1duasnue Joyiny vd-HIN 1duasnue Joyiny vd-HIN

wduosnue Joyiny vd-HIN

"% NIH Public Access

a8 & Author Manuscript
st

NATIG,
fly

Published in final edited form as:
Public Health. 2012 July ; 126(7): 605-612. doi:10.1016/j.puhe.2012.04.004.

An ecological approach to examine lung cancer disparities due
to sexual orientation

U. Boehmer2”, A. Ozonoff®, and X. Miao®
aDepartment of Community Health Sciences, Boston University School of Public Health, Boston,
MA, USA

bDepartment of Biostatistics, Boston University School of Public Health, Boston, MA, USA

SUMMARY

Objectives—To determine whether there is an association between geographical areas with
greater sexual minority density, defined as gay and lesbian individuals, and incidence and
mortality rates for lung cancer.

Study design—As individual surveillance data on sexual orientation are not available, this study
used an ecological approach to examine the link between sexual minorities and lung cancer.

Methods—Population-based surveillance data on the incidence of and mortality due to lung
cancer from 1996 to 2004 were used from 12 SEER registries and 2000 Census data on same-sex-
partnered households for the geographical area covered by SEER 12. Using multiple regression
models, the county-level association of sexual minority density with incidence or mortality rates
for lung cancer was examined.

Results—A significant positive association was found between both incidence and mortality

rates for lung cancer and areas with a higher density of sexual minority men, and a significant

negative association was found between both incidence and mortality rates for lung cancer and
areas with a higher density of sexual minority women.

Conclusions—In the absence of surveillance data, this novel methodological strategy
approximates population-level lung cancer disparities for sexual minority populations at the
aggregate level.

Keywords
Homosexuality; Lung cancer; Morbidity; Mortality; Cancer surveillance; Health disparities

© 2012 The Royal Institute of Public Health. Published by Elsevier Ltd. All rights reserved.

"Corresponding author. Address: Department of Community Health Sciences, Boston University School of Public Health, 801
Massachusetts Avenue, Crosstown Center, Boston, MA 02118, USA. Tel.: +1 617 638 5835; fax: +1 617 638 4483. boehmer@bu.edu
(U. Boehmer).

Ethical approval

As all data were de-identified public-use data files, the protocol was deemed to be exempt from Institutional Review Board review.

Competing interests

None declared.

Publisher's Disclaimer: This is a PDF file of an unedited manuscript that has been accepted for publication. As a service to our
customers we are providing this early version of the manuscript. The manuscript will undergo copyediting, typesetting, and review of
the resulting proof before it is published in its final citable form. Please note that during the production process errors may be
discovered which could affect the content, and all legal disclaimers that apply to the journal pertain.



1duasnuey Joyiny vd-HIN 1duasnuey Joyiny vd-HIN

1duasnuey Joyiny vd-HIN

Boehmer et al.

Page 2

Introduction

The existence of a link between smoking and lung cancer was first reported around 1930.1
Since then, smoking has been causally linked to lung cancer. Specifically, it has been stated
that there is no risk-free level of smoking and up to 90% of all lung cancers are attributable
to smoking.2 Smoking has been linked to lung cancer in all racial and ethnic groups;
however, it has also been stated that the higher incidence of lung cancer in African-
American men and lower incidence of lung cancer in American Indians is not explained by
differences in their smoking rates.3 Other population-based differences in smoking and lung
cancer are linked to sex.* The risk of developing lung cancer is about 23 times higher in
male smokers and 13 times higher in female smokers compared with lifelong non-
smokers.>® The age-adjusted annual incidence of lung cancer is declining steadily in men,
but is still higher in men than women.>6 Women have shown a steady increase in lung
cancer over a long period, which has only slowed recently.%7 These differences in lung
cancer between men and women reflect historical changes in smoking, the prevalence of
which peaked 20 years later among women compared with men.’

Population groups with higher smoking rates are known to bear a disproportionate amount
of the lung cancer burden. One such population group is sexual minorities, defined as gay,
leshian and bisexual individuals. For example, in 2007, the President’s Cancer Panel noted a
higher cancer risk for sexual minorities, as smoking among sexual minorities is twice the
rate among heterosexual populations, smoking rates of sexual minority youth are as high as
those of adults, and these youths tend to start smoking at an earlier age.8 Two recent review
articles summarized the evidence on smoking disparities in sexual minorities.910 Over a 20-
year span from 1987 to 2007, studies using population-based, convenience and cohort data
assessed smoking in sexual minorities. One review concluded that among sexual minority
women, the odds ratios of tobacco use were between 1.5 and 2.0 compared with
heterosexual women, whereas the odds ratios of tobacco use among sexual minority men
were between 2.0 and 2.5 compared with heterosexual men.® Considering a latency period
of 15-20 years between smoking and lung cancer, it is reasonable to assume that the higher
smoking rates among sexual minorities dating back to the early 1980s%10 resulted in their
higher risk of lung cancer in the early 21st Century. A direct investigation of this hypothesis
cannot be performed because cancer registries do not include data on sexual orientation,11
therefore making it impossible to assess the prevalence of lung cancer in sexual minorities.
A few studies used registries of human immunodeficiency virus (HIV)-positive populations,
which include large proportions of men who have sex with men, to assess the incidence of
lung cancer.12-14 While lung cancer is not an acquired immunodeficiency syndrome
(AIDS)-defining cancer, the excess of lung cancer documented in studies of HIV-positive
populations has been explained by the higher smoking rates in HIV-positive populations and
HIV-infected gay men.12-14 Despite the strong and consistent documentation of smoking
disparities among sexual minorities, the lack of surveillance data on sexual orientation
results in a gap of public health knowledge. This needs to be addressed urgently.

SEER data also lack individual-level information on socio-economic status, which hinders
the examination of cancer disparities due to socio-economic status. To fill this information
gap, aggregate data on socio-economic status derived from the US Census have been used.
The linkage of SEER and census data is complementary and has gained widespread
acceptance as a methodology for identifying cancer disparities due to socioeconomic
status.15-20 The linkage of SEER and census data was replicated in this study to overcome
the lack of individual-level sexual orientation data in SEER using aggregate sexual
orientation data from the census.
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The US Census does not measure sexual orientation directly; instead, it gathers information
on same-sex-partnered households, which has since been used as a surrogate measure of
sexual orientation.21-27 While there are a number of concerns, including that census data
only represent coupled sexual minorities who are cohabiting and feel comfortable reporting
their same-sex-partner status,21:22.28 census-derived same-sex-partnered households has
emerged as a premier national data source of sexual minorities that allows the identification
of geographical locations where sexual minorities are clustered. For example, some studies
successfully conducted population-based studies with sexual minorities after they selected
geographical locations that had, according to the census, a high density of same-sex
households.26:22 Previously, SEER data and census data have been linked successfully to
test the hypothesis that the incidence of breast cancer is higher in geographical areas with
more female same-sex-partner households, indicating a positive association between the
incidence of breast cancer and areas with a higher density of sexual minority women.2>
Furthermore, a significant positive association has been identified between a higher density
of sexual minority men and women and the incidence of colorectal cancer, while the
mortality rate for colorectal cancer has been positively associated with areas with a higher
density of sexual minority men but not women.2” The present study examined the assumed
disparity in lung cancer due to sexual orientation, relying on aggregate data on same-sex-
partnered households from the 2000 Census.

The approach of linking SEER and census data at the county level for the purpose of
assessing cancer disparities has been described in detail elsewhere.22:27 Therefore, a
shortened description of this approach is described here.

The SEER Program is the premier source for cancer statistics in the USA, collecting data on
incidence, survival and prevalence from specific geographical areas representing 26% of the
US population. Nine years of data were selected, from 1996 to 2004, so the available
county-level census data in 2000 represent the midpoint of the study period. These data were
derived from 12 SEER registries and represent 215 counties.

2000 Census

Measures

The decennial US Census conducted in 2000 is an enumeration of the US population. By
combining responses from two questions included in the census, one about the sex of each
household member and one about the relationship between each member of the household,
which included ‘unmarried partner’ as an answer choice, ‘same-sex-partnered households’30
was identified from the Census Summary File 1 (SF1). However, SF1 does not provide
information on the age of household members, which is a major disadvantage for an interest
in the relationship between sexual orientation and lung cancer, an age-dependent disease. In
order to control for the potential confounding effect of age, the exposure variable used was
age-specific sexual minority density. The distribution of same-sex partners across age
groups was obtained using the 5% Public Use Microdata Sample (PUMS) of Census 2000.
Summary File 3 (SF3) was used to obtain estimates on socio-economic status at the county
level.

The outcomes of interest were sex-specific incidence and mortality rates for lung cancer,
which were obtained from SEER. The sample was limited to men and women aged =18
years with new, primary diagnoses of lung cancer and all deaths due to lung cancer that were
recorded for 1996-2004, recording each woman’s and man’s age, race, year of diagnosis,
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year of death and county of residence from SEER. In total, 89,741 new cases of lung cancer
were diagnosed in men and 68,637 new cases of lung cancer were diagnosed in women
within the 12 SEER registries. For men, 95 males under 18 years of age (0.10%) and eight
(0.01%) subjects of unknown age were excluded; for women, 86 females under 18 years of
age (0.13%) and four (0.01%) subjects of unknown age were excluded. Over the same
period (1996-2004), 78,593 deaths due to lung cancer were reported in men and 60,908
deaths due to lung cancer were reported in women in the 12 SEER registries. Counts of
incidence of and mortality due to lung cancer were classified into one of 11 age categories
(18-24, 25-29, 30-34, 35-39, 40-44, 45-49, 50-54, 55-59, 60-64, 65-69 and =70 years)
and into one of three race groups (White, Black or other). All incidence and mortality rates
for lung cancer were calculated using the total female and male population aged =18 years in
each county, and age adjusted using the 11 age groups listed above and the 2000 US
Standard Million.31

The main independent variable was derived from the 2000 Census data on same-sex-
partnered households, a surrogate for individual sexual orientation data. These data were
aggregated at the county level, expressing either the number of females or males living in a
same-sex-partnered relationship within a household in relation to the female or male adult
population of the county. This aggregate variable was called ‘sexual minority women
density’ (SMWD) or ‘sexual minority men density’ (SMMD) because it expresses the
variation in the density with which resident sexual minority women or men report at the
county level. To make these data age specific, the distribution of sexual minority women,
defined as women who live in female same-sex-partnered households, was obtained across
different age groups from the PUMS data, and this information was combined with the
county-level SMWD. The same calculations were performed for men. Due to the small
samples of PUMS at the individual county level, PUMS data across the 215 counties in the
SEER registry were aggregated and the SWMD or SMMD weight for each age group was
computed as:

number of sexual minority women or men in a specific age group

weight=
& total number of sexual minority women or men in all age groups

Due to a strong association between socio-economic status and lung cancer,32 models were
adjusted for socio-economic status. Poverty was adjusted for in order to maintain consistent
methodology with a previous study on breast and colorectal cancer.25 Poverty level was
defined as the percentage of the population living under the Federal poverty level, which has
been found to be the most consistent and easily interpretable variable that accurately
measures socio-economic disparities in health outcomes.2%:33 However, for this study of
lung cancer, a further adjustment was made for education, which represents an innovation
from the previously established methodology.2® It was reasoned that the inclusion of
education was warranted, given earlier findings that men and women with less than a high-
school education have higher rates of lung cancer compared with their college-educated
counterparts.32 Moreover, smoking is the most common cause of lung cancer. Smoking rates
are significantly higher in the least educated population, and this group’s smoking rates
remained fairly stable over the 9 years of data (1996—-2004),34 providing further evidence for
the inclusion of education as an additional confounder, defined as the percentage of the
population with high-school and higher education.

analysis

The county-level association of SMWD or SMMD with the incidence or mortality rates for
lung cancer was examined using multiple regression models. All models included SEER
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registry, race and socio-economic status as fixed effects. The process for model selection
used a combination of residual diagnostics, Akaike Information Criterion and judgement to
select models that combined parsimony and interpretability with robust model fit and valid
underlying assumptions. Several model formulations and distributional assumptions
appropriate for incidence and mortality data were considered, including Poisson and zero-
inflated Poisson models as well as negative binomial alternatives. Residual plots were then
examined to assess the validity of the distributional assumptions. The estimated regression
coefficients were estimated from these models after exponentiation as incidence rate ratios
or mortality rate ratios, respectively. SAS Version 9.1.3 (SAS Institute Inc, Cary NC, USA)
was used for all analyses.

The accumulated incidence rates of lung cancer for men and women from 1996 to 2004 are
shown in Table 1. The 12 SEER registries show considerable variation in the number of
counties that are captured by each registry, ranging from one (the Los Angeles registry) to
99 counties (the lowa registry). Overall, the 12 SEER registries include 215 of the 3141
counties across the USA. Similarly, the number of incident cases of lung cancer showed
great variation by registry. For men, the lowest incidence of lung cancer was reported by the
Rural Georgia registry, whereas the Los Angeles registry reported the greatest number of
incident cases. The crude and adjusted incidence rates for men are listed in the fourth and
fifth columns of Table 1, respectively. The lowest crude incidence rate for men was reported
by the Utah registry (35 cases per 100,000), whereas the highest crude incidence rate was
reported by the Rural Georgia registry. Once incidence had been adjusted for age, the lowest
incidence rate was reported by the Hawaii registry, and the highest incidence rate was still
reported by the Rural Georgia registry. For women, the lowest and highest incidence rates
for lung cancer were reported by the same registries as for men: Rural Georgia and Los
Angeles, respectively. The highest crude and adjusted incidence rates for women were
reported by the Detroit registry. The lowest crude and adjusted incidence rates for women
mirrored the results for men, with the lowest crude rate reported by the Utah registry and the
lowest adjusted incidence rate reported by the Hawaii registry.

Figure 1 shows the SMMD by registry. On average, the SMMD in the USA is 0.41. Of the
12 registries, only two (Utah and lowa) were below the national average, indicating that the
SMMDs in Utah and lowa were below the national average.

Figure 2 shows the SMWD by registry. The average SMWD for the nation is 0.43. In
contrast to the results for men, only eight of the 12 SEER registries (Hawaii, New Mexico,
San-Jose Monterey, Atlanta, Connecticut, Seattle, San Francisco and Los Angeles) had an
SMWD that was higher than the national average.

Table 2 shows the multiple regression results for the incidence of lung cancer in the male
and female populations. Age and registry were controlled for, as well as poverty, education
and race. In these fully adjusted models, the incidence rate ratio of 1.05 shows that with each
unit increase in SMMD, the incidence of lung cancer in men increased by 5%. This reflects
a positive significant relationship between SMMD and the incidence of lung cancer. Among
women, a significant negative relationship was found, indicating that an increase in SMWD
was associated with a lower incidence of lung cancer; a unit increase in SMWD decreased
the incidence of lung cancer by 17%. In both models for men and women, education level
and race were significantly associated with the incidence of lung cancer. For men, a
significant positive association was found between poverty and the incidence of lung cancer.
The association between education and the incidence of lung cancer was negative, indicating
that a higher level of education was associated with a lower incidence of lung cancer in both
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men and women. Black race was positively associated with the incidence of lung cancer
among both men and women, indicating more cases of lung cancer compared with their
White counterparts. A negative association with the incidence of lung cancer was found for
both men and women of other races, suggesting fewer cases of lung cancer compared with
White men and women.

Table 3 shows the fully adjusted regression models for mortality due to lung cancer. Among
men, a positive association was found between SMMD and mortality. Poverty, education
and race were significantly associated with mortality, indicating that higher levels of
poverty, lower education and Black race increase deaths due to lung cancer in men, whereas
men of other races had lower mortality rates due to lung cancer. Modelling mortality rates
for lung cancer for women, a significant negative association was found between SMWD
and mortality. Black race and education were not significantly associated with deaths due to
lung cancer, while a significantly negative association was found between other race and
mortality due to lung cancer. Higher levels of poverty were associated with more deaths due
to lung cancer in women.

Discussion

This study found higher incidence and mortality rates for lung cancer in geographical areas
with greater SMMD. The results for women differed from the results for men; areas with a
higher SMWD had significantly lower incidence and mortality rates for lung cancer. The
other results are consistent with the findings of other studies, indicating that Black men have
higher incidence and mortality rates for lung cancer than White men, while the incidence
and mortality rates for lung cancer do not differ significantly between White and Black
women.18:35 Consistent with these studies, no differences were found between Black and
White women with respect to deaths due to lung cancer, but Black women had a higher
incidence of lung cancer.

Previous studies have suggested that higher levels of poverty and low educational attainment
significantly increase the incidence and mortality rates for lung cancer in both men and
women.32 The present results for men confirm this finding, as both poverty and low
educational attainment were significantly associated with higher incidence and mortality
rates for lung cancer. However, in this study, the incidence and mortality rates for lung
cancer in women had a more complex pattern, indicative of confounding between poverty
and educational status. When controls were made for poverty alone, a significant association
was found for both the incidence and mortality rates of lung cancer among women (results
not shown). However, when controls were made for both poverty and education, poverty
was no longer significantly associated with the incidence of lung cancer, whereas in the
models of mortality due to lung cancer, a significant association was found for poverty but
not for education. This pattern may be indicative of the complex relationship between
education and lung cancer in women. A previous study3® that focused on temporal trends in
mortality due to lung cancer in men and women found differences over time between men
and women with respect to education. Among White women, deaths due to lung cancer
increased for those with fewer than 12 years of education, comparing 1993 rates with 2001
rates; over the same period, deaths due to lung cancer among Black women were stable at
every level of education.36

Most importantly, these analyses are an ambitious attempt to overcome the nonexistent
surveillance of sexual minorities. The approach relied on available population-based data,
the US Census, which has previously been linked with SEER data in an effort to compensate
for a lack of individual data in SEER.15-20 The results presented here on geographical
SMMD data were consistent in that it was possible to show that SMMD is significantly
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associated with incidence and mortality rates for lung cancer. The data on SMWD are also
consistent, indicating a significant association with incidence and mortality rates for lung
cancer. However, contrary to expectations, the association was found to be negative,
indicating that areas with greater SMWD have lower incidence and mortality rates for lung
cancer.

The inconsistency of these findings by sex is of concern because there are reliable data that
both sexual minority men and women have higher smoking rates compared with their
heterosexual counterparts;®-10 therefore, it was reasonable to expect that both greater SMMD
and SMWD areas would have significantly higher incidence and mortality rates for lung
cancer. It is questionable whether the considerable latency period of lung cancer may
contribute to the inconsistency of these findings by sex. These analyses did not compare
rates by sex directly; instead, the male and female populations were analysed separately.
However, it may be that there are insufficient longitudinal surveillance data on smoking
behaviours by sexual orientation, as the earliest studies are from the 1980s.%10 Due to the
extended latency period of lung cancer, it is conceivable that the recently documented
increased smoking behaviours in sexual minority women compared with heterosexual
women may not have existed for a sufficient period to result in elevated lung cancer in
sexual minority women. It may be that the expected differences will be seen in future years.
Studies of the general population have clearly shown that temporal trends in the incidence
and mortality rates for lung cancer follow historical smoking behaviours. In the general
population, studies of the incidence of lung cancer closely mirror smoking behaviours, with
the prevalence of smoking among women peaking about 20 years after that for men.’
Specifically, the prevalence of smoking among men peaked at 67% during the 1940s, and
the mortality rate due to lung cancer for men peaked at 91 out of 100,000 in 1990, indicating
40-50 years between the peak smoking rate and the peak in mortality. Among women, the
prevalence of smoking peaked in the 1960s and the mortality rate due to lung cancer peaked
in 1999 at about 41 out of 100,000, about 40 years after the peak smoking rate.3” Similar
temporal data on sexual orientation and smoking are not available. It is not known when the
higher prevalence of smoking among sexual minority women compared with heterosexual
women peaked, making it possible that the lower incidence and mortality rates for lung
cancer in areas with greater SMWD may be reversed at some point in the future.

A novel methodological strategy was used in this study in an attempt to approximate
population-level disparities for sexual minority populations. Ideally, additional data could
have been considered, such as temporal smoking data for the SEER counties on which these
analyses are based. Ecological analyses or area-based measures have been widely used in
studies that focused on the relationship between socioeconomic status and health, when
individual-level measures have not been available.29-38-41 Based on a number of
methodological studies with both aggregate and individual-level data, weak to moderate
correlation has been shown between area and individual-level variables; others have
suggested that they measure different constructs.2 The limitations of this approach are
recognized and inference is at the level of the county, rather than the level of the individual.
It is hoped that with respect to sexual minority status, future research will seek to
substantiate the link between sexual orientation and lung cancer identified by this study.
This ecological study describes the relationship between the density of sexual minorities and
lung cancer. This is similar to earlier studies that focused on the incidence of breast cancer
and colorectal cancer, showing a positive association between SMWD and the incidence of
breast cancer, and a positive association between greater SMMD and SMWD and the
incidence of colorectal cancer.2527

Ideally, individual population-based data on sexual minorities are needed to address the
question of lung cancer disparities due to sexual orientation. However, while it is resource-
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intensive yet feasible to systematically assess the sexual orientation of breast cancer cases
using a cancer registry,2% a similar approach is not conceivable for lung cancer due to the
short survival time. Moreover, because of the high mortality rates for lung cancer, it is not
possible to use population-based surveys of cancer survivors that include measures of sexual
orientation.

This novel methodological strategy is particularly valuable for an ecological examination of
the lung cancer burden, which may be the most sensible approach for the time being in light
of the limitations of the available data. Another strength of this study is that controls were
made for poverty, education and race, which are linked to lung cancer. If the data had been
available, models would have included controls for smoking rates. This ecological approach
to lung cancer is in line with other ecological approaches, which linked state-specific
tobacco control efforts to lower smoking and the incidence of lung cancer.43
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Figure 1.

Sexual Minority Men Density by Registry. Plotted means in red and blue are calculated over
the counties included in the individual registries or over the entire U.S. respectively. (The
bottom and top of the box are the 25th and 75th percentile and the band near the middle of
the box is the median. The ends of the whiskers represent the lowest datum still within 1.5
interquartile range (IQR) of the lower quartile, and the highest datum still within 1.5 IQR of
the upper quartile. The dotted line represent the range from the lower(higher) quartile to the
lowest(highest) datum that is within 1.5 IQR. IQR is the difference between the 75th and the
25th percentile.)
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Figure 2.

Sexual Minority Women Density by Registry. Plotted means in red and blue are calculated
over the counties included in the individual registries or over the entire U.S. respectively.
(The bottom and top of the box are the 25th and 75th percentile and the band near the
middle of the box is the median. The ends of the whiskers represent the lowest datum still
within 1.5 interquartile range (IQR) of the lower quartile, and the highest datum still within
1.5 IQR of the upper quartile. The dotted line represents the range from the lower(higher)
quartile to the lowest(highest) datum that is within 1.5 IQR. IQR is the difference between
the 75th and the 25th percentile.)
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