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Socioeconomic status is an important determinant of
angiography use following acute myocardial infarc-
tion (AMI) in Canada.1,2 One possible explanation for

the disparity in angiography use after AMI is that patients
with lower socioeconomic status live in neighbourhoods
near hospitals without university affiliations that have fewer
specialists and less advanced technology and treat a lower
volume of patients with AMI than hospitals with university
affiliations. There are 3 reasons why this hypothesis seems
plausible in Canada. First, after adjusting for patient case-
mix differences, on-site procedural capacity at the admit-
ting hospital, teaching status, and distance between the ad-
mitting hospital and the closest tertiary institution are all
important determinants of angiography use in Canada (and
elsewhere).1–8 Second, before the advent of universal health
care, specialized medical services tended to be concentrated
in affluent urban areas.9,10 Third, there is a general inverse
correlation between rural areas and affluence, and between
rural areas and hospital and provider characteristics.11,12 If
the regional organization of specialty services in the Cana-
dian hospital system provides access on the basis of socio-
economic status, then the system’s equity would be im-
proved with a broader diffusion of specialty services.
Conversely, if socioeconomic disparities are similar across
different types of institutions, then other policy initiatives
are required to make the system fairer. The objective of
this study was to examine the interactions among hospital
and regional characteristics, socioeconomic status and
coronary angiography use among patients admitted to hos-
pital with AMI in Ontario.

Methods

We used the Ontario Myocardial Infarction Database
(OMID), which links a variety of population-based administrative
data sources in Ontario.13 The accuracy and validity of this data-
base has been previously reported.13,14 As in other published stud-
ies,2,4,15 the median personal income of neighbourhoods (taken
from 1996 Canadian census data) was selected as an indicator of
socioeconomic status.2 Neighbourhoods were defined using postal
code data (forward sortation area). This study received ethics ap-
proval from Sunnybrook & Women’s College Health Sciences
Centre, Toronto, Ont.

We conducted multivariate analyses using hierarchical logistic
models, after adjusting for baseline patient and physician charac-
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Abstract

Background: Socioeconomic status appears to be an important
predictor of coronary angiography use after acute myocardial
infarction. One potential explanation for this is that patients
with lower socioeconomic status live in neighbourhoods near
nonteaching hospitals that have no catheterization capacity,
few specialists and lower volumes of patients with acute
myocardial infarction. This study was conducted to determine
whether the impact of socioeconomic status on angiography
use would be lessened by considering variations in the supply
of services. 

Methods: We examined payment claims for physician services,
hospital discharge abstracts and vital status data for 47 036 pa-
tients with acute myocardial infarction admitted to hospitals in
Ontario between April 1994 and March 1997. Neighbour-
hood income of each patient was obtained from Canada’s
1996 census. Using multivariate hierarchical logistic regres-
sion and adjusting for baseline patient and physician factors,
we examined the interaction among hospital and regional
characteristics, socioeconomic status and angiography use in
the first 90 days after admission to hospital for acute myocar-
dial infarction.

Results: Within each hospital and geographic subgroup, crude
rates of angiography rose progressively with increases in
neighbourhood income. After adjusting for sociodemographic,
clinical and physician characteristics, hospitals with on-site
angiography capacity (adjusted odds ratio [OR] 1.88, 95%
confidence interval [CI] 1.52–2.33), those with university affili-
ations (adjusted OR 1.60, 95% CI 1.27–2.01) and those clos-
est to tertiary institutions (adjusted OR 1.57, 95% CI
1.32–1.87) were all associated with higher 90-day angiogra-
phy use after acute myocardial infarction. However, the rela-
tive impact of socioeconomic status on 90-day angiography
use was similar whether or not hospitals had on-site proce-
dural capacity (interaction term p = 0.68), had university affili-
ations (interaction term p = 0.99), were near tertiary facilities
(interaction term p = 0.67) or were in rural or urban regions
(interaction term p = 0.90).

Interpretation: Socioeconomic status was as important a predic-
tor of angiography use in hospitals with ready access to car-
diac catheterization facilities as it was in those without. The
socioeconomic gradient in the use of angiography after acute
myocardial infarction cannot be explained by the distribution
of specialists or tertiary hospitals. 
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teristics, to examine the interaction among socioeconomic status,
hospital and geographic factors, and angiography use post-MI.
These models incorporated random effects in order to consider
the clustering of patients within hospitals and regions and to ac-
count for the fact that variables were measured at the patient,
physician and institution levels of the data hierarchy. In so doing,
the effect of socioeconomic status was allowed to vary randomly
across admitting hospital and regional characteristics. We exam-
ined 4 main hospital or regional factors: on-site angiography ca-
pacity at the admitting hospital; proximity of the admitting hospi-
tal to the closest tertiary cardiac institution (using latitude and
longitude); university affiliation; and whether or not the admitting
hospital was in a rural or urban location. All statistical models
were adjusted for patient-level factors (i.e., the validated AMI
mortality prediction rule variables16): age, sex, cardiogenic shock,
congestive heart failure, pulmonary edema, arrhythmias, diabetes
with complications, malignant disease, stroke, acute renal failure,
chronic renal failure and physician characteristics (the specialty of
the admitting physician). Statistical significance was defined as p <
0.05 for all analyses.

Results

The cohort consisted of 47 036 patients with AMI who
were admitted to hospital between Apr. 1, 1994, and Mar.
31, 1997. The mean age was 67.1 years, and 36.3% of pa-

tients were female. The following were found to be inde-
pendent predictors of higher angiography use post-MI: liv-
ing in a higher-income neighbourhood (p = 0.001), being
younger (p < 0.001), being male (p < 0.001), having low-risk
clinical markers (i.e., the absence of shock, congestive heart
failure, pulmonary edema, diabetes with complications, ma-
lignant disease, stroke and renal failure, p < 0.001 for each
factor) and the specialty of the attending physician (p <
0.001). After adjusting for sociodemographic, clinical and
physician characteristics, hospitals with on-site procedural
capacity (p < 0.001) and university affiliations (p < 0.001),
and those closest to tertiary institutions (p < 0.001), were
each associated with higher rates of coronary angiography
use after AMI. Urban hospitals had a nonsignificant trend
toward higher angiography use post-MI (p = 0.06) (Table 1).

Table 2 shows that the absolute rates of angiography per
100 patients with AMI rose progressively with increases in
neighbourhood income across all hospital and geographic
subgroups. However, as illustrated in Fig. 1, the relative ef-
fect of socioeconomic status (every $10 000 increase in
neighbourhood income) on 90-day angiography use after
AMI was similar for hospitals with or without on-site proce-
dural capacity (interaction term p = 0.68) or university affilia-
tion (interaction term p = 0.99), and regardless of distance
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Table 1: The impact of hospital and geographic factors on coronary angiography
use within the 90 days following AMI

Hospital or geographic factor* Adjusted OR (95% CI) p value

Hospital factor
With (v. without) on-site angiography capacity 1.88 (1.52–2.33) < 0.001
Teaching (v. nonteaching) hospital 1.60 (1.27–2.01) < 0.001
Geographic factor

≤ 50 km (v. > 50 km) from a tertiary hospital 1.57 (1.32–1.87) < 0.001

Urban (v. rural) location 1.58 (0.98–2.56) < 0.06

Note: AMI = acute myocardial infarction, OR = odds ratio, CI = confidence interval.
*Hospital and geographic factors are adjusted for patient age, sex, socioeconomic status, shock, pulmonary edema,
congestive heart failure, arrhythmias, diabetes with complications, stroke, malignant disease, acute renal failure, chronic
renal failure and attending physician’s specialty.

Table 2: Proportion of patients who underwent coronary angiography in the 90 days following AMI,
by hospital or geographic subgroup

Neighbourhood income quintile;* % of patients

Hospital or geographic subgroup
No. of

patients 1 2 3 4 5 p value

Hospital with on-site
angiography capacity 4987 33.6 36.6 39.8 42.5 42.7 < 0.001
Hospital without on-site
angiography capacity 41 824 18.3 18.7 29.3 22.2 27.4 < 0.001
Teaching hospital 7614 29.3 30.3 32.8 34.3 38.5 < 0.001
Nonteaching hospital 39 197 18.3 18.7 20.0 22.2 27.4 < 0.001

≤ 50 km to tertiary hospital 28 940 22.7 23.2 25.4 25.1 30.5 < 0.001

> 50 km to tertiary hospital 17 871 17.4 17.3 16.1 20.9 26.4 < 0.001
Urban hospital 45 749 20.0 20.1 22.8 24.5 30.1 < 0.001
Rural hospital 1062 14.6 20.4 10.0 22.0 40.7 0.01x

*Neighbourhoods were divided into 5 categories according to median personal income using 1996 Canadian census data, from the lowest socioeconomic
quintile (1) to the highest socioeconomic quintile (5); each category contained a roughly equal proportion of the Ontario population.



from tertiary facilities (interaction term p = 0.67), or whether
they were rural or urban (interaction term p = 0.90). In short,
socioeconomic status was as important a predictor of angiog-
raphy use in hospitals with ready access to cardiac catheteri-
zation facilities as it was in those with limited access.

Interpretation

We found no significant interaction among socioeco-
nomic status, hospital and regional factors, and coronary
angiography use after AMI. Instead, the effect of socioeco-
nomic status was as important in tertiary hospitals as it was
in community institutions, even after adjusting for varia-
tions in baseline patient-level and physician-level factors.
Our findings therefore refute at least one widely held hy-
pothesis: that socioeconomically related treatment inequali-
ties can be attributed to variations in the supply and distri-
bution of resources.17

Why do socioeconomic disparities in the post-MI use of
angiography persist in a universal health care system? Like

others,18 we have demonstrated an inverse relation between
case-mix severity and angiography use after AMI. Given
that less affluent patients are often sicker and have a higher
incidence of coexisting conditions,19 variations in clinical
severity and comorbidities may alter physicians’ percep-
tions of the risk–benefit trade-offs associated with cardiac
interventions post-MI.20 This hypothesis is consistent with
evidence demonstrating that physicians generally select
lower-risk patients for coronary angiography post-MI.4

Other effects of socioeconomic status may be more di-
rect. For example, physicians may vary their responses to
patients at either end of the socioeconomic spectrum.1,21,22

Further, socioeconomic status may affect the degree to
which patients themselves seek care.1 However, these are
merely speculations.

This study does have some limitations. First, we used
geographic rather than individual indicators of socioeco-
nomic status. However, several studies have demonstrated
that such indicators are useful measures of socioeconomic
status.23–25 Moreover, neighbourhood income of the patient is

Socioeconomic status and post-AMI angiography
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Fig. 1: The relation between neighbourhood income and angiography use within 90 days of acute myocardial infarction in hos-
pitals and regions with different degrees of access to specialized cardiac services. The relative effects of socioeconomic status
on angiography use post myocardial infarction are illustrated by the adjusted odds ratio (OR) and 95% confidence interval (CI)
for each $10 000 increase in neighbourhood income (derived from 1996 census data), after adjusting for age, sex, cardiogenic
shock, congestive heart failure, pulmonary edema, cardiac arrhythmias, diabetes with complications, stroke, malignant disease,
acute renal failure, chronic renal failure and the attending physician’s specialty. This figure shows, for example, that for 5 of the
8 hospital and geographic subgroups examined, people living in neighbourhoods with a median income of $10 000 more than
that of adjacent neighbourhoods were 16% more likely than their poorer neighbours to receive angiography, after adjusting for
baseline factors. (This percentage reflects the point estimates for these 5 odds ratios.) The 95% confidence intervals for urban
and rural factors are truncated. Tertiary hospitals are defined as those institutions with on-site angiography and revasculariza-
tion capacity. 
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a determinant of both treatment and mortality in Ontario.1,2

Second, administrative databases lack detailed clinical infor-
mation such as infarct location, initial heart rate, blood pres-
sure and post-MI left ventricular function. Although it is
possible that the inclusion of such clinical variables has al-
tered our results, it would only have done so if the incidence
of such variables systematically differed across socioeconomic
status, hospital subgroups, and urban and rural regions.

In conclusion, the relative effect of neighbourhood in-
come on the likelihood of receiving coronary angiography
was similar in hospitals with and without on-site procedural
capacity, and in regions with and without easy access to
specialized cardiac services. These findings suggest that
such disparities are unlikely to be remedied by an increase
in the overall availability of angiography or by a redistribu-
tion of angiography resources to less affluent neighbour-
hoods. Future research should examine the extent to which
intrinsic patient case-mix factors and physician or patient
attitudes explain the socioeconomically related disparities
in treatment after AMI.
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