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Abstract
Background: Previous research has provided evidence that socioeconomic status has an impact
on invasive treatments use after acute myocardial infarction. In this paper, we compare the
socioeconomic inequality in the use of high-technology diagnosis and treatment after acute
myocardial infarction between the US, Quebec and Belgium paying special attention to financial
incentives and regulations as explanatory factors.
Methods: We examined hospital-discharge abstracts for all patients older than 65 who were
admitted to hospitals during the 1993–1998 period in the US, Quebec and Belgium with a primary
diagnosis of acute myocardial infarction. Patients' income data were imputed from the median
incomes of their residential area. For each country, we compared the risk-adjusted probability of
undergoing each procedure between socioeconomic categories measured by the patient's area
median income.
Results: Our findings indicate that income-related inequality exists in the use of high-technology
treatment and diagnosis techniques that is not justified by differences in patients' health
characteristics. Those inequalities are largely explained, in the US and Quebec, by inequalities in
distances to hospitals with on-site cardiac facilities. However, in both Belgium and the US,
inequalities persist among patients admitted to hospitals with on-site cardiac facilities, rejecting the
hospital location effect as the single explanation for inequalities. Meanwhile, inequality levels diverge
across countries (higher in the US and in Belgium, extremely low in Quebec).
Conclusion: The findings support the hypothesis that income-related inequality in treatment for
AMI exists and is likely to be affected by a country's system of health care.
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Background
Previous research has provided evidence that socioeconomic status (SES) has an impact on invasive treatments
use for acute myocardial infarction [1-7]. The causes for
such inequalities remain difficult to discern. Some have
argued that underprivileged patients could be more reluctant to undergo invasive procedures [6]; other evidence
suggests that physicians perceive higher severity and
greater post-intervention risk for low-income patients [4];
some explain disparities as the result of unfounded physicians' prejudices against specific groups such as women
and black patients [8]; finally, over-provision to the better-off has also been mentioned, as a significant proportion of referrals from general practitioners to specialists
are made upon patients' requests [9,10].
Focus has essentially been directed at physicians' and
patients' beliefs and attitudes. Nevertheless, physicians
and patients act in the framework of health care systems,
whose influence on physicians' and patients' behaviors,
through regulations and incentives, has been well documented in the area of cardio-vascular treatments.
Recently, research has emphasized the importance of
health care systems on the adoption and diffusion of
high-technology treatments for cardio-vascular disease
[11,12]. A recent contribution suggests that universal coverage explains most of the very low inequality in access to
invasive procedures in Canada [13].
The health care organization is likely to influence not only
how care is provided, but also to whom it is provided. In
this study, we compare health inequality in the use of
diagnosis (cardiac catheterization, CATH) and treatment
(coronary artery bypass graft, CABG, and percutaneous
coronary intervention, PCI) for acute myocardial infarction (AMI) between three very different health care financing systems: the US (Medicare), Quebec and Belgium.
This cross-country comparison aims to elucidate how
health care systems may also be a determinant of inequalities in treatment.

http://www.biomedcentral.com/1472-6963/9/130

Our sample is restricted to all patients 65 and older hospitalized from 1993–1998. US data includes all Medicare
AMI patients (1,614,922 discharges), data from Quebec
and Belgium includes all AMI patients aged 65 and older
(37,190 in Quebec, 49,445 in Belgium).
Modeling diagnosis and treatment for AMI
We assume that the hospital's clinical team, when deciding treatment for AMI, is confronted with four independent alternatives. The first option is to perform neither a
CATH nor any invasive treatment. The second option is
for a physician to perform a CATH, but not to follow it
with any invasive procedure. The third option is to perform a PCI following the CATH. The final alternative is to
perform a CABG after performing either a PCI or a CATH
or both.

We construct a treatment variable as a categorical dependent variable whose categories are these four alternatives.
We model the probability that the patient will fall into
any of those categories, using a multinomial logit model.
Coefficients from multinomial logit models are difficult
to interpret and potentially misleading; to overcome this
difficulty, we compute the adjusted probabilities associated with each outcome holding constant all other characteristics. SAS (version 8.2) statistical package was used.
Explanatory variables
Table 1 displays the explanatory variables included in the
regressions, with their definitions. These variables are
commonly used when modeling treatment choice for AMI
[14]. Year dummies are included to control for technological diffusion, which may be correlated with income distribution.

Sample
Our sample includes all patients admitted to a hospital
with a diagnosis of acute myocardial infarction (AMI,
code 410 of the International Classification of Diseases,
9threvision, Clinical Modification: ICD-9-CM).

We use the distance to the closest hospital with on-site
cardiac facilities as the explanatory variable, given its
known influence on the use of cardiac services [15]. We
use straight-line distances between the patient's area geographical center and the nearest equipped hospital's area
geographical center. The use of a straight-line instead of
aerial distances is quite common in the literature, as studies generally assume that both measures are correlated
[15,16]. Using the distance to the closest equipped hospital instead of the distance to the actual hospital used for
care avoids a confounding effect; indeed, the hospital
choice often determines the treatment received [17].

We follow the exclusion criteria used in other studies
[5,11,14]. We exclude patients discharged alive after a stay
of less than three days, those transferred from another
acute care facility to avoid double counting and those hospitalized with an AMI in the year before the index admission and patients older than 99 in order to limit variations
in severity.

We use the median income of the patient's residential area
in order to determine the socioeconomic status, as a typical approach [2,5]. Median incomes are not comparable
across countries because of different purchasing power
and definition. US area-based information is issued from
the 1990 census. The median income is based on the taxable household income, including many sources of reve-
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Table 1: Explanatory variables used in the multivariate analysis

VARIABLE

DEFINITION

Patient-related clinical indicators
FEMALE
AGEGRP0-AGEGRP5
YR93-YR98
DIST_CATH
DIST_CARD
COCHF
CARD
PULED
SHOCK
CRF
ARF
DIABET
MAL
CERVAS

Dummy variable taking the value '1' for female patients
One dummy variable for each age group
(where AGEGRP0 includes patients aged 65–69 and AGEGRP5 patients older than 90)
One dummy variable for each year
Distance from the patient's area geographical center to the area geographical center of the nearest hospital
offering cardiac CATH.
Distance from the patient's area geographical center to the area geographical center of the nearest hospital
offering CABG or PCI.
Congestive heart failure
Cardiac dysrhythmias
Pulmonary edema
Shock
Chronic renal failure
Acute renal failure
Diabetes
Malignancy
Cerebrovascular disease

Area-based socioeconomic indicators
INC
INC_Q1
INC_Q2
INC_Q3
INC_Q4
INC_Q5

Median family income in ZIP code area of residence.
The patient's area belongs to the lowest median income quintile in country X
The patient's area belongs to the 2nd median income quintile in country X
The patient's area belongs to the 3rd median income quintile in country X
The patient's area belongs to the 4th median income quintile in country X
The patient's area belongs to the highest median income quintile in country X

nue (wages and salary, social benefits, dividends, etc.).
Area-based income data for Quebec are issued from the
Profile of Forward Sortation Areas, obtained from the
1996 Canada Census data. Median income corresponds
to the median personal net income and also includes
many other sources of revenue. For Belgium, area-based
data are issued from the annual fiscal register (1995 data
used for this study). Median income corresponds to the
median taxable income by declaration and includes all
taxable revenue. None of the countries standardize
median income by the household size. Instead of using
the median income itself, we distribute areas in quintiles
according to their median income, providing a comparable relative measure of SES.

Adjusting for distances and existence of on-site facilities
The First model does not include distances, while the Second model does. These separate models allow for measuring the importance of distances in explaining inequalities
in use. In a Third model, we check whether inequality exists
among patients admitted at hospitals with on-site cardiac
facilities (for catheterization and revascularization).
Indeed, socio-economic status may still lead to treatment
disparities when the distance factor and the hospital
choice are neutralized. Therefore, we use the sub-sample
of those patients admitted at hospitals with on-site facilities, including 782,715 discharges in the US, 5,859 in
Quebec and 14,952 in Belgium.

Results
Adjusted probabilities of each intervention are calculated
for each income quintile, controlling for age and comorbidities. Using 95% confidence intervals, we observe
whether adjusted probabilities significantly differ across
income quintiles. We assume that patient's median
income and intervention are significantly associated
whenever adjusted probabilities significantly differ
between at least two income quintiles.

Patients' characteristics are displayed in Table 2. In all
three countries, we observe relatively higher rates of use of
cardiac procedures among patients who come from the
highest-income areas. However, no income gradient is
present as rates are higher in the lowest-income areas
compared with the middle-income ones. Area median
income and distances to hospitals with on-site cardiac
facilities follow similar patterns. In the US, patients from
the poorest areas live on average 45 km away from the
closest hospital with on-site cardiac facilities, but patients
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Table 2: AMI population characteristics by income quintile
(unadjusted)

Q1

INCOME QUINTILE
Q2
Q3
Q4

Q5

than patients in Q2-areas for CATH, than Q2- and Q3areas for PCI and CABG. Patients from the poorest areas
have a 68.2%-adjusted probability of not receiving any
treatment, compared with a 65.1%-adjusted probability
among patients from richest areas.

USA
% CATH
% PCI
% CABG
Average distance to CATH*
Average distance to REVASC*
% equipped hospitals
% total population

32.1 31.1 31.8 34.5 35.1
12.0 11.3 11.6 12.7 13.1
0.7
0.7
0.7
0.8
0.8
58.4 54.2 43.5 27.6 16.2
45.2 48.0 37.4 21.1 13.2
51.9 44.6 45.2 51.0 51.1
10.35 13.84 17.53 24.68 33.60

Quebec
% CATH
% PCI
% CABG
Average distance to REVASC*
% equipped hospitals
% total population

19.2 16.7 17.0 22.2 24.0
6.7
5.6
5.9
7.0
7.6
0.8
0.6
0.7
0.9
0.8
55.5 80.8 88.6 41.7 24.7
19.6
9.9 15.4 19.8 18.9
21.16 26.54 20.62 17.89 13.78

Belgium
% CATH
% PCI
% CABG
Average distance to CATH*
Average distance to REVASC*
% equipped hospitals
% total population

21.6 14.2 13.0 17.3 22.0
5.8
3.4
3.0
5.1
7.2
1.6
0.7
1.0
1.0
1.5
19.8 32.4 33.8 34.5 26.1
13.4 14.4 14.7 15.1 11.3
39.1 24.1 22.8 29.9 39.2
23.95 22.81 18.82 17.35 17.46

Note: *Average distance is expressed in kilometers (1 mile = 1.67
km). Average distance to CATH measures the average distance to the
nearest hospital with on-site facilities for CATH ONLY. Average
distance to REVASC measures the average distance to the nearest
hospital with on-site facilities to perform PCI or CABG.

from the richest areas live on average only 13 km away. In
Quebec and Belgium, we observe an inverse U-shaped
curve when comparing SES and distance from a cardiac
facility. Note also that the poorest areas, situated farther
from equipped facilities, are also the less populated in the
US. It seems thus that, contrary to Quebec and Belgium,
income and population density (a proxy of urbanization)
are correlated in the US.
Adjusted probabilities appear in Table 3. The value
denoted 'range' gives the percentage difference between
the categories exhibiting the lowest and the highest
adjusted probability. We present the findings by country.
United States
Procedure use in all hospitals, unadjusted for distance (Model 1)
In the US, patients from highest-income areas have a significantly higher adjusted rate of procedures followed by
patients living in Q4-areas. Patients from lowest-income
areas (Quintile 1, referred to as Q1) exhibit higher rates

Procedure use in all hospitals, adjusted for distance (Model 2)
Results change dramatically when distance is taken into
account. Adjusted probabilities significantly increase for
patients from the poorest areas (from 13.7 to 15.6% for
CATH). Consequently, even though differences among
groups are still significant, they become rather weak in
magnitude. The discrepancy between the lowest and the
highest adjusted rate decreases from 13.99 to 1.72% for
CATH, 13.68 to 3.99% for PCI.
Procedure use in hospitals that provide on-site CABG and PCI (Model
3)
We observe a clear income gradient for invasive interventions. For PCI, the adjusted rate is 19.9% for patients from
the poorest areas compared with 23.9% for patients from
richest areas, with a consistent positive correlation
between level of income and rate of treatment. For bypass
surgery, respective rates are 13 and 15.5%. Patients from
the poorest areas have a 47.8%-adjusted probability of
receiving no treatment at equipped hospitals versus
41.7% among patients from the richest areas. On the contrary, differences in adjusted probabilities remain quite
weak in magnitude, although significant, for CATH
(2.70% discrepancy between the lowest and the highest
adjusted rate).

To summarize, the highest rates of diagnosis and intervention are found among patients from the richest areas.
However, as distances are included, differences across
income categories decline yet remain significant. Nevertheless, we observe a clear income gradient among
patients admitted to hospitals with on-site cardiac facilities.
Quebec
Procedure use in all hospitals, unadjusted for distance (Model 1)
For all treatments, the highest adjusted rates are found
among patients from the richest areas followed by
patients in Q4- and Q1-areas. Like in the US, patients
from the poorest areas do not exhibit the lowest rates of
treatment. Nevertheless, adjusted probabilities do not significantly differ in the case of CABG. The highest income
group exhibits the lowest rate of 'no treatment' (82.3%).
Procedure use in all hospitals, adjusted for distance (Model 2)
When controlling for distances, differences across income
categories become somewhat weak in magnitude for PCI:
the difference between extreme values decreases from 26
to 10%. However, for CATH, discrepancies remain high
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Table 3: Adjusted probabilities for income quintiles

USA

CATH

PCI

Procedure use in all hospitals, unadjusted for distance (Model 1). N = 1,614,922
INC_Q1
0.1374*
0.1085*
INC_Q2
0.1372*
0.1031*
INC_Q3
0.1442*
0.1059*
INC_Q4
0.1538*
0.1138*
INC_Q5
0.1564*
0.1172*
Range
13.99%
13.68%
Procedure use in all hospitals, adjusted for distance (Model 2). N = 1,614,992
INC_Q1
0.1600*
0.1168*
INC_Q2
0.1573*
0.1149*
INC_Q3
0.1584*
0.1127*
INC_Q4
0.1592*
0.1149*
INC_Q5
0.1564*
0.1172*
Range
1.72%
3.99%
Procedure use in hospitals that provide on-site CABG and PCI (Model 3). N = 782,715
INC_Q1
0.1932*
0.1987*
INC_Q2
0.1924*
0.2125*
INC_Q3
0.1940*
0.2244*
INC_Q4
0.1900*
0.2292*
INC_Q5
0.1889*
0.2395*
Range
2.70%
20.53%
QUEBEC

CTH

PCI

Procedure use in all hospitals, unadjusted for distance (Model 1). N = 37,190
INC_Q1
0.0899*
0.0533*
INC_Q2
0.0834*
0.0474*
INC_Q3
0.0753*
0.0458*
INC_Q4
0.0980*
0.0521*
INC_Q5
0.1113*
0.0578*
Range
47.81%
26.20%
Procedure use in all hospitals, adjusted for distance (Model 2). N = 37,190
INC_Q1
0.0964*
0.0571*
INC_Q2
0.0925*
0.0538*
INC_Q3
0.0838*
0.0525*
INC_Q4
0.1011*
0.0550*
INC_Q5
0.1113*
0.0578*
Range
32.82%
10.10%
Procedure use in hospitals that provide on-site CABG and PCI (Model 3). N = 5,859
INC_Q1
0.1312
0.1448
INC_Q2
0.1274
0.1434
INC_Q3
0.1322
0.1302
INC_Q4
0.1462
0.1333
INC_Q5
0.1367
0.1562
range
14.76%
19.97%
BELGIUM

CATH

PCI

Procedure use in all hospitals, unadjusted for distance (Model 1). N = 49,445
INC_Q1
0.1261*
0.0383*
INC_Q2
0.0942*
0.0255*
INC_Q3
0.0836*
0.0227*
INC_Q4
0.0998*
0.0346*
INC_Q5
0.1191*
0.0458*
range
26.35%
101.76%
Procedure use in all hospitals, adjusted for distance (Model 2). N = 49,445
INC_Q1
0.1153*
0.0363*
INC_Q2
0.1090*
0.0281*
INC_Q3
0.0992*
0.0260*
INC_Q4
0.1202*
0.0405*

CABG

No treatment

0.0725*
0.0710*
0.0700*
0.0741*
0.0758*
8.29%

0.6816
0.6887
0.6799
0.6583
0.6506
5.86%

0.0766*
0.0766*
0.0730*
0.0747*
0.0756*
4.93%

0.6466
0.6512
0.6559
0.6512
0.6508
1.44%

0.1299*
0.1422*
0.1458*
0.1496*
0.1549*
19.25%

0.4782
0.4529
0.4358
0.4312
0.4167
14.76%

CABG

No treatment

0.0076
0.0061
0.0066
0.0074
0.0077
26.23%

0.8492
0.8631
0.8723
0.8425
0.8232
5.96%

0.0085
0.0077
0.0080
0.0078
0.0077
10.39%

0.8380
0.8460
0.8557
0.8361
0.8232
3.95%

0.0396
0.0446
0.0283
0.0390
0.0338
57.60%

0.6844
0.6846
0.7093
0.6815
0.6733
5.35%

CABG

No treatment

0.0111*
0.0061*
0.0082*
0.0078*
0.0115*
88.52%

0.8245
0.8742
0.8855
0.8578
0.8236
7.40%

0.0100*
0.0073*
0.0099*
0.0097*

0.8384
0.8556
0.8649
0.8296
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Table 3: Adjusted probabilities for income quintiles (Continued)

INC_Q5
0.1191*
0.0458*
range
21.17%
76.15%
Procedure use in hospitals that provide on-site CABG and PCI (Model 3). N = 14,952
INC_Q1
0.2669*
0.1293*
INC_Q2
0.2633*
0.1127*
INC_Q3
0.2753*
0.1042*
INC_Q4
0.2853*
0.1329*
INC_Q5
0.2701*
0.1511*
Range
8.36%
45.01%

0.0115*
57.53%

0.8236
5.01%

0.0372*
0.0299*
0.0419*
0.0331*
0.0378*
40.13%

0.5666
0.5941
0.5786
0.5487
0.5410
9.81%

Notes: estimates for SES variables obtained from multinomial logit regression (adjusted probabilities are adjusted for age groups, year and
comorbidities). This Table should be read as follows: e.g., for individuals from the US living in the lowest quintile (Q1) income area, the adjusted
probability of undergoing a CATH is 0.1374, controlling for age, sex, comorbidities and year. The 'no treatment' category is obtained by simple
subtraction; hence it does not include any indication about statistical significance.
*Estimate significantly differs from at least one other quintile's estimate at p ≤ 0.05.

between extreme categories of SES (32%). Differences
remain non-significant for CABG. For CATH and PCI, the
distribution remains similar, i.e., we observe a J-shaped
curve with the highest rates among patients from the richest areas followed by those from the poorest ones.
In the 'no treatment' case, patients from richest areas still
exhibit the lowest adjusted rates. This outcome confirms
that the higher adjusted rate for CATH among extreme categories is the sign of a 'better' treatment. Indeed, higher
rates in the category 'CATH only' could be interpreted as a
less intensive treatment, that is, a diagnosis that is not followed by an invasive procedure. This is not the case.
Procedure use in hospitals that provide on-site CABG and PCI (Model
3)
Income plays no role among patients admitted to hospitals with on-site cardiac facilities: adjusted rates do not significantly vary across income groups.
Belgium
Procedure use in all hospitals, unadjusted for distance (Model 1)
In Belgium, for the three interventions, the highest
adjusted rates are found among patients who come from
'extreme' areas, i.e. poorest and richest areas (Q1 and Q5).
Adjusted PCI rates are 3.83% for patients from the poorest
areas, then decrease to 2.55 and 2.27% for patients in the
second and third quintile and increase again to 3.46 and
4.58% for the third and fourth quintile.

When we consider patients who did not receive treatments (last column), the lowest adjusted rates are found
among patients from the poorest and richest areas (82.45
and 82.36% respectively).
Procedure use in all hospitals, adjusted for distance (Model 2)
When distances are included, we observe a J-shaped curve
for the three interventions. Distance plays a minor role in
Belgium, since distances to equipped hospitals differ on
average by only 3.81 km between the richest and poorest
areas.

Procedure use in hospitals that provide on-site CABG and PCI (Model
3)
The highest rate of treatment among patients from the
richest area exists only in the case of PCI. The inverse Jshaped curve remains for the 'no-treatment' case, with
higher rates among patients from the third quintile
(59.41%), and lowest among patients from the poorest
and richest areas (56.66 and 54.10% respectively). Even
when access to hospitals with on-site cardiac facilities is
fully insured, inequality remains across income categories.

Discussion
Our findings show that in all countries, the highest
adjusted treatment rates are found among patients from
the highest income areas, when not accounting for distances
between patient and hospital. This is true however to a lesser
extent in Quebec. In the US, distances from hospitals with
on-site catheterization and revascularization facilities are
shorter for richer areas. As a result, patients from those
areas have greater use of high-technology interventions
such as PCI or cardiac surgery.
When distances are accounted for, inequality becomes quite
low in the US, and is also reduced in Quebec. That is, if the
issue of distance is controlled for, all three health care systems achieve low levels of inequality in use of high-technology interventions. Thus, it appears that income
inequality is largely related to location of hospitals with
catheterization and revascularization capabilities, particularly in the US.
In the US, the richer the area, the closer the cardiac services. By contrast, greatest distances are observed in Belgium and Quebec among middle-income areas. It is thus
not surprising to observe a more pronounced income gradient in the US that almost disappears when controlling
for distances to equipped facilities. Hence, the main cause
of income inequality does not seem to be income itself
but instead distances from equipped hospitals. These
findings substantiate those of previous studies showing
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the impact of geographic proximity of revascularization
services on service utilization [15,17].

dices, and unobserved differences in severity of disease
[4,6,8-10].

The question however remains about why income and
distance to equipped hospitals are strongly related in the
US while this is not the case in Belgium and Quebec. The
first straightforward explanation is that the poorest areas
in the US are also the least populated (rural areas), in contrast with Belgium and Quebec.

Special emphasis should however be given to Quebec,
which does not exhibit significant inequality within this
sub-sample, contrary to Belgium and the US. It is hardly
plausible that the causes mentioned already do not apply
to Quebec, since universal coverage is common to the
three systems. Organizational factors may once again be
at play. In particular, Medicare patients in the US may be
insured through HMOs or FFS, leading to different use of
cardiac services [19]. In Belgium, anecdotal evidence suggests that patients with supplementary private insurance
may receive a higher-quality treatment due to their higher
profitability for the hospital. The greater homogeneity of
the insurance system in Quebec may prevent incomerelated inequality to occur among patients treated at fully
equipped hospitals. A study including a larger number of
countries with different health care system could test these
assumptions.

However, this double disadvantage of poverty and nonurban setting may also be related to organizational characteristics. In particular, high-technology procedures are
costly in terms of equipment and human capital [12];
when hospitals are free to keep their profits and invest
according to their own interests, investments will concentrate among hospitals with more financial capacity or
with greater expected profitability of treatments. Poor or
inadequate regulation of investments may thus explain
the above findings. Consider the US, in which investments in technology are generally not regulated. In
densely populated urban areas, demand for cardiac procedures is high. As a result, large hospitals use their profits
to invest in medical equipment that give their patients
access to high technology treatments [18]. However, rural
areas in the US, which are poorer than urban areas, do not
have the money to invest and thus patients must seek cardiac treatments from facilities located far away, generally
in the nearest city.
Furthermore, insurance may also play a role. Studies have
shown that hospital's investments in the US are driven by
expected financial returns, which depend upon payer type
[16]. Fee-for-service (FFS) commercial payers provide the
greatest average returns, followed by Medicare, HMOs and
Medicaid. Meanwhile, patient's insurance type and
income are known to be related (FFS is more prevalent in
high-income areas, e.g. [4]). Hence, hospitals in richer
areas are more likely to invest in costly new techniques
because their profitability is guaranteed by the higher payments of their patients' insurance schemes. Thus Medicare
patients from richer and urban areas may benefit from
greater use of high-technology procedures due to their
location closer to hospitals with on-site cardiac facilities.
Among patients admitted to hospitals with on-site cardiac
facilities, we get a classical social gradient in the US, and
still some inequality in favor of the better-off in Belgium
in the case of PCI. This is surprising since Belgium and US
Medicare are characterized by a generous universal coverage and distances to cardiac services are less relevant at
this stage. A myriad of causes may explain this finding,
and our study was not designed to address them. Potential
explanations include the differences in patients' willingness to undergo invasive interventions, physician preju-

Study limitations
Our results are obtained using area-based SES variables.
Geronimus and Bound [20] have measured that, using
area-based variables instead of individual-level ones, the
impact of SES on health is likely to be underestimated due
to area's socio-economic heterogeneity. For example
richer patients, who can afford costly treatments, will be
attributed to the low median income of their living area,
resulting in underestimation of results. Areas in the US
have an average population of 8,440, compared to 17,170
in Belgium and 19,037 in Quebec. Hence, heterogeneity is
likely to be higher in Belgium and Quebec, partly explaining the lower impact of SES in these countries. However,
other authors suggest that people's health care use is
affected by area factors, regardless of the individual
SES[21]; this may counteract the expected underestimation of the SES impact.

Note also that the areas' heterogeneity in distances may
differ between countries. Belgian areas are too small to
exhibit strong heterogeneity in distances and the Forward
Sortation Areas in Quebec are either urban or rural. By
contrast, US census tracks, although they are designed to
produce homogenous populations, have varying land
area depending on the population density. Considering
that the patient lives in his area's geographical center is a
limitation which likely leads to underestimate the impact
of distance in the US. Note that, despite this limitation,
distances are shown to be a crucial determinant in our
study.
Also, the use of administrative data does not include as
detailed clinical information on severity of illness as a
detailed survey would. Hannan et al. [22] show that
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administrative data fails to distinguish co-morbidities and
complications, and does not contain information on previous open-heart surgery, nor on ejection fraction. However, administrative data generally have the advantage of
including more patients and representing a wider geographical area.
Finally, our sample for the US is restricted to Medicare
patients, while data for Belgium and Quebec include all
patients older than 65. One may argue, however, that the
non-Medicare patients are marginal among the elderly
(5% people). In addition, the income distribution in the
US is more unequal than in Belgium and Quebec (according to the World Bank development indicators [23], the
Gini index was 40.8 in the US, 32.6 and 33.0 in Canada
and Belgium respectively). Hence, US Medicare patients
may be more homogenous than the whole US population, but not more homogenous than the Belgian or Quebec samples. Meanwhile, restricting our sample to
Medicare patients enables a comparison of health care
schemes that only differ in easily identifiable peripheral
characteristics. This facilitates interpretation of results and
comparisons across countries.

Conclusion
Our outcomes first clearly indicate that income-related
inequality does exist in use of high-technology treatment,
and that this inequality is not explained by differences in
the patients' health condition. This confirms results from
previous literature. Inequality is largely explained, in the
US and Quebec, by location of care. When distances are
accounted for, inequality substantially decreases in magnitude. However, in both Belgium and the US, inequalities persist among patients admitted to hospitals with onsite cardiac facilities, rejecting the hospital location effect
as the only explanation for inequalities.
Secondly, inequality differs across countries. As stated
above, some features of hospital financing may exacerbate
income-related inequalities in treatment, such as insurance type and investment regulations. Due to the divergence of these features between countries, we have good
reason to believe they are affecting the diagnosis and treatment of AMI patients. Those assumptions should be
tested using a larger set of countries making available a
larger array of health care systems.

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

Authors' contributions
All authors have contributed to the statistical analysis,
results discussion and manuscript drafting. JP was however the main person responsible for the statistical analysis and drafted the first version of the manuscript jointly

http://www.biomedcentral.com/1472-6963/9/130

with KMM and her research assistant. AS contributed
more specifically to the statistical analysis and to discussing theoretical issues. OS was more involved in the data
gathering and the statistical analysis. LP particularly discussed all aspects related to cardiovascular disease and its
treatment. The main idea of this study was given by MCC,
who launched the project, coordinated the work and
helped more specifically to draft the manuscript.
This paper is part of the research undertaken by the Technological Change in Health Care (TECH) Network. The
TECH group is an international collaboration of investigators that has been developing new evidence on crosscountry differences in trends in treatment, resource costs
and health outcomes for common health problems, with
a specific focus on patients hospitalized for acute myocardial infarction. The TECH group has adopted the rule for
its submissions that all authors would be listed under the
denomination "and the TECH group". All TECH Group
members have contributed through providing data and
through commenting the work during several meetings.

Acknowledgements
The TECH Investigators include the following research teams: Perth, Australia – Michael Hobbs and Steve Ridout, Unit of Clinical Epidemiology,
Department of Public Health, University of Western Australia. The Unit of
Clinical Epidemiology is supported by a grant from the Health Department
of Western Australia; Victoria, Australia – Jeff Richardson and Iain Robertson, Monash University Australia; Belgium – Marie-Christine Closon and
Julian Perelman, Interdisiplinary Center of Health Economics, Université
Catholique de Louvain; Alberta, Canada – Konrad Fassbender, University
of Alberta; Ontario, Canada – Jack Tu, Curry Grant, and Peter C. Austin,
Institute for Clinical Evaluative Sciences, Toronto. The Institute for Clinical
Evaluative Sciences is funded by the Ontario Ministry of Health and Long
Term Care; Quebec, Canada – Louise Pilote (Montreal General Hospital),
Mark J. Eisenberg (Jewish General Hospital), and Hugues Richard, McGill
University; Denmark – Terkel Christiansen and Mickael Bech, University of
Southern Denmark – Odense Campus, Mette Madsen, Søren Rasmussen,
and Steen Z. Abildstrom, National Institute of Public Health; England –
Michael Goldacre and David Yeates, Oxford University, Michael Robinson,
Nuffield Institute for Health; Finland – Ilmo Keskimäki and Unto Häkkinen,
National Research and Development Centre for Welfare and Health
(STAKES), Veikko Salomaa and Markku Mähönen, National Public Health
Institute; France – Brigitte Dormont and Carine Milcent, Théma, Université
Paris X Nanterre, Isabelle Durand-Zaleski, Hospital Henri Mondor; Israel –
Ethel-Sherry Gordon and Ziona Haklai, Ministry of Health, Jeremy D. Kark
and Amir Shmueli, Hadassah Medical Organization and Hebrew University;
Italy – Vincenzo Atella, Department of Economics, University of Rome Tor
Vergata, Daniele Fabbri, University of Bologna and Diego Vanuzzo, Lorenza
Pilotto, and Laura Pilotto, Centro Malattie Cardiovascolari, Udine; Japan –
Yuichi Imanaka and Tatsuro Ishizaki, Kyoto University, Yoshihiro Kaneko,
National Institute of Population and Social Security Research, and Haruko
Noguchi, Toyo Eiwa University; Korea – Young-Hoon Kim, Korea University Medical Center, Bong-min Yang, Seoul National University, Jeong-Euy
Park, Sungkyunkwan University, Kyung-Hwan Cho, Korea University Medical Center, Hong-Soon Lee, National Medical Center; Norway – Charlotte
Haug, Norwegian Patient Registry; Scotland – Alistair McGuire and Maria
Raikou, City University, Frank Windmeijer, Institute for Fiscal Studies, and
James Boyd, Scottish Home and Health Department; Singapore – Koon-

Page 8 of 9
(page number not for citation purposes)

BMC Health Services Research 2009, 9:130

Hou Mak, Kai Hong Phua, Ng Tze Pin, Ling Ling Sim, Suok-kai Chew and
Caren Tan, National Heart Centre; Sweden – Carl Hampus Lyttkens, Alexander Dozet, Sören Höjgård, Anna Lindgren, and Hans Öhlin, Lund University; Switzerland – Fred Paccaud, Bernard Burnand, and Vincent
Wietlisbach, Institute of Social and Preventive Medecine (IUMSP), Alberto
Holly, Lucien Gardiol, and Yves Eggli, Institute of Health Economics and
Management (IEMS), University of Lausanne; Taiwan – Mei-Shu Lai, Bureau
of National Health Insurance, and Joan C. Lo, Institute of Economics
Academia Sinica; United States – Paul Heidenreich, Daniel Kessler, Mark
McClellan, Kathryn McDonald, Abigail Moreland, Kelly Dunham, and Olga
Saynina, Stanford University, and Joseph Newhouse, Harvard University.
This study was funded in part by grants from the National Institutes on
Aging, the Commonwealth Fund, the European Science Foundation, the
Canadian Institutes of Health Research (grant # MOP53121), and the Stanford University Graduate School of Business. Financial support and data
availability from the Belgian Ministry of Social Affairs, Public Health and
Environment, are gratefully acknowledged. We acknowledge Hilary
Homenko for her helpful suggestions and careful revision of the paper, and
Kelly Dunham for able research assistance. The results and conclusions are
strictly those of the authors and should not be attributed to any of the
sponsoring agencies.

References
1.

2.

3.

4.

5.

6.

7.

8.

9.
10.
11.
12.

Hetemaa T, Manderbacka K, Reunanen A, Koskinen S, Keskimaki I:
Socioeconomic inequities in invasive cardiac procedures
among patients with incident angina pectoris or myocardial
infarction. Scand J of Public Health 2006, 34:116-123.
Coory M, Scott IA, Baade P: Differential effect of socioeconomic
status on rates of invasive coronary procedures across the
public and private sectors in Queensland, Australia. J Epidemiol Community Health 2002, 56(3):233-4.
Ancona C, Agabiti N, Forastiere F, Arcà M, Fusco D, Ferro S, Perucci
CA: Coronary artery bypass surgery: socioeconomic inequalities in access and in 30 day mortality. A population-based
study in Rome, Italy. J Epidemiol Community Health 2000,
54:930-935.
Philbin EF, McCullough PA, DiSalvo TG, Dec GW, Jenkins PL, Weaver
WD: Socioeconomic status is an important determinant of
the use of invasive procedures after acute myocardial infarction in New-York State. Circulation 2000, 102(19 Suppl
3):III107-III115.
Alter D, Naylor C, Austin P, Tu J: Effects of socioeconomic status
on access to invasive cardiac procedures and on mortality
after acute myocardial infarction. N Engl J Med 1999,
341(18):1359-1367.
Leape LL, Hilborne LH, Bell R, Kamberg C, Brook RH: Underuse of
cardiac procedures: do women, ethnic minorities and the
uninsured fail to receive needed revascularization? Ann Intern
Med 1999, 130:183-192.
Carlisle DM, Leake BD: Differences in the effect of patient's
socioeconomic status on the use of invasive cardiovascular
procedures across health insurance categories. Am J Public
Health 1998, 88(7):1089-1092.
Schulman KA, Berlin JA, Harless W, Kerner JF, Sistrunk S, Gersh BJ,
Dubé R, Taleghani CK, Burke JE, Williams S, Eisenberg JM, Escarce JJ:
The effect of race and sex on physician's recommendations
for cardiac catheterization. N Engl J Med 1999, 340(8):618-626.
Webb S, Lloyd M: Prescribing and referral in general practice:
a study of patients' expectations and doctors' actions. Br J Gen
Pract 1994, 44:165-169.
Armstrong D, Fry J, Armstrong P: Doctors' perceptions of pressure from patients for referral. British Medical Journal 1991,
302:1186-1188.
Technological Change in Health Care (TECH) Research Network:
Technological change around the world: evidence from
heart attack care. Health Aff 2001, 20(3):27-42.
Cutler D, Huckman R: Technological development and medical
productivity: the diffusion of angioplasty in New-York state.
J Health Econ 2003, 22:187-217.

http://www.biomedcentral.com/1472-6963/9/130

13.

14.
15.
16.
17.

18.
19.

20.
21.

22.
23.

Pilote L, Tu JV, Humphries K, Behouli H, Belisle P, Austin PC, Joseph
L: Socioeconomic status, access to health care, and outcomes after acute myocardial infarction in Canada's universal health care system. Med Care 2007, 45(7):638-46.
Tu JV, Naylor CD, Austin P: Temporal changes in the outcomes
of acute myocardial infarction in Ontario, 1992–1996. CMAJ
1999, 161(10):1257-1261.
Gregory PM, Malka ES, Kostis JB, Wilson AC, Arora JK, Rhoads GG:
Impact of geographic proximity to cardiac revascularization
services on service utilization. Med Care 2000, 38(1):45-57.
Chernew M, Gowrisankaran G, Fendrick AM: Payer type and the
returns to bypass surgery: evidence from hospital entry
behavior. J Health Econ 2002, 21:451-474.
Halabi AR, Beck CA, Eisenberg MJ, Richard H, Pilote L: Impact of
on-site cardiac catheterization on resource utilization and
fatal and non-fatal outcomes after acute myocardial infarction. BMC Health Serv Res 2006, 6:148.
Dendukiri N, Normand ST, McNeil BJ: Impact of cardiac service
availability on case-selection for angiography and survival
associated with angiography. Health Serv Res 2003, 38(1):21-40.
Guadagnoli E, Landrum MB, Peterson EA, Gahart MT, Ryan TJ,
McNeil BJ: Appropriateness of coronary angiography after
myocardial infarction among Medicare beneficiaries. Managed care versus fee for service. N Engl J Med 2000,
343(20):1460-6.
Geronimus AT, Bound J: Use of census-based aggregate variables to proxy socioeconomic group: evidence from national
samples. Am J Epidemiol 1998, 148(5):475-486.
Carr-Hill RA, Jamison JQ, O'Reilly D, Stevenson MR, Reid J, Merriman
B: Risk adjustment for hospital use using social security data:
cross sectional small area analysis. British Medical Journal 2002,
324(7334):390.
Hannan EL, Racz MJ, Jollis JG, Peterson ED: Using Medicare claims
data to assess provider quality for CABG surgery: does it
work well enough? Health Serv Res 1997, 31(6):659-678.
World Bank: World Development Indicators 2007. CD-ROM.
Washington, D.C .

Pre-publication history
The pre-publication history for this paper can be accessed
here:
http://www.biomedcentral.com/1472-6963/9/130/pre
pub

Publish with Bio Med Central and every
scientist can read your work free of charge
"BioMed Central will be the most significant development for
disseminating the results of biomedical researc h in our lifetime."
Sir Paul Nurse, Cancer Research UK

Your research papers will be:
available free of charge to the entire biomedical community
peer reviewed and published immediately upon acceptance
cited in PubMed and archived on PubMed Central
yours — you keep the copyright

BioMedcentral

Submit your manuscript here:
http://www.biomedcentral.com/info/publishing_adv.asp

Page 9 of 9
(page number not for citation purposes)

