J Community Health (2012) 37:217-223
DOI 10.1007/s10900-011-9439-6

ORIGINAL PAPER

Rural-Urban Trends and Patterns in Cervical Cancer Mortality,
Incidence, Stage, and Survival in the United States, 1950-2008

Gopal K. Singh

Published online: 20 July 2011
© Springer Science+Business Media, LLC (outside the USA) 2011

Abstract This study examined disparities in cervical
cancer mortality rates among US women in metropolitan
and non-metropolitan areas from 1950 through 2007.
Inequalities in incidence, stage of disease at diagnosis, and
patient survival were analyzed during 2000-2008. Age-
adjusted mortality, incidence, and 5-year relative survival
rates were calculated for women in metropolitan and non-
metropolitan areas, and differences in relative risks were
tested for statistical significance. Log-linear regression was
used to analyze annual rates of change in mortality over
time. During the last five decades, women in non-metro-
politan areas had significantly higher cervical cancer
mortality than those in metropolitan areas. Disparities
persisted against a backdrop of consistently declining
mortality rates. Throughout 1969-2007, both white and
black women in non-metropolitan areas maintained sig-
nificantly higher cervical cancer mortality rates than their
metropolitan counterparts. Among black women, cervical
cancer mortality declined at a faster pace in metropolitan
than in non-metropolitan areas. In both metropolitan and
non-metropolitan areas, black women had twice the mor-
tality rate of white women. During 2000-2008, white,
black, and American Indian women in non-metropolitan
areas had significantly higher cervical cancer incidence
rates than their metropolitan counterparts. Survival rates
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were significantly lower in non-metropolitan areas, par-
ticularly among rural black women. The 5-year survival
rate for black women diagnosed with cervical cancer was
50.8% in non-metropolitan areas, compared with 60.2% for
black women and 71.0% for white women in metropolitan
areas. Disparities in survival existed after controlling for
disease stage. Rural-urban disparities in cervical cancer
have persisted despite steep declines in incidence and
mortality rates.
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Introduction

Cervical cancer is the third most common cancer in women
and one of the leading causes of cancer death among
women in the world [1]. It is also one of the top cancer sites
in the United States, particularly among such ethnic
minority women as blacks, Asians/Pacific Islanders,
American Indians, and Hispanics [2]. In 2008, 12,200 US
women were diagnosed with invasive cervical cancer and
4,018 died from it, which accounted for approximately 2%
of all new cancer cases and deaths among women [2, 3].
Cervical cancer mortality rates in the United States have
declined dramatically in the past 6 decades, from 13.1
deaths per 100,000 women in 1950 to 2.4 in 2007 [2, 4].
Incidence rates have also declined substantially over the
past 3 decades, from a rate of 17.2 cervical cancer cases per
100,000 women in 1973 to a rate of 6.6 in 2008 [2].
Against the backdrop of consistently declining incidence
and mortality rates, however, racial and socioeconomic
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disparities in cervical cancer have remained substantial
[5, 6].

Trends in cervical cancer mortality are often analyzed
by age and race in the United States [2, 4]. A few studies
have also examined long-term trends and disparities in US
cervical cancer mortality according to socioeconomic sta-
tus [5-7]. However, the extent to which disparities in
cervical cancer mortality rates between metropolitan and
non-metropolitan areas have changed over time has not
been studied. Since cervical cancer incidence has been
shown to vary between rural and urban areas [8], cervical
cancer mortality may also vary by urbanization levels.

Examining temporal patterns is important because it
allows us to track progress toward reducing social and
geographic disparities in cervical cancer mortality, such as
those between metropolitan and non-metropolitan areas
[5, 6]. Temporal analysis may also reveal important
insights into the differential impact of cancer prevention
and cervical cancer screening programs among rural and
urban populations [5, 6]. Moreover, assessing rural-urban
disparities in cervical cancer is consistent with the goals of
Healthy People 2010 and 2020 that emphasize reduction or
elimination of health disparities across geographic areas
[9, 10].

In this study, we use a county-based rural-urban vari-
able linked to national mortality data to examine the extent
to which differences in cervical cancer mortality among US
women in metropolitan and non-metropolitan areas have
changed during the past 6 decades. We also analyze the
magnitude of contemporary rural-urban disparities in cer-
vical cancer incidence, stage of disease at diagnosis, and
patient survival among major racial/ethnic groups in order
to explain disparities in mortality.

Methods

To analyze rural-urban disparities in cervical cancer
mortality over time, we used the national vital statistics
mortality database [4, 11, 12]. Since the national mortality
database does not allow the direct computation of mortality
rates for people in rural and urban areas, a county-based
rural-urban continuum variable was linked to the annual
age-sex-county-specific mortality statistics from 1950
through 2007 [13-15]. The 1993 rural-urban continuum
codes were used to analyze mortality data from 1950 to
1998, whereas the 2003 rural-urban definition was used to
compute mortality rates from 1999 to 2007 [13, 14]. Trends
in cervical cancer mortality for black and white women in
metropolitan and nonmetropolitan areas were analyzed
from 1969 through 2007. Each of the 3141 counties in the
mortality database was assigned one of the two metropo-
litan-nonmetropolitan categories.
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The rural-urban continuum variable was first developed
in 1993 and revised in 2003 by the US Department of
Agriculture [13-15]. This variable classifies all US coun-
ties into 9 distinct urban—rural groups, based on the pop-
ulation size of the counties and their proximity to
metropolitan areas [13-15]. For this study, we used two
broad groups of metropolitan and non-metropolitan coun-
ties. The metropolitan category includes large metro
counties of a million people or more as well as smaller
metropolitan counties of population <250,000. The non-
metropolitan category includes small urban towns of pop-
ulation <20,000 as well as rural towns with a population
of <2,500, which may or may not be adjacent to a
metropolitan area [14]. In 2007, there were 2051 non-
metropolitan and 1090 metropolitan counties. The metro-
politan and non-metropolitan areas accounted for 83 and
17% of the total US population in 2007, respectively [14].

Age-sex-county-specific population estimates from 1950
to 2007, developed by the US Census Bureau, served as
denominators for computing annual mortality rates [2, 4,
12, 16]. Age-race-county-specific population estimates
were also available from 1969 to 2007 to permit compu-
tation of mortality rates for white and black women in
metropolitan and non-metropolitan areas [2, 4, 12].
Between 1950 and 2007, an estimated 344,325 cervical
cancer deaths occurred in the US. Mortality rates for the
metropolitan and non-metropolitan categories were age-
adjusted by the direct method using the age composition of
the 2000 US population as the standard and age-specific
mortality rates for 19 age groups: <1, 1-4, 5-9, ... ,80-84,
85+ years [2, 4, 5].

Annual age-adjusted cervical cancer mortality rates
were calculated for women in both metropolitan and non-
metropolitan areas. Race-specific analyses were conducted
to examine if rural-urban patterns in mortality and inci-
dence differed by race/ethnicity. While trends in mortality
rates for white women are presented on an annual basis,
trends in mortality for black women in both metropolitan
and non-metropolitan areas were analyzed as three-year
moving average rates. The moving average smoothing
technique allows the identification of a trend more clearly
by reducing some of the variability associated with rates
based on small number of annual deaths among black
women [5].

The 2000-2008 data on cervical cancer incidence, stage
of disease at diagnosis, and patient survival were obtained
from the National Cancer Institute’s Surveillance, Epide-
miology, and End Results (SEER) database [2]. We used
data from 17 population-based SEER cancer registries,
which include the states of Connecticut, Hawaii, Iowa,
New Mexico, Utah, California (San Francisco-Oakland,
Los Angeles, San Jose-Monterey, and Greater California),
Kentucky, New Jersey, Louisiana, Metropolitan areas of
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Detroit and Atlanta, Seattle-Puget Sound, Rural Georgia,
and Alaska Native registry [2]. The 17 SEER registries
cover approximately 26% of the total US population [2].
Average annual age-adjusted incidence rates were calcu-
lated for women in major racial/ethnic groups by urbani-
zation level. Five-year relative survival rates by stage of
disease were computed for women diagnosed with invasive
cervical cancer during 2000-2007 and who were followed
for vital status through December 31, 2008 [2]. Incidence,
stage, and survival statistics by race/ethnicity and urbani-
zation level were analyzed by using SEER*Stat software
[2].

Log-linear regression models were used to estimate
annual rates of decrease in mortality trends in metropolitan
and non-metropolitan areas [17, 18]. Specifically, during
the 1950-2007 or 1969-2007 period, the logarithm of the
mortality rates were modeled as a linear function of time
(calendar year), which yielded annual exponential rates of
change in mortality rates [17, 18]. Metropolitan-non-
metropolitan disparities in mortality, incidence, stage, and
patient survival were described by rate ratios or relative
risks, which were tested for statistical significance at the
0.05 level [5, 6].

Results
Long-Term Trends in Cervical Cancer Mortality

Rural-urban disparities in cervical cancer mortality per-
sisted between 1950 and 2007 (Fig. 1). In 1950, the cer-
vical cancer mortality rate for women living in non-
metropolitan areas was 12.1 deaths per 100,000 population,
10% lower (RR = 0.90; 95% CI = 0.85-0.94) than the
rate of 13.5 for those in metropolitan areas. Starting with
the decade of the 1960s, women in non-metropolitan areas
had higher cervical cancer mortality rates than women in
metropolitan areas. In 2007, the age-adjusted cervical
cancer mortality rate for women in non-metropolitan areas
was 2.9 deaths per 100,000 population, 22% higher than
the rate of 2.3 for those in metropolitan areas (RR = 1.22;
95% CI = 1.13-1.32).

Long-term trends in metropolitan and non-metropolitan
disparities in cervical cancer mortality were generally
similar for white and black women (Fig. 1). Despite con-
sistently declining mortality rates, both white and black
women in non-metropolitan areas experienced higher
mortality risks than their metropolitan counterparts
throughout 1969-2007. In both 1969 and 2007, white as
well as black women in non-metropolitan areas had an
approximately 24-29% higher cervical cancer mortality
than their counterparts in metropolitan areas. Moreover,
racial disparities in cervical cancer mortality remained

Cervical Cancer Mortality Trend for All Women, 1950-2007
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Fig. 1 Cervical cancer mortality rates for women in metropolitan and
non-metropolitan areas of the United States, 1950-2007

marked, with black women experiencing at least two-fold
higher risk of mortality than white women in both metro-
politan and non-metropolitan areas throughout the period
1969-2007. Additionally, non-metropolitan black women
had approximately three-fold higher cervical mortality than
metropolitan white women throughout 1969-2007.

During 1950-2007, cervical cancer mortality decreased
at 3.34% per year in metropolitan areas, significantly faster
than the annual rate of decrease of 3.07% in non-metro-
politan areas. Among the four race and urbanization
groups, black women in metropolitan areas experienced the
fastest decline in cervical cancer mortality during
1969-2007. The average annual rates of mortality decline
were 3.68% for metropolitan black women, 3.15% for non-
metropolitan black women, 2.63% for metropolitan white
women, and 2.66% for non-metropolitan white women.
Because of more rapid declines in mortality among black
women, the black/white disparity in cervical cancer mor-
tality narrowed over time in both metropolitan and non-
metropolitan areas.
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Recent Patterns in Cervical Cancer Mortality,
Incidence, Stage at Diagnosis, and Survival

Contemporary mortality and incidence data indicate that
cervical cancer rates increased in relation to increasing
levels of rurality for all racial/ethnic groups except His-
panics (Fig. 2; Table 1). The broader non-metropolitan
category is broken further into small-urban and completely
rural areas. During 1999-2007, women in small-urban non-
metropolitan areas and in completely rural areas had,
respectively, 15 and 20% higher cervical cancer mortality
risks than those in metropolitan areas. Differences in
mortality were particularly marked among American
Indian and black women. American Indian and black
women in rural areas had 2.8 and 1.4 times higher mortality
risks than their metropolitan counterparts, respectively
(Table 1).

During 2000-2008, women in small-urban as well as in
rural areas had, respectively, 6 and 15% higher cervical
cancer incidence rates than women in metropolitan areas
(Table 1). Non-Hispanic white and black women in rural
areas had, respectively, 28 and 61% higher incidence rates

Cervical Cancer Incidence Rates, 2000-2008,
17 SEER Registration Areas
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Fig. 2 Cervical cancer incidence and mortality rates by race/ethnicity
and urbanization level, United States, 2000-2008
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than their metropolitan counterparts. However, Hispanic
women in small-urban nonmetropolitan areas had 20%
lower incidence rates than Hispanic women in metropolitan
areas.

Even though women in non-metropolitan areas had a
higher likelihood of being diagnosed at a more advanced
(regional or distant) stage of cervical cancer than their
metropolitan counterparts, the difference was not statisti-
cally significant (Table 2). Of all racial/ethnic and urban-
ization groups, rural black women had the lowest
likelihood of being diagnosed with a localized-stage cer-
vical cancer (Table 2). Less than 41% of black women in
non-metropolitan areas were diagnosed with a localized-
stage cervical cancer, compared with 51.0% of non-His-
panic white women in non-metropolitan areas and 52.9%
of non-Hispanic white women in metropolitan areas.

Patient survival rates were significantly lower among
non-metropolitan women, particularly among rural black
women (Table 3). The 5-year survival rate for black
women diagnosed with cervical cancer was 50.8% in non-
metropolitan areas, significantly lower than the survival
rate of 60.2% for black women in metropolitan areas and
71.0% for non-Hispanic white women in metropolitan
areas. The 5-year survival rate for Hispanic women diag-
nosed with cervical cancer was 19% lower in non-metro-
politan than in metropolitan areas (57.8 vs. 70.9%). Rural-
urban disparities in survival existed even after controlling
for stage of disease at diagnosis. Among women diagnosed
with localized-stage cervical cancer during 2000-2007, the
5-year survival rate was 87.8% for non-metropolitan
women, significantly lower than the survival rate of 91.3%
for metropolitan women.

Discussion

In this study, we examined long-term trends in metropo-
litan-nonmetropolitan disparities in US cervical cancer
mortality from 1950 through 2007. In order to better
understand trends and patterns of disparities in mortality,
we also analyzed contemporary rural-urban patterns in
cervical cancer incidence, stage at diagnosis, and patient
survival using data from 17 population-based SEER cancer
registries. To our knowledge, this is first US study to sys-
tematically analyze temporal disparities in race-specific
cervical cancer mortality rates by urbanization level.
Long-term data from 9 SEER cancer registries indicate a
consistently downward trend in cervical cancer incidence
rates between 1973 and 2008 and significant improvements
in 5-year survival rates between 1973 and 2003 [2]. Thus,
both reduced incidence rates and improved survival rates
appear to have contributed to reductions in cervical cancer
mortality over time in both metropolitan and non-
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Table 1 Relative cervical
cancer incidence and mortality
rate ratios by urbanization level
and race/ethnicity, United
States, 1999-2008

SEER registration areas include
the states of Connecticut,
Hawaii, Iowa, New Mexico,
Utah, California (San Francisco-
Oakland, Los Angeles, San
Jose-Monterey and Greater
California), Kentucky, New
Jersey, Louisiana, Metropolitan
areas of Detroit and Atlanta,
Seattle-Puget Sound, Rural
Georgia and Alaska Native
registry

Race/ethnicity Urban nonmetro versus metro area Rural nonmetro versus metro area
RR 95% CI RR 95% CI
Incidence rate ratios, 2000-2008, 17 SEER registration areas
All races 1.06 1.02-1.11 1.15 1.02-1.28
Non-Hispanic White 1.17 1.12-1.23 1.28 1.13-1.43
Black 1.27 1.11-1.44 1.61 0.83-2.39
American Indian/Alaska Native 1.75 1.16-2.34
Asian/Pacific Islander 1.04 0.84-1.25 1.07 0.00-3.17
Hispanic 0.80 0.68-0.92 0.83 0.21-1.82
Mortality rate ratios, United States, 1999-2007
All races 1.15 1.12-1.19 1.20 1.15-1.24
Non-Hispanic White 1.25 1.20-1.29 1.28 1.23-1.34
Black 1.31 1.20-1.41 1.39 1.26-1.52
American Indian/Alaska Native 2.20 1.52-2.88 2.79 2.03-3.56
Asian/Pacific Islander 1.12 0.81-1.43 0.58 0.07-1.09
Hispanic 0.99 0.84-1.14 0.91 0.70-1.11

Table 2 Rural-urban differentials in early (Localized) stage cervical cancer diagnoses by race/ethnicity, United States, 2000-2008: 17 SEER

registration areas

Race/ethnicity Metropolitan area Non-metropolitan area Relative risk

Total number of Localized stage Total number of Localized stage Nonmetro/metro

cervical cancer cases cervical cancer cases

Count %o Count % RR 95% CI

All races 25,132 12,784 50.87 2,815 1,403 49.84 0.98 0.94-1.02
Non-Hispanic White 13,345 7,060 52.90 2,227 1,135 50.97 0.96 0.92-1.01
Black 3,348 1,485 44.35 259 105 40.54 0.91 0.80-1.03
American Indian 134 59 44.03 46 22 47.83 1.09 0.72-1.45
Asian/Pacific Islander 2,361 1,145 48.50 103 52 50.49 1.04 0.84-1.25
Hispanic 5,880 2,934 49.90 171 80 46.78 0.94 0.79-1.08

SEER registration areas include the states of Connecticut, Hawaii, lowa, New Mexico, Utah, California (San Francisco-Oakland, Los Angeles,
San Jose-Monterey and Greater California), Kentucky, New Jersey, Louisiana, Metropolitan areas of Detroit and Atlanta, Seattle-Puget Sound,

Rural Georgia, and Alaska Native registry

metropolitan areas. However, time trends in the stage dis-
tribution of invasive cervical cancer cases did not show
marked improvements in the percentage of cases diagnosed
at localized stage. In 2008, 52% of invasive cervical can-
cers were diagnosed at localized stage, compared with 63%
of cases in 1975 [2].

Racial/ethnic disparities in cervical cancer mortality
remain quite marked in both metropolitan and non-metro-
politan areas of the United States, with black women in
particular having twice the mortality rate of white women.
Based on the analysis presented here, such disparities in
mortality seem to largely stem from racial/ethnic variations
in both incidence and survival rates and to a smaller extent
from inequalities in stage at diagnosis.

Metropolitan and non-metropolitan areas differ sub-
stantially in their socioeconomic characteristics [14].
The 2000 census data indicate higher poverty and

unemployment rates and lower median family incomes in
non-metropolitan areas compared to metropolitan areas
[14]. Area deprivation and low socioeconomic status have
been shown to be powerful determinants of cervical cancer
mortality, incidence, and patient survival [5-7]. However,
socioeconomic differences do not fully account for the
rural-urban differences in cervical cancer mortality among
both white and black women. For example, within counties
with a poverty rate >20%, the age-adjusted cervical cancer
mortality rate for white women in non-metropolitan areas
during 1999-2007 was 3.3 per 100,000 population, 9%
higher than the rate of 3.0 for white women in metropolitan
areas. In high-poverty counties, non-metropolitan black
women had 15% higher cervical cancer mortality than
metropolitan black women. Additionally, within counties
with a poverty rate <10%, the age-adjusted cervical cancer
mortality rate for white women in non-metropolitan areas
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Table 3 Rural-urban

. L . Race/ethnicity Metropolitan area Non-metropolitan area Survival rate ratio

differentials in 5-year cervical

cancer survival rates (%) by Total number Survival rate  Total number Survival rate  Nonmetro/metro

stage of disease at diagnosis and of cervical —  of cervical

race/ethnicity, United States, cancer cases 7 SE  ancer cases % SE RR 95% CI

2000-2007: 17 SEER

registration areas All races 21,764 69.58 0.37 2,460 64.82 1.12 093 0.90-0.96
Localized stage 10,676 91.34 036 1,165 87.79 1.22 096 0.93-0.99
Regional stage 7,480 5798 0.70 879 52.61 2.01 091 0.84-0.98

SEER registration areas include Distant stage 2,651 18.65 0.90 288 16.61 241 0.89 0.62-1.16

the states of Connecticut, Non-Hispanic White 11,432 7099 049 1953 66.57 124 094 0.90-0.97

Hawaii, lowa, New Mexico, .

Utah, California (San Francisco- Localized stage 5,842 93.02 0.44 944 89.15 1.26 096 0.93-0.99

Oakland, Los Angeles, San Regional stage 3,719 57.84 0.98 669 5473 233 095 0.86-1.03

Jose-Monterey and Greater Distant stage 1,405 1781 1.19 237 1669 269 094 0.62-1.26

California), Kentucky, New Black 2,889 6020 108 223 5081 391 084 0.71-097

Jersey, Louisiana, Metropolitan

areas of Detroit and Atlanta, American Indian 110 60.60 5.60 40 64.49 8.09 1.06 0.74-1.39

Seattle-Puget Sound, Rural Asian/Pacific Islander 2,059 69.66 1.23 86 6799 552 098 0.82-1.13

Georgia, and Alaska Native Hispanic 5,195 7092 078 145 5775 492 081 0.68-0.95

registry

during 1999-2007 was 2.2 per 100,000 population, 16%
higher than the rate of 1.9 for white women in metropolitan
areas (analysis not shown).

The findings of this study are consistent with a previous
study that showed higher cervical cancer incidence rates
among rural women compared to women in metropolitan
areas for the period 1998-2001 [8]. Although the rural-
urban definition in the earlier study differed somewhat
from our study, the age-adjusted cervical cancer incidence
rates did increase by levels of rurality for all racial/ethnic
groups except Hispanic women, a finding consistent with
our study [8]. In our study, rural-urban disparities in
incidence rates were partly due to differences in socio-
economic deprivation (data not shown). No significant
differences were found between rural and urban areas in
incidence rates for women living in affluent counties
(poverty rate <10%). However, in middle-income (poverty
rate = 10-19.99%) and high-poverty (poverty rate >20%)
counties, non-Hispanic white women had significantly
higher cervical cancer incidence rates in non-metropolitan
areas than in metropolitan areas, whereas Hispanic women
had significantly lower incidence rates in non-metropolitan
areas than in metropolitan areas. This is compatible with
the previous study that showed significant rural-urban
disparities in cervical cancer incidence rates for black,
Asian/Pacific Islander, and American Indian women even
after adjustment for poverty level [8].

We did not find significant rural-urban disparities in
stage of disease at diagnosis, and it is not clear the extent to
which rural-urban disparities in cervical cancer screening
may have contributed to declines in mortality rates over
time. Detection of cancer at an early, localized stage
may be considered a marker for access to health care and
preventive health services, including cervical cancer
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screening. Screening can reduce rates of both cervical
cancer incidence and mortality by detecting precancerous
lesions (hence preventing cancer) and detecting invasive
cervical cancers at an early stage, thereby increasing
patient survival [19]. In 2008, 75.1% of US women
reported having had a Pap test within the past 3 years [12].
Data from the National Health Interview Survey indicate
that the proportion of women having had a Pap smear in the
past 3 years has changed very little during the past two
decades [12]. Although trend data on rural-urban dispari-
ties in use of Pap tests are lacking, an analysis of data from
the 1998-1999 Behavioral Risk Factor Surveillance Sys-
tem showed that rural women were significantly less likely
to receive a Pap test than women in metropolitan areas
even after adjusting for socioeconomic and demographic
differences [20].

Rural-urban and racial/ethnic disparities in cervical
cancer incidence and mortality may also be due to differ-
ences in human papillomavirus (HPV) infection, the pri-
mary cause of cervical cancer [19, 21]. The 2005-2008
data from the National Health and Nutrition Examination
Survey indicate a higher HPV prevalence among black and
Mexican American women than among non-Hispanic
white women [22]. However, data on HPV prevalence are
not available by rural-urban residence.

The extent of metropolitan and non-metropolitan dis-
parities in cervical cancer mortality, as documented here,
contributes substantially to the overall cancer-related
health disparities in the United States, since cervical cancer
continues to be a leading cancer site among American
women [2, 19]. Given the continuing disparities in inci-
dence and survival, rural-urban disparities in cervical
cancer mortality are not expected to diminish in the near
future. Currently, rural or non-metropolitan women of all
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ethnicities as well as black and Hispanic women in
metropolitan areas of the US have markedly higher cervical
cancer mortality rates than the Healthy People 2010 goal of
2.0 deaths per 100,000 population [9]. Health policy
interventions (e.g., cancer prevention and early detection
programs through increased cervical cancer screening)
aimed at reducing cervical cancer disparities should con-
tinue to target women in rural and medically underserved
areas as well as high-risk populations in the metropolitan
areas of the country.

Conflicts of interest None.

Human Subjects Review No IRB approval was required for this
study, which is based on the secondary analysis of public-use federal
databases.
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