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Abstract

Background: Patients living under better socioeconomic circumstances often receive more active
treatments after an acute myocardial infarction (AMI) compared to less affluent patients. However,
most previous studies were performed in countries with less comprehensive coverage for medical
services. In this Swedish nation-wide longitudinal study we wanted to evaluate long-term survival
after AMI in relation to socioeconomic position (SEP) and use of revascularization.

Methods: From the Swedish Myocardial Infarction Register we identified all 45 to 84-year-old
patients (16,041 women and 30,366 men) alive 28 days after their first AMI during the period 1993
to 1996. We obtained detailed information on the use of revascularization, cumulative household
income from the 1975 and 1990 censuses and 5-year survival after the AMI.

Results: Patients with the highest cumulative income (adding the values of the quartile categories
of income in 1975 and 1990) underwent a revascularization procedure within one month after their
first AMI two to three times as often as patients with the lowest cumulative income and had half
the risk of death within five years. The socioeconomic differences in the use of revascularization
procedures could not be explained by differences in co-morbidity or type of hospital at first
admission. Patients who underwent revascularization showed a similar lowered mortality risk in
the different income groups, while there were strong socioeconomic differences in long-term
mortality among patients who did not undergo revascularization.

Conclusion: This nationwide Swedish study showed that patients with high income had a better
long-term survival after recovery from their AMI compared to patients with low income.
Furthermore, even though the use of revascularization procedures is beneficial, low SEP groups
receive it less often than high SEP groups.
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Background

Low income has been associated with poorer survival after
AMI [1-3]. Even in Sweden, despite a well-developed
social welfare system, studies have shown socioeconomic
differences in cardiac mortality rates [4]. Several potential
explanations have been suggested, including, worse over-
all fitness [5], less compliance with drugs for secondary
prevention [6], and less application of specialized cardiac
state-of-the-art treatment among lower income groups
[7.8].

Today, a growing number of patients recover after suffer-
ing their first-ever AMI [4,9] and it is relevant to under-
stand which factors are related to increased long-term
survival and to social differences in survival. During the
last 20 years the role of risk factors (i.e., smoking, choles-
terol and hypertension) in explaining the increase in sur-
vival after an AMI has decreased [10,11]. This is more
pronounced in individuals in high socioeconomic posi-
tion (SEP) and has been suggested to be partly attributed
to greater benefits from treatment such as thrombolysis
and revascularization procedures in this group [10,11].
The disability associated with heart failure after an AMI is
largely a consequence of infarct size, and lack of timely
treatment is a major determinant of increased infarct size
[12]. Procedures such as invasive cardiac revasculariza-
tion, including percutaneous transluminal coronary angi-
oplasty (PTCA) and coronary artery bypass graft surgery
(CABG), have been shown to increase survival [13-15]
and there is some epidemiological evidence indicating
that socioeconomic differences in survival after AMI is
affected by differences in access and quality of hospital
care [16].

In Sweden, all symptomatic AMI events are treated in pub-
lic hospitals, where anybody can obtain treatment for a
nominal fee (about 10 Euros per 24-hour period at the
hospital covering medications, examinations and treat-
ments during in-hospital care). After discharge the patient
has to pay the first 185 Euros of the costs for medications
for one year, where the government covers the costs
exceeding this amount. In the present study, we examined
data on all patients hospitalized with AMI in Sweden aged
45-84 years during the period 1993 to 1996. First, these
data were used to determine whether socioeconomic posi-
tion (as indicated by household income level) affected
access to invasive cardiac procedures. Second, we exam-
ined the associations between cumulative income and
mortality over five years after recovery from AMI. Even
though it is known that patients living under poorer soci-
oeconomic circumstances have reduced survival, the effect
of socioeconomic conditions long before the AMI episode
on survival is less known. Third, we examined the degree
to which the use of revascularization affected socioeco-
nomic differences in five-year mortality. Earlier studies
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from the United States, Great Britain, Canada and Finland
have shown territorial inequalities according to which
high income groups access more easily to large well-
equipped, university hospitals [5,7,8,16-21]. However,
few studies have specifically tried to investigate whether
socioeconomic differences in the use of revascularization
procedures explain or modulate differences in long-term
mortality after an AMI [5,7,16]. Most of previous studies
used aggregated data on SEP and none was nationwide.
Furthermore, differences in the quality of hospital care
might be related to the health insurance system of a coun-
try and might therefore not exist in countries with a uni-
versal health insurance system with comprehensive
coverage for most medical and hospital services such as
Sweden. All analyses were stratified by sex, since earlier
Swedish studies have shown sex differences in incidence
of AM], case-fatality after an AMI and in the use of revas-
cularization procedures, respectively [4,22].

Methods

Study population and information sources

During the period 1993 to 1996 a total of 60,680 patients
aged 45 to 84 suffering their first AMI were admitted to
acute care Swedish hospitals. Myocardial infarction was
defined according to the International Classification of
Diseases (ICD) 9th edition code 410. None of the patients
were previously hospitalized for myocardial infarction
(code 410), other acute and sub-acute forms of ischemic
heart disease (code 411), or old myocardial infarction
(code 412) - at least since 1987, from which time com-
plete records of hospital diagnoses are available in Swe-
den. From this population we selected, 55,770 out of the
60,680 (92%) of the patients with complete information
on income in 1990. Since the aim of our analysis was to
investigate long-term survival in patients after the acute
period following their first AMI, we further excluded 17%
(9,363/55,770) of the patients dying within the first 28
days after hospital admission. Thus, the analyses were per-
formed on 46,407 patients (16,041 women and 30,366
men).

For every patient we obtained information on discharge
diagnoses from the National Myocardial Infarction Regis-
ter [23] and on causes of death from the National Mortal-
ity Register at the Centre for Epidemiology (Swedish
national Board of Health and Welfare) [24]. Coronary
revascularization procedures (CABG or PTCA) were iden-
tified with use of procedure codes in the National Inpa-
tient Register. Rates of revascularization procedures were
examined for up to one month after the AMI, in order to
allow for appropriate stratification of risk after the AMI
and for waiting times. Coronary revascularization was
defined as discharge with any operation code of '3066',
'3067','3105', '3127', '3158', '3080", '3092' 'FENA', 'FNB’,
'FNC', 'FND', 'FNE', 'FNF' or 'FNG'. Statistics Sweden [25]
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provided information on household income for the years
1975 and 1990, according to the Swedish censuses. The
information on income in the Swedish censuses was reg-
ister-based and collected from the Swedish register of
individual income and wealth at Statistics Sweden. In
order to preserve the anonymity of the subjects, the origi-
nal personal identification number was encrypted before
the database was provided to us by the relevant govern-
ment authorities. This project was approved by the Data
Safety Committees at Statistics Swedish Centre for Epide-
miology, and by the Regional Ethical Review Board in
Lund.

Assessment of variables

Income variables

We used the information obtained from the 1975 and
1990 Swedish censuses on pre-tax household income dur-
ing one year as an indicator of SEP. We calculated the
equivalent household income by dividing household
income by the number of people in the household, giving
half the weight to children aged 17 and younger. Equiva-
lent household income was classified into four groups by
quartiles of household income: low (1), (for the 1975
census, i.e., 0 to 26 500 Swedish crowns or 0 to 4100 US
dollars and for the 1990 census, i.e., 0 to 129 300 Swedish
crowns or 0 to 19 900 US dollars); medium to low (2),
(for the 1975 census, i.e., 26 500 to 43 200 Swedish
crowns or 4100 to 6650 US dollars and for the 1990 cen-
sus, i.e., 129 300 to 191 100 Swedish crowns or 19 900 to
29 400 US dollars); medium to high (3), (for the 1975
census, i.e., 43 200 to 58 000 Swedish crowns or 6650 to
8900 US dollars and for the 1990 census, i.e.,, 191 100 to
282 600 Swedish crowns or 29 400 to 43 500 US dollars);
and high (4), (for the 1975 census, i.e., more than 58 000
Swedish crowns or 8900 US dollars and for the 1990 cen-
sus, i.e., more than 282 600 Swedish crowns or 43 500 US
dollars). By adding the values of the quartile categories of
income in 1975 and 1990 for each patient, we created a
cumulative income variable. This variable had a mini-
mum value of two if the patient belonged to the low
income group in both 1975 and 1990 (i.e., value=1 + 1),
and the maximum value of eight if the patient belonged
to the high income group.

Previous hospitalisations

Previous hospitalisations were categorised in different
diagnosis groups (ICD-9 codes within brackets) as cancer
(140-239), diabetes (250), hypertension (401-405),
angina pectoris and other forms of ischemic heart disease
(413-414), cerebrovascular disease (430-438), and dis-
eases of the respiratory system (460-519).

Type of hospital
Previous studies have demonstrated that admitting hospi-
tal characteristics are important determinants of the qual-
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ity of care received [7,16]. Type of hospital at first hospital
admission was therefore categorised into 'University hos-
pital' and 'No university hospital'.

Statistical methods

All patients were followed for a five-year period from 28
days after admission to the hospital between 1993 and
1996, until the follow-up ended five years later, in the
period from 1998 to 2001 (or until the date of death, if it
occurred before the five-year period ended).

Associations between cumulative income on one hand
and previous hospitalisations, type of hospital at first hos-
pital admission, hospital volume, and the use of revascu-
larization procedures on the other hand, were investigated
through age-adjusted logistic regression models stratified
by sex.

We expressed the association between income groups and
mortality by crude absolute risks (i.e., incidence density
rates of deaths per 1000 person years), and by adjusted
hazard ratios (95% CI) obtained from Cox Regression
analysis [26]. We used robust standard error estimates in
order to account for a possible hierarchical structure of the
data [27]. However, since the hospital clustering was close
to zero, this technique produced results similar to those
obtained by conventional analytic methods [28]. In
Model A we investigated the independent effect of income
in 1975 and 1990 on five-year mortality risk by including
both income variables in the same model. In Model B, we
studied the effect of cumulative income. We also repeated
the analysis by adjusting for previous hospitalisations.
Parameters were estimated using SPSS version 11.5,
STATA version 8, and MLwiN version 2.00 software pack-
ages [29].

Analyses of the associations between cumulative income
and 5-year mortality after AMI were conducted separately
among those who received and those who did not receive
a revascularization in their first month after AMI. These
analyses were adjusted for age, sex and previous hospital-
isations and were performed separately for all ages, i.e.,
45-84 years, those aged 45-64 years (65 years is the offi-
cial retirement age in Sweden) and those aged 65 years or
more.

Results

Study population

Table 1 shows that of the 46,407 first-time AMI patients
who survived the first 28 days after admission to the hos-
pital, 28% (8,577/30,366) of the men and 32% (5,194/
16,041) of the women died during the ensuing five years.
In total, 1014 (3.3%) men and 357 (2.2%) women
received a coronary revascularization within one month
after their first AMI. Table 2 and 3 shows age-adjusted pre-
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Table I: Characteristics of a patient population aged 45 to 84 years admitted to the Swedish hospitals from 1993 to 1996 for first-time
acute myocardial infarction (AMI), who survived the first 28 days after admission.

Men Women

Number of patients 30,366 16,041
Number of deaths during 5-year follow-up after surviving 28 days 8,577 5,194
Number of person years 124,888 64,149
Deaths per 1,000 person years (95% confidence interval) 69 (67-70) 81 (79-83)
Age in years (median, Ist to 3rd quartiles) 69 (61-76) 74 (67-79)
Revascularization within | month after the AMI (n; %) 1,014 (3.3) 357 (2.2)
Percentage of patients with previous hospitalizations (ICD codes):

Cancer (140-239) 7 9

Diabetes (250) 6 10

Hypertension (401-405) 7 10

Angina pectoris and other ischemic heart disease (413—414) 15 17

Cerebrovascular disease (430—438) 7 8

Diseases of the respiratory system (460-519) 9 10

vious hospitalizations, characteristics of hospital at first
hospital admission and use of revascularization according
to cumulative income in men and women, respectively.
Low income groups generally had more previous hospital-
izations, were less often admitted to a university hospital,
and less often received revascularization than high
income groups.

Revascularization

Table 4 shows that those who had had coronary revascu-
larization after their AMI were younger, more often male,
more often had angina pectoris and hypertension and less
often stroke, than those who had had no coronary revas-
cularization.

Table 2: Age-adjusted baseline characteristics of male patients aged 45 to 84 years that were hospitalized for first-time acute
myocardial infarction in Swedish acute care facilities from 1993 to 1996 and who survived the first 28 days after admission (n = 30,366)

according to cumulative income in the years 1975 and 1990.

Cumulative income™*

2(n=1472) 3(n=2489) 4(n=3928) 5(n=5750) 6(n=6135 7 (n=5914) 8(n=4678) p fortrend

Percentage of patients
with previous
hospitalizations (ICD

codes):
Cancer (140-239) 6.7 7.6 8.9
Diseases of the 10.7 10.2 10.0
respiratory system
(460-519)
Diabetes (250) 9.2 9.1 8.0
Hypertension (401- 6.4 7.1 74
405)
Angina pectoris/other 17.3 16.7 16.1
ischemic heart disease
(413-414)
Cerebrovascular 8.1 7.6 8.0
disease (430—438)
University hospital, (%) .1 1.5 1.9
Hospital volume
0 - 500 15.8 13.4 12.3
500 — 1500 329 343 35.1
1500 — 2500 46.4 47.5 48.2
> 2500 6.3 5.7 6.0
Revascularizationt (%) 1.3 1.8 23

9.5 87 82 73 0.25

9.5 8.7 7.6 74 <0.001
6.5 5.9 5.0 44 <0.001
7.0 6.8 6.7 6.7 0.38

16.2 155 13.8 14.0 <0.001
74 7.2 6.6 6.4 0.001

12.4 13.8 16.9 20.1 <0.001
12.1 1.4 1.3 8.7 <0.001
343 328 31.8 28.7 <0.001
48.2 49.1 48.5 529 <0.001
6.5 79 9.9 1.4 <0.001
28 29 29 34 <0.001

* By adding the values of the quartile categories of income in 1975 and 1990 for each patient, we created a cumulative income variable ranging from

2-8.

1 Coronary revascularization was defined as discharge with any operation code '3066', '3067','3105', '3127', '3158','3080', '3092' 'FNA', 'FNB', 'FNC"',
'FND’, 'FNE', 'FNF' or 'FNG' within one month after the first acute myocardial infarction.
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Table 3: Age-adjusted baseline characteristics of female patients aged 45 to 84 years that were hospitalized for first-time acute
myocardial infarction in Swedish acute care facilities from 1993 to 1996 and who survived the first 28 days after admission (n = 16,041)

according to cumulative income in the years 1975 and 1990.

Cumulative income*

2(n=4346) 3(n=3,690) 4(n=2770) 5(n=2539) 6(n=1364) 7(n=867) 8(n=465) bp fortrend

Percentage of patients with
previous hospitalizations (ICD

codes):
Cancer (140-239) 8.0 8.8 8.1
Diseases of the respiratory 10.0 9.5 9.1
system (460-519)
Diabetes (250) 12.3 10.1 9.8
Hypertension (401-405) 10.4 9.5 9.8
Angina pectoris/other 15.3 15.2 14.9
ischemic heart disease
(413-414)
Cerebrovascular disease 6.9 6.1 6.9
(430-438)
University hospital, (%) 10.4 12.0 14.8
Hospital volume
0 - 500 14.4 12.4 1.4
500 - 1500 34.1 315 314
1500 — 2500 47.0 47.5 47.6
> 2500 5.3 74 8.7
Revascularizationt (%) 1.2 2.1 23

8.2 7.8 8.8 8.4 0.96
8.5 7.8 8.7 6.1 0.001
8.1 7.9 6.8 5.7 <0.001
79 8.0 8.6 7.2 0.001
14.8 12.2 13.8 9.0 <0.001
7.1 6.8 43 5.7 0.12
15.4 20.4 235 31.2 <0.001
12.0 9.5 9.7 6.2 <0.001
29.5 28.3 273 29.5 <0.001
48.2 47.9 48.5 51.7 0.064
9.2 12.8 154 13.1 <0.001
2.7 2.7 3.1 2.1 <0.001

* By adding the values of the quartile categories of income in 1975 and 1990 for each patient, we created a cumulative income variable ranging from

2-8.

1 Coronary revascularization was defined as discharge with any operation code '3066', '3067','3105', '3127', '3158', '3080', '3092' 'FNA', 'FNB', 'FNC',
'FND', 'FNE', 'FNF' or 'FNG' within one month after the first acute myocardial infarction.

Previous studies have demonstrated that admitting hospi-
tal characteristics are important determinants of the qual-
ity of care received [7,16]. Analyses of the associations
between cumulative income and use of revascularization
procedures, were therefore stratified by type of hospital.
These analyses were adjusted for age, sex and previous
hospitalisations (i.e., stroke, angina pectoris, respiratory

Table 4: Age- and sex-adjusted means and prevalences of
sociodemographic variables and previous hospitalizations by the
use of revascularization among patients admitted to Swedish
hospitals for first-time acute myocardial infarction from 1993 to
1996, who survived the first 28 days after admission.

Revascularization  No Revascularization

(n=1371) (n = 45,036)
Age, years 63.8% 69.5
Male (%) 68.3* 64.8
Cancer (%) 6.4 6.8
Angina (%) 23.6* 14.7
Hypertension (%) 9.3* 7.6
Diabetes (%) 6.7 74
Stroke (%) 5.2% 6.9
Respiratory disease (%) 74 9.0

* P-values are given for the difference in sociodemographic variables
and previous hospitalizations between those with and those without a
coronary revascularization; *p < 0.05.

disease, diabetes, hypertension and cancer). As seen in fig-
ure 1, the results showed a positive association between
cumulative income and the use of revascularization both
among those admitted to a university hospital and among
those admitted to another type of hospital, with the larg-
est relative differences among those admitted to a univer-
sity hospital.

Cumulative income and mortality

The crude association between income and mortality
showed that the lower the income the higher the absolute
risk of death (data not shown). The age-adjusted associa-
tion between income and mortality is presented in table
5. Model A in table 5 show that in men mortality
increased in a dose-response relation with decreasing
income in both 1975 and in 1990, although the associa-
tion was stronger for recent income. In women, however,
mortality only increased significantly in relation to
decreasing income in 1990. Model B in table 5 indicate
that cumulative income was a good predictor of mortality
in both men and women. We also repeated the analyses
adjusting for previous hospitalisations, however, after this
adjustment there was still an association between cumula-
tive income and five year mortality among both men (p
for trend < 0.001) and women (p for trend < 0.001). Sim-
ilar results were seen when restricting the analyses to those
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Figure |

Adjusted odds ratios (OR) of the use of revascularization procedures in all 30,366 men and 16,041 women aged
45 to 84 years that were hospitalized for their first acute myocardial infarction in Swedish acute care facilities
from 1993 to 1996 and who survived the first 28 days after admission, by hospital at admission and cumulative
income in 1975 and 1990. Adjustments were made for age, sex and previous hospitalizations. Income was obtained by sum-
ming the values of the quartile categories of income in 1975 and in 1990. This variable has the minimum value of two if the

patient belonged to the low income group (1) in both 1975 and 1990 (i.e., value = | + 1), and the maximum value of eight if the
patient belonged to the high income group (i.e., value = 4 + 4). The lower borders of the 95% confidence intervals are marked.

aged 45-64 years and those aged 65 years or more, respec-
tively.

Adjusting socioeconomic differences for the use of revas-
cularization procedures only marginally reduced the age-
adjusted HRRs of death within five years for the lowest
cumulative income group compared to the highest, with
in average 1% in men and women (data not shown). We
also analyzed socioeconomic differences in survival
through stratified analyses by use of revascularization pro-
cedures. This might be more appropriate since, in this
population, only between 2-3% of those who recovered
from their first AMI had a revascularization. We therefore
divided the population into four groups, i.e., by cumula-
tive income (divided into low and high at the median)
and by the use of revascularization procedures. As seen in
table 6, those with low cumulative income who had no
revascularization showed an increased HRR of 5-year
mortality, 1.35 (95% CI: 1.29, 1.40), compared to those
with high cumulative income with no revascularization
(reference group), after adjustment for age and sex. For
those with high cumulative income who had a revascular-
ization the HRR was 0.60 (95% CI: 0.48, 0.75). Having a
low cumulative income and having had a revasculariza-

tion was associated with an HRR of 0.69 (95% CI: 0.56,
0.86). Among those with revascularization there were no
statistically significant mortality differences between
those with high and low cumulative income. Adjustment
for previous hospitalisations only marginally affected the
results. Similar patterns of associations were seen among
those aged 45-64 years and 65 years or more.

Discussion

There is some epidemiological evidence indicating that
socioeconomic differences in survival after an AMI is
affected by differences in access and quality of hospital
care [16]. This mechanism should be less relevant in Swe-
den, with equalitarian access to health care resources.
Nevertheless, socioeconomic differences are still observa-
ble. In this national study, we found effects of SEP meas-
ured as household income on the rate of invasive cardiac
procedures, as well as on mortality five years after recovery
from the first AMI.

Also studies from other countries have shown that low
SEP groups receive less active treatments after an AMI than
high SEP groups [5,7,8,16-21], even though there are
some negative studies [1,30]. It is not likely that the soci-
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Table 5: Age-adjusted hazard rate ratios (HRR) and 95 percent confidence intervals (95% CI) of mortality within five years after 28-
days survival from first acute myocardial infarction in relation to income in 1975 and in 1990 as well as cumulative income 1975 and
1990 in 30,366 men and 16,041 women aged 45 to 84 years that were hospitalized in Swedish acute care facilities from 1993 to 1996.

Model A

Independent income effects
Income in 1990
(4) high
(3) medium to high
(2) medium to low
(1) low

Income in 1975
(4) high
(3) medium to high
(2) medium to low
(1) low

Model B

Cumulative income 1975 and 1990*
Sum 8
Sum 7
Sum 6
Sum 5
Sum 4
Sum 3
Sum 2

Men
HRR (95% Cl)t

Women
HRR (95% Cl)t

1.004 1.00%
123 (1.14, 1.32) 1.21 (1.06, 1.38)
1.43 (1.33, 1.54) 1.24 (1.09, 1.41)
1.63 (1.51, 1.77) .44 (1.27, 1.63)
1.004 1.004
1.02 (0.96, 1.08) 0.95 (0.83, 1.08)
1110 (1.03, 1.17) 1.01 (0.91, 1.13)
122 (1.13, 1.33) 1.07 (0.97, 1.18)
1.004 1.004
118 (1.08, 1.29) 1.97 (1.45, 2.68)
128 (1.17, 1.40) 1.66 (1.23,2.23)
1.49 (1.37, 1.63) 1.81 (1.36, 2.41)
159 (1.46, 1.75) 1.86 (1.40, 2.47)
1.75 (1.59, 1.93) 2.00 (1.51, 2.65)
1.99 (1.79, 2.21) 2.24 (1.69, 2.97)

* Cumulative income is obtained by summing the values of the quartile categories of income in 1975 and in 1990. This variable has the minimum
value of two if the patient belonged to the low income group (1) in both 1975 and 1990 (i.e., value = | + |), and the maximum value of eight if the

patient belonged to the high income group (i.e., value = 4 + 4).
T HRR, hazard rate ratio; Cl, Confidence interval
I Reference category

oeconomic differences seen in our study are explained by
less severe disease among patients in low SEP groups,
since one would rather expect these patients to have more
severe coronary artery disease due to a higher prevalence

of cardiovascular risk factors [4]. On the other hand, it
might be that low income groups show a too deteriorated
clinical picture to be able to undergo revascularisation.
However, studies have shown that AMI patients admitted

Table 6: Age- and sex-adjusted hazard rate ratios (HRR) with 95% confidence intervals for mortality within five years after 28-days
survival from first acute myocardial infarction (AMI) by cumulative income and the use of revascularization procedures within the first
month after the AMl in all 30,366 men and 16,041 women aged 45 to 84 years hospitalized in Swedish acute care facilities from 1993 to

1996.
No revascularization§ Revascularization§
High incomet} HRR (95% Cl)* Low income} HRR (95% CI) High incomet HRR (95% Cl) Low incomet HRR (95% ClI)
All ages
Age and sex adjusted (cases n = 3,886) 1.001] (cases n =9,722) 1.35 (1.29, 1.40)Y (cases n = 78) 0.60 (0.48, 0.75) (cases n = 85) 0.69 (0.56, 0.86)
45-64 years

Age and sex adjusted
65 years or more
Age and sex adjusted

(cases n = 638) 1.00%

(cases n = 3,248) 1.001]

(cases n = 639) 1.75 (1.55, 1.96)]

(cases n = 9,083) 129 (1.23, 1.34)f]

(cases n = 25) 0.73 (0.50, 1.10) (cases n = 23) 1.39 (0.90, 2.10)

(cases n = 53) 0.57 (0.43, 0.74) (cases n = 62) 0.58 (0.45, 0.75)

* HRR, Hazard rate ratio; Cl, confidence interval.
T Reference category

I By adding the values of the quartile categories of income in 1975 and 1990 for each patient, we created a cumulative income variable ranging from
2-8. This measure was divided into high and low income at the median, i.e., the value of 5.

§Coronary revascularization was defined as discharge with any operation code of '3066', '3067','3105', '3127','3158', '3080', '3092',/FNA', 'FNB',
'FNC', 'FEND", 'FNE', 'FNF' or 'FNG' within one month after the first myocardial infarction.

{[Statistcically significant (p < 0.05) compared to those with high income who had revascularization.
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to invasive-procedure hospitals have a more adverse risk
profile than patients admitted to noninvasive-procedure
hospitals [31] and even after adjustment for previous hos-
pitalizations, there was still an association between cumu-
lative income and the use of revascularization procedures.
One explanation might be that higher income groups
more often live near university hospitals with more
advanced treatment methods than local hospitals, and
might therefore more easily receive timely effective treat-
ment. But, in our study, the socioeconomic differences in
the use of revascularization procedures was greater among
those admitted to a university hospital than among those
admitted to another type of hospital. Another plausible
explanation might be that low income groups arrive too
late at hospital to undergo a revascularisation. A recent
review article by Moser et al. on different treatment-seek-
ing delay phases for the acute coronary syndrome, showed
that low SEP is associated with increased delays in seeking
treatment [12].

Differences in the use of revascularization procedures
could, however, not explain the socioeconomic differ-
ences in 5-year mortality. These results are in line with the
findings from other studies. In a prospective study on
2,142 AMI patients from 18 hospitals in the United States,
the relationship between household income and one-year
mortality was only slightly attenuated after adjustment for
quality of care including reperfusion [5]. In a Canadian
study including all 51,591 patients with AMI admitted to
hospitals in Ontario during 1994 to 1997, differences in
access to coronary revascularization did not account for
income-related (measured as neighborhood median
household income) differences in 1-year mortality [7]. In
a retrospective Canadian study, of 5,622 patients attend-
ing the hospital emergency department with an AMI
between 1998 and 2002 in the Province of Alberta, those
with low SEP (i.e., low neighbourhood household
income) had an increased 1-year mortality, even after
adjustment for baseline characteristics and 1-year revascu-
larization [16].

The rate of invasive cardiac procedures was rather low in
Sweden during the mid-1990s [32]. For example, in 1995
only between 3-5% of the AMI patients in the ages 65-74
years had a primary PCI after an AMI with an increased ST-
segment or a left bundle blockage. Since then there has
been a sharp increase in the use of primary PCI and the
corresponding figures in 2006 were between 55-57%.
Since, in our study (excluding patients dying within the
first 28 days after hospital admission) on average only
3.3% of the men and 2.2% of the women having a first
AMI had a revascularization within one month, we also
performed stratified analyses by the use of revasculariza-
tion procedures. Among those who had had no revascu-
larization, low income groups had a higher mortality than

http://www.biomedcentral.com/1471-2458/8/44

high income groups. However, those who underwent
revascularization generally had a lower mortality rate with
no socioeconomic mortality differences. Similar results
were seen in the retrospective study from Canada, where
the impact of SEP on mortality was largely confined to
non-revascularized patients [16] and in a Scottish study
on 1,346 consecutive patients undergoing their first
PTCA, 1-year mortality were similar for patients in differ-
ent SEP groups [33]. This could be due to an effectiveness
of revascularization irrespective of SEP. It could also be
due to physicians selecting a homogeneous population of
patients in terms of clinical characteristics, who are clini-
cally appropriate for revascularisation. Furthermore, it
could be that those having a revascularization are more
likely to be followed up by a cardiologist than a general
practitioner and more likely to receive specific secondary
prevention advice and a prescription for aspirin, 3-block-
ers, angiotensin-converting enzyme inhibitors, or statins
following discharge [31]. This could be of a higher benefit
to lower income groups with worse risk factor profiles.

Although more affluent areas tend to have a greater con-
centration of specialized services, inequitable distribution
of hospital resources did not account for the effects of SEP
on mortality after an AMI. These results are in line with
results from other studies [34,35]. In Sweden there are
observable differences among hospitals in the proportion
of patients treated with intravenous beta-blockers, intra-
venous nitroglycerin, intravenous or subcutaneous anti-
coagulants, and lipid-lowering medication, and even
larger discrepancies in echocardiography and revasculari-
zation within 14 days [36,37]. These hospital disparities
seem associated with hospital differences in patient sur-
vival in some studies [36], but not in others [37]. In order
to quantify hospital variance in five-year mortality, we
applied multilevel logistic regression [27,38]. This vari-
ance appeared to be close to zero, which suggests that hos-
pital practice variation has minimal relevance for
understanding long-term mortality differences among AMI
patients who survive four weeks after admission. How-
ever, other contexts like the small local areas where the
individual live might condition survival over and above
individual characteristics [39], through mechanisms
related to for example practical support.

Regarding other causal pathways between SEP and sur-
vival after AMI, low income is an early determinant of
major cardiovascular risk factors [40-42] as well as the
development of other diseases such as diabetes, respira-
tory diseases, and other cardiovascular diseases, which in
turn affect survival after an AMI. Since, mentioned above,
the rate of invasive procedures was rather low in the mid-
1990s, these factors have probably contributed in a higher
degree to the higher mortality rates in low income groups.
We repeated the analyses with adjustments for previous
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hospitalization concerning a large number of relevant
diagnoses, and differences in co-morbidity measured in
this way could not explain the results. However, there
might still be differences in non-hospitalized co-morbid-
ity. It could also be that individuals in lower SEP have
larger infarctions and therefore a worse prognosis [43,44].
However, there are also negative studies [8]. Low income
is also related to greater distances to hospitals, potentially
leading to longer time delays before diagnosis and treat-
ment. All these factors might, rather than being confound-
ers, be along the pathway between low income and
mortality.

Strengths and limitations of the study

There are several strengths of our study. Firstly, our data
covers the total general population in Sweden, which
minimized the risk for selection bias. Therefore, the com-
mon problem of many previous studies based on a
selected sample of healthy people with the potential
attenuation of the associations, is not present in our
study. The study population in our study was restricted to
patients without any hospitalization for AMI for at least
seven years prior to hospital admission and those patients
with a coexisting diagnosis of old AMI were excluded.
These restrictions increase the homogeneity of the popu-
lation regarding underlying cardiovascular disease sever-
ity. Secondly, Sweden has a long tradition of
administering health care registers, and their quality is
regularly audited. Moreover, the existence of a centralised
national registry limits the risk of differential information
bias that might affect findings if locally-based (e.g.,
county) registers were used [45]. The validity of cases of
AMI recorded by the Swedish Myocardial Infarction Reg-
ister has been investigated and judged to be acceptable for
epidemiological analysis [46]. The Myocardial Infarction
Register has very wide coverage, comprising all persons
with AMI included in the study period reported either to
the Cause of Death Register (which covers all Swedish res-
idents, whether or not their death occurred in Sweden), or
to the Hospital Discharge Register (which includes all
patients discharged from hospitals in Sweden). The mor-
tality register encompass 97% of all deaths in Sweden,
while census participation rates range between 97% and
99%. Therefore, an advantage of our analysis was the pos-
sibility of investigating all patients in Sweden using valid
information on AMI diagnoses and detailed census data
on income over a long period of time. Consequently, our
analysis provides unique evidence on how socioeconomic
characteristics during the last two decades shape survival
after recovery for first-time AMI patients for many years to
come.

However, there were limitations to our study. Firstly, we
had no information on health-damaging behaviour,
healthcare utilisation or social support, preventing us

http://www.biomedcentral.com/1471-2458/8/44

from investigating the mediating mechanisms of the
income-mortality association and also potential con-
founders for the income-revascularization association.
Secondly, admitting hospital characteristics were stratified
into university hospital status or not. However, a more
detailed categorization based on the revascularization
capability of all hospitals would have been preferable.
Third, we had no information on the income at the time
when the AMI occured. However, changes in income level
during the period 1990 to 1993-1996 would probably
result in a non-differential misclassification leading to a
reduction in the associations studied. Furthermore, the
longitudinal design allowed us to use multiple predictors
of income over the life course, which would be expected
to be associated with less measurement error than using
single measures. Fourth, since the study sample was
designed to allow us to investigate long-term survival in
patients who have passed through the critical four weeks
after an AMI, we excluded those who died within 4 weeks
after their AMI. Excluding these patients, could, however,
lead to a weakening of an association between SEP and
survival since earlier studies have shown an inverse rela-
tionship between SEP and short-term survival after an
AMI [47].

Future directions

In this nationwide study, we found that patients with high
income had a better long-term survival after recovery from
their AMI compared to patients with low income. Even
though the mechanisms behind the association need to
be further established, nurses and physicians should rec-
ognize low SEP as an indicator of worse prognosis after an
AMI. Furthermore, although Sweden is a country with
equalitarian access to health care resources, our study sug-
gests that there are differences in the quality of hospital
care measured as the rate of revascularization after a first
AMI. The sources of such differential selection processes
by SEP remain unclear, but their existence will probably
influence the present debate about the future organization
of the Swedish health care system.

Conclusion

Despite Sweden's well-developed social welfare system,
those with higher cumulative income during the decades
before an AMI event underwent invasive procedures after
the first AMI more than twice as often as lower-income
groups. Patients who underwent revascularization
showed a similar lowered mortality risk in different
income groups, while there were strong socioeconomic
differences in the long-term mortality among patients
who did not undergo revascularization. Thus, even
though the use of revascularization procedures is effective
and seem to be equity enhancing, low SEP groups receive
it less often than high SEP groups. The sources of such dif-
ferential selection processes by SEP remain unclear, but
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their existence is one of many challenges to the equity
goals of the Swedish welfare state.
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