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Abstract

The objective of this study was to detect statistically significant racial disparities in lung cancer
mortality at the U.S. congressional district level. We applied absolute disparity statistics to
mortality data from the National Center for Health Statistics (NCHS) for 1990-2001, mapped
significant lung cancer mortality disparities by race and gender within U.S. congressional districts,
and uncovered previously unreported disparities. The disparity statistics comparing black and
white females revealed higher mortality rates for black females in the Midwestern U.S., and higher
mortality rates for white females in the South-eastern U.S. Our methodology provides a spatial
tool for guiding public health cancer control practices to monitor, target and reduce disparities.

Keywords
Cancer; Congressional districts; Disparities; Lung; Mortality; Race

1. Introduction

The elimination of health disparities defined by differences in health outcomes by gender
and race is a major goal of Healthy People 2010 (USDHHS, 2000). Public health methods
that identify systematic and avoidable health differences are essential to developing effective
policy interventions. Public Law 106-525 (MHHDREA, 2000, p. 2498) defines a population
impacted by health disparities as one with “significant disparity in the overall rate of disease
incidence, prevalence, morbidity, mortality or survival rates in the population as compared
to the health status of the general population.” Disparities may result from determinants of
health associated with avoidable outcomes in vulnerable groups, such as the poor, or socially
disadvantaged minorities (Braveman, 2006). By identifying subpopulations defined by
statistically significant health disparities, public health officials can target policy
interventions to reduce these disparities. This paper examines disparities in lung cancer
mortality, the leading cause of cancer deaths in the U.S.

Racial disparities in lung cancer mortality rates are well established at the national level.
During the period from 1998 to 2002, the age-adjusted lung cancer mortality rate for
African-American men was 101.3 per 100,000 population, compared to 75.2 for white men
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and 38.7 for Hispanic—Latino men (Jemal et al., 2006). Moreover, this gap has persisted
historically; from 1969 through 2004 lung cancer mortality rates for black males have
consistently exceeded those of white males (SEER, 2007).

Previous research has documented variations in lung cancer mortality by race and
geographic area within the U.S. using age-adjusted mortality rates. Devesa et al. (1999)
found that, during the period from 1990 to 1994, lung cancer mortality rates were highest for
white males in the south, and for white females, along the Pacific and Atlantic coasts;
whereas, for black men and women, rates were highest in the northern U.S. Hao et al. (2006)
developed a methodology to estimate cancer death rates by race/ethnicity at the
congressional district level, and reported similar findings. These studies mapped geographic
patterns of cancer death rates for each racial/ethnic group; however, the identification of
racial disparities was subjective because health disparities were not statistically analyzed.
Recently, Goovaerts and colleagues (2007) conducted a simulation study to identify
appropriate rate difference and rate ratio statistics for detecting and mapping disparities in
cancer mortality between racial/ethnic groups, and illustrated their application at the county-
level. To address the “small number problem” that results in unreliable extreme rate
estimates in small populations, i.e., minority populations (Waller and Gotway, 2004),
population sizes were incorporated into the computation of these absolute and relative
measures.

The choice of geographical unit for visualizing and analyzing data can be important for
reasons of statistical validity (Goodchild and Quattrochi, 1997; Grubesic and Matisziw,
2006; Krieger et al., 2002; Meliker et al., 2001; Openshaw and Taylor, 1981) and for
purposes of communicating findings (Bell et al., 2006; Eisen and Eisen, 2007). Further, the
unit of geographical analysis can be politically important for addressing public health.
Navarro and colleagues found that politics and policy are linked; that is, political ideologies
of governing parties influence public health outcomes (Navarro et al., 2006). Thus, there is
an opportunity to select a geo-political unit of analysis to represent constituent health.
Congressional districts (CDs) are key; within CDs, voters elect representatives to the U.S.
Congress to represent their needs and interests. Examining disparities in CDs may shed light
on local factors responsible for disparities, and can provide a tool for guiding public health
cancer control practices to reduce these disparities. The identification and effective
communication of significant health disparities to voters and their elected officials is
essential for the establishment and implementation of effective policy interventions.

To our knowledge, ours is the first study to quantify statistically significant racial disparities
in lung cancer mortality in congressional districts. We built on American Cancer Society
methodology to estimate cancer death rates by CD (Hao et al., 2006) and the methodology
developed by Goovaerts et al. (2007) to detect statistically significant differences between
rates. Both rate difference and rate ratio statistics were computed on CD-specific mortality
rates and their significance was tested to highlight areas with significant racial disparities.

2. Methods

Compilation of mortality data at the U.S. congressional district (CD) level has previously
been described in detail (Hao et al., 2006), and is summarized here. The majority of CDs
intersect county boundaries; therefore CD death rates cannot be computed by simply
aggregating CDs to counties. Further, counties are the smallest geographic areas for which
mortality data are available from the National Center for Health Statistics. County mortality
data were used to estimate block group mortality rates, which were then aggregated into
CDs. Census block populations by sex and race were determined from the 2000 U.S. census.
Age-adjusted death rates by sex and race were calculated for cancer of the lung and
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bronchus from 1990 to 2001 for each county using SEER=+Stat, and estimated for census
blocks. Death rates based upon less than 20 deaths were interpreted as unreliable and
excluded (Hao et al., 2006). The direct, rather than indirect, age-adjustment method was
used because it is the more statistically correct method for comparing rates (Pickle and
White, 1995). The resulting direct age-adjusted death rates represent the rate each
congressional district would have if it had the age—sex-race distribution of the U.S. in 2000.
Race/ethnic groups were broken down into two mutually exclusive subgroups, non-Hispanic
white and non-Hispanic black, as well as a third overlapping subgroup, Hispanic.

We first computed the absolute disparity statistic to quantify gender-specific racial/ethnic
disparities in cancer mortality (Goovaerts et al., 2007). This statistic is the same as the two-
sample test for proportions and, in this study, was assumed to follow a normal distribution,
based upon interpretation of the number of deaths as a random variable with a binomial
distribution (Goovaerts et al., 2007). Goovaerts et al. (2007) assessed the statistical
performance of six test statistics, both those with and without multiple comparison
corrections. The best results, i.e., fewest false positives without compromised power, were
obtained for the absolute disparity statistic uncorrected for multiple testing, which is used in
this study. In simulation analyses of this absolute disparity statistic, fewer than 5% false
positives were observed, supporting the use of a 5% alpha level without adjustment for
multiple testing (Goovaerts et al., 2007). The absolute disparity statistic subtracts the
mortality rate of the reference population from that of the target population, and adjusts for
the population-weighted average of mortality rates.

Absolute disparity=(R; — R2) NIW % (1 = W)« (1/N1+1/N»)]1,

where Ry is the mortality rate of the target population, R, is the mortality rate of the
reference population, N1 is the target population, N is the reference population, and W is the
population-weighted average of rates = [(N1) = (R1) + (N2) = (R2)]/(N1 + N»). Minorities
comprised the target populations and were compared to white reference populations. This
disparity analysis was conducted in every CD for all pairwise comparisons.

We also calculated relative disparity, defined as the rate for the target population divided by
the rate for the reference population. The corresponding test statistic incorporates the
population sizes; see Goovaerts et al. (2007) for more details. As with the absolute disparity
statistic, statistical significance was calculated at the 5% level. Both types of statistics
produced highly similar results; only the absolute disparity results will be presented and
discussed in this paper.

3. Findings

Key findings are summarized in Table 1; the distribution of significant (p < 0.05) disparity
statistics in CDs across the entire U.S. is summarized using medians and ranges, and regions
of significance are highlighted. The greatest median disparity statistics were evident among
black males relative to Hispanic males (disparity statistic = 8.39; range = 1.98, 24.72), and
among Hispanic males relative to white males (disparity statistic = —7.41; range = —2.00,
—19.50). The analysis of black females compared to white females revealed divergent
disparity statistics for the Midwest (median disparity statistic = 3.27; range = 1.98, 65.77)
and for the Southeast (median disparity statistic = —3.69; range = —1.96, —9.59), displayed
in Fig. 1. Fifteen percent of CDs showed a significant positive absolute disparity,
representing a statistically significant greater mortality rate for black women compared to
white women; most notably in the Midwestern U.S. Twenty six percent of CDs showed a
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significant negative absolute disparity, representing a statistically significant lower mortality
rate for black women compared to white women; most notably in the Southeastern U.S.
These divergent findings represent a departure from the national data, which show relatively
comparable lung cancer mortality rates between black and white females (Fig. 2).

Mortality rate disparities between black and white men did not appear to diverge from
national findings. Seventy three percent of CDs showed a significant positive absolute
disparity, representing a statistically greater mortality rate for black men compared to white
men (Fig. 3). Areas not found to be significant tended to have insufficient male African-
American population to reach significance.

Our analyses of disparities for Hispanic populations were also largely consistent with
national data on lung cancer mortality. Comparing Hispanic females to white females (Fig.
4), 87% of CDs show a significant negative absolute disparity, representing a statistically
lower mortality rate for Hispanic women compared to white women. This disparity was
evident across most regions of the country with sufficient Hispanic population. Comparing
Hispanic males to white males, 86% of CDs showed a negative absolute disparity,
representing a statistically lower mortality rate for Hispanic men compared to white men.
This pattern held for comparisons between blacks and Hispanics, as well. Among black and
Hispanic females, we found a significant positive absolute disparity in 82% of CDs,
representing a statistically greater mortality rate for black women compared to Hispanic
women. Consistent with the preceding findings, comparing black and Hispanic males, 88%
of CDs showed a significant positive absolute disparity, representing a statistically greater
mortality rate for black men compared to Hispanic men.

4. Discussion

Our findings revealed previously unreported disparities within CDs, particularly a
divergence from national lung cancer mortality data comparing black and white females
such that, in the Midwestern U.S., black females have higher lung cancer mortality rates, but
in the Southeastern U.S., white females have higher lung cancer mortality rates. These novel
findings illustrate how the quantification and evaluation of the statistical significance of
health disparities in local populations may be applied to congressional districts. Smoking
prevalence may explain much of this disparity. In the U.S., smoking is directly responsible
for about 90% of lung cancer deaths in men and almost 80% of lung cancer deaths in women
(CDC, 2008). Lung cancer mortality rates during the most recent time period likely reflect
historical patterns of smoking decades earlier. In the Southeastern U.S., from 1992 to 1993,
the proportion of white females who smoked was 24.3% compared to 20.9% for black
women (Shopland et al., 1996); this might explain the pattern of higher lung cancer
mortality rates among white women compared to black women in southern CDs. In the
Midwestern U.S., the percentage of black women who smoked was higher (26.5%) than that
of white women (23.7%), and might explain the pattern of higher lung cancer mortality rates
among black women compared to white women in Midwestern CDs. Smoking is the most
preventable cause of premature death (CDC, 2006), and our analysis is expected to support
the formulation of policy interventions designed to reduce smoking in specific sub-
populations defined by race and gender within congressional districts.

Previous geographic analyses identified areas of high mortality within particular racial/
ethnic/sex groupings. For example, among African-American women, highest lung cancer
mortality rates were seen in the Midwest (Hao et al., 2006). Among white women, highest
lung cancer mortality rates were in the west and coastal south (Hao et al., 2006). Hao and
colleagues (2006) also reported higher mortality rates among white men in congressional
districts in Appalachia and the south; and higher rates for black men in the Midwest and the
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south. These results are similar to our findings in some regions; however, our explicit
consideration of disparities enables identification of differences between groups.

Smoking prevalence may also explain, in large part, why black males almost always have
higher lung cancer mortality rates than other groups. Nationally, the highest smoking
prevalence during 1992/1993 was reported by African-American males (31.3%), followed
by white males (26.4%), then by Hispanic males (25%) (Shopland et al., 1996).
Additionally, higher rates of lung cancer mortality among blacks may be attributed to socio-
economic factors. Blacks are more likely to be uninsured than whites and to lose their health
insurance following the diagnosis of cancer (Flenaugh and Henriques-Forsythe, 2006).
Greenwald et al. (1998) reported lower lung cancer survival in the African-American
population attributable to lower incomes. A limitation of this study is that we did not adjust
for socio-economic status (SES). On the other hand, SES alone does not account for all
health disparities by race. Krieger and colleagues (2003) related measures of economic
deprivation to socio-economic gradients in health by race within small geographic areas, and
reported the steepest gradients among the white population and shal-lowest among the black
population; however, in areas of less economic deprivation, absolute rates were greater
among black compared to white Americans (Krieger et al., 2003). The authors interpreted
these findings to demonstrate why analyses of socio-economic disparities in health need to
address racial disparities.

Flenaugh and Henriques-Forsythe (2006) present a review of the literature that discusses
these determinants of lung cancer mortality discrepancies: treatment offered, accepted and
available. Earle et al. (2002) reported that blacks were less likely to be referred to a cancer
specialist for chemotherapy. McCann and colleagues (2005) found that African-Americans
were offered surgical resection at a similar rate to whites (35%), but only 58% of blacks
accepted treatment compared to 74% of whites. Differences in understanding the surgical
risks, distrust of the health care system, or the belief that surgery leads to metastasis were
cited as explanations by the researchers. Neighbors and colleagues (2007) found that blacks
had lower odds of obtaining lung resection at a high-volume hospital compared to whites,
and were more likely to die in the low-volume hospitals where they did receive care. The
role of these different cultural factors, as well as access to and utilization of quality cancer
care, needs to be explored to understand disparity patterns within CDs.

Racial disparities in smoking prevalence reported in the literature were also consistent with
our findings regarding Hispanics, who had lower lung cancer mortality rates compared to
blacks and whites. Hispanics had lower smoking prevalence than whites and blacks
(Shopland et al., 1996). Lung cancer is the leading cause of cancer death among Hispanic
men and the second leading cause of cancer death among Hispanic women. However,
because of a traditionally lower rate of cigarette smoking among Hispanics, lung cancer
mortality is about 50% lower than in non-Hispanic whites (O’Brien et al., 2003). For
example, current smoking prevalence during 2002—2004 was about 20% among Hispanic
men compared to 25% among non-Hispanic whites. The corresponding prevalence for
Hispanic women and non-Hispanic white women were 10.6% and 22%, respectively
(NCHS, 2006). It has been noted that a lack of sufficient data to calculate Hispanic mortality
rates at the CD level across much of the country limits interpretation of regional variations
(Hao et al., 2006). Additionally, Howe and colleagues (2006) suggest that anecdotal reports
that Hispanics return to their country of birth after being diagnosed with cancer may
underestimate the Hispanic mortality rate. This hypothesis has also been referred to as the
“salmon-bias” effect; a metaphor for return migration to one’s birthplace to die (Abraido-
Lanza et al., 1999). However, Palloni and Arias (2004) and Abraido-Lanza et al. (1999)
found that this migratory hypothesis did not consistently explain the lower mortality among
Latino subgroups of different national origin.
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Our study’s limitations entail those associated with ecological studies, most significantly,
the inability to generalize findings to individuals. Additionally, our study did not address
determinants of health that may warrant closer scrutiny at the local level, including, socio-
economic and health insurance status, variations in access to and utilization of quality cancer
care, proximity to air pollution sources, cultural influences, race/ethnic subgroupings,
population mobility, among others. Further, we found similar results using absolute and
relative disparity statistics, but did not evaluate changes in mortality rates over time. Trend
studies that report both absolute and relative disparity statistics may shed additional insights,
particularly when divergent findings are revealed (Keppel et al., 2005).

In conclusion, application of the absolute disparity statistic to lung cancer mortality rates
within congressional districts demonstrated how tests of statistical significance might be
used to reveal previously unrecognized racial disparities at the local geo-political level.
Specifically, within congressional districts located in the Southeastern U.S., white women
showed higher lung cancer mortality compared to black women. On the other hand, within
Midwestern congressional districts, black women showed higher lung cancer mortality rates
compared to white women. These statistically significant differences represent departures
from national lung cancer mortality data, and, among smokers, may be attributable to racial
differences in smoking across geographic regions. Our statistical findings suggest that these
variations are not random, but instead, are systematic differences resulting from health
determinants associated with a largely preventable outcome: smoking-induced lung cancer.
Small area geographic analyses of racial/ethnic disparities within CDs can help generate
hypotheses to stem the tide of disparate health outcomes.
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Black females have Black females have No statistically significant

higher mortality rates - lower mortality rates difference between black :]
compared with white compared with white and white female

females (p<0.05) females (p<0.05) mortality rates

Notes: Black (non-Hispanic) females are the target group and white (non-Hispanic) females are the reference group.
Rates age-adjusted to 2000 U.S. population.

Fig. 1.
Racial disparities in lung cancer mortality rates: black females compared to white females,
U.S. congressional districts, 1990-2001.
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Fig. 2.
Age-adjusted total U.S. mortality rates for lung and bronchus cancer, all ages for 1995-2004
by race and sex.
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Fig. 3.
Racial disparities in lung cancer mortality rates: black males compared to white males, U.S.
congressional districts, 1990-2001.
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Fig. 4.
Racial Disparities in lung cancer mortality rates: Hispanic females compared to white
females, U.S. congressional districts, 1990-2001.
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Table 1

Racial and ethnic disparities in lung cancer mortality in U.S. congressional districts: key findings using
absolute disparity statistics?, 1990-2001.

Key findings Median? disparity statistic  Range? of disparity statistics  Region of significance

Black females have higher lung 3.27 1.98,65.77 Midwest
cancer mortality rates compared
with white females

Black females have lower lung -3.69 —-1.96, —9.59 Southeast
cancer mortality rates
compared with white females

Black males have higher lung 536 1.99,632.72 Most of the U.S.
cancer mortality rates
compared with white males

Hispanic females have lower lung -6.46 —2.03, —19.10 Most of the U.S.
cancer mortality rates compared
with white females

Hispanic males have lower lung -7.41 -2.00, —19.50 Most of the U.S.
cancer mortality rates
compared with white males

Black females have higher lung 522 201,20.32 Most of the U.S.
cancer mortality rates
compared with Hispanic females

Black males have higher lung cancer 8.39 1.98,24.72 Most of the U.S.
mortality rates compared with
Hispanic males

a . . . S A L T
Median and range are calculated to characterize the distribution of significant (o < 0.05) disparity statistics in CDs across the U.S.
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