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Abstract
Purpose—Racial and gender disparities in out-of-hospital deaths from coronary heart disease
(CHD) have been well-documented, yet disparities by neighborhood socioeconomic status have
been less systematically studied in US population-based surveillance efforts.

Methods—We examined the association of neighborhood socioeconomic status (nSES),
classified into tertiles, with 3,743 out-of-hospital fatal CHD events, and a subset of 2,191 events
classified as sudden, among persons aged 35 to 74 years in four US communities under
surveillance by the Atherosclerosis Risk in Communities (ARIC). Poisson generalized linear
mixed models generated age-, race- (white, black) and gender-specific standardized mortality rate
ratios and 95% confidence intervals (RR, 95% CI).

Results—Regardless of nSES measure used, inverse associations of nSES with all out-of-
hospital fatal CHD and sudden fatal CHD were seen in all race-gender groups. The magnitude of
these associations was larger among women than men. Further, among blacks, associations of low
nSES (vs. high nSES) were stronger for sudden deaths than for all out-of-hospital fatal CHD.
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Conclusions—Low nSES was associated with an increased risk of out-of-hospital CHD death
and SCD. Measures of the neighborhood context are useful tools in population-based surveillance
efforts for documenting and monitoring socioeconomic disparities in mortality over time.
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INTRODUCTION
Coronary heart disease (CHD) mortality has declined in recent decades (1-8). The majority
of CHD deaths are out-of-hospital (1, 7), defined as deaths due to cardiac causes occurring
outside of a hospital or upon arrival at the emergency room. Sudden cardiac death (SCD)
occurs within one hour of the onset of symptoms. Extant literature suggests that half of all
CHD deaths are sudden (9, 10), and that the majority of SCD cases occur out-of-hospital
(11).

Declines in CHD mortality are more pronounced in men as compared to women (1-3, 5-8).
Racial disparities in out-of-hospital cardiac arrest also exist, as incidence appears higher and
survival lower among blacks compared to whites (11). A report based on Atherosclerosis
Risk in Communities (ARIC) surveillance data from 1987 through 1994 suggests that annual
declines in CHD mortality were steepest among white men (4.7%), followed by white
women (4.5%), black women (4.1%) and black men (2.5%), respectively (6). These data
also indicate that among women, approximately half of CHD deaths occurred out-of-
hospital, while for men, 64% of CHD deaths were out-of-hospital (6). ARIC community
surveillance data (1987-2004) suggest that SCD has declined with time, yet trends differ by
community and gender (12).

Out-of-hospital death and SCD display geographic variation (12-14) which may be at least
partly due to factors associated with neighborhood socioeconomic status (nSES). In the
United States (US), the influence of nSES on rates of fatal out-of-hospital CHD has not been
systematically examined. In this study we use data from the ARIC community surveillance
study to examine the association of nSES and the risk of out-of-hospital CHD death, also
referred to herein as out-of-hospital fatal CHD, and SCD as well as the utility of
incorporating nSES in population-based surveillance efforts.

METHODS
The Atherosclerosis Risk in Communities (ARIC) study's community surveillance began in
1987 to evaluate trends in CHD morbidity and mortality in four US communities: Forsyth
County, North Carolina (NC); the city of Jackson, Mississippi (MS); suburbs of
Minneapolis, Minnesota (MN); and Washington County, Maryland (MD). Detailed methods
for ascertaining and classifying fatal events for surveillance investigation are described
elsewhere (15). Briefly, death certificates for ARIC community residents meeting age and
cause of death criteria were sampled based on underlying cause of death International
Classification of Diseases (ICD), Version 9 codes and were subsequently reviewed by
trained abstractors. Sampling weights, based upon the sampling fractions, were used in
subsequent analyses.

Two physicians from the ARIC Mortality and Morbidity Classification Committee
independently assigned a cause of death and applied a CHD death classification based on
data collected regarding chest pain, medical history, and other probable causes of death and
underlying cause of death (ICD) codes. As a result, deaths were classified into one of the
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following five categories: 1) Definite fatal myocardial infarction, requiring evidence of a
hospitalized definite myocardial infarction during the previous 28 days; 2) Definite fatal
CHD; 3) Possible fatal CHD; 4) Non-CHD death; or 5) Unclassifiable. Definite and possible
CHD deaths were further classified as sudden if they occurred within one hour from the
onset of symptoms. Unknown timing of death precluded assignment of a sudden death
classification.

Out-of-hospital deaths were defined as those occurring outside of the hospital, among
community members in nursing homes, or persons declared dead on arrival, who died in
outpatient departments or emergency rooms, as well as those admitted without vital signs
(16). For deaths occurring out-of-hospital, next of kin, family physicians and medical
examiners were contacted to complete information regarding timing of death, symptoms
experienced prior to death, and medical history.

Decedents’ addresses were obtained from death certificates and geocoded to the level of the
census tract (CT) by a vendor with known accuracy and repeatability(17). Year 2000 CT-
level nSES was assigned based on decedent place of residence. The single-variable CT-level
measures selected for study included: median household income (nINC), percent of persons
below poverty, percent female-headed households, percent college-educated and percent
high school-educated. A composite CT-level index, as used by Diez-Roux and Borrell, was
comprised of six indicators of income/wealth (18, 19). We classified nSES variables into
tertiles of low (L-), medium (M-) and high (H-). For additional comparison purposes, tertiles
were calculated based on nSES: 1) overall; across all ARIC study communities, 2)
community-specific; within each study community, and 3) race-specific; within race groups
(Table 1). We used CT-level measures to define the neighborhood context. This approach
has been previously used by our group (20), as well as other researchers (19-21). Decennial
census-based CT-level socioeconomic characteristics are standardized and available for the
entire US; further, CTs are designed to be sociodemographically homogenous units (22).

Additional variables considered in the subsequent analyses, when applicable, included: race
(black or white), gender, age (eight strata: 35-39; 40-44; 45-49; 50-54; 55-59; 60-64; 65-69;
70-74), study community and year of death (1992-1995, 1996-1999, 2000-2002). For the
current study, ARIC community surveillance data were analyzed over the time period
1992-2002, as address data were not available prior to 1992. Figure 1 shows exclusions for
the current study. Deaths were excluded if missing information on CHD classification, death
dates were outside the date range specified for study, or if records were missing key
demographic or sociodemographic information. Out of an initial 4,868 out-of-hospital
deaths, 3,743 (4,336 weighted) were available for the analysis, and a subset of 2,191 (2,559
weighted) were identified as eligible sudden fatal CHD.

For the analysis of out-of-hospital and SCD, tract-level population counts from the 1990 and
2000 US Census were normalized to the CT boundaries from the 2000 census (23). We used
a simple linear interpolation/extrapolation method to calculate age-, gender-, and race-
specific population estimates for inter-censual and post-censual periods for each CT. The
total year 2000 population distribution for all ARIC study sites, summed across age, gender
and race, was used as the standard population. A weighted mortality count for years
1999-2001 was averaged within eight age strata in order to produce age-specific death rates
for the standard population. We calculated indirect standardized rates for each tract by
applying the age-specific death rates from the standard population to the tract-level
population counts, yielding the expected number of (age-, gender-, and race-specific) deaths
for each CT.
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We used the number of expected deaths and the number of observed deaths, weighted
according to sampling criteria, to calculate standardized mortality ratios (SMR). We
estimated out-of-hospital mortality rate ratios (RR) using Poisson generalized linear mixed
model regression (PROC GLIMMIX, SAS 9.1, Cary, NC). In order to examine if nSES
effects varied across time, the Poisson models were further extended to include both time
(year of death) and time interactions. A subset of analyses using the methods described
above was also conducted for out-of-hospital SCD. We additionally identified factors
associated with unknown timing of death and conducted a sensitivity analysis of SCD,
applying weights to each race-gender group based on their predicted probability of having
an unknown timing of death. We assessed covariates as potential effect modifiers of the
nSES-mortality relationship (p<0.05).

RESULTS
Year 2000 US Census characteristics of the eligible study population from which out-of-
hospital deaths were assessed for this study are described in Table 2. Whites comprised the
majority of the MD and MN populations, while blacks were more highly represented MS
and NC. The average nINC across all four communities ranged from $25,480 in MS to
$54,508 in MN.

Of all eligible out-of-hospital fatal CHD (N=4,336) and SCD (N=2,559) events, white men
comprised the highest number in both categories: 2,184 (50%) and 1,303 (51%),
respectively. Black women had the fewest fatal CHD (n=489, 11%) and SCD (n=291, 11%)
events of all race-gender groups, while white women [862 (20%) and 459 (18%),
respectively] and black men [801 (19%) and 506 (20%), respectively] had the next highest
number of fatal CHD and SCD events.

Median household income (nINC)
Regardless of nINC cutpoints used, white men had the highest absolute age-adjusted rates of
out-of-hospital fatal CHD per 100,000 persons in the ARIC study communities, followed by
black men, black women and white women (Figure 2). Meanwhile, residents of MS
experienced the highest rates of out-of-hospital CHD death, and persons living MN recorded
the lowest rates for the time period 1992-2002 (Figure 2).

Looking across study community and race-gender group, respectively, persons living in L-
nINC areas at the time of their death had higher rates of out-of-hospital fatal CHD than
those living in H-nINC areas (Figure 2). With the exception of black men, rates of out-of-
hospital CHD death were also higher for persons from M-nINC areas than rates observed in
H-nINC areas. These nINC-mortality gradients persisted regardless of nINC cutpoints used.
While similar associations held in the investigation of out-of-hospital SCD, differences
between race-gender groups and study communities, respectively, were not as pronounced,
due to decreased precision caused by a smaller number of events (data not shown).

Race-gender differences were observed for all out-of-hospital deaths. Neither study
community nor time (year of death) significantly modified the nINC-mortality relationship.
Thus, Tables 3 and 4 present RR [95% confidence interval (CI)] for out-of-hospital CHD
deaths by race-gender group, adjusted for study community and year of death. Inverse
associations of nINC with all out-of-hospital fatal CHD (Table 3) and sudden fatal CHD
events (Table 4) were seen in all race-gender groups. The magnitude of these associations
was larger among women than men. Further, among blacks, associations of low nINC (vs.
high nINC) were stronger for sudden deaths than for all out-of-hospital fatal CHD.
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Other measures of nSES
Patterns similar to those described for the nINC-mortality relationship (Tables 3 and 4) held
for all other measures of nSES (see Supplementary Figure 1). The sensitivity analysis of
SCD, which employed weights based upon the predicted probability of having an unknown
time of death, produced results similar to those in Table 4 for each measure of nSES (data
not shown).

Although inverse associations between nSES and all out-of-hospital fatal CHD and sudden
fatal CHD were seen in all race-gender groups, the magnitude of these associations was
generally stronger among women than men. We observed increasing rates of out-of-hospital
death (Table 3) and SCD (Table 4) with lower nSES for both whites and blacks. For out-of-
hospital death and SCD, whites living in L-nSES and M-nSES areas prior to death had an
elevated risk of out-of-hospital death, but living in a L-nSES area carried a greater risk than
living in a M-nSES area compared to those living in H-nSES areas. Meanwhile, blacks
living in L-nSES areas tended to have an elevated risk of out-of-hospital fatal CHD (Table
3) and SCD (Table 4) compared to blacks living in H-nSES areas, while blacks living in M-
nSES areas did not.

DISCUSSION
Although race and gender disparities in out-of-hospital deaths have been previously
documented (5, 11), differences in rates of out-of-hospital fatal CHD by neighborhood
socioeconomic factors have not been systematically studied. Since address data are readily
available on death certificates, and decedents’ addresses can be geocoded to determine place
of residence at the time of death, CHD surveillance efforts can be expanded to incorporate
measures of the neighborhood context in order to examine socioeconomic disparities in
mortality over time.

Across all race-gender groups and study communities, out-of-hospital death rates in ARIC
community surveillance were generally highest among residents of L-nSES areas and lowest
among persons living in H-nSES areas at the time of death. The magnitude of the nSES-
mortality associations tended to be larger among women than men. We observed an inverse
nSES-mortality relationship across all levels of nSES among whites, but a significant
inverse relationship only existed between L-nSES and H-nSES among blacks.

In these data, the nSES-mortality relationships and their interpretations were similar,
regardless of whether the nSES measure was 1) Classified using overall, community-
specific or race-specific cutpoints; 2) Defined by income, poverty, female headship rates or
educational attainment; or 3) A single-variable as compared to a composite-variable.
Comparable findings were described by Krieger et al. in an investigation of the relation of
area-based SES measures to a variety of health outcomes (24). Our results were also
consistent with a study of 19 countries, which concluded that socioeconomic inequalities in
malnutrition were of similar magnitude regardless of choice of SES measure (25).

Although the magnitude and direction of our nSES-mortality estimates did not vary
according to which nSES measure was used, we acknowledge that there is often a theoretical
basis for the choice of nSES measure (26). Selection of nSES measures for study are
frequently based upon a priori hypotheses regarding the relevance of a particular measure to
a population, or efforts to understand the mechanism by which the chosen area-based
measure of SES influences health. Investigators utilizing composite measures of nSES
should keep in mind the population for which the nSES index was developed, and determine
whether it is appropriate for use in a distinct study setting. The composite nSES measure
chosen for this analysis was developed using factor analysis of data from the ARIC study
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cohort, thus, the composite measure is likely appropriate for the ARIC community
surveillance population.

The ongoing community surveillance and classification of deaths in ARIC is a strength of
the current study. The ability to link death certificate data with ARIC surveillance
hospitalization records, which provide information on the occurrence of a definite or
probable MI within 28 days of death, strengthens the definition of CHD-related deaths. It
should be acknowledged, however, that not all sources of data – hospitalization records,
coroner reports, and next-of-kin or witness interviews – are available for all decedents
identified in ARIC surveillance. The classification of death is more accurate when complete
data are available on the timing of death, eyewitness reports and recent physician visits.

In particular, unknown timing of death in relation to symptom onset precludes the
classification of SCD. In our study, 17% of persons otherwise meeting out-of-hospital fatal
CHD criteria were missing information on time elapsed since symptom onset. Deaths that
are not witnessed cannot be included in an analysis of SCD, even though it is estimated that
half of all out-of-hospital deaths are due to SCD. We classified nearly 60% of out-of-
hospital fatal CHD as sudden. However, it is possible that the number of SCDs were
underestimated in this study due to missing data on the timing of death.

In our study, decedents missing data on the timing of death but otherwise meeting out-of-
hospital fatal CHD criteria were more likely to be male (66.4%), white (63.4%) and residing
in L-nINC (49.6%) or M-nINC (33.9%) areas prior to death. If decedents missing data on
the timing of death were also more likely to have been classified as SCD had the death been
witnessed and the timing of death were known, then the reported RR estimates for the
association between lower nINC and SCD are biased downward and toward the null. The
results of our sensitivity analysis, which incorporated weights for each race-gender group
based upon the predicted probability of having an unknown timing of death, indicated bias
in the hypothesized direction, although the findings did not change the interpretation of our
results (data not shown).

A limitation of these data is that relatively few deaths occurred among persons of other race/
ethnicities during the study period; thus, we were not able to include mortality estimates for
race/ethnicities other than black or white. Further, individual-level variables, whether related
to medical history or SES, are not typically available in surveillance studies, and do not exist
for the current study. While neighborhood and individual measures of SES are modestly
correlated (27), neighborhood socioeconomic effects on morbidity and mortality tend to be
robust in the presence of individual-level SES (27, 28). Consistent with our previous work,
the use of a single-variable nSES measure produced results of similar magnitude and
precision when compared to a more complex composite index measure of nSES (23). In
addition, we found similar results regardless of which single-variable nSES measure was
used. The use of a single-variable nSES measure may be appealing for its relative simplicity
of use in a surveillance setting.

The influence of nSES, independent of individual-level SES, on out-of-hospital fatal CHD
and SCD could be due to health care access, presence or absence of environmental stressors,
and level of social support among neighborhood residents. Considering that the observed
associations were greater in magnitude for women compared to men, it may be that the
mechanisms referred to, above, play a larger role among women. However, these data do not
capture the underlying factors which may explain these findings. Measures of the
neighborhood context remain useful tools for population-based surveillance efforts to
document and monitor socioeconomic disparities in mortality over time.
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Refer to Web version on PubMed Central for supplementary material.
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Figure 1.
Exclusions for the Study of Out-of-hospital Deaths in ARIC Community Surveillance
(1992-2002)
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Figure 2.
(a-d). Age-adjusted Out-of-hospital CHD Death Rates by Median Household Income
(nINC), by Race-Gender Group and Study Community: ARIC Community Surveillance
(1992-2002)
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Table 2

Characteristics (N) of Eligible Population by ARIC Study Community, 2000 Census

Washington Co. Maryland Minneapolis Minnesota Jackson (city) Mississippi Forsyth Co. North
Carolina

Race-gender group

    Black Women 1,330 4,694 26,976 18,181

    Black Men 1,220 4,380 21,545 15,175

    White Women 29,048 48,329 8,491 53,272

    White Men 27,033 45,168 7,137 47,887

Total population* 58,631 102,571 64,149 134,515

Census tracts 31 55 43 75

Average persons per census
tract*

1,891 1,865 1,492 1,794

*
Limited to whites and blacks ages 35 to 74 years.

†
Calculated by averaging median household incomes for each census tract in the area.
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Table 3

Association of Low, Medium and High nSES (RR, 95% CI) with the Incidence of Out-of-hospital CHD
Death*: ARIC Community Surveillance (1992-2002)

Black Women Black Men White Women White Men

nINC (Overall)

    Low 2.96 (1.65, 5.29) 1.68 (1.14, 2.47) 2.89 (2.29, 3.65) 2.32 (1.92, 2.81)

    Medium 1.61 (0.85, 3.05) 1.18 (0.77, 1.82) 1.70 (1.40, 2.07) 1.59 (1.36, 1.85)

    High 1.00 1.00 1.00 1.00

nINC (Community-specific)

    Low 2.42 (1.67, 3.49) 1.56 (1.18, 2.05) 2.54 (2.05, 3.16) 2.20 (1.86, 2.60)

    Medium 1.42 (0.97, 2.09) 1.09 (0.81, 1.45) 1.81 (1.50, 2.18) 1.63 (1.42, 1.89)

    High 1.00 1.00 1.00 1.00

nINC (Race-specific)

    Low 3.00 (1.90, 4.74) 1.62 (1.09, 2.40) 2.59 (2.09, 3.22) 2.11 (1.79, 2.50)

    Medium 2.48 (1.46, 4.19) 1.07 (0.63, 1.83) 1.72 (1.38, 2.15) 1.45 (1.22, 1.72)

    High 1.00 1.00 1.00 1.00

Percent Individuals Below

Poverty

    Low 2.21 (1.08, 4.51) 1.39 (0.88, 2.18) 2.62 (2.07, 3.33) 2.55 (2.12, 3.06)

    Medium 1.04 (0.48, 2.25) 0.81 (0.50, 1.34) 1.50 (1.23, 1.82) 1.54 (1.33, 1.78)

    High 1.00 1.00 1.00 1.00

Percent Female-headed

Households

    Low 2.25 (1.13, 4.48) 1.27 (0.84, 1.92) 2.44 (1.95, 3.04) 2.02 (1.68, 2.44)

    Medium 1.60 (0.77, 3.33) 0.84 (0.53, 1.32) 1.60 (1.32, 1.95) 1.36 (1.17, 1.60)

    High 1.00 1.00 1.00 1.00

Percent College-educated

    Low 1.92 (1.38, 2.67) 1.57 (1.22, 2.03) 2.56 (1.99, 3.30) 2.33 (1.89, 2.86)

    Medium 1.28 (0.91, 1.81) 1.12 (0.86, 1.46) 1.86 (1.54, 2.26) 1.53 (1.32, 1.77)

    High 1.00 1.00 1.00 1.00

Percent High School-educated

    Low 2.42 (1.61, 3.64) 1.83 (1.35, 2.49) 2.50 (1.98, 3.16) 2.38 (1.98, 2.85)

    Medium 1.42 (0.89, 2.28) 1.48 (1.04, 2.10) 1.73 (1.41, 2.12) 1.51 (1.29, 1.77)

    High 1.00 1.00 1.00 1.00

Composite Index

    Low 2.77 (1.65, 4.64) 1.61 (1.12, 2.31) 3.27 (2.62, 4.08) 2.66 (2.20, 3.22)

    Medium 1.39 (0.78, 2.47) 1.03 (0.69, 1.54) 1.98 (1.66, 2.36) 1.44 (1.25, 1.67)

    High 1.00 1.00 1.00 1.00

*
Adjusted by year of death and study community
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Table 4

Association of Low, Medium and High nSES (RR, 95% CI) with the Incidence of SCD*: ARIC Community
Surveillance (1992-2002)

Black Women Black Men White Women White Men

nINC (Overall)

    Low 4.36 (1.72, 11.0) 2.01 (1.24, 3.28) 3.11 (2.29, 4.21) 2.17 (1.72, 2.75)

    Medium 2.25 (0.84, 6.05) 1.29 (0.75, 2.21) 1.58 (1.22, 2.06) 1.55 (1.28, 1.87)

    High 1.00 1.00 1.00 1.00

nINC (Community-specific)

    Low 2.60 (1.53, 4.42) 1.57 (1.11, 2.23) 2.61 (1.94, 3.50) 2.00 (1.62, 2.46)

    Medium 1.47 (0.84, 2.57) 1.11 (0.77, 1.61) 1.87 (1.45, 2.41) 1.63 (1.36, 1.94)

    High 1.00 1.00 1.00 1.00

nINC (Race-specific)

    Low 3.94 (2.05, 7.58) 1.93 (1.16, 3.20) 2.61 (1.96, 3.49) 2.00 (1.63, 2.45)

    Medium 2.19 (1.02, 4.73) 1.35 (0.70, 2.61) 1.56 (1.15, 2.11) 1.37 (1.11, 1.69)

    High 1.00 1.00 1.00 1.00

Percent Individuals Below

Poverty

    Low 2.28 (0.92, 5.66) 1.17 (0.71, 1.93) 3.15 (2.32, 4.28) 2.42 (1.93, 3.03)

    Medium 0.85 (0.31, 2.31) 0.53 (0.30, 0.94) 1.75 (1.35, 2.26) 1.61 (1.35, 1.92)

    High 1.00 1.00 1.00 1.00

Percent Female-headed

Households

    Low 2.13 (0.90, 5.01) 1.15 (0.72, 1.85) 2.55 (1.92, 3.40) 1.92 (1.53, 2.40)

    Medium 1.46 (0.58, 3.66) 0.71 (0.41, 1.20) 1.42 (1.10, 1.85) 1.37 (1.13, 1.65)

    High 1.00 1.00 1.00 1.00

Percent College-educated

    Low 1.81 (1.14, 2.89) 1.82 (1.32, 2.52) 2.99 (2.17, 4.12) 2.41 (1.89, 3.06)

    Medium 1.24 (0.76, 2.01) 1.32 (0.94, 1.84) 1.88 (1.46, 2.43) 1.48 (1.24, 1.77)

    High 1.00 1.00 1.00 1.00

Percent High School-educated

    Low 3.33 (1.75, 6.33) 2.14 (1.45, 3.17) 2.63 (1.93, 3.58) 2.33 (1.87, 2.90)

    Medium 2.36 (1.16, 4.79) 1.68 (1.08, 2.61) 1.71 (1.31, 2.25) 1.37 (1.12, 1.66)

    High 1.00 1.00 1.00 1.00

Composite Index

    Low 5.35 (2.16, 13.3) 2.06 (1.31, 3.25) 3.64 (2.69, 4.94) 2.66 (2.11, 3.35)

    Medium 2.53 (0.97, 6.64) 1.14 (0.69, 1.90) 2.12 (1.66, 2.70) 1.37 (1.15, 1.63)

    High 1.00 1.00 1.00 1.00

*
Adjusted by year of death and study community
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