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Abstract
Objectives of study—To test recent claims that cancer inequities are bound to increase as
population health improves.

Methods—We analyzed 1960–2006 age-standardized US county cancer mortality data, total and
site-specific (lung, prostate, colorectal, breast, cervix, stomach), stratified by county income
quintile for the US total, black, and white populations.

Results—Between 1960 and 2006, US socioeconomic inequities in cancer mortality variously
shrunk, widened, reversed, and stagnated, depending on time period and cancer site. For all
cancers combined and most, but not all, sites, absolute, but not relative, socioeconomic gaps were
greater for the black compared to white population. Compared to the yearly age-specific mortality
rates among whites in the most affluent counties, the percent of excess cancer deaths among
whites in the lower four county income quintiles first rose above 0 in 1990 and in 2006 equaled
5.4% (95% CI 4.8, 6.0); among blacks, it rose from 6.0% (95% CI 4.5, 7.4) in 1960 to 24.7%
(95% CI 23.9, 25.5) in 1990 and remained at this level through 2006.

Conclusions—The hypothesis that cancer mortality inequities are bound to increase is refuted
by long-term data on total and site-specific cancer mortality stratified by socioeconomic position
and race/ethnicity.
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Introduction
Must socioeconomic inequities in cancer mortality inevitably increase, a consequence of
more affluent persons having increasingly better access to healthy living and working
conditions and also to appropriate health care when ill? This hypothesis, proposed two
decades ago [1], increasingly features in research on social inequalities for both cancer and
other health outcomes [2, 3]—albeit with most studies having typically examined data only
spanning up to two decades, often starting only in the 1980s.
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Yet, challenging claims about socioeconomic cancer inequities inevitably increasing as
population health improves are findings from the six extant cancer mortality studies that
have examined long-term trends spanning at least four decades and/or extending back to
1960 or earlier: three US [4–6] (two nationally representative (1950–1998) [4, 5], one
comparing two predominantly white and relatively affluent cohorts (1959–1972 and 1982–
1996) [6], and none stratified by race/ethnicity) and three European (Norway (1960–2000)
[7]; the Netherlands (1950–1984) [1]; and England and Wales (1851–1971) [8]). In all six
studies, relative and absolute socioeconomic inequities in cancer mortality variously shrank,
widened, and reversed over time, with patterns varying both within and across cancer sites.

Accordingly, to update and strengthen tests of the hypothesis that socioeconomic inequities
in cancer mortality are bound to increase, we have conducted a repeat cross-sectional
analysis of 1960–2006 age-standardized US county mortality rates stratified by county
income quintile for the total, white, and black population. Our a priori hypothesis—framed
by the ecosocial theory of disease distribution and its approach to analyzing how we literally
embody, biologically, our societal and ecological context, thereby creating population
patterns of health and health inequities [9]—was that trends in the patterning of
socioeconomic inequities in cancer mortality would vary by time period, race/ethnicity, and
cancer site.

Methods and materials
Mortality data

We obtained US county-level mortality data for 1960–1967 from the US National Center for
Health Statistics (NCHS) [10], for which we then manually located and identified the correct
county codes for each of the 3,073 counties[11]; we extracted the corresponding 1968–2006
data from the NCHS US Compressed Mortality files [12]. Underlying cause of death was
coded according to the International Classification of Diseases (ICD), with codes matched to
the year in which the deaths occurred: ICD-7 (1960–1967), ICD-8 (1968–1978), ICD-9
(1979–1998), and ICD-10 (1999–2006) (see eTable 1) [13]. We analyzed mortality data for
all cancers (20.6 million cancer deaths; Table 1) and also for breast (women only), cervix,
colorectal, lung, prostate, and stomach cancer, selected because they rank among the leading
causes of both US cancer mortality and socioeconomic inequalities in US cancer mortality
[3–6]. The study was approved as exempt by the Harvard School of Public Health Human
Subjects Committee (HSC Protocol #P15744-101).

Denominator data
We obtained county-level denominator data from the 1960–2000 US decennial counts, US
Census Bureau intercensal population estimates, and NCHS estimates for 1968–1969
(interpolated) and 2001–2006 (extrapolated) [12]. We estimated the 1961–1967
denominators using linear interpolation, based on the 1960 and 1968 population data [11],
and followed NCHS guidelines for merging and unmerging the small number of counties
over time which were eliminated, established, or had boundaries redrawn [12]. Because
Alaska used nonidentical county boundaries in their pre-1989 population and mortality data,
Alaska analyses before 1989 were for the entire state only (equaling 0.01–0.02% of the US
population). Overall, the study included 11.1 billion person-years of observation (Table 1).

County income quintiles and racial/ethnic classification
We employed US census decennial 1960–2000 county-level data on median family income
[11, 14, 15], which we adjusted for inflation and regional cost of living [11, 16]. Analyses
by county education level yielded similar results and are not shown. We used linear
interpolation for intercensal years and extrapolated for 2001–2006 based on the slope for
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1990–2000 [11]. We then assigned counties to quintiles (Q5: highest income; Q1: lowest
income; cut-points in eTable 2), which we weighted by county population size, given its
enormous variation [11]—e.g., ranging in 1960 from 47 in Yellowstone National Park, MT
to 6,038,771 in Los Angeles County, CA, and in 2006 from 67 in Loving County, TX to
9,519,338 in Los Angeles County, CA. Missingness due to counties lacking income data
was minimal (<1%) for both denominators and numerators.

We conducted all analyses for the US total, black, and white populations. Given well-known
limitations of and changes in US mortality and census racial/ethnic classifications [17],
including lack of long-term data on racial/ethnic groups other than white or black [10, 12,
17, 18], we followed standard practice and reclassified the “non-white” population as
“black” for the period 1960–1967, when data were available only for the “white” and “non-
white” population [18]. Suggesting this approach is reasonable, in 1960, 92% of the US
“non-white” population was black, and mortality rates of these two populations were almost
identical [18]. New Jersey death certificates did not identify race/ethnicity in 1962 and 1963,
precluding the use of these two years' data (<3% of the US population).

Statistical analysis
For each calendar year, we aggregated the county mortality and population data in each
county income quintile and calculated each quintile's age-standardized mortality rates,
standardized to the year 2000 standard million [11]. We used SAS 9.1 to conduct all of our
analyses [19], unless otherwise indicated.

For each outcome, we compared rates in the lower to highest county income quintiles to
calculate each year's age-standardized mortality rate ratio (MRR), a measure of relative
disparity, and also the mortality rate difference (MRD), a measure of absolute difference
[11, 20]. We also calculated the total and proportion of deaths that would not have occurred
each year if residents of the four lowest county income quintiles experienced the same
yearly age-specific death rates as persons in the highest county income quintile: a related set
of calculations for the black and white population set as referent group the mortality rate of
white persons in the highest county income quintile. This metric—mathematically
equivalent to the population attributable fraction (PAF) [21]—can meaningfully be
interpreted as a measure of preventable excess mortality, quantifying the gap between the
empirically observed and then achievable death rates across county income quintiles [11, 18,
21].

To explore changes in the slope of the decline in mortality rates, the MRR, and the MRD,
we used joinpoint regression techniques [22, 23]. In these models, line segments are joined
at “joinpoints,” which denote statistically significant changes (p < 0.05) in the time trend
[22, 23]. The slope of these line segments, when fit on the log scale, is interpretable as the
log annual percent change (APC) in the rate [22, 23].

Role of funder
The study funder had no role in study design, data collection and analysis, decision to
publish, or preparation of the manuscript.

Results
As shown in Fig. 1, trends in US cancer mortality rates, total and site-specific, have
displayed considerably heterogeneity by county income quintile, thereby yielding a mix of
widening, shrinking, reversing, and stagnating socioeconomic inequities. Figure 2a–g and
Table 2a–g further stratify results by race/ethnicity.
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Total cancer mortality (Fig. 2a, Table 2a)
From 1960 to about 1990, among both the white and black populations, the age-standardized
total cancer mortality rate in the top four county income quintiles was fairly similar and rose
slightly, with rates in each income quintile highest for blacks. After 1990, these rates
declined, especially in the most affluent county income quintile (white 1991–2006 APC:
−1.40, p < 0.05; black 1991–2006 APC: −1.80, p < 0.05). In both populations, rates in the
lowest county income quintile were initially lowest, rose most quickly, and in the late 1980s
crossed over and thereafter exceeded those of the highest income quintile, thereby producing
a pattern (total, white, black) of shrinking, reversing, and rising inequities. Throughout, the
black population experienced larger absolute, but similar relative, socioeconomic gaps in
mortality, e.g., in 2006, comparing (within racial/ethnic group) the bottom four to the top
county income quintiles, the absolute gaps among blacks (range: 17.1–23.7/100,000) were
twice those among whites (range: 7.7–13.0/100,000), despite similar relative risks (range:
1.08–1.12 vs. 1.04–1.07). Their PAFs were also consistently higher (comparing both groups
to whites in the highest income quintile): among whites, the PAF first rose above 0 in 1990
and in 2006 equaled 5.4% (95% CI 4.8, 6.0); among blacks, in 1960, it equaled 6.0% (95%
CI 4.5, 7.4) and in 1990 reached 24.7% (95% CI 23.9, 25.5) and remained at this level
through 2006.

Lung cancer mortality (Fig. 2b; Table 2b)
Lung cancer exhibited a similar pattern of shrinking, reversing, and rising inequities,
reflecting its huge impact on overall cancer mortality. Among whites, the PAF thus
increased from −5.7% (95% CI −8.0, −3.5) in 1960 to 14.0% (95% CI 13.0, 15.1) in 2006;
among blacks, it rose from −3.1% (95% CI −7.4, 1.3) in 1960 to 19.5% (95% CI 17.6, 21.5)
by 1990 and thereafter remained significantly between 20 and 25%.

Prostate cancer mortality (Fig. 2c; Table 2c)
Among the white population, prostate cancer mortality rates increased across all county
income quintiles from 1960 to about 1992, with rates marginally higher in the highest
income county quintile and also, within income quintiles, below those of their black
counterparts. Between 1992 and 1994, rates among the white population began declining in
every income quintile (APC ranging from −3.7 to −4.1) and by 2006 were indistinguishable,
with the PAF in 2006 equaling 0.0% (95% CI = −2.9, 2.8).

By contrast, among the black population, the socioeconomic inequities widened, then
shrunk, and stagnated. Between the mid-1960s and mid-1990, rates in the four lowest
income quintiles exceeded those in the highest quintile and rose most quickly in the lowest
income quintile; thereafter, rates fell in all income quintiles (APC on the order of −4%), but
rates in the lower income quintiles remained absolutely higher. Consequently, the absolute
gap between the lowest and highest county income quintiles rose from effectively 0 for
1960–1990 (all 95% CI spanned 0) to 11.3/100,000 (95% CI 4.6, 18.0) in 2000, a gap
equaling 50% of the white prostate mortality rate in 2006, a year the black PAF equaled
58.5% (95% CI 56.7, 60.2).

Colorectal cancer mortality (Fig. 2d; Table 2d)
Among both the white and black population, socioeconomic inequities in colorectal cancer
mortality shrank (1960s to mid-1990s), reversed, and, after the mid-1990s, stagnated or
widened. The white socioeconomic convergence in the mid-1990s, however,occurredin a
context of lower—andmore steeply falling—mortality rates as compared to their black
counterparts. Thus, among whites, the PAF reversed from −10.8% (95% CI −13.0, −8.6) in
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1960 to 4.3% (95% CI 2.4, 6.3) in 2006; among blacks, it changed from −34.9% in 1960
(95% CI −40.8, −28.9) to 35.1% (95% CI 33.0, 37.2) in 2006.

Breast cancer mortality (women) (Fig. 2e; Table 2e)
Among the white women, within the top four income quintiles, breast cancer mortality rates
remained relatively stable until 1989–1990, with rates equally highest among the top two
income quintiles; thereafter, mortality rates in all four income quintiles began to decline
significantly by 2.6% per year. Among white women in the lowest income quintile,
however, their initially much lower rates significantly increased by 2.3% per year until
1968, then increased more slowly but still significantly by 0.5% per year until 1992, and
then declined by 1.9% per year—yielding a pattern of both stagnant and shrinking
inequities. By 2006, mortality rates across income quintiles effectively converged, and the
PAF rose from −10.4% (95% CI −13.2, −7.7) in 1960 to −3.4% (95% CI −5.6, −1.1) in
2006.

Among the black women, mortality rates among those in the top four income quintiles were
similar and on par with the white rates until the mid-1980s, then rose above them, peaked in
the early/mid-1990s, and declined thereafter. Rates among black women in the lowest
county income quintile, initially lowest, rose most quickly and converged with those of
black women in the higher income quintiles in the mid-1990s. The reversal in the black PAF
thus exceeded that observed among the white women, shifting from −21.3% in 1960 (95%
CI −27.7, −14.8) to 26.1% (95% CI 23.5, 28.8) in 2006.

Cervical cancer mortality (Fig. 2f; Table 2f)
Among both white and black women, rates consistently declined in all county income
quintiles and were consistently higher in the lowest quintiles. This decline slowed after the
early 1980s, especially for those in the lower income quintiles, producing a pattern of
stagnant and then widening socioeconomic inequities. Among white women, their PAF
increased from 15.0% in 1960 (95% CI 10.6, 19.5) to 32.0% in 2006 (95% CI 25.8, 38.1%);
among black women, their PAF remained high throughout the study period, on the order of
65–75%, and in 2006 equaled 64.4% (95% CI 60.2, 68.7).

Stomach cancer mortality (Fig. 2g; Table 2g)
Although stomach mortality rates were consistently higher among blacks vs whites within
each income quintile, they initially were lowest, in each group, in the lowest county income
quintile. In both groups, rates in every income quintile declined over time and converged, in
the mid-1970s, among blacks, and in the mid-1990s among whites. The PAF in the white
population thus rose from −11.0% in 1960 (95% CI −14.1, −7.8) to −2.6% in 2006 (95% CI
−7.1, 1.9); in the black population, it rose from 32.4% (95% CI 29.1, 35.8) in 1960 to nearly
50% in 1990, peaking at 54.9% (95% CI 52.1, 57.7%) in 2000, and equaling 51.4% (95% CI
48.1, 54.6) in 2006.

Discussion
Our results refute the increasingly prominent hypothesis that socioeconomic inequities in
cancer mortality are bound to rise [1–3], and instead extend evidence demonstrating that
between 1960 and 2006, US socioeconomic inequities in cancer mortality variously shrunk,
widened, reversed, and stagnated, depending on time period and cancer site. These patterns,
moreover, differed by race/ethnicity. For all cancers combined and most, but not all, sites,
larger absolute, but not relative, socioeconomic gaps in mortality occurred among the black
compared to white population, e.g., in 2006, the absolute gaps, compared, respectively, to
blacks and to whites in the most affluent county income quintile, were two time higher
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among blacks (range: 17.1–23.7/100,000) versus whites (range: 7.7–13.0/100,000), despite
similar relative risks (range: 1.08–1.12 vs. 1.04–1.07). Consequently, had the white and
black population in the lower four county income quintiles experienced the same yearly age-
specific mortality rates as whites in the most affluent county income, the proportion of total
cancer deaths that would not have occurred would have, respectively, equaled −4.1% (95%
CI −4.9, −3.2) and 6.0% (95% CI 4.5, 7.4) in 1960 versus 5.4% (95% CI 4.8, 6.0) and 23.0%
(95% CI 22.3, 23.8) in 2006. Additionally, whereas the PAF among the white population
ranged in 1960 from around −10% for colorectal, breast, and stomach cancer up to 15% for
cervical cancer versus in 2006 from close to 0% for breast, prostate, and stomach cancer to
32.0% for cervical cancer, among the black population it ranged, in 1960, from –34.9% for
colorectal cancer to 65.4% for cervical cancer versus in 2006 from 23.4% for lung cancer to
64.4% for cervical cancer.

Study limitations
Before interpreting our results, several study limitations merit mention. At issue are (1) data
quality (especially for death certificate data [11, 24], compounded by changes in coding of
causes of death across IDC-7 through ICD-10 [13]) and (2) reliance on repeat cross-
sectional county-level data (the only available nationally representative data for estimating
US socioeconomic inequities in mortality preceding 1968 [2, 4, 11]). Their net impact,
however, is likely to be small.

Of note, US death registration was 99% complete by 1960 [25], and any greater tendency to
underestimate cause-specific death counts among the lower income and black populations
would result in reducing, not inflating, the observed cause-specific socioeconomic
inequities. Similarly, the census undercount, also disproportionately affecting lower income
populations and populations of color, has declined substantially over time [26], further
reducing, not inflating, the more recent estimates of cancer mortality inequities.
Misclassification of “white” and “black” deaths in US mortality data has been shown to be
minor [24], and the effect of having had to equate the “non-white” with black population for
1960–1967 is also likely small [18]. Moreover, suggesting our use of county-level data is
not unduly biased by ecologic fallacy or population mobility, the direction and magnitude of
our results are consistent with those of the one individual-level US study on long-term
trends in socioeconomic inequalities in cancer mortality [6], and related research on long-
term trends in socioeconomic disparities in US county-level life expectancy found that
taking into account county migration data did not alter results [2].

Interpretation
As is well-recognized, cancer mortality rates—and their social inequalities—reflect the
interplay of the social patterning of cancer incidence and survival rates [27]. Thus, any
comprehensive interpretation, let alone analysis, of determinants of social inequities in
cancer mortality would need to address, simultaneously, social inequities in both incidence
and survival [9, 27]. The purpose of this study, however, was narrower, given our focus on
testing hypotheses about long-term US socioeconomic trends in cancer mortality, all-site
and site-specific, both overall and by race/ethnicity.

Three findings merit attention. First, our results of variously shrinking, widening, reversing,
and stagnating socioeconomic inequities in cancer mortality rates are compatible with—and
extend—those observed in the handful of other long-term analyses of total and site-specific
cancer mortality in both the US [3–7] and other countries [1, 7, 8, 28, 29]. The chief
exception concerns stomach cancer, for which mortality in both the US and Europe
historically has been higher among more economically deprived groups [1, 27]. A new US
study, however, has recently documented unexpectedly rising rates of stomach cancer
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incidence among young white adults, suggesting changes in stomach cancer incidence and
mortality, including in relation to race/ethnicity and socioeconomic position, may be
underway [30]. Likely, explanations for the changing trends in socioeconomic inequities in
mortality observed for the other cancer sites, discussed in other literature, involve
socioeconomic and racial/ethnic changes in the distribution of: smoking (relevant especially
to lung cancer and also cervical and colorectal cancer) [2–6, 31–33]; age at first childbirth
and use of hormone therapy (relevant to breast cancer) [34–37]; obesity, diet, and physical
activity (relevant especially to breast and colorectal cancer) [2–6, 34, 35, 38, 39]; access and
barriers to screening (relevant especially to prostate, breast, cervical, and colorectal cancer)
[32–35, 38–41], and access and barriers to appropriate medical care and advances in
treatment to reduce risk of mortality, once diagnosed (relevant especially to breast, cervical,
and colorectal cancer) [32–35, 38, 39].

Second, our study newly documents long-term US racial/ethnic differences in trends in
socioeconomic inequities in cancer mortality and provides novel evidence that for total
cancer mortality and many, but not all, sites, larger absolute socioeconomic inequities
existed among the black versus white population, despite similar relative gaps. This
occurred because within each income quintile mortality rates were higher among the black
compared to white populations, especially in the lower income quintiles, resulting also in
larger PAFs. Of note, the findings of excess black compared to white mortality within
specified socioeconomic strata is consistent with other research on the joint distribution of
US socioeconomic and racial/ethnic health inequities [9, 18, 42, 43], which has documented
these differentials for many, but not all, health outcomes. The two most prominent
explanations are: (1) artefactual, due to residual socioeconomic confounding, and (b)
substantive, due to differential adverse exposures at any given economic level [42–45]. For
example, with regard to residual confounding, most studies (including ours, given data
limitations) typically employ only one socioeconomic measure evaluated at one point in
time, thereby incompletely capturing the many economic dimensions in which the US black
population fares more poorly than the white population (e.g., lower wealth at a given income
level, lower income return for education at a given educational level, and greater cumulative
impoverishment across the life course and transgenerationally) [42–51]. Additional research,
moreover, has documented that black compared to white Americans at any given economic
level not only experience the adverse impact of institutional and interpersonal racial
discrimination but also are likely to be more subject to adverse exogenous exposures (e.g., at
work, in the neighborhood, at home) [42–50, 52, 53]. It accordingly should not be surprising
that black/white differences persist within economic strata, even as controlling for
socioeconomic position can reduce black/white health inequities [42–47].

Third, our results refute the hypothesis that, as population health improves, a widening of
socioeconomic inequities in health, including for cancer mortality, is inevitable [1–3]. More
broadly, our findings underscore that inferences based only on recent trends and that focus
on socioeconomic position alone without also considering race/ethnicity, or address only
specific sites, or examine only relative and not absolute gaps, are unlikely to provide an
adequate basis for comprehending trends in overall cancer mortality, let alone the dynamics
of social inequities in cancer mortality [9, 27]. Instead, as attested to by the mutability of the
observed inequities, a long-term macroscopic perspective is essential—and clarifies that the
currently high burdens of cancer mortality experienced especially by the US black
population in low income counties, far from being inevitable, are inequities that need not,
and should not, exist.

Supplementary Material
Refer to Web version on PubMed Central for supplementary material.
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Fig. 1.
Cancer mortality rates (age-standardized to the year 2000 standard million), total and site-
specific, for the total population by county income quintile: United States, 1960–2006

Krieger et al. Page 11

Cancer Causes Control. Author manuscript; available in PMC 2013 February 01.

N
IH

-PA Author M
anuscript

N
IH

-PA Author M
anuscript

N
IH

-PA Author M
anuscript



Fig. 2.
Cancer mortality rate (age-standardized to the year 2000 standard million) by county income
quintile for the white and black population, and the corresponding joinpoints, and annual
percent change (APC) (95% CI) between joinpoints: a total cancer, b lung, c prostate, d
colorectal, e breast (women), f cervical, and g stomach: United States, 1960–2006
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Fig. 2b.
lung cancer mortality
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Fig. 2c.
prostate cancer mortality

Krieger et al. Page 14

Cancer Causes Control. Author manuscript; available in PMC 2013 February 01.

N
IH

-PA Author M
anuscript

N
IH

-PA Author M
anuscript

N
IH

-PA Author M
anuscript



Fig. 2d.
colorectal cancer mortality
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Fig. 2e.
breast cancer mortality (women)
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Fig. 2f.
cervical cancer mortality
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Fig. 2g.
stomach cancer mortality
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