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ABSTRACT

Objective This study examined whether geographical
patterns in incident acute myocardial infarction (AMI) were
explained by neighbourhood-level and individual-level
sociodemographic characteristics.

Design An open cohort study design of AMI-free adults (age
>30 years) with a residential location in Denmark in 2005—
2014 was used based on nationwide administrative population
and health register data linked by the unique personal
identification number. Poisson regression of AMI incidence
rates (IRs) with a geographical random effect component was
performed using a Bayesian approach. The analysis included
neighbourhood-level variables on income, ethnic composition,
population density and population turnover and accounted for
individual-level age, sex, calendar year, cohabitation status,
income and education.

Setting Residents in Denmark (2005-2014).
Participants The study population included 4 128 079
persons (33 907 796 person-years at risk) out of whom
98 265 experienced an incident AMI.

Outcome measure Incident AMI registered in the National
Patient Register or the Register of Causes of Death.
Results Including individual and neighbourhood
sociodemographic characteristics in the model decreased
the variation in IRs of AMI. However, living in certain areas
was associated with up to 40% increased IRs of AMI in
the adjusted model and accounting for sociodemographic
characteristics only moderately changed the geographical
disease patterns.

Conclusions Differences in sociodemographic
characteristics of the neighbourhood and individuals
explained part, but not all of the geographical inequalities
in incident AMI. Prevention strategies should address the
confirmed social inequalities in incident AMI, but also
target the areas with a heavy disease burden to enable
efficient allocation of prevention resources.

INTRODUCTION
Geographical variation in ischaemic heart
disease, including acute myocardial infarction

Strengths and limitations of this study
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» The main strength of the study was the individu-
al-level linkable data from registers on residential
location, hospital admissions, sociodemographic
characteristics and death for the entire adult Danish
population.

» Data in the administrative nationwide registers used
had high internal validity, long follow-up and were
geocoded at the parish level providing data with
the location of residence for a nationwide 10-year
cohort including incident acute myocardial infarction
cases.

» A merit of the study was the nuanced definition of
sociodemographic indicators including both neigh-
bourhood-level and individual-level sociodemo-
graphic characteristics of the population.

» Incorporating parish level into the hierarchical struc-
ture of the model was not feasible due to non-nested
administrative area boundaries and it was not possi-
ble to run a three-level hierarchical model.

(AMI), exists globally and within countries.'™

Identifying and understanding geograph-
ical patterns in disease provide important
information on potential drivers of disease
inequalities and disease aetiology as well as
where to implement prevention strategies
that target the most vulnerable populations
and areas.*’

The underlying determinants of geograph-
ical patterns in incident AMI remain
unknown. Contextual oriented epidemio-
logical theories suggest characteristics of
the environment in which people live to be
important disease determinants.”® According
to the model developed by Chaix, neighbour-
hood sociodemographic, social interactional,
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service and physical environments are four environments
thatinfluence the development of coronary heart disease.
The presentstudy focused on the neighbourhood sociode-
mographic environment, as empirical findings supported
that areas with increased risk of AMI were associated
with low neighbourhood socioeconomic position.! The
neighbourhood sociodemographic environment consists
of four dimensions: neighbourhood socioeconomic posi-
tion, ethnic composition, population density and popu-
lation turnover.® The neighbourhood sociodemographic
environment in which people live is closely linked to
individual-level sociodemographic characteristics either
because an individual’s socioeconomic position is influ-
enced by the surrounding area or because people select
where to live based on their sociodemographic profile (ie,
selective migration).® Both mechanisms might exist simul-
taneously; however, the latter might be the most likely
scenario. Hence, as individual-level sociodemographic
characteristics are also associated with the risk of AMI, it
is important to adjust for individual-level socioeconomic
and demographic factors when studying whether neigh-
bourhood sociodemographic characteristics explain the
geographical variation in AMI. To our knowledge, no
previous studies have examined whether the sociodemo-
graphic environment explains the geographical inequal-
ities in incident AMI when accounting for potential
confounding by individual-level sociodemographic char-
acteristics. Denmark constitutes an appropriate setting
for studying the interplay between social and geograph-
ical inequalities as geographically linkable data on the
sociodemographic environment and incident AMI are
obtainable for the entire population for a long period
of time. Geographical inequalities were considered as
non-randomly distributed differences in the incidence of
AMI across the country. Social inequalities reflect differ-
ences in disease risk observed between individuals with
different social characteristics or between neighbour-
hoods with distinct sociodemographic environments.
The aim of this study was to investigate whether and
to what extent sociodemographic characteristics of the
neighbourhood explained the geographical patterns in
incident AMI after accounting for individual-level socio-
demographic characteristics of the population.

METHODS

Data, study population and study area

The study was based on prospectively collected data
obtained from Danish nationwide population regis-
ters and linked by the unique personal identification
number assigned to each resident of Denmark at birth or
immigration.’

The study was designed as an open cohort with a study
population including adults (=30 years) without previous
AMI and living in Denmark 1 January 2005, at their
30-year birthday, or at immigration, whichever came first.
A run-in period of 1lyear was applied for persons immi-
grating to Denmark due to incomplete information in

the administrative registers the first year after immigra-
tion. The follow-up period ended at the first occurrence
of the following events: emigration, death, incident AMI
or 31 December 2014.

The study area of Denmark covers approximately
43 000km® and consists of one main peninsula, Jutland,
the two largest islands, Funen and Zealand, and a number
of smaller islands.

Outcome

Incident AMI cases occurring between 1 January 2005
and 31 December 2014 were identified as a primary
or secondary diagnosis in the Danish National Patient
Register (NPR)'’ or an underlying or contributory cause
of death in the Danish Register of Causes of Death
(RCD)! by the International Classification of Disease
10th version (ICD-10) code I21 (excluding persons expe-
riencing non-fatal AMI between 1977-1993 (ICD-8 code
410) and 1994-2004 (ICD-10 code 121)). The validity of
the AMI diagnosis has previously been found to be high
in NPR and RCD."* "

Sociodemographic characteristics
All neighbourhood-level and individual-level variables
included (except sex) were time-varying and assigned
for each person and each neighbourhood annually. The
use of time-varying variables ensured that the continu-
ously updated and available information from population
registers was incorporated in the models accounting for
changes in both individual-level and neighbourhood-level
sociodemographic factors over the 10-year study period.
The population density was assigned to each address and
categorised into urban (cities with 2100000 inhabitants),
suburban (cities with 500-99 999 inhabitants) and rural
(villages <500 inhabitants). Parish is the smallest available
administrative unit in Denmark and therefore assumed
to be the best operationalisation of the neighbourhood
when measuring neighbourhood socioeconomic position
(ie, median equivalised disposable household income)
and ethnic composition (ie, the percentage of immigrants
and descendants from non-Western countries in the
parish). In 2014, the median parish population was 1038
persons (min—-max: 25—43 052 persons) and the median
parish area was 16.2 km? (min-max: 0.1-114.8km?).
Since no consistent definition of parish boundaries was
obtainable throughout the study period, population turn-
over was calculated at the municipality level as the sum of
persons moving in and out of the municipality compared
with the municipality population each year. Each of the
variables: neighbourhood socioeconomic position, ethnic
composition and population turnover were categorised
into three groups defined as lowest quintile (ie, lowest
20% of the population), medium (ie, medium 60% of the
population) and highest quintile (ie, highest 20% of the
population).

Individual-level characteristics included age (30-64
years, 65—74 years, 275 years), sex, equivalised disposable
household income (lowest quintile, medium, highest
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quintile), cohabitation status (married/cohabiting versus
living alone) and educational level (elementary: <9 years,
short: 10-12 years, medium/long: more than 12 years).
Persons with missing educational level (4.0%) were
included in the group with low educational level as they
matched this group with regard to income level.

Information on age, sex, cohabitation status, population
density for each residential location, parish and munici-
pality of residence and country of origin of the individual
and parents used to calculate the ethnic composition was
obtained from population registers at Statistics Denmark.
Information on median equivalised disposable household
income (individual and aggregated to neighbourhood
level) was obtained from income registers at Statistics
Denmark and highest achieved educational level from
the register on the populations’ education at Statistics
Denmark.

Statistical analysis

A Poisson regression with the number of incident AMI as
an outcome and logarithmic transformation of follow-up
time as offset was applied. This approach is also known
as a piecewise exponential model."* Annual updates of
information on neighbourhood-level and individual-level
sociodemographic characteristics were included in the
analysis as time-varying variables by sorting the contin-
gency table on which the analysis was performed by all
possible combinations of the variables. This approach
allows for more than one timescale to be included in
the analysis. In the present study, age and calendar year
were included as timescales. Risk of incident AMI is
geographically clustered' and including geographical
information on residential location into epidemiological
modelling (eg, as a spatially structured random effect)
enabled accounting for potential spatial autocorrelation,
that is, the fact that neighbouring observations tend to
correlate.'” The models used therefore consist of a fixed
effect component including the sociodemographic char-
acteristics and a geographically structured random effect
component. As a Poisson regression of incidence rates
(IRs) was used in the present study, the relative risk was
estimated by IR ratios (IRRs).

Two models including different fixed effects were
estimated with follow-up time split by the calendar year
groups (2005-2007, 2008-2010 and 2011-2014) resulting
in approximately constant IR of AMI in each group (IRs
across the calendar years are shown in online supple-
mentary table SI). Model 1 included the fixed effect
of a calendar year and a random effect at the munici-
pality level. Model 2 additionally included fixed effects
of neighbourhood-level (ie, population density, neigh-
bourhood socioeconomic position, ethnical composition
and population turnover) and individual-level (ie, age,
sex, income, cohabitation status and educational level)
sociodemographic characteristics. No strong correlations
between neighbourhood-level or individual-level vari-
ables were found when tested by Spearman correlation

coefficient (all correlation coefficients were within the
range of —0.55 to 0.26).

In modelling a geographically structured random
effect component, the geographical unit used in the anal-
yses was defined by municipality boundaries as defined
before January 2003 (n=275 municipalities, median
area=142.9km? (min-max: 8.7-563.6 km?) ). These munic-
ipality boundaries were used as they represent a finer
spatial resolution than current municipalities (n=98). The
random effect was modelled using a conditional autore-
gressive (CAR) model.'® A binary 275x275adjacency
matrix was used to incorporate the spatial correlation
between neighbouring municipalities. Five municipalities
being islands were in the matrix connected to municipali-
ties to which they were connected by ferry or bridge.

To examine potential geographical clustering of inci-
dent AMI after accounting for fixed effects of sociode-
mographic characteristics, results from the CAR model
were compared with results from a model including a
non-structured random effect (independent, identically
structured (IID) model).17 The model with the smallest
Bayesian deviance information criterion (DIC) was
considered providing the best fit to the observed data.'® In
addition, Moran’s I statistic was used to examine whether
geographical clustering of IID random effects exists after
adjusting for sociodemographic characteristics. Finally,
the random effect estimates from the CAR model were
mapped.

Bayesian inference was made using integrated nested
Laplace approximation (INLA)." Fixed effects (regres-
sion parameters) were assigned default Gaussian (0,
0.0017") prior distributions, whereas the hyperparameter
of the CAR model was assigned a log-gamma distribu-
tion with default parameters (1, 0.005). In addition, the
effect of the log-gamma distribution on the parameter
estimates was evaluated by changing the parameter values
to (1, 0.001). The mean of the posterior distribution was
extracted as a point estimate and 2.5 and 97.5 percentiles
were used to define the 95% credible interval (95% CI).

Data management and descriptive analyses were
performed using SAS V.9.4 statistical software and forest
plot, maps and spatial analyses were performed in R x64
V.3.4.0,” the latter using the INLA package (www.r-inla.

org).

Patient and public involvement
This study was based solely on register data and patients
were not involved.

RESULTS

Study population

The study population was found linking the background
population at risk of AMI with information on persons
registered with incident AMI between 2005 and 2014.
The Civil Registration System contained 4 260 152
persons aged 30 years or older registered 1 January in at
least one of the years between 2005 and 2015 (figure 1).
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Background population

Cases with acute myocardial infarction (AMI)

e
_ | P el
i PIN (e.g., tourists and illegal 1

] 1

1 1

1

immigrants, n=1672)

| Exclusion of persons without valid 2003-
1 municipality code (n=5981)

Exclusion of persons:
*  With AMI before study start (n=91 851)

Total number of incident AMI 2005—-2014, n=99 928

1
|
1
e With zero risk time (n=32 051) !
*  Without birth date information (n=17) :

I~ T T T TTTTTTTTTTT T T T T 1
i Exclusion of AMI cases who |
1 were not in the Civil '
| Registration System 2005- !
Uiy |

Figure 1

__________________________________ |
| Exclusion of AMI cases before study start '
| (n=346). Cases having AMI after emigrating were !
| included as non-cases (n=752) !

1
Exclusion of years with missing values on '
sociodemographic characteristics (n=2173, '
including 127 AMI cases) !

Construction of the study population based on linked data from the nationwide population registers. The background

population at risk of AMI registered in the Civil Registration System was combined with information on incident AMI cases
identified in the Danish National Patient Register and the Register of Causes of Death. PIN, personalidentification number.

Persons without a valid municipality code according to
the before 2003 municipality boundaries, with previous
AMI, with zero risk time or no data on date of birth
were excluded leaving 4 130 252 persons at risk of AMI.
From 2005 to 2014, 86 920 incident AMI cases were regis-
tered in NPR out of which 1672 were excluded due to
the invalid personal identification number (eg, tour-
ists). In the same period, 25 224 fatal AMI cases without
previous AMI before 2005 were registered in RCD. The
overlap between the two registers consisted of 10 544
persons, hence, 99 928 had incident AMI between 2005
and 2014. Cases who were not in the population file or
had AMI before study start were excluded, and persons
having AMI after study exit were included as non-cases.
The joined population consisted of 4 130 152 persons out
of whom 98 392 developed an incident AMI during the
study period. Observation years with one or more missing
values were deleted and the final data set contained
4 128 079 unique persons contributing with 33 907 796
person-years at risk and out of whom 98 265 experienced
an incident AMI between 2005 and 2014 corresponding
to a crude IR of 289.8 AMI events/100 000 person-years
for individuals aged 30 years or older.

Geographical patterns in incident AMI
Geographical patterns in incident AMI were found as
the comparison between CAR and IID models showed

that CAR models performing better (DIC of 313 441 in
model 2) than IID models (DIC of 313 499 in model
2) indicating spatial autocorrelation. Moreover, results
from Moran’s I also showed geographical clustering of
the non-structured random effect estimates from the IID
model after adjusting for sociodemographic characteris-
tics (p<0.001). Fixed effect estimates were overall similar
across the two modelling approaches (online supple-
mentary table S2). Consequently, only results from CAR
models were reported below.

The geographical distribution of the random effect
estimates showed where IRs of AMI were higher or lower
compared with the country average after accounting
for fixed effects. When accounting for a calendar year,
results in model 1 showed overall low residual IRs of AMI
surrounding the largest cities in Denmark (mapped in
yellow), whereas areas with high residual IRs of AMI were
located far from the largest cities (mapped in dark blue)
(figure 2A). Geographical patterns in incident AMI were
to some extent changing when additionally accounting
for differences in neighbourhood-level and individu-
al-level sociodemographic characteristics in model 2
(figure 2B). The number of municipalities in some areas
with low residual IRs of AMI (eg, in the surroundings
of Copenhagen and Aarhus) and high residual IRs of
AMI (eg, in Northwestern part of Jutland and Lolland)
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Residual incidence rate ratios
of acute myocardial infarction
0.7-0.9
0.9-1.0
.0-1
A1

= 1.0-1.1
" 1117

Bornholm -

.Zealand

Residual incidence rate ratios
of acute myocardial infarction

Bornholm *
- W

.Zealand

Figure 2 Geographical distribution of the residual incidence
rate ratios (IRRs) of acute myocardial infarction (AMI) for
each municipality compared with the country mean when
accounting for the fixed effect of calendar years (A) and
additionally accounting for differences in neighbourhood-
level and individual-level sociodemographic characteristics
(B). The residual IRRs were ranging from the lowest IRRs of
AMI mapped in yellow to the highest residual IRRs of AMI
mapped in blue. Names of the largest cities of Denmark are
in italic and names of the main peninsula and islands are in
bold.

= Credible interval below 1
Credible interval including 1
® Credible interval above 1

N

Bornholm *

Figure 3 Geographical distribution of incidence rate

ratios (IRRs) was mapped according to whether the 95%
credible interval (95% CI) overlapped 1 (corresponding to the
country mean). Municipalities with an increased IRR of acute
myocardial infarction (AMI) and corresponding 95% Cl above
1 were mapped in orange. Municipalities with low residual
IRR of AMI and corresponding 95% Cl below 1 were mapped
in purple. Names of the largest cities of Denmark are in italic
and names of the main peninsula and islands are in bold.

decreased when including sociodemographic character-
istic in the model. In contrast, results also showed that
some areas with high or low residual IRs of AMI remained
or even expanded after adjusting for sociodemographic
characteristics (eg, the stable areas with low residual IRs
of AMI surrounding the city of Aalborg and the area of
stable high residual IR of AMI at Bornholm). Results
showed increasing precision of the spatially structured
random effect, that is, the residual variation in incident
AMI decreased, with an increasing number of variables in
the model from 26.61 (SD: 3.18) in model 1 to 54.02 (SD:
7.72) in model 2. Residual IRRs ranged from 0.7 to 1.7 in
model 1 narrowing to 0.8-1.4 in model 2.

Results mapped in figure 3 confirmed the observed
geographical patterns in incident AMI as the 95% CIs of
several municipalities were not overlapping the value of 1
(ie, corresponding to the country mean). Municipalities
with 95% ClIs above 1 indicating high IRs of AMI were
mapped in orange and municipalities with 95% CIs below
1 indicating areas with low IRs of AMI were mapped in
purple.

Sociodemographic characteristics and incidence of AMI

Results of the fixed effects in the fully adjusted model
2 showed that low neighbourhood socioeconomic posi-
tion was associated with increased IR of AMI (IRR 1.08,
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Characteristics AMI PY IR

IRR (95% CI)

Neighbourhood level

Neighbourhood SEP
Low 23001 6718468 3424
Medium 58892 20365767 289.2

High 16372 6823560 239.9
Population turnover

Low 20452 6892381 296.7

Medium 59939 20366678 294.3

High 17874 6648736 268.8
Proportion of IDNWC

Low 19843 6834823 290.3

Medium 58 795 20373258 288.6

High 19627 6699715 293.0
Population density

Urban 25646 9740136 263.3

Suburban 57 116 18322589 311.7

Rural 15 503
Individual level
Calendar year

5845070 2652 —e—

—e— 1.08 (1.05-1.12)
re— 1.04 (1.02-1.07)
1 (ref)
1 (ref)
- 1.03 (1.00-1.05)
e 1.02 (0.98-1.05)
1 (ref)
e 1.00 (0.98-1.02)
—.— 1.06 (1.03-1.09)
1 (ref)
—— 1.00 (0.97-1.04)

0.93 (0.89-0.96)

2005-2007 32240 10090650 319.5 . 1.24 (1.22-1.25)
2008-2010 29818 10201613 2923 gl 1.13 (1.11-1.15)
2011-2014 36207 13615533 265.9 1 (ref)
Sex
Males 59730 16285679 366.8 e 214 (2.11-2.17)
Females 385635 17622116 2187 1 (ref)
Age group
30-64 years 35796 25784706 138.8 1 (ref)
65-74 years 23607 4731185 496.7 3.45 (3.40-3.51)*
75+ years 38862 3369904 11532 7.39 (7.28-7.51)*
Cohabitation status
Cohabiting 54169 23216048 2333 1 (ref)
Living alone 44096 10691748 4124 Ll 1.22 (1.21-1.24)
Educational level
Elementary 51990 10662 160 487.6 —a— 1.85 (1.80-1.89)
Short 35591 15396432 231.2 [l 1.38 (1.35-1.41)
Medium/long 10684 7849203 136.1 1 (ref)
Household income
Low 24432 6537516 3737 e 1.18 (1.16-1.21)
Medium 59601 20435759 2917 gl 1.10 (1.08-1.12)
High 14232 6934521 205.2 : : : 1 (ref)
0.71 1.0 1.41 2.0
IRR, 95% ClI

Figure 4 Descriptive figures are the number of persons with incident acute myocardial infarction (AMI), person-years at

risk (PY) and crude incidence rates (IR) of AMI. Mutually adjusted IR ratios (IRR) of AMI with corresponding 95% credible
intervals (95% ClI) across levels of sociodemographic characteristics were estimated using a Poisson regression model with the
random effect modelled using a conditional autoregressive model. A log scale was used for the x-axis. *The effect of age on
AMI was not illustrated in the forest plot as it was markedly larger than the other estimates and expanded the scale. IDNWC,
immigrants and descendant from non-Western countries; Ref, reference category; SEP, socioeconomic position.

95% CI 1.05 to 1.12) when accounting for differences
in individual-level sociodemographic characteristics
(figure 4). Moreover, persons living in neighbourhoods
with a high proportion of immigrants and descendants
from non-Western countries had an increased IR of AMI
compared with persons living in neighbourhoods with a
low proportion (IRR 1.06, 95% CI 1.03 to 1.09). Persons
living in rural areas had a slightly decreased IR of AMI
compared with persons living in urban areas (IRR 0.93,
95% CI 0.89 to 0.96). Population turnover in the munici-
pality was not associated with incident AMI. Changing the
parameter values of the log-gamma distribution did not
affect parameter estimates.

DISCUSSION

This nationwide study examined if differences in inci-
dent AMI existed across the country when accounting
for sociodemographic characteristics of the population

and neighbourhood in which people lived. The main
results of this study were that accounting for differences
in neighbourhood-level and individual-level sociode-
mographic characteristics decreased the geographical
variation in incident AMI. However, after accounting
for sociodemographic differences at both the neigh-
bourhood and individual level, the residual variation
in AMI was geographically unequally distributed across
the country meaning that some areas remained associ-
ated with higher IRs of AMI compared with the country
average. Hence, a complex disease pattern revealed when
studying the dynamic interplay between geographical
and social determinants of incident AMI and inequalities
in incident AMI across the population cannot be seen
exclusively as a difference between social groups.

Comparison with other studies
The present study observed geographical patterns in
incident AMI after adjusting for neighbourhood-level
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and individual-level sociodemographic characteris-
tics. Geographical patterns in incident AMI were also
observed in an ecological spatial analysis study from
middle Tennessee, USA.*' After adjusting for area-level
sociodemographic characteristics, residual relative risk
estimates ranged from 0.44 to 1.95, that is, a slightly wider
range of the residual relative risk estimates compared
with results from our study. However, comparisons should
be made with caution as the ecological estimates by Odoi
and Busingye were not adjusted for individual-level socio-
demographic characteristics.

Low neighbourhood sociodemographic position was in
the present study found to be associated with increased
IRs of AMI when accounting for differences in individ-
ual-level sociodemographic characteristics. Similar find-
ings have been reported in multilevel studies. In contrast
to spatial analysis, areas in multilevel analysis are assumed
to be independent units and these models do not account
for the correlation between observations in space.'” ** %
A simulation study found that fixed effect estimates from
multilevel and spatial analysis models are similar, but
measures of random effect variance are less comparable
across the two methods."”” The effect size of low neigh-
bourhood income on ischaemic heart disease was found
to be slightly lower in a Swedish quasi-experimental
sibling study than in the present study (OR 1.02, 95%
CI 1.02 to 1.04).* Compared with our results, a study
based on a national sample from Sweden reported larger
fixed effects sizes of low neighbourhood educational and
income level on incident coronary heart disease after
adjusting for individual risk factors (HR 1.23, 95% CI
1.00 to 1.52 and HR 1.25, 95% CI 1.02 to 1.54, respec-
tively).” The larger effects sizes found by Sundquist et al
might be due to differences in the association between
neighbourhood factors and coronary heart disease across
Sweden and Denmark or occur because of design differ-
ences. Sundquist et al included a population sample and
not the entire population, they did not account for spatial
autocorrelation between observation, and they did not
account for population density and cohabitation status as
was done in the present study.

Interpretation of findings

The effect size of the residual IRRs of incident AMI
across municipalities was not as large as the fixed effects
of, for example, age and sex. However, the residual rela-
tive risk estimates varied considerably across municipali-
ties ranging from 20% lower to 40% higher IRs of AMI
compared with the country mean.

The geographical variation in incident AMI decreased
when adjusting for sociodemographic characteristics.
However, the identification of areas with high and low
residual IRRs of AMI in figure 2B and figure 3 supported
thatIRs of AMI remained geographically unequally distrib-
uted across the country after accounting for differences in
sociodemographic characteristics across neighbourhoods
and individuals. The CAR models performing better than
IID models likewise supported that clustering of incident

AMI occurred across neighbouring municipalities. Finally,
geographical clustering of the random effect estimates
from the IID model also confirmed the geographical
unequal distribution of incident AMI after accounting
for differences in sociodemographic characteristics. The
reasons for the unexplained residual variation in incident
AMI after adjusting for the neighbourhood-level and indi-
vidual-level socioeconomic structure remain unknown.
As suggested in the theoretical model by Chaix, other
environments to study further might be the physical
environment (eg, outdoor and indoor public places and
street network), service environment (eg, transportation,
healthcare services, food environment) or social interac-
tional environment (eg, knowledge, norms and culture).
In Denmark, geographical variation in location and use
of general practitioners has been reported®® and studies
focusing on these differences might complement this
study’s results in explaining the geographical variation in
incident AMI. Beside unequal distribution of healthcare
services across the country, factors as infrastructure and
health behaviour may also differ considerably geographi-
cally. Moreover, factors from more than one environment
may affect the development of disease simultaneously and
certain factors may be more important in explaining an
increased IR of AMI in some areas compared with others.

Strengths and limitations

In Denmark, individual-level socioeconomic data are only
available when working at servers at Statistics Denmark.
However, it is not allowed to assess individual-level address
information with x and y coordinates when working
at Statistics Denmark and this study was therefore not
possible to perform at the address level. An address-
level explorative spatial cluster analysis of incident AMI
in Denmark found, however, that areas with high AMI
risk generally covered larger spaces than determined by
municipality boundaries and therefore supported munic-
ipalities being relevant geographical units when studying
geographical variation in incident AML'

Parishes are not geographically nested into municipal-
ities in Denmark and parish boundaries were moreover
changing continuously throughout the study period. Conse-
quently, incorporating parish level into the hierarchical
structure of the model was not doable. Moreover, models
were computationally intensive to run and it will, therefore,
most likely be unfeasible to run a three-level hierarchical
model with the available computational resources.

Neighbourhood socioeconomic position was in the
present study measured by median disposable household
income. Other measures could have been used to measure
neighbourhood socioeconomic position such as the unem-
ployment rate. However, unemployment influence income
markedly and median equivalised disposable household
income was found to be a more comprehensive measure
of neighbourhood socioeconomic position as it is likely to
incorporate the effect of unemployment and at the same
time include information on available resources in the
household when accounting for family size.
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Due to the complexity of measuring neighbourhood
and individual sociodemographic characteristics, there
might be aspects of the sociodemographic structure that
were not captured with the variables included in the model
leading to potential residual confounding. However, the
present study limited the risk of bias by incorporating
several sociodemographic variables accounting for
different facets of the sociodemographic structure.

This study focused on the neighbourhood sociodemo-
graphic characteristics in explaining the geographical
patterns in AMI when accounting for individual-level socio-
demographic factors. Nevertheless, other residential and
non-residential environments were also proposed in the
conceptual model proposed by Chaix.” It was beyond the
scope of this study to address all environments of important
and this limits a complete understanding of the complex
interplay between residential and non-residential environ-
ments and the effect of these environments in the devel-
opment of AMI. In addition, it was beyond the scope of
this paper to address the role of health behaviour factors
(eg, as smoking and diet) as mediators of the association
between sociodemographic factors and AMI. However, as
health behaviours are assumed to be mediators, adjusting
for sociodemographic characteristics both at the individual
and neighbourhood level accounts for at least some of the
effect of health behaviours on the development of AMI.

The study findings on geographical inequalities in
incident AMI beyond individual-level and neighbour-
hood-level sociodemographic characteristics are based on
nationwide data and may be generalisable to other similar
countries. However, the magnitude of the geographical
inequalities might depend on the healthcare system,
general socioeconomic inequalities and resource alloca-
tion in the particular setting.

Implications

Results from the present study confirm the well-known
association between incident AMI and age, sex and
socioeconomic background, but findings from this study
additionally emphasise that neighbourhood sociodemo-
graphic environments and where in the country you live
also influence the risk of developing AMI. In contrast
to non-spatial analyses, results from the present study
provide information on where the increased risk of
disease is observed. This information can be of relevance
when planning public health interventions and supports
an evidence-based approach to disease prevention that
targets populations and areas most in need. This study’s
findings moreover demonstrate the complexity of deter-
mining the variation in incident AMI across the popula-
tion. Hence, exclusively focusing on social inequality may
not give the complete picture as inequalities in disease
can be seen from other perspectives too, for example,
geographical inequalities.
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