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A B S T R A C T

Objective: To describe the spatial distribution of acute myocardial infarction (AMI) mortality in France in asso-
ciation with the socio-economic characteristics of the patient’s place of residence.
Methods: In this population-based study, we included patients hospitalized for AMI identified according to ICD-10
codes, using data from the national health insurance database from January 1, 2013 to December 31, 2014. In-
and out-of-hospital deaths were identified over a period of 1 year following the first hospital stay for AMI.
An exploratory analysis was performed to classify area profiles. The spatial analysis of AMI mortality was per-
formed using a principal component analysis followed by an ascending hierarchical classification taking into
account socio-economic data, access-time by road to coronary angiography, standardized in-hospital prevalence,
and 1 year mortality.
Results: Over the 2 years, 115,418 patients were hospitalized with a diagnosis of AMI. Patients were a mean of 68
� 15 years and most were men (68.5%). The overall mortality rate was 12.2% after 1 year. More than half of
patients (65.5%) underwent an early revascularization procedure. The map of standardized 1 year mortality
showed a geographic area of high mortality extending diagonally from north-east to south-west France. We
identified 6 different area profiles with standardized mortality varying from 15.9 to 54.4 per 100,000 inhabitants.
The spatial distribution of higher mortality was associated with lower socioeconomic levels. These findings were
not associated with a lower access to coronary angiography.
Conclusion: There are considerable geographical differences in the prevalence of AMI and 1 year mortality. The
spatial distribution of lower healthcare indicators follows the distribution of social inequalities. This study
highlights the importance of focusing national policies on universally accessible prevention programs such as the
promotion cardiac rehabilitation and healthy lifestyles.
1. Introduction

Ischemic heart disease is presently the primary cause of death in
the developed world [1–3]. However, the management and prognosis
of acute myocardial infarction (AMI) has improved considerably over
the past two decades [4–6]. The reduction in mortality can be
explained by improvements in the management of AMI, including
more frequent use of revascularization procedures and better access to
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angioplasty, better use of recommended drug treatments, and also
changes in patient population characteristics [7]. Patients with
ST-segment elevation myocardial infarction (STEMI) have a higher
early mortality risk than patients with non-ST-segment elevation
myocardial infarction (NSTEMI) [8]. STEMI outcomes are improved by
a shorter access time to proper treatment [9,10]. As recommended by
current European guidelines, time from first medical contact to balloon
inflation should be less than to 2 h in any case and less than 90 min in
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patients presenting early (less than 2 h after symptom onset) with
large infarct and low bleeding risk [11].

In this context, it is crucial for national healthcare systems to ensure
optimal time and equal access to treatment. However, the uneven use of
percutaneous coronary interventions (PCI) cannot be entirely explained
by the location of facilities and service supply [12,13], and socioeco-
nomic variables have been shown to influence patient access to PCI [14].
Previous studies have shown that income, education level and employ-
ment status have a direct effect on AMI mortality rates [15–19]. In
particular, the decline in AMI mortality rate was lesser in low-income
populations [20]. To our knowledge, these associations have not been
studied in France on a national scale.

The objective of this study was thus to describe the spatial distribu-
tion of AMI mortality in France in relation to socio-economic status and
the patient’s place of residence.

2. Methods

2.1. Study population

2.1.1. Source of data
Data were extracted from the French National Health Data System

(Syst�eme National des Donn�ees de Sant�e; SNDS). It contains data for all
individuals covered by the French national health insurance system and
can be used for epidemiological and public health purposes [21]. This
database includes basic demographic data, visits to physicians, drugs
dispensed in retail pharmacies, and date of death (in-hospital and over-
all). It also contains discharge abstracts (which capture administrative,
clinical and demographic information on hospital discharge) from all
public and private hospitals (Programme de M�edicalisation des Syst�emes
d’Information; PMSI) including main and associated diagnoses encoded
using the International Classification of Diseases (ICD-10) and proced-
ures using the common classification system for medical procedures
(CCAM). The quality of this database has previously been established
[22], and it has been used to conduct epidemiological studies using the
data of hospitalized patients in France [23–27].

2.1.2. Inclusion and exclusion criteria
All the hospital stays for patients presenting with a diagnosis of AMI

recorded in the national SNDS databases in 2013 and 2014, whatever
their age, were included. To avoid counting the same patient twice, only
the first stay was included in our analysis. We excluded patients with a
“transfer” admission, that is to say patients who stayed first in one
establishment and then moved to a second establishment with a main
diagnosis of AMI. We also excluded patients with a main diagnosis of AMI
in the year before the inclusion in order to retain only incident cases.

2.1.3. Ethics
This study was approved by the National Committee for data pro-

tection (registration number 1889989) and the National health data
institute (registration number 144) and therefore was conducted in
accordance with the Declaration of Helsinki. Written consent was not
needed for this study. The SNDS data were transmitted by the National
Health Insurance Fund (Caisse nationale d’assurance maladie).

2.2. Collection of subject information

AMI was defined as an increase in serum troponin I and clinical
symptoms of ischemia or characteristic ECG signs. AMI was selected with
ICD-10 codes I21, I22 and I23. To avoid iatrogenic AMI, we selected
patients with a main diagnosis of AMI. This approach was taken to spe-
cifically focus on patients who were hospitalized for acute myocardial
ischemia and not those with AMI secondary to surgery, hypotension or
other events after admission. For patients who were transferred during
their management, the complete duration of the hospital stay was taken
into account [28,29]. We also retrieved any information related to
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STEMI, atrial fibrillation, revascularization, percutaneous coronary in-
terventions (including transluminal angioplasty) and coronary artery
bypass grafts that occurred during the AMI stay. Comorbidities were
assessed with the Elixhauser or Charlson comorbidity index. We
considered as severe AMI patients those with anterior infarction,
cardiogenic shock, heart failure, or age older than 70 years.

In- and out-of-hospital deaths were identified over a period of 1 year
following the first hospital stay for AMI. Our primary endpoint was
overall mortality at one-year.

Access to angiography was dependent on the driving time to the
closest healthcare facility providing coronary angioplasty. In France,
percutaneous coronary intervention is regulated by the public authorities
in order to ensure good training for emergency angioplasty and is only
done in centers which are able to perform more than 350 angioplasty
procedures per year [30,31].

We identified the patients’ place of residence according to the PMSI
geographic code registered in the SNDS data, which corresponds to their
residential zip code. We categorized the PMSI geographic codes ac-
cording to the typology established by the Institut National de la Statistique
et des Etudes Economiques (INSEE), which is the French national census
institute [28,32]. The INSEE classifies urban areas according to their
level of urbanization and the number of jobs held in the area. We
aggregatedmunicipality data for the PMSI geographic codes and retained
4 categories: major urban centers, the suburbs of major urban centers,
small and mid-sized centers and rural areas.

2.3. Ascertainment of death

We have detailed ascertainment of death in a previous paper [33].
France has an official registration of civil status that is held by munici-
palities and centralized within a national register where a national per-
sonal identity number is given at birth. All deaths have to be registered.
For each death, the physician’s certificate comprises two separable parts:
one part which records the fact that the person has died, with nominative
identification but no information on the cause of death; the second part is
anonymous and bears the medical information. This medical part of the
death certificate is transmitted to the relevant departmental adminis-
tration of the Health Ministry, and then to the INSERM Epidemiology
Centre for Causes of Death (C�epiDC). The process of coding the causes of
death includes verifying the information provided by the physician,
coding it, and selecting the initial cause of death. This circuit guarantees
the reliability of the data [34–36].

2.4. Statistical analyses

2.4.1. Patient characteristics
Patient characteristics were described and then compared between

patients who were alive or not using Student’s t-tests for quantitative
variables and Chi2 tests for qualitative variables.

2.4.2. Mortality rates
The mortality rate included all deaths (in- and out-of-hospital) over a

period of 1 year following the first hospital stay for AMI. We first
calculated one-year mortality as the number of deaths/number of sub-
jects included. We then calculated standardized mortality rates (SMR) at
one year, adjusted on age and gender according to the structure of the
population for each geographic code of France, per 100,000 inhabitants.
It was standardized for age and gender according to the direct method
using 2013 French census data from the INSEE as a reference.

2.4.3. Exploratory analysis: typology of the territories according to their
socioeconomic and demographic structures related to mortality

The exploratory analysis consisted of a principal components analysis
(PCA) followed by an ascending hierarchical classification (AHC) using
Ward’s step method bearing on several variables of interest at the scale of
the 5637 PMSI geographic codes. The aim of AHC is to identify groups of



Table 1
Description and comparison of the characteristics of patients admitted for acute
myocardial infarction from 2013 to 2014 in France (n ¼ 115,418).

Population Deceased at
one year

Alive at one
year

p-
value

N ¼
115,418

N ¼ 14,032
(12.2%)

N¼ 101,386

mean±SD mean±SD mean±SD
Age 68�15 79�12 66�15 <0.01

n (%) n (%) n (%)
Men 79,112

(68.5%)
7687 (54.8%) 71,425

(70.5%)
<0.01

STEMI 86,817
(76.1%)

11,404
(83.1%)

75,413
(75.1%)

<0.01

Atrial fibrillation 13,505
(11.7%)

3066 (21.9%) 10,439
(10.3%)

<0.01

Severe AMI 75,954
(65.8%)

12,946
(92.3%)

63,008
(62.2%)

<0.01

Percutaneous
transluminal
angioplasty

67,183
(58.2%)

4579 (32.6%) 62,604
(61.8%)

<0.01

Coronary artery bypass
graft

1007 (0.9%) 101 (0.7%) 906 (0.9%) 0.04

Other percutaneous
coronary
intervention

7453 (6.5%) 733 (5.2%) 6720 (6.6%) <0.01

Charlson comorbidity
index

<0.01

0-1 61,071
(52.9%)

4661 (33.2%) 56,410
(55.6%)

2 29,448
(25.5%

3892 (27.7%) 25,556
(25.2%)

3 12,514
(10.8%)

2178 (15.5%) 10,336
(10.2%)

�4 12,385
(10.7%)

3301 (23.5%) 9084 (9.0%)

Elixhauser comorbidity
index

<0.01

0 31,704
(27.5%

2485 (17.7%) 29,219
(28.8%)

1 30,741
(26.6%)

2669 (19.0%) 28,072
(27.7%)

2 23,547
(20.4%)

2770 (19.7%) 20,777
(20.5%)

3 14,458
(12.5%)

2417 (17.2%) 12,041
(11.9%)

�4 14,968
(13.0%)

3691 (26.3%) 11,277
(11.1%)

Areas <0.01
Major urban centresa 63,188

(56.3%)
7454 (54.3%) 55,734

(56.7%)
Suburbs of major
centresa

24,321
(21.7%)

2871 (20.9%) 21,450
(21.8%)

Small and mid-sized
centresa

10,801
(9.6%)

1493 (10.9%) 9308 (9.5%)

Rural areasa 13,759
(12.3%)

1922 (14.0%) 11,837
(12.0%)

a Among metropolitan France (N ¼ 112,496); Missing data ¼ 247 (0.2%).
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comparable individuals, or to partition individuals into several groups
based on common traits. The AHC, conventionally used in other medical
specialties, maximizes homogeneity among the clusters produced by
classification and maximizes the heterogeneity between them. Applying
an AHC to the PCA results can lead to more stable groups. Thus, the AHC,
in this study, consisted of a gradual aggregation of the geographic codes
according to their similarity. This allowed us to predict the cluster of
geographic codes according to the values taken by the predictive vari-
ables: proportion of each occupational category, of unemployed in-
dividuals, and of retired or pre-retired individuals aged 15–64 in the
active population; proportion of the whole population aged less than 20
years, aged from 20 to 59 years and aged more than 60 years; travel time
to the closest healthcare facility performing angioplasty; standardized
rate of AMI mortality at one year and in-hospital prevalence of AMI per
100,000 inhabitants.

2.4.4. Multilevel analysis
To examine the association of travel-time to revascularization facility

and overall mortality at one year, we performed a 2-level hierarchical
model to account for socio-demographic factors and their variation
among geographic codes. The first level concerned individual variables,
and the second level took into account variables related to geographic
codes. For the second level, we considered ecological indicators collected
according to geographic code: a deprivation index (French Deprivation
Index [Fdep]) built from some of the variables used in the spatial analysis
to estimate socioeconomic status [37], and a spatial accessibility indi-
cator (Local Potential Accessibility [LPA]) to account for the multiple
dimensions of access to general practitioners, nurses, and pharmacists
[38]. Due to numerous correlations, the adjustment was done on gender,
atrial fibrillation, percutaneous transluminal angioplasty, coronary ar-
tery bypass graft, STEMI, severe AMI, Fdep and LPA.

SAS 9.4 software was used for all analyses. GIS (Geographic Infor-
mation System) MapInfo 11.0 was used for the cartography.

3. Results

3.1. Characteristics of the study population

The characteristics of the patients admitted for AMI in 2013 and 2014
in France are presented in Table 1. Over the 2 years studied, 115,418
patients were hospitalized with a diagnosis of AMI. Among them, 86,817
(76.1%) were STEMI. The mean age of patients with AMI was 68 � 15
years, and most were men [79,112 (68.5%)]. The overall mortality rate
was 12.2% (in-hospital mortality: 11.5%) within 1 year (Fig. 1), andmost
deaths (70.6%) occurred within 30 days of AMI. More than half of the
population (65.5%) underwent early revascularization, consisting of
74,636 (64.7%) percutaneous coronary interventions (including trans-
luminal angioplasty) and 1007 (0.9%) coronary artery bypass grafts.
Nearly 45% of patients had several comorbidities, with an Elixhauser
comorbidity index or Charlson comorbidity index equal or greater than 2.

Compared with patients alive one year after AMI (Table 1), deceased
patients were older and more likely to be STEMI, to have had severe AMI,
comorbidities or atrial fibrillation (p< 0.01 for all). They also lived more
in small and mid-sized centers or in rural areas. On the contrary, they had
less revascularization and were less likely to be men (p < 0.01 for all).
Access to coronary angiography (Table 2) was a little bit higher for pa-
tients who died than for surviving patients (average of 31 min vs 29 min,
p < 0.01).

3.2. Spatial characteristics of AMI

Spatial analyses were conducted among patients living in metropol-
itan France (European France including Corsica but excluding overseas
territories), and the 3102 (2.7%) patients living in overseas French ter-
ritories were excluded. Most AMI patients live in major urban centers
(63,188; 56.3%) and the suburbs of those major centers (24,321; 21.7%).
3

At the scale of geographic codes (Fig. 2), the map of standardized in-
hospital prevalence of AMI revealed clusters with higher prevalence,
notably a geographic diagonal following a north-east/south-west axis.
Similarly, the spatial distribution of the standardized mortality rate
shows higher mortality on a north-east/south-west diagonal line. Higher
mortality was also found in the south of Normandy. A lower mortality
rate after AMI was observed in the southeastern part of France (Fig. 2).

Spatial distribution of higher overall mortality did not differ for only
severe AMI (patients with anterior infarction or cardiogenic shock or
heart failure or age older than 70 years) and only STEMI.

The overall mean travel time to the closest facility offering angio-
plasty was under 30 min. Patients living in small and mid-sized centers as
well as rural areas had longer access times with a mean of nearly 60 min.



Fig. 1. Cumulative rate of in-hospital mortality and overall mortality (in- and out-patient death) at one-year following acute myocardial infarction, 2013–2014.

Table 2
Description and comparison of access to coronary angiography for patients
admitted for acute myocardial infarction from 2013 to 2014 in metropolitan
France (n ¼ 112,496).

Population Deceased at one
year

Alive at one
year

p-
value

N ¼ 112,079 N ¼ 13,740 N ¼ 98,339

Mean�SD 29�26 31�27 29�26 <0.01
Median [Q1-
Q3]

21 [6–46] 25 [7–49] 21 [6–45]

By quartile* <0.01
Lowest
quartile

29,088
(25.9%)

3360 (24.4%) 25,728
(26.2%)

Second
quartile

26,987
(24.1%)

3048 (22.2%) 23,939
(24.3%)

Third quartile 28,703
(25.6%)

3585 (26.1%) 25,118
(25.5%)

Highest
quartile

27,301
(24.4%)

3747 (27.3%) 23,554
(24.0%)

Dummy variable
>21 min 56,004

(50.0%)
7332 (53.4%) 48,672

(49.5%)
<0.01

>90 min 3132 (2.8%) 435 (3.2%) 2697 (2.7%) <0.01

Missing data ¼ 247 (0.2%); * Lowest quartile: [0–6], Second quartile: ]6–21],
Third quartile: ]21–46], Highest quartile: ]46–163].
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The access time in most French territories was less than 90 min except for
some mountainous areas (Alps, Pyrenees, Massif Central and Jura),
western Normandy and the north-eastern regions (Fig. 3).
3.3. Socio-residential and spatial analysis of AMI mortality

Table 3 presents the results of the ascending hierarchical classifica-
tion using PMSI geographic codes and the characteristics of each cluster.
The spatial distribution of each cluster is presented on the map in Fig. 4.

Cluster 1 represents main cities and the nearby urban areas which
benefit from the economic dynamism of the large cities. This cluster is
mostly characteristic of large urban conglomerations. Mean in-hospital
prevalence of AMI is the lowest (161.2 per 100,000 inhabitants) and
mean AMI mortality is among the lowest (17.5 per 100,000 inhabitants);
the proportion of over 60-year-olds and retired persons is low (23.9% and
21.3%). This population has the fastest access to angioplasty (20.2 min)
and high socioeconomic status with the highest proportion of managers
and professional occupations (21.0%) and a low proportion of employees
(25.5%), skilled workers (17.3%) and unemployed individuals (9.3%).

Cluster 2 is also major urban centers contiguous to cluster 1. The
4

proportion of over 60-year-olds and retired persons is low (24.0% and
21.7%) The mean AMI prevalence and mortality are low (161.9 and 15.9
per 100,000 inhabitants). Unlike cluster 1, the unemployment rate is
high 14.8%. The proportion of low-income occupations (31.4%) is
comparatively higher than the proportion of managers or professional
occupations (10%).

Cluster 3 represents active rural areas and the suburbs of major
centers mostly located in the northern part of France. Mean AMI mor-
tality and prevalence are low (17.8 and 163.8 per 100,000 inhabitants,
respectively), and the proportion of over 60-year-olds (24.4%) and
retired persons (22.7%) is low. A large proportion of the population is
skilled workers (32.9%). Access to angioplasty is slightly longer (48.4
min).

Cluster 4 represents rural areas in the southern part of France. The
population is older with one of the highest proportions of over 60-year-
olds and retired persons (36.5 and 33.5%). The proportion of farmers
(11.2%) is the highest in France. However, AMI prevalence is moderately
lower than the national mean and AMI mortality is also low (192.4 and
16.9 per 100,000 inhabitants, respectively). Moreover, the population in
this cluster has the longest access time to angioplasty (67.9 min).

Territories in cluster 5 are urban areas mostly situated along the
Mediterranean coast in Provence, Alps, Pyrenees and Corsica. It is
characterized by the most aged population among the clusters with
37.4% of over 60-year-olds and 34.0% of retired persons, and a high level
of unemployment (15.9%), associated to a high in-hospital prevalence
and AMI mortality rate (264.3 and 36.4 per 100,000 inhabitants).

Cluster 6 is distributed along a geographic diagonal axis following a
north-east to south-west course, as shown previously (Fig. 2). This area
contains many small and mid-sized cities. The population tends to have
more low-income professions (28.5% employees and 29.0% skilled
workers). The AMI in-hospital prevalence and AMI mortality rate are
considerably higher than national mean (291.6 and 54.4 per 100,000
inhabitants). Access time to angioplasty is also longer (50.5 min).

The spatial distribution of each cluster did not differ when consid-
ering only severe AMI and only STEMI.

3.4. Multilevel analysis

After adjustments (on gender, atrial fibrillation, percutaneous trans-
luminal angioplasty, coronary artery bypass craft, STEMI, severe AMI,
Fdep and LPA), we no longer found an association between time to
revascularization facility and overall mortality at one year, whether by
taking the variable continuously, by quartile, or by dummy variables
(Table 4).



Fig. 2. Standardized in-hospital prevalence and standardized rate of mortality at one year following acute myocardial infarction at the level of PMSI geographic
codes, 2013–2014.
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4. Discussion

We identified 115,418 patients admitted for AMI in France over the 2-
year study period (57,279 in 2013 and 58,139 in 2014), with an overall
mortality rate at one year of 12.2%. Nevertheless, the prevalence of AMI
5

and 1 year mortality varied considerably throughout the country. We
identified 6 different area profiles (using geographic codes) with stan-
dardized mortality varying from 15.9 to 54.4 per 100.000 inhabitants.
We also found that the longest travel time to revascularization facility
was recorded for rural dwellers. However, this access to coronary



Fig. 3. Spatial distribution of facilities performing angiography and access time to the closest facility in minutes, 2013–2014.
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Table 3
Characteristics of clusters from the ascending hierarchical classification (at the
scale of geographic codes).

Cluster 1 2 3 4 5 6

Demographic structure of geographic codes (mean in each cluster)
Younger than 20 years (%) 25.0 25.5 26.0 19.0 18.6 22.3
20–60 years old (%) 51.1 50.5 49.5 44.6 44.0 47.2
Older than 60 years (%) 23.9 24.0 24.4 36.5 37.4 30.5
AMI burden (mean in each cluster)
AMI mortality (per
100,000 inhabitants)

17.5 15.9 17.8 16.9 36.3 54.4

AMI in-hospital prevalence
(per 100,000
inhabitants)

161.2 161.9 163.8 192.4 264.3 291.6

Time to the closest
angiography facility
(minutes)

20.2 32.5 48.4 67.9 42.0 50.5

Socio professional category (mean in each cluster)
Unemployed (%) 9.3 14.8 9.7 10.9 15.9 12.2
Farmers (%) 1.2 1.5 5.6 11.2 2.1 4.8
Craftsmen storekeepers
entrepreneurs (%)

6.9 6.0 6.4 11.4 11.4 7.8

Manager or executive
occupations (%)

21.0 10.5 8.1 7.8 12.3 8.7

Intermediate professions-
technicians (%)

28.8 24.5 21.6 18.9 23.9 21.5

Employees (%) 25.5 31.4 25.9 26.5 32.7 28.5
Skilled workers (%) 17.3 26.6 32.9 24.6 19.0 29.0
Retired persons (%) 21.3 21.7 22.7 33.5 34.0 28.2
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angiography does not seem to be associated with an increase in mortality
rates for AMI, contrary to a lower socio-economic level which does
appear to be related to higher AMI-related mortality.

Using the French SNDS database, we were able to report the overall
number of AMI-related deaths in France for the study period (not only in-
hospital deaths). The mortality rates from administrative databases are
known to be higher than numbers provided by French registries [5,39].
This disparity can be explained by differences in population seeing as the
administrative database includes a broader population that is not
routinely admitted to cardiac intensive care units and is therefore not
monitored by the registries [22].

We found that the longest travel time to revascularization facility was
recorded for rural dwellers (Fig. 3). These areas (clusters 3, 4 and 6) had a
more deprived socio-residential context than urban areas. However
certain rural territories (clusters 3 and 4) with longer access times to the
closest angiography facility had lower in-hospital prevalence and mor-
tality for AMI, suggesting that longer distances to facilities are not sys-
tematically related to such health indicators. These results are consistent
with a previous American study which concluded that in-hospital mor-
tality for AMI was not related to a rural place of residence [40]. However,
rural residents had a higher risk of transfer and 30-day readmission.
Moreover, following French health ministry recommendations and in
accordance with European guidelines, transport time to angioplasty
should be achieved in less than 90min in most of the territory [41]. Some
areas remain isolated with a travel time that is longer than 90 min. These
were generally located in less populous mountainous (Alpes, Pyrenees,
Massif Central and Jura) and rural regions.

In our study, the road distance to coronary angiography did not
appear to increase or to be associated with mortality rates for AMI, as
shown by the results obtained with the AHC or after adjustment with the
multilevel analysis. This finding is consistent with a Canadian study that
found a significant adverse effect of socioeconomic status on 1-year
mortality after a first AMI, and which was not explained by lower ac-
cess to coronary angiography or revascularization [19]. However, other
studies showed that access time to facilities combined with individual
socio-educational status could have a negative impact on access to spe-
cific and recommended practices such as fibrinolysis or coronary an-
gioplasty [42]. In our study, the classification showed that the
demographic structure was not the only factor of socio-territorial
7

organization to affect mortality. Indeed, the areas with the oldest pop-
ulations (clusters 4–6) are contrasted, with lower (cluster 4) and also
higher (cluster 6) mortality rates adjusted on age and gender. Apart from
the age of the population, differences in mortality followed the territorial
distribution of socio-professional categories.

The secondmajor result is that a lower socio-economic level is related
to higher AMI-relatedmortality. To summarize, the spatial distribution of
socio-economic and health indicators appears more favorable in the large
urban centers. Young, active populations and tertiary-sector professions
are concentrated in larger cities and their suburbs (clusters 1 and 2).
Active rural areas associated with urban centers (cluster 3) and rural
agricultural areas in the southern part of France (cluster 4) also have
favorable health indicators. However, those clusters contrast with large
underprivileged areas with less favorable socioeconomic indicators
associated with aging populations and higher mortality rates (clusters 5
and 6). These findings are concordant with previous studies [14,19], and
they highlight the major adverse effect of socioeconomic status on 1-year
mortality after AMI. Moreover, our results suggest that improving access
to healthcare is not the only solution for reducing mortality in socially
deprived patients. Public health policies should focus on primary and
secondary prevention such as encouraging healthy food and lifestyle
habits to reduce the incidence of both AMI and complications after AMI
[43,44]. Education about the characteristic symptoms of AMI and the
importance of seeking medical assistance as soon as possible is also a key
factor for better medical management [45,46].

Thirdly, maps of standardized in-hospital prevalence and standard-
ized mortality rates allowed us to illustrate the geographical differences
on a national level, notably by identifying areas of high mortality from
north-east to south-west France, along the “low population density di-
agonal”. Areas along this diagonal line are characterized by aging com-
munities, but the excess mortality cannot be explained by age differences
alone seeing as age-standardized mortality was also higher than else-
where. This zone, often referred to as the “excess mortality diagonal” in
France, has already been highlighted by French geographers, notably in
terms of premature death in the population at large [47] and in a pre-
vious study describing stroke-related in-hospital mortality [28]. If we
consider that patients hospitalized for AMI are hospitalized as close as
possible to their homes, given that emergency care facilities are supposed
to be nearby, these results may indicate the location of “protective” and
“accident-prone” zones on a very fine scale. Local observations could
provide a diagnostic tool for decision makers to assess the quality of
prevention, to evaluate the efficacy of public healthcare messages, and
the burden of risk factors in certain areas [48,49].

4.1. Strengths

This is the first time a study of AMI mortality based on a spatial
analysis using zip-codes has been conducted in France. This approach
provides more accurate results than those obtained with data obtained by
department. Our data showed major disparities in prevalence and mor-
tality, which is difficult to compare to previous epidemiological studies
using different a geographical scale [50–54]. However, this result is in
line with our previous work concerning stroke, which is a condition that
shares a common physiopathology with AMI [28].

Our large national database made it possible to work with a large
number of patients, to take into account in- and out-patient deaths, and to
report cases that are not usually included in clinical studies. Our figures
are concordant with previous epidemiological data [29,55]. In addition,
the validity of administrative databases for the description of AMI hos-
pitalization has already been assessed [22,56] and the list of diagnostic
codes used to select patients are the same as those used in other French
[22,29] and international [16,57,58] studies focused on AMI. This
database also allowed us to study the STEMI subgroup, in which we
found similar results, using diagnostic codes which appear valid for this
population [22]. The rate of STEMI patients was consistent with previous
studies carried out in France [5,29,59].



Fig. 4. Spatial distribution of the ascending hierarchical classification results and mean deviation for each cluster characteristics from the ascending hierarchical
classification.
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Table 4
Multilevel analysis to examine the association of time to revascularization facility
and overall mortality at one year (adjustment on gender, atrial fibrillation,
percutaneous transluminal angioplasty, coronary artery bypass craft, STEMI,
severe AMI, Fdep and LPA).

Crude OR [CI
95%]

Adjusted OR [CI
95%]

p-value for
adjusted OR

Continuously 1.005
[1.004–1.005]

1.000
[0.999–1.001]

0.37

By quartilea 0.18
Lowest quartile
(ref)

– –

Second quartile 1.08 [1.02–1.14] 1.09 [1.03–1.16]
Third quartile 1.23 [1.17–1.30] 1.06 [0.99–1.13]
Highest quartile 1.37 [1.30–1.45] 0.98 [0.92–1.05]
Dummy variable
>21 min (ref: �21
min)

1.25 [1.21–1.30] 0.99 [0.94–1.04] 0.57

>90 min (ref: �90
min)

1.30 [1.16–1.45] 1.02 [0.91–1.15] 0.72

Fdep: Deprivation index; LPA: Local Potential Accessibility; OR: odds ratio; CI
95%: Confidence interval 95%.

a Lowest quartile: [0–6], Second quartile: ]6–21], Third quartile: ]21–46],
Highest quartile: ]46–163].

M. Piccard et al. American Journal of Preventive Cardiology 2 (2020) 100037
Our work also showed the interest of associating medical data with
socio-residential data from the national census. The use of an ascending
hierarchical classification is justified by this geographic aggregation.
Clustering techniques and the geographic approach illustrate the inter-
play between the socioeconomic environment and healthcare issues
which include access to health care in France [60,61]. The 6 clusters from
the classification divide the territory according to the weight of each
variable selected by the AHC. Classification was preferred for this study
because it can be used to establish a solid typology that maximizes the
similarity between observations (PMSI geographic codes) within the
same cluster. Concerning the ageing population in certain areas, the
model presented includes the demographic structure of the geographic
codes of the place of residence, as well as the smoothed rate of mortality.
These variables are treated independently in the classification, which
allowed us to contextualize certain high mortality rates.
4.2. Study limitations

Our study has several limitations. The measure of socioeconomic
status was not based on individual data but from regional and population
data, so we can assume that there is a possible ecological bias in the
interpretation of our clustering. The access to angioplasty was based on
road travel-time from place of residence to hospital, which may not
reflect the actual local healthcare performance in certain areas. The
standardization of mortality rates on a fine scale, according to the
geographic code of the patient’s place of residence, allowed us to reveal
local clusters of high mortality. This analysis of local situations, which is
more detailed than analyses by department, highlighted geographical
differences but cannot replace the results of smaller scale analyses using
INSEE codes for communes for example. We intend to continue exploring
the impact of healthcare accessibility and the differences of myocardial
infarction management on early prognosis.

5. Conclusions

Even in a country like France with a universal healthcare system and a
strong egalitarian policy, our results confirm that the prevalence of AMI
and 1 year mortality varies considerably in different parts of the country.
We identified a north-east to south-west diagonal region characterized by
social deprivation associated with high AMI prevalence and mortality.
This was not accounted for by age since SMR was also increased. Neither
were our findings explained by lower access to coronary angiography or
9

revascularization. This study highlights the importance of focusing na-
tional policies on universally accessible prevention programs such as the
promotion of cardiac rehabilitation and healthy lifestyles. These types of
preventive measures must be improved for the most socially deprived
populations.
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