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Abstract
Background— Research has not firmly established whether living in a deprived neighborhood
predicts the incidence and case fatality of coronary heart disease (CHD), and whether effects vary
across sociodemographic groups.

Methods— Prospective follow-up study of all Swedish women and men, aged 35–74 (1.9 million
women, 1.8 million men). Women and men, without a history of CHD, were assessed on December
31, 1995 and followed from January 1, 1996 through December 31, 2000 for first fatal or nonfatal
CHD event (130,024 cases); data were analyzed in 2006. Neighborhood-level deprivation (index of
education, income, employment, welfare assistance) was categorized as low, moderate, and high
deprivation.

Results— Age-standardized CHD incidence was 1.9 times higher for women and 1.5 times higher
for men in high- versus low-deprivation neighborhoods; 1-year case fatality from CHD was 1.6 times
higher for women and 1.7 times higher for men in high versus low deprivation neighborhoods. The
higher incidence in more deprived neighborhoods was observed across all individual-level
sociodemographic groups (age, marital status, family income, education, immigration status,
mobility, and urban/rural status). In multi-level logistic regression models, neighborhood deprivation
remained significantly associated with both CHD incidence and case fatality for women and men
after adjusting for the seven sociodemographic factors (p values <0.01). Effects were slightly stronger
for women than men in an ancillary analysis that tested for gender differences.

Conclusions— The clustering of CHD and subsequent mortality among adults in deprived
neighborhoods raises important clinical and public health concerns, and calls for a reframing of health
problems to include neighborhood social environments, as they may affect health.

INTRODUCTION
A leading cause of death and disability in all industrialized countries is coronary heart disease
(CHD).1,2 Up to 70% of CHD incidence can be explained by individual-level
sociodemographic characteristics (age, gender, socioeconomic status/position), health
behaviors (smoking, physical inactivity, poor diet), and risk factors (hypertension,
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hypercholesterolemia, diabetes).3 Although some of the unexplained causes of CHD may be
due to incomplete or inaccurate measurement of these factors, recent work has focused on the
environments and social contexts in which these risk factors may develop or be exacerbated.
4,5

One important area of research on the social context of CHD has been on the relationship
between neighborhood-level deprivation and individual-level CHD. In general, this research
has shown significant neighborhood-level effects after “adjustment” for potential confounding
factors including individual-level socioeconomic status/position.4,6–10 This area of research
is particularly germane to women as previous work suggests that residence in a deprived
neighborhood may affect the cardiovascular health of women to a greater extent than men.6,
7

Two population-based studies have included both women and men, and examined the
associations between neighborhood-level characteristics and CHD incidence.6,7 Diez-Roux
et al. reported hazards ratios for CHD among adults in the most disadvantaged versus the most
advantaged neighborhoods of 1.6 and 1.8 for white and black women, respectively, and 1.6
and 1.4 for white and black men, respectively, after adjustment for individual-level income,
education, occupation, and established CHD risk factors (615 events).7 Using a neighborhood
medical care need index, Sundquist et al. reported odds ratios among adults in the most versus
the least deprived neighborhoods of 1.9 and 1.4 for women and men, respectively, after
adjustment for individual-level age and income (14,259 events).6 Neither of these studies
examined neighborhood-level effects on CHD across a broad array of sociodemographic
groups, tested for differences by gender, or examined effects on case fatality, an indicator of
severity of disease and quality of care. Separate studies have examined the relationship between
area-based measures and case fatality/survival following an acute myocardial infarction11–
15 and while all found significant associations, only one presented neighborhood results
separately by gender,12 and none presented case fatality from overall CHD.

This study had four objectives: First, whether there were additive effects of neighborhood-
level deprivation on CHD incidence and case fatality for the total population of Swedish women
and men, and across individual-level sociodemographic groups (the latter for incidence only).
Second, whether neighborhood-level deprivation remained significantly associated with CHD
incidence and case fatality using multi-level models to adjust for individual-level
sociodemographic characteristics. Third, whether the risk of CHD in high-versus low-
deprivation neighborhoods differed by gender. And fourth, which component of this
neighborhood deprivation index was most strongly related to CHD incidence.

METHODS
Data sources

The Swedish Statistics Bureau provided individual-level demographic and socioeconomic data
for the entire population of women and men, aged 35–74, who resided in Sweden on December
31, 1995, and had lived in Sweden since December 31, 1985 (1.9 million women, 1.8 million
men). They were followed from January 1, 1996 through December 31, 2000 for first fatal or
nonfatal CHD event (incident cases and 1-year case fatality from CHD). Data were analyzed
in 2006.

The home addresses of all Swedish adults have been geocoded to small geographic units that
have boundaries defined by homogeneous types of buildings. These neighborhood areas, called
small area market statistics, or SAMS, have an average of 1000–2000 people and were used
as proxies for neighborhoods, as has been done in previous research.6 SAMS with fewer than
50 people aged 25–64 were excluded (n =1024 SAMS), as were adults whose addresses were
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not able to be geocoded to a neighborhood area (2.6% of the sample). The final sample was
8293 SAMS. Approximately 80% of both women and men lived in the same SAMS
neighborhood over the course of the study (to December 31, 2000). There was no loss to follow-
up as each individual was tracked with a personal identification number.

The study was approved by the Karolinska Institute Ethics Committee.

Outcome Variables
CHD incidence—To identify incident cases of CHD, individual data were linked to the
Swedish Hospital Discharge Register (main and additional diagnoses) and the Cause of Death
Register using a unique personal identification number. CHD incidence was defined as the
total number of fatal and nonfatal CHD cases from January 1, 1996 through December 31,
2000, divided by the number of women or men on January 1, 1996 for the total population and
for each subgroup.16 The resulting numbers are incidence proportions, defined as the
proportion of adults who become cases among those who entered the study time interval17
(hereby referred to as incidence; see statistical analysis section below).

All fatal and nonfatal hospitalized CHD events, and all fatal out-of-hospital CHD events (1.9%
of all events) were eligible for analysis. To ensure as accurate as possible identification of
incident cases, adults were excluded who had a previous hospitalization due to CHD up to 10
years before the start of the study. While information was unavailable on hospitalizations prior
to this, the large majority of these cases were probably first CHD rather than recurrent cases.
All events were classified according to the World Health Organization (WHO)’s International
Classification of Diseases, ICD 9 (410–414), and ICD 10 (I20–I25).

Case fatality—Case fatality rates were defined as the number of deaths from CHD following
hospital discharge within 1 year of the incident case, divided by the number of women or men
with a CHD event from January 1, 1996 through December 31, 2000, and multiplied by 100.
This definition is similar to that used by previous studies,11,13 with the exception that it was
based on deaths specifically from CHD.

Independent Variable at the Neighborhood Level
Neighborhood Deprivation Index—A summary measure was used to characterize
neighborhood-level deprivation. Deprivation indicators used by past studies were identified to
characterize neighborhood environments; a principal components analysis was then used to
select deprivation indicators in the 1995 Swedish national database. The following four
variables were selected for those aged 25–64: low educational status (<10 years of formal
education); low income (income from all sources, including that from interest and dividends,
defined as less than 50% of individual median income)18; unemployment (not employed,
excluding full-time students, those completing compulsory military service, and early retirees);
and social welfare recipient (receiving social welfare support during 1995). Each of the four
variables loaded on the first principal component with similar loadings (+0.47 to +0.53) and
explained 52% of the variation between these variables.

A z score was calculated for each SAMS neighborhood. The z scores, weighted by the
coefficients for the eigenvectors, were then summed to create the index.19 The index was
categorized into three groups: below one standard deviation (SD) from the mean (low
deprivation), above one SD from the mean (high deprivation), and within one SD of the mean
(moderate deprivation). Higher scores reflect more deprived neighborhoods.

Population sizes and neighborhood characteristics in 1995 by level of neighborhood-level
deprivation are presented Table 1.
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Independent Variables at the Individual Level
Age: 35–74 years, divided in 10-year categories.

Marital status: married/cohabitating, never married, widowed, or divorced.

Family income: based on the annual family income divided by the number of people in the
family, that is, individual family income per capita. This variable was provided by Statistics
Sweden (the Swedish Government-owned statistics bureau). The income parameter also took
into consideration the ages of people in the family and used a weighted system whereby small
children were given lower weights than adolescents and adults. The calculation procedure was
performed as follows: The sum of all family members’ incomes was multiplied by the
individual’s consumption weight divided by the family members’ total consumption weight.
The final variable was calculated as empirical quartiles from the distribution.

Educational attainment: completion of compulsory school or less (≤9 years), practical high
school or some theoretical high school (10–11 years), or theoretical high school and/or college
(≥12 years).

Immigration status: born in Sweden, immigrant from a country mainly referred to as a refugee
country, immigrant from Finland, and immigrant from a country mainly referred to as labor
immigrant country. Finnish immigrants represented their own category as they have poorer
health than other Swedish immigrants.20

Mobility: length of time lived in neighborhood, categorized as lived in neighborhood <5 years
or ≥5 years, as of December 31, 1995.

Urban/rural status: large cities (Stockholm, Gothenburg, Malmö); middle-sized towns; and
small towns/rural areas.

Statistical analysis
Age-standardized incidence proportions were calculated by direct age standardization using
10-year age groups specific to women or men, with the entire Swedish population of women
or men in 1996 as the standard population.

Multi-level (hierarchical) logistic regression models with incidence proportions (the proportion
of adults who became cases among those who entered the study time interval) were used as
the outcome variables. The analyses were performed using MLwiN, version 2.0.21 First, a
neighborhood model was calculated that included only neighborhood-level deprivation to
determine the crude odds of neighborhood deprivation. Next, a full model was calculated that
included neighborhood-level deprivation, the seven individual-level sociodemographic
characteristics added in simultaneously, and cross-level interaction terms between the
sociodemographic characteristics and neighborhood-level deprivation. These full models
tested whether neighborhood-level deprivation was significantly associated with CHD
incidence and case fatality after adjusting for the sociodemographic characteristics, and
whether there were differential effects of neighborhood-level deprivation on CHD incidence
across sociodemographic characteristics.22

Final models were run without interaction terms because there were no meaningful cross-level
interactions in any of the full models. This suggests that there were no differential effects of
neighborhood-level deprivation on CHD incidence by sociodemographic characteristics,
confirming the consistent patterns observed in table 2. The nonsignificant interaction terms
were not due to homogeneity of individual SES within any of the three levels of neighborhood
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deprivation; individuals from all SES categories (as measured by both education and income)
were well represented in each type of neighborhood.

Two ancillary analyses were conducted. First, to test whether CHD incidence was greater for
women in high versus low deprivation neighborhoods than that for men, the full model was
repeated, combining genders and adding a gender and a gender cross-neighborhood-level
deprivation term. Second, to test which component of the neighborhood deprivation index was
most strongly related to CHD incidence, the final model was repeated, replacing the
neighborhood deprivation index with each separate variable in the index (i.e., low educational
status, low income, unemployment, or social welfare recipient).

Multi-level Cox proportional hazards models were not used because the extensive data set was
too large to run on available software. However, multi-level logistic regression models are a
good approximation of Cox proportional hazards models under certain circumstances such as
ours (large sample size, low incidence, risk ratios of moderate size, and relatively short follow-
up).23

RESULTS
There were 130,024 CHD events among women and men during the 5 years of follow-up
(incident cases) (table 2). About two thirds of women and men were married and the large
majority were born in Sweden. Most people had been “exposed” to their neighborhoods for 5
years or more—almost 80% lived in the same SAMS neighborhood for 5 or more years before
the beginning of follow-up.

With each increasing level of neighborhood deprivation, age-standardized incidence increased
(Table 2). For the total population, incidence for women was 1.5% in low deprivation
neighborhoods and increased to 2.2% and 2.8%, respectively, in moderate and high deprivation
neighborhoods; incidence for men was 3.9%, 4.7% and 5.3%, respectively. A similar pattern
of higher incidence in more deprived neighborhoods was observed for both women and men
across all individual-level categories of age, marital status, family income, education,
immigration status, mobility and urban/rural status.

Case fatality also increased with each increasing level of neighborhood deprivation (data not
shown). Age standardized 1-year case fatality rates from CHD for women were 2.6% in low
deprivation neighborhoods and increased to 3.6% and 3.9%, respectively, in moderate and high
deprivation neighborhoods. For men, rates were 2.7% in low deprivation neighborhoods and
increased to 3.6% and 4.4%, respectively, in moderate and high deprivation neighborhoods.
Case fatality data are not presented across the individual sociodemographic groups because of
an insufficient number of cases in several subgroups. The total number of deaths from CHD
following hospitalization within 1 year of discharge was 1114 for women and 2387 for men.

Results of the multi-level logistic regression models are shown for CHD incidence in table 3.
Neighborhood-level deprivation remained significantly associated with CHD incidence for
both women and men after adjusting for the seven sociodemographic characteristics, odds
ratios of 1.28 and 1.21, respectively, for women and men in high versus low deprivation
neighborhoods (full model) (Table 3). The odds ratios estimating the effects of individual-level
sociodemographic characteristics on CHD showed that those with the highest odds of CHD
incidence were older, were widowed or divorced, had lower educations, had immigrated for
work from Finland, and/or had lived in their neighborhoods for less than 5 years compared
with their respective reference groups.

Neighborhood-level deprivation was also significantly associated with case fatality after
adjusting for the seven sociodemographic characteristics; odds ratios of 1.33 and 1.36,
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respectively, for women and men in high versus low deprivation neighborhoods (Table 4, full
model). The individual groups having the highest odds of case fatality were women and men
who were older, not married, who had lower incomes and educations, and who lived in large
versus small cities.

The first ancillary analysis showed that CHD incidence for women in high versus low
deprivation neighborhoods was slightly greater than that for men (significant interaction term
p ≤ .001). The second ancillary analysis showed that each component of the neighborhood
deprivation index was significantly associated with CHD incidence at p ≤ 0 .001.
Unemployment had the strongest effect on incidence (i.e., greatest magnitude), followed by
education, social welfare, and low income.

DISCUSSION
In this follow-up study of Swedish women and men, neighborhood-level deprivation was a
strong predictor of CHD incidence and 1-year case fatality from CHD. Age-standardized CHD
incidence was 1.9 times higher for women and 1.5 times higher for men in high versus low
deprivation neighborhoods; 1-year case fatality from CHD was 1.6 times higher for women
and 1.7 times higher for men in high versus low deprivation neighborhoods. The relationships
were remarkably consistent for CHD incidence across individual-level sociodemographic
characteristics and remained significantly associated with CHD incidence and case fatality
after adjusting for individual-level sociodemographic characteristics.

The neighborhood effect for CHD incidence was slightly larger for women than for men (odds
ratios of 1.28 versus 1.21 from the full models, respectively). To our knowledge, this is the
first neighborhood study on CHD incidence that has tested for and found a differential effect
by gender. The risk magnitude, however, is similar to several other studies that presented results
separately for women without testing for gender differences.6,7 Given the large sample size
and small absolute difference in the odds ratios between women and men, it may be premature
to conclude that there are clinically important differences by gender.

Our neighborhood deprivation index included four variables selected on the basis of a principal
components analysis: low educational status, low income, unemployment, and social welfare
recipient. While each component was significantly associated with CHD incidence,
unemployment had the strongest effect, followed by education, social welfare, and low income.
Past studies have used similar as well as different variables when constructing neighborhood
deprivation indices, including measures of housing value, private transportation, single
parenthood, crowding, migration, and proportion of foreign born people.6,7,12,14,15 Despite
differences, studies have shown fairly consistent findings and effects. Further work needs to
be completed on how to best construct indices and determine cutpoints for variables in order
to examine which variables may be most predictive of outcomes.

While the pathways through which neighborhoods may influence health are unclear, the
neighborhood-level inequities in CHD incidence and case fatality may manifest via differences
in individual health behaviors and/or risk factors. Previous studies in Sweden and other
industrialized countries have found that a variety of neighborhood deprivation indicators are
associated with individual-level smoking,10,24–31 physical inactivity,24,31,32 obesity,24,
29,31,33,34 diabetes,24 and high blood pressure,24,25,35 after controlling for individual-level
demographic characteristics. And yet, when previous neighborhood studies have controlled
for the primary CHD risk factors, there has been little change in the effects on CHD incidence,
leading us to believe that other factors may be important in the association between
neighborhood deprivation and CHD outcomes. Normative values, psychological stress (such
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as that due to discrimination and/or violence), depression, or chronic infections may be other
contributory factors for future studies to explore.36–42

Neighborhood-level inequities may also manifest via unequal access to and quality of primary
and secondary healthcare services, discrimination in the access or delivery of care, different
compliance with medications, and/or other healthcare-related factors, even in countries with
universal access to medical care and smaller income-related inequalities in health than in other
countries.11,43 In Sweden, medical care coverage is provided to all permanent residents, and
primary healthcare clinics and hospitals are equally distributed and located in central areas in
all types of neighborhoods.43 However, the actual number of health professionals working in
primary healthcare clinics can vary considerably by neighborhood type due to difficulties in
recruiting and retaining healthcare personnel in high deprivation neighborhoods. This
maldistribution of medical personnel across neighborhoods has also been documented in
England, another country with universal health care.44

Strengths and Limitations
The strengths of this study include its prospective follow-up design that allowed us to calculate
incidence rather than prevalence of CHD. The large number of events allowed us to calculate
case fatality from CHD unlike other studies that have reported case fatality from all causes
because of an insufficient number of CHD events.11–13,15 Data for the entire population
allowed for generalizability, protection against sampling bias, and validity of findings. The
validity of the myocardial infarction diagnosis which constituted 46.1% of the CHD events
was high—for example in 1995, 95% of myocardial infarction cases were confirmed.45

The definition of neighborhood boundaries and completeness of data were added strengths.
The SAMS units, used to define neighborhoods, are relatively small and in qualitative studies,
such small neighborhoods have been shown to be consistent with how residents themselves
define their neighborhoods.46 The data from the Swedish Population Register and the
geocoded addresses were highly complete; 98% or more of the individual-level
sociodemographic data and 97% of the geocoded addresses were complete.

There are also limitations. There were no data on health behaviors and/or risk factors that may
mediate the relationship between neighborhood deprivation and CHD outcomes. However, in
the leading U.S. study on neighborhood deprivation and CHD incidence, when six primary
CHD risk factors (smoking, blood pressure, diet, physical inactivity, body mass index,
cholesterol) were added to the regression models, the associations between neighborhood
deprivation and CHD incidence remained virtually unchanged.7 There were also no data on
primary and secondary preventive measures (e.g., treatment of hypertension, smoking
cessation), nor was there data on access to or quality of medical care. Whether such unmeasured
factors differed by neighborhood deprivation and contributed to residual confounding requires
further study. A further limitation is that adults with a predisposition to CHD may not be
randomly allocated to neighborhoods. Neighborhood deprivation effects could also potentially
represent important unmeasured individual-level socioeconomic factors that are not captured
with family income and educational attainment (e.g., total wealth, quality of education).
Finally, although almost 80% of adults lived in the same SAMS neighborhood for 5 or more
years before the beginning of follow-up, it is not known where they lived at the time of their
CHD event.

Implications
The clustering of CHD and subsequent mortality raises important clinical and public health
concerns. Future research on trends in incidence and case fatality in relation to factors that may
influence health, economic conditions, and other social determinants of health may give insight
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into mechanisms underlying these findings. While more research is needed to determine
whether interventions at the neighborhood and policy levels will alleviate disparities at the
neighborhood level, these findings suggest the need to reframe health problems and their
solutions from a sole focus on individual approaches to include broader societal approaches.
5,47,48 This reframing will require an understanding of how neighborhoods are organized,
health care is delivered, and health policies are formulated and implemented. This includes a
stronger focus on primary and secondary prevention of CHD in deprived neighborhoods. These
broader approaches to the prevention and control of CHD have the opportunity to enhance the
health of all adults, in particular those identified by this study who live in high deprivation
neighborhoods and experience inequities in CHD incidence and case fatality.
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Table 1
Population sizes and neighborhood characteristics in 1995 by neighborhood-level deprivation

Neighborhood deprivation

Low deprivation Moderate deprivation High deprivation

Number of neighborhoods 1,938 4,890 1,465
Number of people
 Women 497,543 1,128,640 294,732
 Men 470,534 1,081,129 282,530
Percent of people
 Women 25.9 58.8 15.3
 Men 25.7 58.9 15.4
Neighborhood deprivation index (range) −3.3 to <−1 −1 to 1 >1 to 11.4
Components of neighborhood deprivation index
 <10 years education (%)a 18.0 30.2 38.8
 Low income (%)a 3.1 5.6 10.6
 Unemployed (%)a 3.5 6.4 10.9
 Social welfare recipient (%)a 2.4 5.5 15.4

a
Among those aged 25–64 years
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