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Abstract

Background

Although black women experienced greater cervical cancer incidence and mortality rate

reduction in recent years, they continue to have higher incidence rates than whites. Great

variations also exist among geographic regions of the US, with the South having both the

highest incidence and mortality rates compared to other regions. The present study explores

the question of whether living in the South is associated with greater racial disparity in cervi-

cal cancer incidence and mortality by examining race- and region-specific rates and the

trend between 2000 and 2012.

Methods

The Surveillance, Epidemiology, and End Results (SEER) 18 Program data was used. Cer-

vical cancer incidence and mortality rates, annual percent changes, and disparity ratios

were calculated using SEER*Stat software and Joinpoint regression for four groups: US14-

Non-Hispanic White (NHW), US14-Non-Hispanic Black (NHB), South-NHW, and South-

NHB, where South included 4 registries from Georgia and Louisiana and US14 were 14 US

registries except the four South registries.

Results

The average age-adjusted cervical cancer incidence rate was the highest among South-

NHBs (11.1) and mortality rate was the highest among US14-NHBs (5.4). In 2012, the

degree of racial disparities between South-NHBs and South-NHWs was greater in terms of

mortality rates (NHB:NHW = 1.80:1.35) than incidence rates (NHB:NHW = 1.45:1.15).
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While mortality disparity ratios decreased from 2000–2012 for US14-NHB (APC: -1.9(-2.3,-

1.4), mortality disparity ratios for South-NHWs (although lower than NHBs) increased com-

pared to US14-NHW. Incidence rates for NHBs continued to increase with increasing age,

whereas rates for NHWs decreased after age 40. Mortality rates for NHBs dramatically

increased at age 65 compared to a relatively stable trend for NHWs. The increasing racial

disparity with increasing age in terms of cervical cancer incidence rates became more pro-

nounced when corrected for hysterectomy prevalence.

Conclusions

Black race and South region were associated with higher cervical cancer incidence and mor-

tality. Cervical cancer rates uncorrected for hysterectomy may underestimate regional and

racial disparities. Increasing incidence rates for older NHBs compared to NHWs warrant fur-

ther research to determine whether screening should continue for NHBs over age 65.

Introduction

It is estimated that in the United States (US), 12,990 women will be newly diagnosed with cer-

vical cancer and 4,120 will die from the disease in 2016 [1]. Cervical cancer is the fourth most

common female cancer worldwide with an estimated incidence of 528,000 cases and 266,000

deaths in 2012 [2]. In the US, cervical cancer incidence and death rates have dramatically

declined since the introduction of the Papanicolaou (Pap) test, which detects precancerous

changes and earlier stage cervical cancers[3]. As cervical cancer is the most prevalent Human

Papillomavirus (HPV)-related malignancy, the introduction of the HPV vaccine in 2006 also

shows promise of significant reduction in cervical cancer rates [4]. But it will need some time

before reductions in cervical cancer are seen as a result. During the past decade (2002–2012)

alone, cervical cancer incidence and mortality rates continued to decline annually by 2.4% and

0.9%, respectively. However, the progress has not been uniformly made across all racial/ethnic

and regional groups [5–7].

Although black women experienced greater reduction in cervical cancer incidence rates at

an average annual percent change (AAPC) of -3.0% over 2000–2009, compared to -1.9% for

white women, black women continue to have higher cervical cancer incidence rates than

whites (10.4 vs 7.8 per 100,000 persons) [5]. Black women also continued to have the highest

cervical cancer mortality rate (4.3 per 100,000 persons) than any other racial/ethnic groups

from 2000 to 2009 [5]. Great variations also exist among geographic regions of the US, with

the South having both the highest incidence (8.5 per 100,000 persons for 2007–2011) and mor-

tality rates (2.7 per 100,000 persons) compared to other regions [7]. The overall US cervical

cancer incidence and mortality rates were 7.8 and 2.3 per 100,000, respectively [7]. While cer-

vical cancer incidence rates continued to decline in the Northeast (APC = -2.7 [-4.8,-0.6]) and

the West (APC = -2.8 [-4.7,-0.8]) regions between 2007 and 2011, no significant decrease was

evident in the South (APC = -1.4 [-3.6,0.8]) during the same period [7].

Regional and racial/ethnic disparities in health outcomes are often associated with socio-

economic factors such as socioeconomic status [8], and neighborhood poverty [9]. According

to the annual population report on income and poverty by the US Census Bureau, the South

region continues to have the lowest median income and the highest poverty rate relative to the

other regions [10]. Given that blacks disproportionately live in the South, these geographic var-

iations raise a question about the combined effects of race and region on the outcomes of
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cervical cancer, specifically whether living in the South is associated with greater racial dispar-

ity in cervical cancer incidence and mortality. The present study explores the question by

examining race- and region-specific cervical cancer incidence and mortality rates and changes

between 2000 and 2012.

Methods

Data

Incidence and mortality data of cervical cancer were obtained from Surveillance, Epidemiol-

ogy, and End Results (SEER) 18 Program, supported by the National Cancer Institute. SEER

collects cancer incidence and survival data from population-based cancer registries throughout

the US. Cervical cancer cases (specifically, site recode ICD-O-3/WHO 2008 = ‘Cervix Uteri,’

corresponding to C530-C539) were obtained from the SEER18 database, which comprises 18

registries representing approximately 28% of the US population (Connecticut; Hawaii; Iowa;

New Mexico; Utah; California excluding San Francisco, San Jose-Monterey, and Los Angeles;

Kentucky; Louisiana; New Jersey; San Francisco-Oakland Metropolitan Statistical Area, Cali-

fornia; Metropolitan Detroit, Michigan; Seattle (Puget Sound), Washington; Metropolitan

Atlanta, Georgia; San Jose-Monterey, California; Los Angeles, California; Alaska Natives;

Rural Georgia; and Greater Georgia) based on the US 2010 census, and include the largest geo-

graphic coverage compared to SEER 9 and SEER 13 data [11].

For the purpose of this study, four (Louisiana; Metropolitan Atlanta, Georgia; Rural Geor-

gia; and Greater Georgia) of the 18 registries of SEER 18 data, were categorized into the South

region, and the remaining 14 registries were categorized as the US14 region, as described in

previous health disparity literature [12]. Case counts and the population at risk were selected

among women aged 20 years and older and stratified by age in 5-year intervals (20–24, 25–29,

30–34, 35–39, 40–44, 45–49, 50–54, 55–59, 60–64, 65–69, 70–74, 75–79, 80–84, 85 or older),

year of diagnosis (2000–2012), region (South, US14), ethnicity (Hispanic and Non-Hispanic),

and race (White and Black). Four groups were formulated based on combination of two race/

ethnic groups of Non-Hispanic White (NHW) and Non-Hispanic Black (NHB) and two

region/registry groups (South and US14): US14-NHW, US14-NHB, South-NHW, and South-

NHB. All data were accessed using SEER�Stat, version 8.3.2 [13].

The Behavioral Risk Factor Surveillance System (BRFSS) data were used to generate survey

weighted estimates of hysterectomy prevalence in the US through the National Center for

Health Statistics Website. BRFSS is an ongoing, state-based, random-digit-dialing annual tele-

phone survey of health behavior among noninstitutionalized US civilian population aged 18

years or older. Annual BRFSS data has questions on cervical cancer screening including hys-

terectomy status (“Have you had an operation to remove the uterus or womb”). In order for

BRFSS data to directly correspond to SEER 18 data, hysterectomy status was collected by year

of diagnosis for five-year span (2008 to 2012), thirteen BRFSS states directly corresponding to

SEER registry data (Georgia, Louisiana, Alaska, California, Connecticut, Hawaii, Iowa, Ken-

tucky, Michigan, New Jersey, New Mexico, Washington, and Utah), and the same 5-year age

increments from 20 years to�85 years [14].

Statistical analysis

Age-adjusted incidence and mortality rates of cervical cancer were calculated as cases per

100,000 women on the basis of the 2000 US Standard Population using SEER�Stat software,

and corresponding 95% confidence intervals (CIs) were calculated based on a modified

gamma distribution [15]. Incidence rates less than 15 cases and mortality rates less than 10

deaths for the time interval were suppressed. Annual percent changes (APCs) and their 95%

Racial and regional disparities of cervical cancer
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CIs were calculated to characterize trends in cancer rates over time by fitting a least squares

linear regression line on the natural logarithm of the annual age-adjusted rates (on a log-linear

model) using the calendar year as the predictor variable to characterize temporal trends in cer-

vical cancer incidence rates. In order to evaluate the increasing or decreasing trends for inci-

dence and mortality rates as well as disparity ratios over a thirteen-year span, APCs and

corresponding 95% CIs between 2000 and 2012 were reported for the four groups defined ear-

lier: US14-NHW, US14-NHB, South-NHW, and South-NHB. Each APC was tested on the

hypothesis that an APC does not change over time (i.e., APC = 0) using exact probabilities

from t-distribution. Log-linear Joinpoint regression models were used to examine trends

across year at diagnosis by estimating the number of joinpoints (like change-points) for a

series of joined and straight lines to the trends in rates of cervical cancer [16]. Up to 3 join-

points were allowed in the models.

For relative evaluation of disparities in cervical cancer among four groups, incidence and

mortality disparity ratios were computed by dividing race- and region-specific cervical cancer

incidence and mortality rates for each of US14-NHB, South-NHW, and South-NHB by the

rates of US14-NHW (a reference group). Age-specific analysis was performed to further un-

derstand regional and racial differences in cervical cancer incidence and mortality rates. For

this query, age segments included five categories of 25–29, 30–49, 50–64, 65–74, and 75 years

or older. US14-NHW group was used as reference group to calculate disparity ratios for

US14-NHB, South-NHW and South-NHB by year (2000–2012) and five-category age-specific

groups. Finally, age-specific incidence and mortality rates of cervical cancer were examined

for NHW and NHB women in the South.

The corrected incidence and mortality rates of cervical cancer were calculated by removing

age-, race-, and regional-specific hysterectomy prevalence estimates (i.e., the proportion of

women who no longer have a cervix) from the denominator of the census population. The hys-

terectomy corrected population is, Pc = P × (1 − h), where P is the census population, Pc is the

population size corrected for hysterectomy, and h is the hysterectomy prevalence. The data

procedure has been published in detail elsewhere, but is briefly summarized here [17]. The

overall age-standardized rates of cervical cancer for women aged�20 years were calculated

using the standard 2000 US census population for both the uncorrected denominator and

hysterectomy corrected denominator. Race and region stratified average annual age-specific

cervical cancer incidence rates (Ic) and corresponding 95% CI were then calculated using the

hysterectomy-corrected number at risk, Ic ¼ n
Pc

� �
� 100; 000.

The SEER Joinpoint software version 4.3.1.0 (April 2016) was used for all trend analyses in

this study [16]. All other statistical analyses except SEER�Stat and SEER Joinpoint software

were conducted using Statistical Analysis Software version 9.4 (SAS Institute, Cary, NC).

Results

Age-adjusted incidence and mortality rates of cervical cancer and APC over a thirteen-year

span from 2000 to 2012 are presented in Table 1. Overall, the incidence rate decreased from

9.6 per 100,000 in 2000 to 7.4 per 100,000 in 2012 with an average annual decrease of 1.9%

(95% CI = [-2.3, -1.5]). The rate of decrease was similar between US14 and the South. The

South had a persistently higher incidence of cervical cancer than US14. Compared with NHW

women, NHB women experienced a sharper decrease in incidence (APC = -2.9% vs. -1.0% per

year) in both regions, but NHB remained as having a higher incidence in 2012 (9.0 per 100,000

versus 6.8 per 100,000). On average, the cervical cancer mortality rate in US decreased by 1.5%

(95% CI = [-1.9, -1.1]) annually between 2000 and 2012. The overall trend of reduction was

largely accounted for by the decrease in mortality rate experienced in US14 (APC = -1.5, 95%

Racial and regional disparities of cervical cancer
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CI = [-2.0, -1.1]). There was no significant trend of reduction in the South (APC = -0.2, 95%

CI = [-1.0, 0.6]) during this period. Although overall there was no significant decreasing trend

in the South, the mortality rate among South-NHB significantly reduced from 4.4 per 100,000

in 2000 to 3.6 per 100,000 in 2012 (APC = -1.9, 95% CI = [-3.7, -0.1]), and to a lesser extent

compared to US14-NHB (APC = -2.6, 95% CI = [-3.2, -2.0]).

Overall, US14-NHW had the lowest incidence and mortality rates throughout the period

(Fig 1A and 1B). When disparity ratios were computed using the best performing group as the

reference, disparity ratios in cervical cancer incidence progressively decreased between 2000

and 2012 for NHB women in both regions (APC = -1.1, 95% CI = [-2.0, -0.3] in US14, APC =

-1.6, 95% CI = [-3.1, 0.1] in South), but disparity ratios for South-NHW remained stable

(APC = 0.3, 95% CI = [-1.0, 1.5]) as seen in Fig 1C. The mortality disparity ratio followed a

similar, but more pronounced, trend (Fig 1D). While disparity in mortality narrowed for NHB

Table 1. Trends in incidence and mortality rates by race and region.

Type Race & Ethnicity Year of diagnosis APC

2000 2002 2004 2006 2008 2010 2012 2000–2012 2000–2012

Age-adjusted Rates1 Incidence ALL 9.6 8.9 8.3 8.2 8.2 7.6 7.4 8.2 -1.9*(-2.3, -1.5)

US14 9.5 8.7 8.2 8.2 7.9 7.5 7.3 8.1 -1.9*(-2.3, -1.6)

South 10.4 9.8 8.6 8.1 9.4 8.1 8.1 8.8 -1.8*(-2.6, -0.9)

NHW 8.1 7.8 7.2 7.3 7.4 7.0 6.8 7.3 -1.0*(-1.6, -0.5)

NHB 12.7 11.7 11.1 9.8 10.9 9.5 9.0 10.5 -2.9*(-3.6, -2.1)

US14-NHW 7.9 7.6 7.2 7.2 7.1 6.9 6.6 7.1 -1.1* (-1.7, -0.5)

US14-NHB 12.3 10.4 10.7 9.5 9.8 9.4 8.6 10.0 -2.9* (-3.7, -2.1)

South-NHW 9.2 8.6 7.4 7.4 8.8 7.8 7.6 8.2 -0.9 (-1.9, 0.1)

South-NHB 13.4 13.6 11.9 10.2 12.5 9.7 9.6 11.1 -2.9* (-4.1, -1.8)

Mortality2 ALL 2.8 2.6 2.4 2.4 2.4 2.3 2.3 2.8 -1.5*(-1.9, -1.1)

US14 2.8 2.5 2.4 2.4 2.3 2.2 2.3 2.7 -1.5*(-2.0,-1.1)

South 2.8 3.0 2.8 2.9 3.0 2.7 2.9 3.1 -0.2 (-1.0, 0.6)

NHW 2.3 2.2 2.1 2.1 2.1 2.0 2.1 2.4 -1.0*(-1.5, -0.6)

NHB 4.4 5.0 5.6 4.9 5.0 3.7 3.6 5.4 -1.9*(-3.7, -0.1)

US14-NHW 2.3 2.2 2.1 2.1 2.0 2.0 2.0 2.4 -1.1* (-1.6, -0.7)

US14-NHB 5.6 5.1 4.5 4.4 4.2 4.0 3.8 5.4 -2.6* (-3.2, -2.0)

South-NHW 2.3 2.4 2.0 2.3 2.5 2.6 2.7 2.4 1.1 (-0.1, 2.3)

South-NHB 4.4 5.0 5.6 4.9 5.0 3.7 3.6 5.2 -1.9* (-3.7, -0.1)

Disparity Ratios Incidence US14-NHW 1 1 1 1 1 1 1 1 Reference group

US14-NHB 1.56 1.37 1.49 1.32 1.38 1.36 1.30 1.41 -1.1*(-2.0, -0.3)

South-NHW 1.16 1.13 1.03 1.03 1.24 1.13 1.15 1.15 0.3 (-1.0, 1.5)

South-NHB 1.70 1.79 1.65 1.42 1.76 1.41 1.45 1.56 -1.6 (-3.1, 0.1)

Mortality US14-NHW 1 1 1 1 1 1 1 1 Reference group

US14-NHB 2.43 2.32 2.14 2.09 2.10 2.00 1.90 2.25 -1.9*(-2.3, -1.4)

South-NHW 1.00 1.09 0.95 1.10 1.25 1.30 1.35 1.00 2.8*(1.4, 4.1)

South-NHB 1.81 2.27 2.67 2.33 2.50 1.85 1.80 2.17 -0.9 (-4.0, 2.4)

1 Rates are per 100,000 and age-adjusted to the 2000 US Standard Population (19 age groups–Census P25-1130) standard. Confidence intervals (Tiwari

mod) are 95% for APC.
2 Underlying mortality data provided by National Center for Health Statistics (NCHS)—CDC.

*Statistically significant at 5% level.

Abbreviations: NHW–non-Hispanic white, NHB–non-Hispanic black, US14 –SEER18 registries excluding the 4 southern registries, APC–Annual Percent

Change.

doi:10.1371/journal.pone.0172548.t001
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women, particularly for US14-NHB (mortality disparity ratio = 2.4 in 2000 vs. 1.9 in 2012,

APC = -1.9 and 95% CI = [-2.3, -1.4]), a previously nonexistent disparity emerged for South-

NHW (mortality disparity ratio = 1.0 in 2000 vs. 1.4 in 2012, APC = 2.8 and 95% CI = [1.4,

4.1]) as compared to US14-NHW. Overall, when US14-NHW was set as a reference group, the

incidence and mortality ratios of black women in both regions were much higher. Disparities

in mortality rates for South-NHW increased between 2000 and 2012 even though incidence

disparities remained stable during same time span (Table 1).

Age-specific analysis was performed to further understand regional and racial disparities in

cervical cancer incidence and mortality rates. Fig 2 shows age-adjusted rates and disparity

ratios of cervical cancer stratified by age-specific groups of 20–29, 30–49, 50–64, 65–74, and 75

years and older for the four race/region groups (US14-NHW, US14-NHB, South-NHW, and

South-NHB). Regardless of region, age-adjusted incidence rates increased with increase in age

for NHB but decreased for NHW after age 50, while age-adjusted mortality rates increased

with increase in age for all four groups. As seen in Fig 2, incidence disparity ratios between

NHW and NHB are relatively similar until age of 49 years, but after the age of 50 years racial

difference in incidence disparity ratio can be observed. The incidence rates for South-NHB

compared to US14-NHW (reference) are higher by 1.5 times (1 vs 1.59) among age group 50–

64 years, around 2 times higher (1 vs 2.09) among age group 65–74 years, and more than three

times higher (1 vs 3.88) among age group 75 years and older. Furthermore, there is a regional

disparity in incidence rates for NHB women; for all age groups, South-NHB consistently had

Fig 1. Cervical cancer incidence and mortality rates and disparity ratios by year, region, and race. (A)

Age-adjusted cervical cancer incidence rate of US14-NHW, US14-NHB, South-NHW, and South-NHB women

by year of diagnosis. (B) Age-adjusted cervical cancer mortality rates of cervical cancer of US14-NHW,

US14-NHB, South-NHW, and South-NHB women by year of diagnosis. (C) Incidence disparity ratios of

US14-NHB, South-NHW, and South-NHB women by year of diagnosis with US14-NHW as reference group.

(D) Mortality disparity ratios of US14-NHB, South-NHW, and South-NHB women by year of diagnosis with

US14-NHW as reference group. Abbreviations: NHW–non-Hispanic white, NHB–non-Hispanic black, US14 –

SEER18 registries excluding the 4 southern registries.

doi:10.1371/journal.pone.0172548.g001

Racial and regional disparities of cervical cancer
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higher incidence rates than US14-NHB. The mortality disparity ratio for all age groups was the

highest for US14-NHB, followed by South-NHW, US14-NHW, and South-NHB.

Fig 3 shows age-specific incidence and mortality rates of cervical cancer in the South for the

most recent five-year period (2008–2012) to further understand regional and racial differences

in cervical cancer incidence and mortality rates. When we compared age-specific distributions

of cervical cancer incidence and mortality rates between South-NHB and South-NHW, South-

NHB women had lower incidence rates in younger ages (by age 44 years). The incidence rates

among South-NHW increased until age 44 years and then decreased, while for South-NHB

there was a steady increasing trend with increasing age. The incidence rates of age group 65–

69 years for South-NHB were twice that of South-NHW (20.2 vs. 10.9), and the difference

became even greater with increasing age. For age group 85 years and over, the incidence rates

for NHB were almost five times that of NHW women (South-NHW: 7.4 and South-NHB:

Fig 2. Trends of age-specific cervical cancer (A) incidence and (B) mortality disparity ratios by region

between 2000 and 2012 for US14-NHW, US14-NHB, South-NHW, and South-NHB. Abbreviations: NHW–

non-Hispanic white, NHB–non-Hispanic black, US14 –SEER18 registries excluding the 4 southern registries.

doi:10.1371/journal.pone.0172548.g002

Fig 3. Age-specific cervical cancer incidence and mortality rates in the South by race (2008–2012). Bar

graphs represent incidences rates (gray for NHW and navy for NHB) and line graphs represent mortality rates

(gray for NHW and navy for NHB).Abbreviations: NHW–non-Hispanic white, NHB–non-Hispanic black.

doi:10.1371/journal.pone.0172548.g003

Racial and regional disparities of cervical cancer
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38.0). Similarly, the mortality rates were similar between NHW and NHB women in younger

age groups (<44 years), and the racial disparities became greater with increasing age. The mor-

tality rates for NHB women showed a sharper increase with increasing age compared to NHW

women, reaching a 2.5-fold difference among those 85 years and older (South-NHW: 7.4 and

South-NHB:18.2). Age-specific incidence and mortality rates for US14 showed a similar pat-

tern to those in the South. The incidence rates among NHW women increased by age 44 years

and then decreased, while for NHB women there was a steady increasing trend. The mortality

rates for NHB women also showed a sharp increase with advancing age, reaching a 3-fold

difference (5.4 for US14-NHW and 16.3 for US14-NHB) among those 85 years and older

(S1 Table).

Age-specific incidence of cervical cancer for NHB women after correcting for hysterectomy

prevalence in the US were examined further, as Rositch and colleagues reported [17]. The cor-

rected incidence rates of cervical cancer were calculated by removing women who have had

hysterectomy from the denominator population. The hysterectomy information came from

Behavioral Risk Factor Surveillance System (2008 through 2012). Fig 4 illustrates age-specific

cervical cancer incidence rate trends for NHB women based on hysterectomy-correction status

(corrected and uncorrected) and regions (South and US14). All four trends (uncorrected-

South, corrected-South, uncorrected-US14, and corrected-US14) show similar rates until age

group 35–39 years. Uncorrected rates for NHB women in the South and US14 show a slight

increase until age 64 and remain similar, but after age 65 the incidence rates in the South are

higher than that of US14 with the biggest margin observed at age� 85 (38 in South vs 22.2 in

US14). Once the cervical cancer incidence rates are corrected for hysterectomy, a different

trend is observed. After age 40, the hysterectomy-corrected incidence rates in both regions

show a sharp increase and reach the highest point at age 60–64. For South-NHB, corrected

incidence rate decreases between age 65–74 and increases again from age 80, while for US14-

NHB rates remain relatively stable. For age groups 40–44 and older, corrected incidences are

higher among South-NHB than US14-NHB. As seen in Fig 4, regional disparity exists in South

region and the disparity becomes even greater when considering hysterectomy prevalence in

incidence rates.

Fig 4. Age-specific cervical cancer incidence rates of black women pre- and post- US hysterectomy

prevalence rate correction (2008–2012). Abbreviations: NHB–non-Hispanic black.

doi:10.1371/journal.pone.0172548.g004

Racial and regional disparities of cervical cancer
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Discussion

We observed a decrease in racial disparity in recent years. Racial disparities in cervical cancer

have been well recognized [5, 9]. Previous studies have suggested a complex interplay of bio-

logical, socioeconomic and cultural factors underlying the phenomenon. Compared with

whites, black women had lower relative survival rates, and the difference was largely accounted

for by presentation of disease at later stages, squamous histology and mode of treatment [18].

Some evidence exists that black women are less likely to receive optimal treatment due to

patient refusal, lack of appropriate physician recommendation for treatment, and poorer

health and comorbid conditions [19].

However, according to data from Saslow et al., there was no racial variation in the use of

screening among women ages 21–65 years, the prime age group for cervical cancer screening

under the current national guidelines [20]. Other studies have shown that prevalence of Pap

test use was slightly higher among black women with 84.7% versus 83.1% in non-Hispanic

whites [14], and adherence to follow-up after an abnormal Pap test was not different between

racial groups [21]. However, as we and others [17] observed, more black women are diagnosed

at older ages than white women, comparable use of the Pap test under the current age recom-

mendation may have limited impact on reducing the racial disparity. In this regard, it is nota-

ble that black women aged 65 or older were less likely to receive Pap test than their white or

Hispanic peers (48% versus 64% and 53%) in a national survey [22]. More research is needed

to develop personalized screening recommendations based on individual risk factors.

Cervical cancer incidence in the United States has decreased significantly since the adop-

tion of the Pap test and HPV testing, and there is a significant inverse correlation between

rates of cervical cancer screening and cervical cancer incidence. However, research has not

demonstrated lower rates of screening among black women ages 21–65 years [20]. In fact,

some studies have shown that prevalence of Pap test use was slightly higher among black

women, with 84.7% versus 83.1% in non-Hispanic whites [14], and adherence to follow-up

after an abnormal Pap test was not different between racial groups [21]. However, as we and

others [17] have observed, more black women are diagnosed at older ages than white women.

While United States Preventive Task Force (USPSTF) and American Society for Colposcopy

and Cervical Pathology (ASCCP) guidelines [20, 23] do not recommend routine cervical

cancer screening after age 65 if they have had negative tests in the decade before screening

stopped, more research is warranted to determine whether screening should continue for

black women over age 65 and to determine whether they qualify for discontinuation of

screening.

Investigation on age-specific cervical cancer incidence and mortality rates in the South by

race revealed that racial disparities in incidence and mortality rates become even greater after

40. Incidence rates of white women decrease after age 40 while those of black women increase

with increasing age. It is interesting that disparity is the greatest in both incidence and mortal-

ity at age� 85. Based on our results, older black women living in the South might be a target

population to reduce incidence and mortality of cervical cancer, and the high disparity among

women aged>85 might be due to lack of screening and current screening guidelines. These

incidence disparities were even larger when incidence rates were calculated by removing

women that have had hysterectomy from the denominator population. Although every hyster-

ectomy performed does not necessarily eliminate the possibility of developing cervical cancer,

uncorrected incidence and mortality rates of cervical cancer might underestimate regional and

racial disparities. Even though HPV prevalence has been reduced among young women fol-

lowing HPV vaccine introduction in the US [4], the recommendation of HPV vaccination for

young girls and women will not reduce cervical cancer among older women for several years.

Racial and regional disparities of cervical cancer
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Nevertheless, ensuring that black and other eligible girls and young women have access to

HPV vaccination is likely to reduce the burden of cervical cancer and disparities in the disease

in future years.

We observed that geographic setting, beyond race, was also associated with cervical cancer

incidence and, to a greater extent, mortality from the disease. Specifically, white young women

in the South were more likely to have cervical cancer and die from the disease than their coun-

terparts in other US regions. In the South, women of all races are affected by the dispropor-

tionately high rates of poverty, one of the most pervasive and consistent indicators of poor

health [24]. Geographic variations in health may reflect the presence, or lack thereof, of social

and public services and health infrastructure and sociocultural resources supporting health-

related experiences [25]. Health insurance coverage is among the important factors affecting

cervical cancer screening [26–28]. Adequate therapeutic intervention after abnormal findings

is not only related to individual factors such as race and poverty but also is directly impacted

by macro-level policies [19, 29–31]. A recent analysis of nonelderly cancer patients registered

in the SEER data indicates that residence in a Southern registry was a significant independent

predictor of lack of health insurance. Medicaid rates were also highest in the Southern regis-

tries [32]. The passage of the Patient Protection and Affordable Care Act in 2010 created the

opportunity for states to expand Medicaid to cover low income families and individuals who

are otherwise uninsured or underinsured; however, 19 states, including 10 states in the South,

have opted out of Medicaid expansion. Compared with non-expansion states, (which include

Louisiana prior to July of 2016 and Georgia, as represented in our study), expansion states

have demonstrated a greater decrease in the uninsured population and a significant increase in

colorectal and cervical cancer screening particularly among low-income patients [33]. Consid-

ering nearly 90% of people in the coverage gap reside in the South[34], these early findings

suggest a positive impact towards reducing health disparity can be made by adoption of Med-

icaid expansion in the Southern states.

This analysis is not without limitations. First, individual-level socioeconomic status infor-

mation was not available in our study. Adjustment for socioeconomic status in the assessment

of health disparity could have been informative to characterize the nature of racial and geo-

graphic disparity. Healthcare in geographically underserved areas is often complicated by dis-

trust and/or perceived or real discrimination and may play a significant role in the delay in

seeking treatment; thus raising the likelihood of increased morbidity and mortality. Further-

more, religious beliefs, or the lack of transportation could contribute to a delay in seeking care.

Furthermore, counties and agencies may lack the adequate funding at the state level to provide

necessary educational material or healthcare within the population, especially since Medicaid

expansion was optional for the states surveyed [35]. Moreover, many women may not seek

treatment out of fear, lack of emotional support or may not have a regular provider [36]. Sec-

ond, our analysis spanned a relatively short time period of 13 years (2000–2012), and thus, it

would be interesting to see the results of regional and racial disparities if we add more years to

our analysis. Since there are only two Southern states in the SEER program (Georgia and Loui-

siana), one should be cautious when generalizing to the entire South. Lastly, although not a

limitation per se, our focus on the interplay of black race and Southern residence led to the

exclusion of minority groups other than black race in the analysis, who have received due

attention in other disparity literature [28, 37]. In summary, the present analysis of SEER data

from 2000–2012 suggests continuing progress during a recent decade in terms of racial dispar-

ity but a stalled improvement in cervical cancer incidence and mortality in terms of regional

disparity, particularly among young white women in the South. Because of the small numbers

in age-, race- and region-specific analysis, the latter finding should require future validation.

Racial and regional disparities of cervical cancer

PLOS ONE | DOI:10.1371/journal.pone.0172548 February 24, 2017 10 / 13



Supporting information

S1 Table. Age-specific incidence and mortality rates stratified by region (South versus

US14) and race/ethnicity (Non-Hispanic White and Non-Hispanic Black).

(DOCX)

Acknowledgments

This article was partially supported by the National Cancer Institute (P30 CA013148,

P50CA098252, 2U54 CA118948), National Institute on Minority Health and Health Dispari-

ties (U54MD008149, U54MD008176), and Atlanta Clinical & Translational Science Institute

(UL1TR000454). We would like to express our gratitude to anonymous peer reviewers for

carefully revising our manuscript and for his/her comments.

Author Contributions

Conceptualization: WY SK SB.

Formal analysis: WY.

Methodology: WY SK.

Software: WY.

Supervision: WY SB EEP.

Visualization: WY YC.

Writing – original draft: WY SK SSC.

Writing – review & editing: WY WKH SD YC VD EEP SB SSC JKL.

References
1. American Cancer Society. Cancer Facts & Figures 2016. Atlanta: American Cancer Society; 2016.

2. Ferlay J SI, Ervik M, Dikshit R, Eser S, Mathers C, Rebelo M, Parkin DM, Forman D, Bray F. GLOBO-

CAN 2012 v1.1, Cancer Incidence and Mortality Worldwide: IARC CancerBase No. 11 [Internet]. Lyon,

France: International Agency for Research on Cancer; 2014. Available from: http://globocan.iarc.fr,

accessed on 16/08/2016.

3. Ilic M, Ilic I. Malignant lymphatic and hematopoietic neoplasms mortality in Serbia, 1991–2010: a join-

point regression analysis. PloS one. 2014; 9(10):e109379. PubMed Central PMCID: PMC4204851. doi:

10.1371/journal.pone.0109379 PMID: 25333862

4. Markowitz LE, Hariri S, Lin C, Dunne EF, Steinau M, McQuillan G, et al. Reduction in human papilloma-

virus (HPV) prevalence among young women following HPV vaccine introduction in the United States,

National Health and Nutrition Examination Surveys, 2003–2010. The Journal of infectious diseases.

2013; 208(3):385–93. doi: 10.1093/infdis/jit192 PMID: 23785124

5. Ryerson AB, Eheman CR, Altekruse SF, Ward JW, Jemal A, Sherman RL, et al. Annual Report to the

Nation on the Status of Cancer, 1975–2012, featuring the increasing incidence of liver cancer. Cancer.

2016; 122(9):1312–37. PubMed Central PMCID: PMCPMC4840031. doi: 10.1002/cncr.29936 PMID:

26959385

6. Jemal A, Simard EP, Dorell C, Noone AM, Markowitz LE, Kohler B, et al. Annual Report to the Nation on

the Status of Cancer, 1975–2009, featuring the burden and trends in human papillomavirus(HPV)-asso-

ciated cancers and HPV vaccination coverage levels. Journal of the National Cancer Institute. 2013;

105(3):175–201. PubMed Central PMCID: PMCPMC3565628. doi: 10.1093/jnci/djs491 PMID:

23297039

7. Benard VB, Thomas CC, King J, Massetti GM, Doria-Rose VP, Saraiya M, et al. Vital signs: cervical

cancer incidence, mortality, and screening—United States, 2007–2012. MMWR Morb Mortal Wkly Rep.

2014; 63(44):1004–9. PMID: 25375072

Racial and regional disparities of cervical cancer

PLOS ONE | DOI:10.1371/journal.pone.0172548 February 24, 2017 11 / 13

http://www.plosone.org/article/fetchSingleRepresentation.action?uri=info:doi/10.1371/journal.pone.0172548.s001
http://globocan.iarc.fr
http://dx.doi.org/10.1371/journal.pone.0109379
http://www.ncbi.nlm.nih.gov/pubmed/25333862
http://dx.doi.org/10.1093/infdis/jit192
http://www.ncbi.nlm.nih.gov/pubmed/23785124
http://dx.doi.org/10.1002/cncr.29936
http://www.ncbi.nlm.nih.gov/pubmed/26959385
http://dx.doi.org/10.1093/jnci/djs491
http://www.ncbi.nlm.nih.gov/pubmed/23297039
http://www.ncbi.nlm.nih.gov/pubmed/25375072


8. Chu KC, Miller BA, Springfield SA. Measures of racial/ethnic health disparities in cancer mortality rates

and the influence of socioeconomic status. J Natl Med Assoc. 2007; 99(10):1092–100, 102–4. PubMed

Central PMCID: PMCPMC2574395. PMID: 17987912

9. Ward E, Jemal A, Cokkinides V, Singh GK, Cardinez C, Ghafoor A, et al. Cancer disparities by race/eth-

nicity and socioeconomic status. CA: a cancer journal for clinicians. 2004; 54(2):78–93.

10. Proctor BD, Semega, J. L., Kollar, M. A. Income and Poverty in the United States: 2015. In: Bureau

USC, editor. Washington, DC2016.

11. Surveillance, Epidemiology, and End Results (SEER) Program (www.seer.cancer.gov) SEER*Stat

Database: Incidence—SEER 18 Regs Research Data + Hurricane Katrina Impacted Louisiana Cases,

Nov 2014 Sub (2000–2012) <Katrina/Rita Population Adjustment>—Linked To County Attributes—

Total U.S., 1969–2013 Counties, National Cancer Institute, DCCPS, Surveillance Research Program,

Surveillance Systems Branch, released April 2015, based on the November 2014 submission.

12. Yoo W, De S, Wilkins T, Smith SA, Blumenthal D. Age, Race and Regional Disparities in Colorectal

Cancer Incidence Rates in Georgia between 2000 and 2012. Ann Public Health Res. 2016; 3(2).

PubMed Central PMCID: PMCPMC4813800. PMID: 27042701

13. Surveillance Research Program, National Cancer Institute SEER*Stat software (seer.cancer.gov/

seerstat) version 8.3.2.

14. Centers for Disease Control and Prevention (CDC). Behavioral Risk Factor Surveillance System Survey

Data. Atlanta, Georgia: U.S. Department of Health and Human Services, Centers for Disease Control

and Prevention, 2014.

15. Tiwari RC, Clegg LX, Zou Z. Efficient interval estimation for age-adjusted cancer rates. Stat Methods

Med Res. 2006; 15(6):547–69. doi: 10.1177/0962280206070621 PMID: 17260923

16. Kim HJ, Fay MP, Feuer EJ, Midthune DN. Permutation tests for joinpoint regression with applications to

cancer rates. Statistics in medicine. 2000; 19(3):335–51. PMID: 10649300

17. Rositch AF, Nowak RG, Gravitt PE. Increased age and race-specific incidence of cervical cancer after

correction for hysterectomy prevalence in the United States from 2000 to 2009. Cancer. 2014; 120

(13):2032–8. PubMed Central PMCID: PMCPMC4073302. doi: 10.1002/cncr.28548 PMID: 24821088

18. Weragoda J, Azuero A, Badiga S, Bell WC, Matthews R, Piyathilake C. An examination of racial differ-

ences in 5-year survival of cervical cancer among African American and white American women in the

southeastern US from 1985 to 2010. Cancer Med. 2016; 5(8):2126–35. PubMed Central PMCID:

PMCPMC4873605. doi: 10.1002/cam4.765 PMID: 27185053

19. Shavers VL, Brown ML. Racial and ethnic disparities in the receipt of cancer treatment. Journal of the

National Cancer Institute. 2002; 94(5):334–57. PMID: 11880473

20. Saslow D, Solomon D, Lawson HW, Killackey M, Kulasingam SL, Cain J, et al. American Cancer Soci-

ety, American Society for Colposcopy and Cervical Pathology, and American Society for Clinical Pathol-

ogy screening guidelines for the prevention and early detection of cervical cancer. CA: a cancer journal

for clinicians. 2012; 62(3):147–72. PubMed Central PMCID: PMCPMC3801360.

21. Eggleston KS, Coker AL, Luchok KJ, Meyer TE. Adherence to recommendations for follow-up to abnor-

mal Pap tests. Obstetrics and gynecology. 2007; 109(6):1332–41. doi: 10.1097/01.AOG.0000266396.

25244.68 PMID: 17540805

22. Kepka D, Breen N, King JB, Meissner HI, Roland KB, Benard VB, et al. Demographic factors associated

with overuse of Pap testing. American journal of preventive medicine. 2014; 47(5):629–33. doi: 10.

1016/j.amepre.2014.07.034 PMID: 25175763

23. Final Update Summary: Cervical Cancer: Screening. U.S. Preventive Services Task Force. September

2016. [December 5, 2016]. Available from: https://www.uspreventiveservicestaskforce.org/Page/

Document/UpdateSummaryFinal/cervical-cancer-screening.

24. Braveman PA, Cubbin C, Egerter S, Williams DR, Pamuk E. Socioeconomic disparities in health in the

United States: what the patterns tell us. American journal of public health. 2010; 100 Suppl 1:S186–96.

PubMed Central PMCID: PMCPMC2837459.

25. Williams DR. Racial/ethnic variations in women’s health: the social embeddedness of health. American

journal of public health. 2002; 92(4):588–97. PubMed Central PMCID: PMCPMC1447123. PMID:

11919058

26. Roman L, Meghea C, Ford S, Penner L, Hamade H, Estes T, et al. Individual, provider, and system risk

factors for breast and cervical cancer screening among underserved Black, Latina, and Arab women. J

Womens Health (Larchmt). 2014; 23(1):57–64. PubMed Central PMCID: PMCPMC4056454.

27. Ackerson K, Gretebeck K. Factors influencing cancer screening practices of underserved women. J Am

Acad Nurse Pract. 2007; 19(11):591–601. doi: 10.1111/j.1745-7599.2007.00268.x PMID: 17970859

28. Downs LS, Smith JS, Scarinci I, Flowers L, Parham G. The disparity of cervical cancer in diverse popu-

lations. Gynecologic oncology. 2008; 109(2 Suppl):S22–30.

Racial and regional disparities of cervical cancer

PLOS ONE | DOI:10.1371/journal.pone.0172548 February 24, 2017 12 / 13

http://www.ncbi.nlm.nih.gov/pubmed/17987912
http://www.seer.cancer.gov
http://www.ncbi.nlm.nih.gov/pubmed/27042701
http://seer.cancer.gov/seerstat
http://seer.cancer.gov/seerstat
http://dx.doi.org/10.1177/0962280206070621
http://www.ncbi.nlm.nih.gov/pubmed/17260923
http://www.ncbi.nlm.nih.gov/pubmed/10649300
http://dx.doi.org/10.1002/cncr.28548
http://www.ncbi.nlm.nih.gov/pubmed/24821088
http://dx.doi.org/10.1002/cam4.765
http://www.ncbi.nlm.nih.gov/pubmed/27185053
http://www.ncbi.nlm.nih.gov/pubmed/11880473
http://dx.doi.org/10.1097/01.AOG.0000266396.25244.68
http://dx.doi.org/10.1097/01.AOG.0000266396.25244.68
http://www.ncbi.nlm.nih.gov/pubmed/17540805
http://dx.doi.org/10.1016/j.amepre.2014.07.034
http://dx.doi.org/10.1016/j.amepre.2014.07.034
http://www.ncbi.nlm.nih.gov/pubmed/25175763
https://www.uspreventiveservicestaskforce.org/Page/Document/UpdateSummaryFinal/cervical-cancer-screening
https://www.uspreventiveservicestaskforce.org/Page/Document/UpdateSummaryFinal/cervical-cancer-screening
http://www.ncbi.nlm.nih.gov/pubmed/11919058
http://dx.doi.org/10.1111/j.1745-7599.2007.00268.x
http://www.ncbi.nlm.nih.gov/pubmed/17970859


29. Churilla T, Egleston B, Dong Y, Shaikh T, Murphy C, Mantia-Smaldone G, et al. Disparities in the man-

agement and outcome of cervical cancer in the United States according to health insurance status.

Gynecologic oncology. 2016; 141(3):516–23. PubMed Central PMCID: PMCPMC4877265. doi: 10.

1016/j.ygyno.2016.03.025 PMID: 27012428

30. Levinson KL, Bristow RE, Donohue PK, Kanarek NF, Trimble CL. Impact of payer status on treatment

of cervical cancer at a tertiary referral center. Gynecologic oncology. 2011; 122(2):324–7. PubMed Cen-

tral PMCID: PMCPMC4612589. doi: 10.1016/j.ygyno.2011.04.038 PMID: 21620446

31. Tejeda S, Darnell JS, Cho YI, Stolley MR, Markossian TW, Calhoun EA. Patient barriers to follow-up

care for breast and cervical cancer abnormalities. J Womens Health (Larchmt). 2013; 22(6):507–17.

PubMed Central PMCID: PMCPMC3678568.

32. Grant SR, Walker GV, Guadagnolo BA, Koshy M, Allen PK, Mahmood U. Variation in insurance status

by patient demographics and tumor site among nonelderly adult patients with cancer. Cancer. 2015;

121(12):2020–8. PubMed Central PMCID: PMCPMC4887084. doi: 10.1002/cncr.29120 PMID:

25917222

33. Choi SK, Adams SA, Eberth JM, Brandt HM, Friedman DB, Tucker-Seeley RD, et al. Medicaid Cover-

age Expansion and Implications for Cancer Disparities. American journal of public health. 2015; 105

Suppl 5:S706–12. PubMed Central PMCID: PMCPMC4627517.

34. Garfield R DA, Stephens J, Rouhani S. The coverage gap: uninsured poor adults in states that do not

expand Medicaid–an update. Kaiser Family Foundation 2014.

35. Nguyen KH, Sommers BD. Access and Quality of Care by Insurance Type for Low-Income Adults

Before the Affordable Care Act. American journal of public health. 2016; 106(8):1409–15. doi: 10.2105/

AJPH.2016.303156 PMID: 27196646

36. Bynum SA, Wigfall LT, Brandt HM, Julious CH, Glover SH, Hebert JR. Social and Structural Determi-

nants of Cervical Health among Women Engaged in HIV Care. AIDS and behavior. 2016; 20(9):2101–

9. doi: 10.1007/s10461-016-1345-6 PMID: 26955821

37. Office of Disease Prevention and Health Promotion. Disparities Details by Race and Ethnicity for 2013

Healthy People 2020; 2016 [cited 2016 July 12]. Available from: https://www.healthypeople.gov/2020/

data/disparities/detail/Chart/4053/3/2013.

Racial and regional disparities of cervical cancer

PLOS ONE | DOI:10.1371/journal.pone.0172548 February 24, 2017 13 / 13

http://dx.doi.org/10.1016/j.ygyno.2016.03.025
http://dx.doi.org/10.1016/j.ygyno.2016.03.025
http://www.ncbi.nlm.nih.gov/pubmed/27012428
http://dx.doi.org/10.1016/j.ygyno.2011.04.038
http://www.ncbi.nlm.nih.gov/pubmed/21620446
http://dx.doi.org/10.1002/cncr.29120
http://www.ncbi.nlm.nih.gov/pubmed/25917222
http://dx.doi.org/10.2105/AJPH.2016.303156
http://dx.doi.org/10.2105/AJPH.2016.303156
http://www.ncbi.nlm.nih.gov/pubmed/27196646
http://dx.doi.org/10.1007/s10461-016-1345-6
http://www.ncbi.nlm.nih.gov/pubmed/26955821
https://www.healthypeople.gov/2020/data/disparities/detail/Chart/4053/3/2013
https://www.healthypeople.gov/2020/data/disparities/detail/Chart/4053/3/2013

