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Myocardial infarction in an urban population: worse
long term prognosis for patients from less affluent
residential areas
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Study objective: The objective in this follow up study from the Malmö myocardial infarction register
has been to assess whether long term survival following discharge after first myocardial infarction has
any relation with the socioeconomic environment and to assess to what extent intra-urban differences
in mortality from ischaemic heart disease can be accounted for by covariance with long term survival
following discharge after acute myocardial infarction.
Design: Register based surveillance study.
Setting: Seventeen residential areas in the city of Malmö, Sweden.
Participants: The cohort contains all 2931 male and 2083 female patients with myocardial infarction
who were discharged for the first time between 1986–95 from Malmö University Hospital.
Main results: During the on average 4.9 years of follow up 55% of the patients died. The sex adjusted
and age adjusted all cause mortality rate/1000 patient years ranged between residential areas from
85.5 to 163.6. The area specific relative risk of death after discharge was associated with a low
socioeconomic score, r=−0.56, p=0.018. Major risk factors for cardiovascular disease were more
prevalent in areas with low socioeconomic score and low rates of survival. Of the intra-urban
differences in mortality from ischaemic heart disease, 41% could be accounted for by differences with
regard to the survival rate after discharge.
Conclusions: The results are compatible with the hypothesis that the socioeconomic environment plays
an important part in the survival rate of patients with myocardial infarction. To assess the preventive
potential, the extent to which socioeconomic circumstances covary with severity of disease, respectively
with the use and compliance with secondary preventive measures, needs to be evaluated.

Between and within countries there are marked differ-

ences in mortality in ischaemic heart disease.1–3 In a

study from the city of Malmö in Sweden it was shown

that between residential areas the age adjusted and sex

adjusted annual mortality rate in ischaemic heart disease

ranged from 286 to 446/100 000.4 These differences could only

partly be accounted for by covariance with incidence of

disease and short-term case fatality rate.4 5 Areas with high

mortality rates deviated in terms of their socioeconomic

circumstances unfavourably from the city average. This

association remained statistically significant after adjustment

for differences between areas with regard to the prevalence of

other major risk factors associated with cardiovascular

disease.6

The severity of coronary atherosclerosis, the degree of dam-

age to the myocardium, and the use and compliance with sec-

ondary preventive measures are some of the factors known to

modify the prognosis after myocardial infarction.7–16 It has

been our hypothesis that many of these prognostic markers

covary with the patients’ socioeconomic circumstances and

that hence the prognosis would be poorer for patients from

less affluent areas.

The objective in this follow up study from the Malmö myo-

cardial infarction register 17 has been to assess whether, in an

urban population, long term survival following discharge after

first myocardial infarction has any relation with the socioeco-

nomic environment and to assess to what extent intra-urban

differences in mortality from ischaemic heart disease can be

accounted for by covariance with long term survival following

discharge after acute myocardial infarction.

METHODS
Retrieval of cases
The city of Malmö, located in southern Sweden, has approxi-

mately 250 000 inhabitants. Malmö University Hospital is the

single referral unit for patients with acute myocardial infarc-

tion. After discharge the patients are taken care of by general

practitioners and private physicians. From the hospital patient

administrative register it is possible to retrieve, for each

patient, name, 10 digit personal identification number,

diagnosis, and dates of admittance and discharge. For patients

with ICD codes 410.00–410.99 respectively 410A-410X accord-

ing to the 8th and 9th versions, this information has been

transferred to the Malmö myocardial infarction register since

1972. The percentage of patients classified correctly has been

estimated at 90%–95%.18 Residential area at the time of the

treatment occasion is available for cases from 1986 and

onwards. During the time period 1986 to 1995 there were in all

2931 men, mean (SD) age 68.5 (11.5), and 2083 women, mean

age 75.3 (10.7) who for the first time were discharged from

Malmö University Hospital after treatment because of

myocardial infarction. The 42% female patients can be

accounted for by differences with regard to the population at

risk—that is, an overrepresentation of women in age groups

with the highest incidence of myocardial infarction.19 At least

two of the following three criteria were required for diagnosis:

(1) Central chest pain, lung oedema or shock. (2) ECG

changes indicating acute myocardial infarction. (3) Increased

serum activities of cardiac enzymes.17

Vital status on 31 December 1998 was updated by record
linkage with the National Cause of Death Register. The
average time of follow up was 4.9 years (ranging from one day
to 13 years). Vital status was updated on all patients.
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Information regarding the underlying cause of death was at

the time of this study only available for cases who died before

1997. Ischaemic heart disease was in 60% of the cases the

underlying cause of death. The National Cause of Death Reg-

ister supplied the information needed to calculate, for each of

the residential areas, the average annual rate of mortality from

ischaemic heart disease (ICD codes 410–414 according to the

8th and 9th version) during the time period 1986–1995. These

estimates are based on 7922 deaths.

Socioeconomic circumstances of residential areas
Within the city there are 18 residential areas that in terms of

morbidity and socioeconomic circumstances are not only very

different from each other but have remained so over

time.4 20 21 The harbour area, because of the small number of

people living there, has not been included in this study. A

comprehensive socioeconomic score, SES, was used for the

comparison of socioeconomic circumstances. For the compu-

tation of this score, which is based on information supplied by

Malmö City Council and Statistics Sweden,22 we used data on

the rate of migration, the percentage of residents with foreign

citizenship among the ones with foreign background, the per-

centage of people receiving social welfare support (negative

signs), and the rate of employment (positive sign). These

parameters were selected in order to cover different aspects of

the concept of socioeconomic deprivation in Sweden today.

The four variables included in the SES were highly intercorre-

lated (all r>0.76, all p<0.01), indicating that they all reflect

some aspect of socioeconomic deprivation. The area value for

each of these four variables was standardised by subtracting

from it the mean value for the city and dividing the difference

by the standard deviation for all the 17 areas.23 The sum of

these standardised values is the socioeconomic score of the

residential area. This score, which has been used in several

other studies,6 20 24 correlates with other well known measures

of socioeconomic conditions, for example, mean income

(r=0.83, p<0.01) and percentage of blue collar workers

(r=−0.70, p<0.01).

Values on the percentage of people, who in each area were

receiving social welfare support, are from 1991. The average

value that year was 11%, ranging from 0.8% to 28.6% between

areas. Area specific rates of migration, which is the percentage

that per year moves within or in/out from a residential area, is

similarly based on values from that year. Between areas the

percentages range from 5.9% to 22.6% with an average of 15%

in Malmö. Foreign background was defined as foreign

citizens, Swedish citizens who were born as foreign citizens, or

children under 18 years of age with one or two foreign born

parents. The percentage of residents with foreign citizenship

as a proportion of all citizens with foreign background was

used as a measure of the integration of immigrants. It should

be emphasised, however, that this measure is influenced by a

number of both social and economic circumstances. In 1992

there were 48% who met these criteria, with a range of 22.6%

to 63.2% between areas. In 1991 the rate of employment,

which is the percentage of all inhabitants between 20 and 64

years employed in the free labour market, was 79% in Malmö,

ranging from 63.1% to 94.4% in residential areas.

Area of living remained unchanged for more than 90% of

the patients who died during the follow up period.

Prevalence of cardiovascular risk factors in residential
areas
The Malmö Diet and Cancer cohort 25 was used to assess the

area specific prevalence of smokers and of patients with

hypertension, diabetes, and hypercholesterolaemia. This co-

hort consists of 28 466 residents (11 206 men and 17 260

women) aged 45–73 years who were examined at Malmö Uni-

versity Hospital between March 1991 and December 1996.

Mean (SD) age was 59.2 (7.0) years for men and 57.4 (7.9) for

women. The number of participants per residential area

ranged from 462 (area no 8) to 3285 (area no 1) and the

participants/residents ratio from 27% (area no 16) to 54%

(area no 8).

Smoking habits were assessed by a questionnaire. Those

who confirmed regular or occasional smoking were counted as

smokers.

Blood pressure was measured twice in the right arm after

five minutes rest. Subjects who confirmed the use of blood

pressure lowering medication, together with subjects whose

systolic or diastolic blood pressure was equal to or exceeded

160 and/or 95 mm Hg, were classified as hypertensive.

The prevalence of hypercholesterolaemia is based on a sub-

sample of 5362 subjects (3148 women and 2214 men) who

entered the cohort between October 1991 and February 1994.

Subjects who reported the use of cholesterol lowering

medication and subjects whose cholesterol value exceeded 6.5

mmol/l were considered to have hypercholesterolaemia.

Subjects who reported treatment for diabetes and subjects

whose blood glucose level was >6.7 mmol/l were considered to

have diabetes.

The cardiovascular risk factor score
These four major risk factors were used to compute an area

specific cardiovascular risk factor score. This was achieved by

first calculating for each area the sex adjusted and age

adjusted prevalences using the equivalent average method.26

Each of these values was standardised by subtracting from it

the average value for Malmö and then dividing the difference

by the standard deviation for the city.23 The area score is the

sum of these standardised values.

Statistical methods
Area specific rates of all cause mortaliy/1000 patients years

after discharge have been adjusted for differences with regard

to age distribution and sex distribution. The entire cohort of

patients between 1986–95 was used as the standard popula-

tion. Three age groups—that is, below 65, 65–74, and 75 and

above—were used in these computations.

Area specific rates of mortality in ischaemic heart disease

have similarly been adjusted for differences with regard to age

and sex. The population of Malmö above 20 years of age

1986–95 was used as the standard population. The interval

used for age stratification was five years.

The Kaplan-Meier method was used to illustrate survival in

relation to age and sex. Cox proportional hazards analysis was

Figure 1 Kaplan-Meier curves of survival after discharge following
treatment for first myocardial infarction. Men and women below 65,
65–74, and above 74 years of age.
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used to illustrate survival rates for patients from residential

areas with low, median, and high socioeconomic score after

adjustment for differences with regard to age and sex. Age

adjusted and sex adjusted relative risks of death after

discharge in each of the 17 residential areas were calculated in

a similar fashion by Cox proportional hazards analysis. Linear

regression was used to illustrate to what extent these area

specific relative risks of death after discharge covaried with

the socioeconomic and the cardiovascular risk factor scores.

The same method was used in the analysis of area specific

rates of mortality in ischaemic heart disease in relation to

rates of long term survival after discharge.

RESULTS
Rate of mortality after discharge in relation to age and
sex
At the end of follow up 2755 of the 5014 patients were dead

(54.9%). The relative risk of dying after discharge increased by

7% per year of age (RR 1.07; 95% CI 1.068 to 1.077). The lower

mortality rate for women remained statistically significant

after age adjustment (RR 0.9; 95% CI 0.84 to 0.99) (fig 1).

Rates of mortality after discharge in relation to the
socioeconomic score
Table 1 illustrates dissimilarities between residential areas in

terms of socioeconomic circumstances, the prevalence of

major risk factors for cardiovascular disease, and the rates of

mortality after discharge.
The age adjusted and sex adjusted all cause mortality rate

following discharge after first myocardial infarction ranged
between areas from 85.5 to163.6/1000 patient years of follow
up. The area specific relative risk of death after discharge
covaried in a linear fashion with the socioeconomic area score,
r=−0.56, p=0.018, fig 2. Table 2 illustrates how of each of the
included socioeconomic variables covaries with the risk of
death after discharge. When stratified for age (<65 (n=1275),
65–74 (n=1516) and >74 (n=2223) years of age) survival
differences after discharge among patients living in areas with
high, median, and low socioeconomic scores showed statistical
significance only in the age group below 65. The mortality
rates in this age group were 22% and 40% lower for patients
who came from areas with median (RR 0.78; 95% CI =0.60 to
0.99, p=0.046) and high socioeconomic score (RR 0.60;
95% CI=0.44 to 0.81, p<0.001), fig 3. The average follow up

Table 1 Age and sex adjusted all cause mortality rates after discharge in relation to the socioeconomic and the
cardiovascular risk factor scores

Residential area
Socioeconomic
score

Cardiovascular risk
factor score

Number of
residents Number of patients

Dead during follow
up (n (%))

*Mortality rates per
1000 patient years

Low SES
16 −7.18 0.13 18289 273 144 (52.7) 140.1
10 −5.41 −2.09 7691 110 44 (40.0) 124.4
2 −4.42 0.78 34341 651 406 (62.4) 159.8
3 −3.11 5.01 22734 600 362 (60.3) 129.1
15 −2.17 5.21 5002 130 80 (61.5) 163.6
4 −2.12 2.44 10597 233 119 (51.1) 123.8

Median SES
13 −1.52 4.52 9557 176 89 (50.6) 152.1
12 −1.46 2.09 26212 554 281 (50.7) 125.8
9 −0.22 0.07 12174 408 243 (59.6) 138.2
1 1.54 −1.67 24297 715 432 (60.4) 125.5
5 2.43 −1.76 11266 260 141 (54.2) 159.6

High SES
14 2.59 −3.90 10612 110 35 (31.8) 103.9
11 2.87 1.24 10527 260 130 (50.0) 128.4
6 3.89 −3.83 11078 257 137 (53.3) 128.0
17 4.44 −3.09 9321 180 74 (41.1) 99.0
7 4.84 −1.97 4582 63 24 (38.1) 129.9
8 5.01 −3.13 2839 34 14 (41.2) 85.5

*Age and sex adjusted.

Figure 2 Relative risk of death after discharge in relation to the
socioeconomic score of residential areas. Regression line with 95%
confidence intervals.

Figure 3 Survival after discharge among patients below 65 years
of age from residential areas with high, median, and low
socioeconomic score. Cox regression curves with adjustment for age
and sex.

Long term survival after myocardial infarction in relation to socioeconomic environment 787

www.jech.com

http://jech.bmj.com


time for patients from areas with high, median, and low

socioeconomic scores was very similar. Only minor differences

occurred when the calculations were done separately for men

and women.

Rates of mortality after discharge in relation to the
cardiovascular risk factor score
The age adjusted and sex adjusted area specific relative risks of

death after discharge covaried in a linear fashion with the

cardiovascular risk factor scores, r=0.64, p=0.005, fig 4.

According to this association, 41% of the intra-urban variance

of mortality after discharge can be accounted for by covariance

with the cardiovascular risk factor score. The corresponding

value for the socioeconomic score was 32% and together the

two scores accounted for 48 % of the variance of mortality fol-

lowing discharge, table 3.

Relation between area specific rate of mortality in
ischaemic heart disease and survival following
discharge after first myocardial infarction
The area specific relative risks of death following discharge

after first myocardial infarction covaried in a statistically sig-

nificant fashion with the rates of mortality in ischaemic heart

disease, r=0.64, p=0.006, fig 5. Forty one per cent of the intra-

urban variance in mortality from ischaemic heart disease can

be accounted for by the variance in survival following

discharge after first myocardial infarction according to this

association.

DISCUSSION
Five years after discharge less than half of the patients were

alive. Our results are compatible with the hypothesis that the

socioeconomic environment may play an important part in the

survival rate of patients with myocardial infarction and that

the prognosis is poorer for patients from less affluent areas.

Considering the ecological design it is however not appropri-

ate to make any causal inferences.

Further studies are needed to explore whether the

association with socioeconomic circumstances could have

been confounded by covariance with other risk factors of

importance for the long term prognosis, for example, the

severity of coronary atherosclerosis, the degree of damage to

the myocardium, the use and compliance with secondary pre-

ventive measures. Major risk factors for cardiovascular disease

were more prevalent in areas with low socioeconomic score

and low rates of survival. The important issue from a preven-

tive perspective, however, is that, between groups defined in

terms of residential area, there were marked differences in the

age adjusted and sex adjusted rate of mortality after discharge

and that these areas can be described in terms of socioeco-

nomic circumstances and prevalence of major risk factors for

cardiovascular disease. Differences in ischaemic heart disease

mortality may be related to incidence,4 short-term case fatal-

ity rate,5 and survival after hospitalisation. It is our conclusion

that in this city differences, in terms of long term survival after

discharge, significantly contribute to the pattern of ischaemic

heart disease mortality. This is an important observation in

evaluating the preventive potential. An inverse relation

Table 2 Correlation coefficients (r) for the relation
between socioeconomic circumstances in residential
areas and the age and sex adjusted relative risks of
death after discharge

r p

Migration rate (%) 0.46 0.06
Foreign citizens among foreign background (%) 0.56 <0.05
Social welfare support (%) 0.45 0.07
Employment rate (%) −0.68 <0.01
Socioeconomic score (SES) −0.56 <0.05

Figure 4 Relative risk of death after discharge in relation to the
cardiovascular risk factor score of residential areas. Regression line
with 95% confidence intervals.

Table 3 Percentage of the intra-urban variance in survival after discharge
accounted for by the socioeconomic and the cardiovascular risk factor scores

r r2 × 100 (%) p

Cardiovascular risk factor score 0.64 41 0.005
Socioeconomic score (SES) −0.56 32 0.018
Cardiovascular risk factor score + SES* 0.69 48 0.011

*Correlation between cardiovascular risk factor score and socioeconomic score: r=−0.55, r2=0.31,
p=0.021.

Figure 5 Age and sex adjusted rates of mortality from ischaemic
heart disease per 100 000 in relation to the relative risk of death
after discharge. Regression line with 95% confidence intervals.
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between age and rate of survival did, as expected, dilute the

influence of the socioeconomic score on the rate of survival in

older age groups. The higher survival rate for patients from

areas with median and high score was statistically significant

only for those who were below 65 years of age. This is consist-

ent with earlier studies showing that the relative influence of

socioeconomic27 28 as well as biological29 30 risk factors on inci-

dence and survival decreases with age.29 31 32

After discharge the patients were taken care of by primary

healthcare physicians. A number of trials have reported the

benefits of secondary preventive measures—that is, treatment

of hypertension and hyperlipidaemia, help to quit smoking,

and antithrombotic treatment. Yet it seems that far from all

patients receive appropriate care.33 Studies from Italy have

reported a lack of standardisation with regard to risk stratifi-

cation strategies after infarction.34 In studies from Sweden it

has been shown that approximately 50% of patients treated for

hypertension still have diastolic blood pressure exceeding the

national treatment goal of <90 mm Hg.35 Whether this

proportion differs between groups defined in terms of their

socioeconomic circumstances remains to be evaluated. The

ability to quit and remain free from smoking seems on the

other hand to be related to level of education and annual

income.36

Differences with regard to the severity of coronary

atherosclerosis and damage to the myocardium could explain

why the survival curves for patients from areas with high,

median, and low socioeconomic scores started to deviate

already during the first year after discharge. However, as the

curves of survival continued to deviate during the entire

follow up period it seems reasonable to assume that rates of

survival in groups defined in terms of residential area may be

attributable to some extent to differences with regard to the

use and compliance with secondary preventive measures.

Many of the sociodemographic circumstances associated

with the rate of survival have been identified as independent

risk factors for the incidence of myocardial infarction in pro-

spective cohort studies.37 38 According to migrant studies it

seems that the sociodemographic environment in itself may

influence a person’s susceptibility.39 Whether these associa-

tions are applicable to patients being discharged after myocar-

dial infarction, remains to be evaluated.

Results from both observational studies and clinical trials

suggest that giving myocardial infarction patients emotional

and social support can improve the survival rate.40–44 The true

nature of this relation is not known. According to a mailed

questionnaire survey it has been shown that, between

residential areas in the city of Malmö, there are marked

differences with regard to the availability of emotional support

and degree of social anchorage.45 46

Some methodological issues should be considered. The fol-

low up of patients with regard to residential area before and

after infarction did not indicate that the pattern of survival

could have been confounded by misclassification with regard

to residential area. Residential area remained unchanged for

more than 90% of the patients who died during the follow up

period. All patients were treated at Malmö University Hospital,

which is the only hospital for myocardial infarction and other

somatic disorders in the city. The National Board of Health and

Welfare has shown that the diagnosis of myocardial infarction

collected via the patient administrative register is correct in

90%–95% of the cases.18 Previous long term follow up studies

from the register have shown that the validity regarding vital

status is close to 100%.24 It thus seems unlikely that the results

could be explained by geographical differences with regard to

case retrieval and validation of cases and deaths.

The survival rate in our patient cohort may, compared with

survival rates reported from Minnesota,47 the SPRINT registry,48

and randomised mega trials of thrombolytic therapy 49 50 seem

lower than expected. However, because of differences in regard

to age distribution and criteria used for inclusion and exclusion

of patients, results are not readily comparable.

In this follow up of survival after myocardial infarction, 55%

of the patients were no longer alive five years later. Rate of

mortality after discharge was significantly higher for patients

from residential areas with inferior socioeconomic circum-

stances. Differences in terms of long term survival contributed

to the geographical pattern of mortality from ischaemic heart

disease in a significant fashion. In order to exploit the preven-

tive potential, the extent to which socioeconomic circum-

stances covary with severity of disease, respectively with the

use and compliance with secondary preventive measures,

needs to be evaluated.
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