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Background: Health disparities are systematic differences in

health, favoring members of advantaged over disadvantaged groups

in the society. This study examines the contribution of multiple

socioeconomic status (SES) measures to ethnic differences in after

myocardial infarction (MI) prognosis.

Methods: Patients aged 65 years and younger (n = 1040) belonging

to Ashkenazi and Mizrahi advantaged and disadvantaged ethnic

groups discharged from 8 hospitals in central Israel after incident

MI in 1992–1993, were followed up through 2005 for all-cause

mortality, recurrent MI, heart failure, and ischemic stroke.

Results: Advantaged Ashkenazi had higher education, income,

employment, and neighborhood SES compared with disadvantaged

Mizrahi. Cardiovascular risk factors varied among the different

ethnic groups. Results showed that the association between ethnic

group and all outcomes differed substantially between models that

included a single SES measure and those that included multiple

measures. For example, the hazard ratio for mortality in disad-

vantaged Mizrahi compared with advantaged Ashkenazi was 1.87

[95% confidence interval (CI), 1.40–2.48] in a model adjusting only

for demographic variables; 1.58 (95% CI, 1.18–2.12) in a model

adjusting also for income; and 1.03 (95% CI, 0.74–2.04) in a model

adjusting for all measured SES indicators. Further adjustment for

clinical variables did not appreciably change the results.

Conclusions: Findings show that a wide array of modifiable social

factors shaped by income, education, and neighborhood socioeco-

nomic conditions can explain ethnic health differences and high-

light the importance of using multivariable models of SES.
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Health disparities are defined as unequal health status
favoring members of advantaged over disadvantaged

groups in the society. Social advantage or disadvantage
refers to the relatively favorable or unfavorable social, eco-
nomic, or political conditions that some groups systemati-
cally experience based on their relative position in social
hierarchies.1–4

Research over the past decade has consistently docu-
mented socioeconomic health disparities in which those who
are poor and have not graduated high school experience
considerably worse health on average than more affluent and
educated members of society in many industrialized coun-
tries.3,5,6 For example, in the United States where income
and education are the most frequently used socioeconomic
measures, the rate of coronary heart disease, the leading cause
of death worldwide,7 is nearly 50% higher among poorest
adults (family income <100% of Federal Poverty Level) than
among those in the highest income group (family income
>400% of Federal Poverty Level).8 Similarly, although car-
diovascular risk factors such as high cholesterol and smoking
decreased in the past 3 decades, the decrease was smallest
among adults with lower family income.9

The social gradient in health has also been observed
in countries with national health care systems such as the
United Kingdom and Israel.5,6 For example, in Israel, low
individual and neighborhood socioeconomic status (SES)
were associated with increased risk of ischemic stroke and
long-term survival after myocardial infarction (MI).10,11

Studies over the past decade have also documented
ethnic differences in health between advantaged and dis-
advantaged ethnic groups in many western countries.6,12 For
example, in the United States ethnically advantaged groups
(whites) have shown lesser rates of coronary heart disease
than ethnically disadvantaged groups (eg, African Americans),
even when variables such as income, education, geographic
location, and insurance status were controlled for.13 Similar
findings were observed in Israel showing a higher cerebro-
vascular risk among disadvantaged ethnic groups (Mizrahi—
Jews who immigrated from Asia and North Africa)
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compared with advantaged ethnic groups (Ashkenazi—Jews
who immigrated from Europe and America).14,15 Interest-
ingly, unfavorable risk factor levels did not account for these
differences and raised the possible role of other sociocultural
factors that were not assessed in the studies.

Socioeconomic and ethnic health inequalities are closely
linked. Without adequate socioeconomic information, ethnic
health differences may be attributed to genetic or underlying
cultural differences that are unlikely to be influenced by
policy.4 The link between socioeconomic and ethnic health
disparities is further complicated by modifiable social factors
such as wealth, childhood and neighborhood socioeconomic
conditions which are usually not measured. In fact, limited
research has documented that a wide array of modifiable social
factors shaped by income, education, wealth, childhood, and
neighborhood socioeconomic conditions, which tend to vary
systematically by ethnic groups, can explain ethnic health
differences.16,17 These studies show income gradient within
each ethnic group and ethnic differences within levels of
income in several health outcomes such as prenatal care and
general health status.

Although most health studies examining ethnic dif-
ferences that consider SES used a single socioeconomic
variable measured at a single level, ethnic health risks may
significantly vary depending on the definition of SES.17

Despite the importance of the examination of a multi-
dimensional measure of SES in ethnic health disparities, the
role of neighborhood features along with individual-level
SES measures in ethnic differences in post-MI prognosis has
not been previously considered. In this study, we examined
the contribution of multivariable measures of SES (including
education, income, employment, and residential neighbor-
hood) in addition to classic risk factors, MI characteristics,
and disease severity indexes to ethnic differences in post-MI
prognosis. The study was conducted among a geographically
defined cohort of patients aged 65 years or less in central
Israel. Israel, that has a national health insurance system in
which health care is freely available, constitutes a suitable
setting to examine the research question under favorable
service conditions.

We focus on differences between Mizrahi and Ashkenazi
ethnic groups that continue to be a prominent ethnic distinc-
tion among the Jews in Israel. The Ashkenazi Jews constitute
the dominant social group among Israelis. Although the
Mizrahi group has made some social and economic gains
over the years, the socioeconomic gap has remained. Con-
sistent evidence from the Israel National Bureau of Sta-
tistics,18 public health research, and research in the social
sciences19–21 show that inequality between these groups is
still apparent in the levels of education (Ashkenazi have
3 additional years of education on average compared with
their Mizrahi counterparts), average income (Mizrahi fami-
lies earn 85% of the income of their counterparts), and
mental health status (prevalence rates of mood and anxiety
disorders are twice higher among Mizrahi). Mizrahi, who
typically have darker skin tone than their Ashkenazi coun-
terparts tend to experience more prejudice and negative
stereotyping albeit in a form that is more implicit rather than
explicit and direct.19,20,22

We hypothesized that the association between ethnicity
and prognosis post-MI will significantly differ in models that
include a single SES measure compared with models that
include multiple SES measures.

METHODS

Study Setting and Design
Study population was located in a metropolitan area in

central Israel. In 1992, approximately 2,000,000 residents
lived in this area, 95% of whom were Israeli Jews. An
overwhelming majority (95%) of this population lived in the
urban areas and about one third were aged between 30 and
64 years. The Israel Study of first acute MI included patients
aged 65 years or less who were admitted to one of the
8 medical centers in this area with first acute MI between
February 15, 1992 and February 15, 1993, and were followed
up through December 31, 2005. This longitudinal, pro-
spective cohort study investigates long-term outcomes, and
has previously been described in detail.10,23 Of the initial
1626 patients who met the study criteria, 81 (5%) died during
hospitalization, and 1521 (98%) of the survivors agreed to
participate in the study. All aspects of the study were ap-
proved by the appropriate Institutional Ethics Committees.

Eligible patients for the current study included 1040
Mizrahi and Ashkenazi Jewish patients (481 survivors were
Israeli born, including 59 Arabs, who were not included in
the analyses because of their mixed origin). Eligible patients
were further divided into subgroups according to relative
social advantage status in the Israeli society20,24–27 resulting
in 4 ethnic groups (see Appendix, Supplemental Digital Con-
tent 1, http://links.lww.com/MLR/A351, which presents the
distribution by country of origin of the sample): socially
advantaged Ashkenazi (including Jews who immigrated to
Israel from Europe, Americas, Former Soviet Union, and
South Africa, n = 353); socially disadvantaged Ashkenazi
(including Jews who immigrated to Israel from the Balkan,
n = 177); socially advantaged Mizrahi (including Jews who
immigrated to Israel from Iraq, Egypt and Turkey, n = 232);
and socially disadvantaged Mizrahi (including Jews who
immigrated to Israel from other Asian and North African
countries, n = 278).

Data Collection
Individual demographic, socioeconomic, and clinical

data were collected from medical records and structured in-
terviews conducted approximately 1 week after the index MI.

Socioeconomic Measures
Individual SES data were self-reported at study entry

and included the following measures: family income relative
to the national average (categorized as below average, aver-
age or above average), education (years of schooling), and
pre-MI employment status (full-time, part-time, or none).
Further information on these measures has been published
elsewhere.23 Neighborhood SES was estimated through an
index developed and validated by the Israel Central Bureau
of Statistics,28 which summarizes socioeconomic measures
(ie, demographics, education, living standards, employment,
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unemployment, social welfare benefits) from the 1995 Na-
tional Census data, allowing the classification of small geo-
graphical units (B2000 residents) into SES categories, on a
20-point scale (higher scores denote better SES). Geographic
Information System tools were used to assign patients’ ad-
dresses to the appropriate SES categories at the time of index
MI. Study participants resided in 494 distinct geographical
units (neighborhoods), all of which are located within an area
of approximately 400 square miles.

Clinical Covariates
Inpatient and outpatient medical records and data ob-

tained through structured detailed interviews were used to
ascertain cardiovascular disease risk factors, MI character-
istics, disease severity indices, and acute management.
Measurements recorded at the index hospitalization or at the
closest time before or after the index date were considered.
Obesity was defined as body mass index Z30 kg/m2. Diabetes,
hypertension, and dyslipidemia were classified according to
standard criteria based on clinical and laboratory data. Cigarette
use was classified into never, former, and current smoking.
Comorbidity was assessed by the Charlson index29 and an-
alyzed categorically (no comorbidity for 0 points, moderate
comorbidity for 1–2 points, and severe comorbidity for
Z3 points). MI characteristics and severity indices included
infarct type and location, Killip class, and admission to
an intensive care unit (ICU). Reperfusion therapy and re-
vascularization included thrombolysis, percutaneous trans-
luminal coronary angioplasty (PTCA), and coronary artery
bypass grafting (CABG). Revascularization referred to early
procedures performed within 45 days of the index date.

Outcome Measure
Time from baseline to the following events: all-cause

death, recurrent MI, heart failure, and ischemic stroke (includ-
ing transient ischemic attack) were our dependent variables.
For the nonfatal outcomes, only those leading to hospital-
ization were considered for analysis. Follow-up was initiated
at the index MI (February 15, 1992–February 15, 1993) and
lasted through December 31, 2005 (loss to follow-up <2%). All
clinical outcomes were ascertained through various sources
of data, including medical records, the Israeli Population
Registry, death certificates, hospital charts, family physi-
cians, and family members and verified by a trained physi-
cian blind to patients’ baseline characteristics.

Statistical Analyses
Analyses were performed using SPSS version 19.0 (SPSS

Inc., Chicago, IL) and SAS statistical software version 9.1 (SAS
Institute Inc., Cary, NC). Baseline characteristics across ethnic
groups were compared by the w2 test for categorical variables
and analysis of variance for continuous variables.

Cox proportional hazards models were constructed to
evaluate the hazard ratios (HRs) and 95% confidence inter-
vals (CIs) for all-cause mortality, recurrent MI, heart failure,
and ischemic stroke associated with ethnic groups, with so-
cially advantaged Ashkenazi as the reference category. Initial
adjustment was made for age and sex. Subsequently, ad-
justments were made separately for single SES measures (ie,

relative income, education, pre-MI employment, and neigh-
borhood SES). Then, all individual and area-level SES mea-
sures as well as age and sex were controlled for (model 1).
Finally, cardiovascular risk factors, MI characteristics, co-
morbidity, and cointerventions were added (ie, hypertension,
diabetes, dyslipidemia, smoking, obesity, Killip class, ICU,
CABG within 45 d, PTCA within 45 d, Charlson index;
model 2). As the year of immigration was not a significant
prognostic factor and did not substantially modify the rela-
tionship between ethnic identity and post-MI outcomes, it
was not included in the models. There were no missing
values in the covariates used in the regression analyses, ex-
cept for family income (16%), physical activity (9%), and
neighborhood SES (7%), for which imputed values were
generated using multiple imputation.30

The proportional hazards assumption, as tested with
the Schoenfeld residuals, was not met for age and smoking
(all-cause mortality model), admission to ICU and PTCA
within 45 days (recurrent MI model), and pre-MI employ-
ment (heart failure model). These covariates were modeled
as stratification variables, where a different baseline survival
function was used for each defined stratum. Given the overall
average of 2 participants per neighborhood and small intra-
neighborhood and intrahospital correlations (B0), multilevel
models were not applied.

Given a sample size of 177 subjects in the smallest
ethnic group and 353 subjects in the referent group, an aver-
age probability of event-free survival between 66% and 82%
(depending on the outcome), and a significance level of 5%,
the estimated statistical power was 55%–77% for detecting
an HRZ1.50 and 93%–99% for detecting an HRZ2.00, for
the different outcomes.

We assessed the correlations between all pairs of
SES variables using Spearman r and Cramer V, yielding
coefficients ranging from 0.06 to 0.42. This suggests that
collinearity was not a major concern in these data.

RESULTS

Patient Characteristics
Significant differences were observed in several base-

line variables among the ethnic groups (Table 1). Advan-
taged Ashkenazi had higher mean years of education, relative
income, and neighborhood SES compared with disad-
vantaged Mizrahi.

Generally, women comprised only 20.6% of this sample,
primarily because of age restriction (65 years and younger at
study entry) of the parent cohort. On average, women were
older than men (58.7 vs. 55.0, P < 0.001), had fewer years of
schooling (9.3 vs. 11.0, P < 0.001), and lower neighborhood
SES (11.9 vs. 12.3, P = 0.17). In addition, women were more
likely to report a lower than average family income (74% vs.
48%, P < 0.001) and unemployment before MI (68% vs.
17%, P < 0.001). No significant differences were observed in
the proportion of missing values for family income (18% vs.
16%, P = 0.53) and neighborhood SES (8% vs. 7%, P = 0.60)
between women and men, respectively.

Cardiovascular risk factors varied among the different
ethnic groups. Although hypertension was more prevalent
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among advantaged and disadvantaged Ashkenazi patients
compared with their Mizrahi counterparts, smoking was
more prevalent among advantaged and disadvantaged
Mizrahi patients. Diabetes was significantly less prevalent
among advantaged Ashkenazi compared with the other ethnic
groups. Socially advantaged groups (Ashkenazi and Mizrahi)
had higher rates of acute disease management compared with
socially disadvantaged ethnic groups.

Ethnic Groups and Outcome Measures
The association between ethnic groups and post-MI

outcomes substantially varied depending on how SES was
modeled (Table 2). Overall survival differed among ethnic
groups in a model adjusted for age and sex. The HR for all-
cause death among disadvantaged Mizrahi patients was 1.87
(95% CI, 1.40–2.48) compared with advantaged Ashkenazi
patients. In models adjusting for single measures of SES the
difference was slightly attenuated, yet it remained statisti-
cally significant after adjustment for income (HR, 1.58; 95%
CI, 1.18–2.12), employment (HR, 1.62; 95% CI, 1.21–2.16),
or neighborhood SES (HR, 1.48; 95% CI, 1.09–2.00).
However, these differences were not maintained after ad-
justing for all SES measures, including education, relative
income, pre-MI employment, and neighborhood SES (HR,
1.03; 95% CI, 0.74–1.45). Further adjustment for clinical
variables did not appreciably change the results (HR, 1.06;

95% CI, 0.76–1.48). A similar picture arose for differences
between disadvantaged Mizrahi and advantaged Ashkenazi
with all other outcome measures (Table 2).

Results of sensitivity analysis using a composite out-
come that combined all-cause death, recurrent MI, heart
failure, and ischemic stroke were also in line with the anal-
ysis of the single outcomes. The HR for composite outcome
in disadvantaged Mizrahi compared with advantaged Ash-
kenazi was 1.54 (95% CI, 1.25–1.90) in a model adjusting
only for demographics; 1.41 (95% CI, 1.14–1.75) in a model
adjusting also for income; and 1.07 (95% CI, 0.84–1.35) in a
model adjusting for multiple SES indicators. Further ad-
justment for clinical variables did not appreciably change the
results (HR, 1.12; 95% CI, 0.89–1.42). In addition, results of
the association between different SES measures and the
composite outcome stratified by ethnic groups showed that
SES-outcome associations did not substantially differ by
strata, indicating no substantial interactions between SES
and ethnicity in these data (Table 3).

DISCUSSION
The paper presents data on the contribution of multi-

variable measure of SES to ethnic differences in long-term
prognosis post-MI of Israeli patients aged 65 years or less
followed up for a median of 13 years. Disadvantaged Miz-
rahi patients showed worse prognosis on a variety of clinical

TABLE 1. Patients’ Baseline Characteristics by Ethnic Group

Ethnic Group

Characteristics

Advantaged Ashkenazi
n=353

Disadvantaged Ashkenazi
n=177

Advantaged Mizrahi
n=232

Disadvantaged Mizrahi
n=278 P

Sociodemographic variables
Age (y); mean (SD) 56.4 (7.4) 56.8 (7.2) 55.1 (6.6) 54.8 (7.0) 0.003
Male 77 78 83 81 0.29
Year of immigration; median (Q1, Q3) 1954 (1948, 1978) 1949 (1948, 1961) 1951 (1949, 1951) 1952 (1949, 1963) < 0.001
Education (y); mean (SD) 13.0 (3.7) 11.7 (3.7) 8.9 (3.9) 8.5 (3.9) < 0.001
Family income relative to national

average
< 0.001

Above average 25 35 19 9
Average 29 27 25 24
Below average 47 38 56 68

Pre-MI employment 76 75 75 64 0.004
Neighborhood SES; mean (SD) 13.7 (3.6) 12.9 (3.4) 11.8 (3.3) 10.4 (3.5) < 0.001

Cardiovascular risk factors
Hypertension 43 50 34 36 0.004
Diabetes 18 29 26 33 < 0.001
Dyslipidemia 36 42 35 31 0.15
Current smoking 43 44 59 53 0.001
Obesity 18 22 15 15 0.19

MI characteristics and disease severity indexes
Killip class >1 22 19 22 22 0.91
Intensive care unit 80 73 83 74 0.04
CABG w/in 45 d 7 3 9 5 0.09
PTCA w/in 45 d 19 13 17 13 0.08
Charlson index (points) 0.52

0 60 59 56 59
1–2 36 35 41 36
Z3 5 6 3 5

Data are presented as percentages, unless otherwise specified.
Percent of missing data for advantaged Ashkenazi, disadvantaged Ashkenazi, advantaged Mizrahi, and disadvantaged Mizrahi were 20%, 16%, 13%, and 15% (P = 0.20) for

relative income and 9%, 4%, 5%, and 9% for neighborhood SES (P = 0.09), respectively.
CABG indicates coronary artery bypass grafting; MI, myocardial infarction; PTCA, percutaneous transluminal coronary angioplasty; SES, socioeconomic status.

Nakash et al Medical Care � Volume 51, Number 2, February 2013

140 | www.lww-medicalcare.com r 2012 Lippincott Williams & Wilkins



outcomes, including mortality, recurrent MI, heart failure,
and ischemic stroke compared with advantaged Ashkenazi
patients. However, the results substantially varied depending
on how SES was modeled. Importantly, the observed ethnic
differences in health outcomes post-MI remained substantial

in models adjusting for single SES indicators, but were vir-
tually removed upon adjustment for multivariable measure of
SES.

Research in the past decade has systematically docu-
mented disparities in cardiovascular health, recording higher

TABLE 2. Hazard Ratios (95% Confidence Intervals) for Various Cardiovascular Disease Outcomes Postmyocardial Infarction
Associated With Ethnic Groups

Ethnic Groups

Adjustment

Advantaged Ashkenazi
n=353

Disadvantaged Ashkenazi
n=177

Advantaged Mizrahi
n=232

Disadvantaged Mizrahi
n=278

All-cause mortality
No. events (total = 314) 89 59 60 106
Age and sex 1 (reference) 1.35 (0.97–1.88) 1.10 (0.79–1.52) 1.87 (1.40–2.48)
Age, sex, and income 1 (reference) 1.39 (1.00–1.93) 1.00 (0.72–1.40) 1.58 (1.18–2.12)
Age, sex, and education 1 (reference) 1.23 (0.89–1.72) 0.78 (0.55–1.11) 1.28 (0.94–1.76)
Age, sex, and employment 1 (reference) 1.35 (0.97–1.88) 1.02 (0.74–1.43) 1.62 (1.21–2.16)
Age, sex, and neighborhood 1 (reference) 1.27 (0.92–1.77) 0.94 (0.67–1.31) 1.48 (1.09–2.00)
Model 1 1 (reference) 1.25 (0.89–1.74) 0.67 (0.46–0.97) 1.03 (0.74–1.45)
Model 2 1 (reference) 1.13 (0.80–1.60) 0.66 (0.45–0.96) 1.06 (0.76–1.48)

Recurrent myocardial infarction
No. events (total = 326) 99 49 73 105
Age and sex 1 (reference) 1.02 (0.72–1.43) 1.09 (0.81–1.48) 1.54 (1.17–2.04)
Age, sex, and income 1 (reference) 1.02 (0.73–1.44) 1.08 (0.79–1.46) 1.48 (1.11–1.97)
Age, sex, and education 1 (reference) 0.94 (0.67–1.33) 0.86 (0.62–1.20) 1.22 (0.90–1.64)
Age, sex, and employment 1 (reference) 1.02 (0.72–1.44) 1.08 (0.80–1.46) 1.47 (1.11–1.94)
Age, sex, and neighborhood 1 (reference) 0.99 (0.70–1.39) 1.01 (0.74–1.37) 1.34 (1.00–1.80)
Model 1 1 (reference) 0.92 (0.65–1.31) 0.82 (0.59–1.14) 1.10 (0.80–1.50)
Model 2 1 (reference) 0.92 (0.65–1.31) 0.82 (0.59–1.14) 1.10 (0.80–1.52)

Heart failure
No. events (total = 253) 66 47 57 83
Age and sex 1 (reference) 1.47 (1.01–2.14) 1.57 (1.10–2.24) 2.16 (1.55–2.99)
Age, sex, and income 1 (reference) 1.57 (1.08–2.29) 1.42 (0.99–2.03) 1.81 (1.29–2.53)
Age, sex, and education 1 (reference) 1.33 (0.91–1.93) 1.05 (0.71–1.54) 1.43 (1.01–2.05)
Age, sex, and employment 1 (reference) 1.46 (1.00–2.13) 1.52 (1.06–2.17) 1.98 (1.42–2.77)
Age, sex, and neighborhood 1 (reference) 1.36 (0.93–1.97) 1.27 (0.88–1.82) 1.59 (1.13–2.25)
Model 1 1 (reference) 1.34 (0.91–1.96) 0.91 (0.61–1.36) 1.13 (0.78–1.64)
Model 2 1 (reference) 1.19 (0.81–1.75) 0.93 (0.62–1.38) 1.17 (0.80–1.69)

Ischemic stroke
No. events (total = 162) 50 28 28 56
Age and sex 1 (reference) 1.14 (0.72–1.82) 0.93 (0.58–1.48) 1.88 (1.28–2.77)
Age, sex, and income 1 (reference) 1.19 (0.75–1.90) 0.87 (0.54–1.38) 1.64 (1.10–2.44)
Age, sex, and education 1 (reference) 1.10 (0.68–1.75) 0.78 (0.48–1.28) 1.56 (1.02–2.38)
Age, sex, and employment 1 (reference) 1.18 (0.74–1.89) 0.93 (0.58–1.49) 1.85 (1.25–2.74)
Age, sex, and neighborhood 1 (reference) 1.10 (0.69–1.75) 0.84 (0.52–1.36) 1.64 (1.09–2.47)
Model 1 1 (reference) 1.13 (0.70–1.80) 0.74 (0.45–1.23) 1.38 (0.88–2.15)
Model 2 1 (reference) 1.05 (0.65–1.70) 0.73 (0.44–1.23) 1.35 (0.85–2.12)

Model 1: adjusted for age, sex, education, relative income, pre-MI employment, and neighborhood SES.
Model 2: model 1 plus hypertension, diabetes, dyslipidemia, smoking, obesity, Killip class, intensive care unit, CABG within 45 d, PTCA within 45 d, Charlson index.
CABG indicates coronary artery bypass grafting; MI, myocardial infarction; PTCA, percutaneous transluminal coronary angioplasty; SES, socioeconomic status.

TABLE 3. Hazard ratios (P Values)* for the Composite Cardiovascular Disease Outcome Postmyocardial Infarction Associated With
Different Socioeconomic Measures Stratified by Ethnic Groups

Ethnic Groups

Socioeconomic Measures Overall Advantaged Ashkenazi Disadvantaged Ashkenazi Advantaged Mizrahi Disadvantaged Mizrahi

No. events 581 184 98 124 175
Education (1 y) 0.96 (< 0.001) 1.01 (0.59) 0.96 (0.15) 0.93 (0.007) 0.90 (< 0.001)
Low income 1.19 (0.05) 1.22 (0.24) 1.28 (0.28) 1.29 (0.20) 0.99 (0.95)
Unemployment 1.40 (0.001) 1.20 (0.36) 1.67 (0.05) 1.32 (0.22) 1.31 (0.15)
Neighborhood SES (1 U) 0.97 (0.01) 0.97 (0.18) 0.98 (0.49) 0.97 (0.29) 0.95 (0.09)

*Adjusted for age, sex, and all other socioeconomic measures presented in the table.
SES indicates socioeconomic status.
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prevalence of risk factors, morbidity, and mortality among
disadvantaged ethnic groups such as African Americans
in the United States.13–15 However, these studies have tra-
ditionally included limited information on SES while fre-
quently measuring only a single indicator of SES such as
income, education, or employment. Thus, for example, sev-
eral post-MI studies have documented that low SES patients
(measured by either income, education or occupational his-
tory) are at risk for developing more severe disease as in-
dicated by longer history of cardiovascular disease, higher
comorbidity, and more complicated MI.31,32

This study, which included a multivariable model of
SES, supports the recent call to investigate adequate and rich
socioeconomic information in ethnic health disparities re-
search.3 It is in line with other research showing that a wide
array of modifiable social factors shaped by income, educa-
tion, and neighborhood socioeconomic conditions can ex-
plain ethnic health differences.16,17

Notably, a higher percentage of advantaged Ashkenazi
and Mizrahi patients were treated in an ICU, had a CABG
and PTCA following their incident MI. This may suggest
that they received more adequate care compared with the
disadvantaged groups. These possible health service dis-
parities (despite the national free health system) may have
disproportionately impacted the health outcomes after an MI
incident for members of disadvantage ethnic groups.

Our findings raise the issue of overadjustment in health
disparities research, where intermediate variables are con-
trolled for and result in biased estimates of the total causal
effect towards the null.33 More specifically, SES, which
plays a mediating role in the relationship between ethnicity
and health outcomes, may result in cumulative biopsy-
chosocial vulnerabilities throughout the life course.16,17

Thus, it is possible that controlling for socioeconomic
variables is unjustified and results in underestimation of
the role of ethnicity in health outcomes.34 This is particularly
true when accounting for factors that are likely to affect
development, such as neighborhood SES. For example, ethnic
minorities tend to live in neighborhoods that also have higher
crime and poverty rates, a finding that has important im-
plications for both the need for and the availability of re-
sources which are likely to directly impact health throughout
development.35 The social world of disadvantaged ethnic
groups is likely to produce both biological and social effects
with long-term impact (Lorant and colleagues36–38).

The current study has several limitations. First, al-
though they were measured directly and comprehensively,
some misclassification may have occurred both in the ethnic
origin (which was based solely on country of birth) and in-
dividual measures of SES (which were self-reported and
sometimes included a limited number of categories). Sim-
ilarly, although outcome variables were verified by a trained
physician, misclassifications may have also occurred in heart
failure and ischemic stroke. Second, changes in SES meas-
ures after hospital discharge were not accounted for. In ad-
dition, potential selection bias may have occurred because of
study population that included patients who survived a pre-
vious MI, and factors likely to affect the occurrence of MI
are also likely to affect post-MI prognosis. Finally, despite

the cohort characteristics (ie, a high-risk population of MI
survivors) and the long-term clinical follow-up of 13 years,
the relatively small sample size may have detracted from the
study’s power.

Medical practitioners, specialists, or generalists would
need to attend to a multivariable set of SES measures—
which is likely to affect the health of their patients through-
out their life course—when assessing risk post-MI.39 These
measures, which are unlikely to be disentangled from the
patients’ ethnicity, should be part of the selective preven-
tative measures for post-MI patients.
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