of 1 (i.e. the observed mortality was equal to the expected mortality of the model). 
Thus, red colour indicates the observed mortality was above the expected value, and green colour indicates it was below. Data on administrative 
boundaries were obtained from the Danish Agency for Data Supply and Efficiency
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Fig. 2 (See legend on previous page.)
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inequalities observed after accounting for sociodemo-
graphic characteristics might be explained by geographi-
cally unequal implementation of treatment standards, 

distribution of health services, use of preventive treat-
ment or health behaviour across the country.

Fig. 3 The estimated spatial (a) and temporal (c) structure component ORs from Model 3. b and d are certainty maps indicating the span of 95% 
credible intervals for the spatial and temporal structure component, respectively. For the spatial structure component, red (a) and blue (b) colour 
indicates that the 28-day mortality halfway through the study period (since time period was mean centred) was higher than the national mean 
after adjusting for sociodemographic characteristics, white colour indicates it was similar to the national mean, and green (a) and yellow (b) colour 
indicates it was lower. For the temporal structure component, red (c) and blue (d) colour indicates the 28-day mortality was not decreasing as fast 
as the national mean after adjusting for sociodemographic characteristics, white colour indicates the trend in 28-day mortality was similar to the 
national trend, and green (c) and yellow (d) colour indicates 28-day mortality was decreasing faster than the national mean. Data on administrative 
boundaries were obtained from the Danish Agency for Data Supply and Efficiency
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Comparisons with other studies
Changes in the geographical inequality of the 28-day 
mortality over time have not been studied previously 
in Denmark. Previous work has showed a substantial 
nationwide decline in post-AMI mortality in Denmark 
in 1984–2008 [1]. The present study added to these find-
ings by showing that the observed declining nationwide 
trends in post-AMI mortality vary at municipality level. 
This finding is important in order to identify health dis-
parities across the country.

A recent Danish study identified a higher AMI mortal-
ity in northern Jutland in the years 2005–2014 similar to 
those found in the second half of the study period in the 
present study [11]. However, the immediate case fatality 
and mortality between days 1 and 28 after AMI were ana-
lysed separately, and the study additionally adjusted for 
individual level socioeconomic position which makes it 
difficult to compare the results to the present study.

A study in the US [25] found that the age standardized 
decrease of ischemic heart disease mortality 1980–2014 
varied significantly between counties, consistent with 
what was found in the present study. A study in Scotland 
[26] also found persistent socioeconomic and geographi-
cal inequalities in immediate case fatality and 1–27-day 
mortality during the period 1988–2004 and that small 
significant geographical variations in mortality remained 
after adjusting for area-level deprivation. Nevertheless, 
Davies et al. [23] did not probe into the geographical pat-
terns in mortality trends.

In contrast, another study in the US [27] with data 
from 1999–2013 found that trends in mortality rates of 
AMI at county level did not depend on income-level and 
that mortality trends did not vary across the 4 regions 
(Northeast, West, Midwest, and South) at large. Simi-
larly, a study in England found no consistent geographi-
cal patterns in the trends in post-AMI mortality between 
regions in 2002–2010 [28]. However, the investigated 
regions in the studies by Spatz et  al. [20] and Smolina 
et al. [21] are large which could have obscured more local 
geographical differences in the mortality trends.

Strengths and limitations
Study assets include the use of a long study period with 
nationwide data consisting of all incident AMIs in the 
Danish population aged 30  years or older, which mini-
mized the risk of selection bias.

The study included only administrative data, and it 
was not possible to adjust for lifestyle risk factors such 
as smoking and diet. However, adjusting for sociodemo-
graphic characteristics might have accounted for some 
of the variation in lifestyle in the municipalities. It was 
also not possible to include clinical data on AMI and 

treatment, including differentiating between STEMI and 
non-STEMI patients.

Information was available on individuals’ residential 
location at the time of AMI, along with the individuals’ 
sex and birth-year. Adjustment for sociodemographic 
characteristics was only possible at municipality level, 
and therefore the present study only included models at 
municipality level. However, adjusting for both munici-
pality and individual level covariates would have allowed 
for more precise adjustment.

Spatial autocorrelation remained in the residuals after 
adjustment for sociodemographic characteristics and 
inclusion of the spatially autocorrelated random effects 
(Model 3). This may be because the included covariates 
do not sufficiently account for the sociodemographic dif-
ferences across municipalities. However, it was possible 
to model all significant geographical inequality in the 
supplementary analysis by including the random effects 
(Model 3), which indicated that the spatial autocorrela-
tion in the residuals may be caused by the inclusion of 
data from the RCD. This could be because the uncer-
tainty of diagnoses only registered in RCD is larger, and 
the usage of RCD may differ between regions.

Implications
Identifying geographical patterns in 28-day mortal-
ity and the development of these is important in order 
to identify inequalities in regional health systems and 
potentially unheeded areas and populations. Previously 
reported geographical inequality in 28-day mortality was 
confirmed, and efforts should be made to decrease these 
inequalities.

Based on the results found in the present study we 
find it important to investigate the possible causes of 
the relative increase in the 28-day mortality in northern 
Jutland. Particularly, one could investigate whether the 
structural changes which were introduced in 2007 had 
any effect. Moreover, investigating changes over time in 
the use of general practitioners between different regions 
in Denmark could be relevant in understanding the spa-
tiotemporal pattern in 28-day mortality found in the 
present study. Ersbøll et  al. (2016) found that number 
of contacts to general practitioner was associated with 
AMI mortality [10]. Furthermore, future studies could 
investigate how the treatment of AMI in northern Jut-
land has changed over time compared to other regions of 
Denmark.

Conclusion
During the period from 1987 to 2016 the 28-day mor-
tality following an incident AMI decreased substantially 
in Denmark. However, in a local geographical region 
(i.e., northern Jutland) the 28-day mortality decreased 
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significantly slower than in the rest of the country both 
before and after adjusting for sociodemographic differ-
ences. Efforts should be made to find the cause of this 
slow decrease in 28-day mortality and reduce the post-
AMI mortality in this region.

Abbreviations
AMI: Acute myocardial infarction; ICD-8: International Classification of Disease 
8th version; ICD-10: International Classification of Disease 10th version; NPR: 
National Patients Register; RCD: Danish Register of Causes of Death; OR: Odds 
ratio; CAR : Conditionally autoregressive; MCMC: Markov chain Monte Carlo; CI: 
Credible interval.

Supplementary Information
The online version contains supplementary material available at https:// doi. 
org/ 10. 1186/ s12872- 022- 02519-7.

Additional file 1: Fig. S1. Map of Denmark; Fig. S2. Flow chart.

Additional file 2: Table S1. Regression parameter estimates; Table S2. 
Regression parameter estimates including only individuals with an AMI 
diagnosis registered in the National Patients Register.

Additional file 3: Fig. S1. Proportion of fatal AMI registered in the 
Danish Register of Causes of Death that were also registered in the 
National Patients Register; Fig. S2. Residual ORs from Model 2 including 
only individuals with an AMI diagnosis in the National Patients Register; 
Table S1. Results of Moran’s I statistic including only individuals with an 
AMI diagnosis in the National Patients Register; Fig. S3. Estimated spatial 
and temporal structure component including only individuals with an AMI 
diagnosis in the National Patients Register.

Acknowledgements
Not applicable.

Guidelines and regulations

The research and all methods were performed in accordance with the Danish 
Code of Conduct for Research Integrity [29]. The study findings have been 
reported in accordance with the STROBE reporting guidelines.

Authors’ contributions
NAF and EZ contributed to the conception, design, acquisition, analysis, and 
interpretation of the work. NAF and EZ drafted the manuscript. KB contributed 
to the conception, design, acquisition, analysis, and interpretation of the work. 
TMK, BKE, GG and AKE contributed to the conception, design, acquisition, and 
interpretation of the work. All gave final approval and agree to be accountable 
for all aspects of work ensuring integrity and accuracy. All authors read and 
approved the final manuscript.

Funding
This work was funded by Karen Elise Jensen’s foundation.

Availability of data and materials
The data that support the findings of this study are available from the National 
Health Authority and Statistics Denmark, but restrictions apply to the avail-
ability of these data, which were used under license for the current study, and 
so are not publicly available.

Declarations

Ethics approval and consent to participate
According to Danish law (The Act on Processing of Personal Data: Act No. 429 
of 31 May 2000 with amendments), approval from an ethical committee and 
informed consent from the study subjects are not required when performing 

register-based studies [30]. Register-based studies should, however, be 
approved by The Danish Data Protection Agency. This study obtained 
approval number: 2015-57-008, no.16/4085.

Consent for publication
Not applicable.

Competing interests
The authors declare that they have no competing interests.

Author details
1 DTU Compute, Technical University of Denmark, Kgs Lyngby, Denmark. 
2 National Institute of Public Health, University of Southern Denmark, 
Studiestræde 6, 1455 Copenhagen, Denmark. 3 Department of Cardiology, 
The Cardiovascular Research Centre, Copenhagen University Hospital Herlev 
and Gentofte, Gentofte, Denmark. 4 Faculty of Health and Medical Sciences, 
University of Copenhagen, Copenhagen, Denmark. 5 The Danish Heart Foun-
dation, Copenhagen, Denmark. 

Received: 3 July 2021   Accepted: 21 February 2022

References
 1. Schmidt M, Jacobsen JB, Lash TL, et al. 25 Year trends in first time hospital-

isation for acute myocardial infarction, subsequent short and long term 
mortality, and the prognostic impact of sex and comorbidity: a Danish 
nationwide cohort study. BMJ. 2012;344:1–12.

 2. Levi F, Lucchini F, Negri E, et al. Trends in mortality from cardiovascular 
and cerebrovascular diseases in Europe and other areas of the world. 
Heart. 2002;88:119–24.

 3. Ford ES, Ajani UA, Croft JB, et al. Explaining the decrease in U.S. deaths 
from coronary disease, 1980–2000. N Engl J Med. 2007;356:2388–98.

 4. Hartley A, Marshall DC, Salciccioli JD, et al. Trends in mortality from 
ischemic heart disease and cerebrovascular disease in Europe: 1980 to 
2009. Circulation. 2016;133:1916–26.

 5. Fox KAA, Steg PG, Eagle KA, et al. Decline in rates of death and heart 
failure in acute coronary syndromes, 1999–2006. J Am Med Assoc. 
2007;297:1892–900.

 6. Rasmussen S, Abildstrom SZ, Rasmussen JN, et al. Hospital variation in 
use of secondary preventive medicine after discharge for first acute 
myocardial infarction during 1995–2004. Med Care. 2008;46:70–7.

 7. Christiansen T, Vrangbæk K. Hospital centralization and performance in 
Denmark—10 years on. Health Policy (New York). 2018;122:321–8.

 8. Jortveit J, Halvorsen S. Geographical differences in prescription of 
secondary preventive drug therapy after acute myocardial infarction in 
Norway. Eur Hear J Cardiovasc Pharmacother. 2017;3:132–3.

 9. Rasmussen JN, Rasmussen S, Gislason GH, et al. Persistent socio-eco-
nomic differences in revascularization after acute myocardial infarction 
despite a universal health care system—a Danish study. Cardiovasc Drugs 
Ther. 2007;21:449–57.

 10. Ersbøll AK, Kjærulff TM, Bihrmann K, et al. Geographical variation in a fatal 
outcome of acute myocardial infarction and association with contact to a 
general practitioner. Spat Spatiotemporal Epidemiol. 2016;19:60–9.

 11. Kjærulff TM, Bihrmann K, Zhao J, et al. Acute myocardial infarction: does 
survival depend on geographical location and social background? Eur J 
Prev Cardiol. 2019. https:// doi. org/ 10. 1177/ 20474 87319 852680.

 12. Madsen M, Davidsen M, Rasmussen S, et al. The validity of the diagnosis 
of acute myocardial infarction in routine statistics: a comparison of mor-
tality and hospital discharge data with the Danish MONICA registry. J Clin 
Epidemiol. 2003;56:124–30.

 13. Helweg-Larsen K. The Danish register of causes of death. Scand J Public 
Health. 2011;39:26–9.

 14. Schmidt M, Schmidt SAJ, Adelborg K, et al. The Danish health care system 
and epidemiological research: from health care contacts to database 
records. Clin Epidemiol. 2019;11:563–91.

 15. Solar O, Irwin A. A conceptual framework for action on the social 
determinants of health. Health and social care in the community. Social 
determinants of health discussion paper 2 (policy and practice). Geneva: 
World Health Organization; 2010.

https://doi.org/10.1186/s12872-022-02519-7
https://doi.org/10.1186/s12872-022-02519-7
https://doi.org/10.1177/2047487319852680


Page 11 of 11Fuglsang et al. BMC Cardiovascular Disorders           (2022) 22:81  

•
 
fast, convenient online submission

 •
  

thorough peer review by experienced researchers in your field

• 
 
rapid publication on acceptance

• 
 
support for research data, including large and complex data types

•
  

gold Open Access which fosters wider collaboration and increased citations 

 
maximum visibility for your research: over 100M website views per year •

  At BMC, research is always in progress.

Learn more biomedcentral.com/submissions

Ready to submit your researchReady to submit your research  ?  Choose BMC and benefit from: ?  Choose BMC and benefit from: 

 16. Lee D, Rushworth A, Napier G. Spatio-temporal areal unit modeling in R 
with conditional autoregressive priors using the CARBayesST package. J 
Stat Softw. 2018;84:1–39. https:// doi. org/ 10. 18637/ jss. v084. i09.

 17. Bernardinelli L, Clayton D, Pascutto C, et al. Bayesian analysis of space-
time variation in disease risk. Stat Med. 1995;14:2433–43.

 18. Leroux BG, Lei X, Breslow N. Estimation of disease rates in small areas: a 
new mixed model for spatial dependence. In: Elizabeth Halloran M, Berry 
D, editors. Statistical models in epidemiology, the environment, and clini-
cal trials. New York: Springer; 2000. p. 179–91.

 19. Lee D, Rushworth A, Napier G. CARBayesST version 3.0.1: spatio-temporal 
areal unit modelling in R with conditional autoregressive priors. J Stat 
Softw. 2018;84:1–39.

 20. Geweke J, Bernardo JM, Berger JO, et al. Evaluating the accuracy of 
sampling-based approaches to the calculation of posterior moments. 
Oxford University Press. 1992. http:// cites eerx. ist. psu. edu/ viewd oc/ downl 
oad; jsess ionid= 61898 E5883 13C88 76376 92910 18D48 9F? doi= 10.1. 1. 27. 
7672& rep= rep1& type= pdf. Accessed 24 Apr 2019.

 21. Moran PAP. The interpretation of statistical maps. J R Stat Soc Ser B. 
1948;10:243–51.

 22. R Core Team. R: a language and environment for statistical computing. 
2020. http:// www.r- proje ct. org/.

 23. Ezzati M, Obermeyer Z, Tzoulaki I, et al. Contributions of risk factors 
and medical care to cardiovascular mortality trends. Nat Rev Cardiol. 
2015;12:508–30.

 24. Özcan C, Juel K, Flensted Lassen J, et al. The Danish heart registry. Clin 
Epidemiol. 2016;8:503–8.

 25. Roth GA, Dwyer-Lindgren L, Bertozzi-Villa A, et al. Trends and patterns 
of geographic variation in cardiovascular mortality among US counties, 
1980–2014. JAMA J Am Med Assoc. 2017;317:1976–92.

 26. Davies CA, Leyland AH. Trends and inequalities in short-term acute myo-
cardial infarction case fatality in Scotland, 1988–2004. Popul Health Metr. 
2010;8:1–8.

 27. Spatz ES, Beckman AL, Wang Y, et al. Geographic variation in trends and 
disparities in acute myocardial infarction hospitalization and mortality by 
income levels, 1999–2013. JAMA Cardiol. 2016;1:255–65.

 28. Smolina K, Wright FL, Rayner M, et al. Determinants of the decline in 
mortality from acute myocardial infarction in England between 2002 and 
2010: Linked National Database Study. BMJ. 2012;344:1–9.

 29. Danish Code of Conduct for Research Integrity. https:// ufm. dk/ en/ 
publi catio ns/ 2014/ the- danish- code- of- condu ct- for- resea rch- integ rity. 
Accessed 25 Jan 2022.

 30. Thygesen LC, Daasnes C, Thaulow I, Brønnum-Hansen H. Introduction 
to Danish (nationwide) registers on health and social issues: structure, 
access, legislation, and archiving. Scand J Public Health. 2011;39(Suppl 
7):12–6.

Publisher’s Note
Springer Nature remains neutral with regard to jurisdictional claims in pub-
lished maps and institutional affiliations.

https://doi.org/10.18637/jss.v084.i09
http://citeseerx.ist.psu.edu/viewdoc/download;jsessionid=61898E588313C88763769291018D489F?doi=10.1.1.27.7672&rep=rep1&type=pdf
http://citeseerx.ist.psu.edu/viewdoc/download;jsessionid=61898E588313C88763769291018D489F?doi=10.1.1.27.7672&rep=rep1&type=pdf
http://citeseerx.ist.psu.edu/viewdoc/download;jsessionid=61898E588313C88763769291018D489F?doi=10.1.1.27.7672&rep=rep1&type=pdf
http://www.r-project.org/
https://ufm.dk/en/publications/2014/the-danish-code-of-conduct-for-research-integrity
https://ufm.dk/en/publications/2014/the-danish-code-of-conduct-for-research-integrity

	Geographical inequalities in the decreasing 28-day mortality following incident acute myocardial infarction: a Danish register-based cohort study, 1987–2016
	Abstract 
	Background: 
	Methods: 
	Results: 
	Conclusions: 

	Introduction
	Methods
	Study design and AMI population
	Study area
	Background population
	Statistical analysis

	Results
	Analysis of trends in geographical inequality
	Supplementary analysis

	Discussion
	Main findings
	Interpretation of results
	Comparisons with other studies
	Strengths and limitations
	Implications

	Conclusion
	Acknowledgements
	References


