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Cervical cancer is the third most common
cancer for women, and the fourth most com-
mon cause of cancer deaths globally.1 In the
United States, cervical cancer is less common
because of availability of screening and
follow-up treatment, with about 12 000 cases
diagnosed and 4000 deaths from the disease
annually.2 Cervical cancer screening has
resulted in well-documented declines in cervi-
cal cancer incidence and mortality, but women
who do not receive recommended screening
and follow-up are at increased risk for cervical
cancer mortality.3

Previous studies have shown higher cervi-
cal cancer incidence and mortality among
American Indian/Alaska Native (AI/AN)
populations, compared with White popula-
tions.4---8 Because most cases of invasive
cervical cancer are preventable through
screening and follow-up, disparities in mea-
sures of cervical cancer among AI/AN
women are generally attributed to decreased
access and additional barriers (such as in-
creased distance to get treatment or cultural
differences).3 Programs addressing cervical
cancer disparities by increasing screening
among AI/AN populations have had positive
results, although ongoing regional disparities
have been documented.5,9

Observed disparities in incidence rates of
cervical cancer between AI/AN and White
populations increased after efforts were
made to ensure that members of AI/AN
populations were properly identified, which
increased the number of AI/AN cases and
corresponding rates.5 We described the
mortality and incidence of cervical cancer
among AI/AN women from 1999 to 2009,
using techniques to minimize the effect of
race misclassification in surveillance data,
and to compare rates of cervical cancer
among these women to rates among other
women living in the same geographic region.
Trends for mortality from 1990 to 2009
were also presented.

METHODS

Detailed methods for generating the analyt-
ical mortality files are described elsewhere in
this supplement.10 Detailed methods describing
incidence data and analysis are available in
a previous publication.11 Abbreviated methods
follow.

Data Sources

Population estimates. We included bridged
single-race population estimates developed
by the US Census Bureau and the Centers for
Disease Control and Prevention (CDC) Na-
tional Center for Health Statistics (NCHS)
that were adjusted for the population shifts
because of Hurricanes Katrina and Rita in
2005 as denominators in the calculations of
incidence and death rates.12,13 Bridged
single-race data allowed for comparability
between the pre- and post-2000 racial/
ethnic population estimates during this study
period.

Death data. Death certificate data are com-
piled by each state. These data are sent to the
NCHS, where they are edited for consistency,
stripped of personal identifiers, and made
available to the general public as part of the
National Vital Statistics System (NVSS).14

NCHS applies a bridging algorithm nearly
identical to the one used by the Census Bureau
to assign a single race to decedents with
multiple races reported on the death certifi-
cate.15

We linked the Indian Health Service (IHS)
patient registration database to the National
Death Index (NDI), a tool that allows re-
searchers to link their data with the mortality
data in NVSS to identify AI/AN deaths that had
been misclassified as non-Native and to de-
termine vital status and cause of death of
decedents who had received health care in IHS
or tribal facilities.10 About 62% of the AI/AN
population has obtained IHS services and is
included in the IHS patient registration data-
base.16 Following the linkage of IHS records to
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the NDI, a flag indicating a positive link to IHS
was added as an additional indicator of AI/AN
ancestry to the NVSS mortality file. This file
was then combined with the census population
estimates to create an analytical file in
SEER*Stat (version 8.0.4; National Cancer
Institute, Bethesda, MD; AI/AN-US Mortality
Database [AMD]) which includes all deaths
for all races from 1990 to 2009. Race for
AI/AN deaths combines race classification by
NCHS based on the death certificate and
information derived from data linkages be-
tween the IHS patient registration database
and the NDI.10

During preliminary analyses of the AMD, we
discovered that the updated bridged intercen-
sal population estimates significantly overesti-
mated AI/ANs of Hispanic origin.17 Therefore,
to avoid underestimating AI/AN deaths be-
cause of overinflated denominators, analyses
were limited to non-Hispanic AI/AN persons.
Fewer than 5% of cancer cases and deaths
were identified as Hispanic AI/AN persons and
were excluded from the analysis. Non-Hispanic
White was chosen as the most homogeneous
referent group. Therefore, all analyses were
limited to non-Hispanic women. For concise-
ness, henceforth the term “non-Hispanic” was
omitted when discussing both groups.

For 1990 to 1998, the underlying cause
of death was coded according to the Interna-
tional Classification of Diseases, Ninth Revision
(ICD-9) (code 180, for deaths because of
cervical cancer).18 For 1999---2009, the Tenth
Revision (ICD-10) was utilized (code C53, for
deaths because of cervical cancer).19,20 Trend
analyses spanning ICD-9 and ICD-10 reporting
years took into account comparability of cause
of death recodes between the 2 revisions.20

Incidence data. Incident cancer cases diag-
nosed from 1999 to 2009 were identified
from population-based central cancer registries
that participate in the Centers for Disease
Control and Prevention’s (CDC) National Pro-
gram of Cancer Registries (NPCR) or the
National Cancer Institute’s Surveillance, Epi-
demiology, and End Results (SEER) Pro-
gram.2,21,22 For data to be included for a given
year, registries had to meet data standards
developed for United States Cancer Statistics.2

Participating registries classified tumor histol-
ogy, tumor behavior, and primary cancer site
according to the International Classification of

Diseases for Oncology, Third Edition (ICD-O-
3).19 As with mortality, incidence analyses were
limited to non-Hispanic AI/AN and White
populations to avoid the previously described
complications. Incidence rates were presented
for invasive cervical cancer among AI/AN
populations nationwide, using the SEER Site
recode for cervical cancer.23 Incidence data
from 1999 to 2009 were examined by race/
ethnicity, age, IHS region, and stage at diagno-
sis. Stage analysis using Derived SEER Sum-
mary Stage 2000 was limited to diagnosis
years 2004 to 2009 to ensure consistency,
because earlier years used different staging
schemas.24

Geographic coverage. We restricted most of
the analyses in this study to IHS Contract
Health Service Delivery Area (CHSDA) or
Tribal Service Delivery Area counties, which,
in general, contain federally recognized tribal
reservations or off-reservation trusts or lands
that are adjacent to them.10 CHSDA residence
is used by the IHS to determine eligibility for
services not directly available within the IHS.
Linkage studies indicate less misclassification
of race for AI/AN populations in these
counties.10,25 The CHSDA counties also have
higher proportions of AI/AN persons in re-
lation to total population than do non-CHSDA
counties, with 64% of the US AI/AN popula-
tion residing in the 637 counties designated as
CHSDA (these counties represent 20% of the
3141 counties in the United States).10 Although
less geographically representative, we re-
stricted analyses to CHSDA counties for death
and incidence rates in this article for the
purpose of offering improved accuracy in
interpreting statistics for AI/AN populations.
For rates restricted to CHSDA counties, data
from 35 states and 6 regions were included.

We completed the analyses for all regions
combined and by individual IHS regions:
Northern Plains, Alaska, Southern Plains,
Southwest, Pacific Coast and East; additional
details about IHS regions and CHSDA are
provided elsewhere10 (Table 1). Identical or
similar regional analyses were used for other
health-related publications focusing on AI/AN
populations.26---28

Statistical Methods

All rates, expressed per 100 000 popula-
tion, were directly age-adjusted to the 2000

US standard population (Census P25-
1130),29 using SEER*Stat software (version
8.0.4; National Cancer Institute, Bethesda,
MD). Readers should avoid comparison of
these data with published death rates ad-
justed using a different standard population.

Using the age-adjusted incidence and death
rates, we calculated standardized rate ratios
(RRs) for AI/AN populations using White rates
for comparison. We examined data on deaths
occurring from 1999 to 2009 by race/
ethnicity, age, IHS region, and combined age
and IHS region for selected regions. Trends in
cervical cancer deaths were examined for
1990 to 2009. We calculated RRs using
SEER*Stat to the fourth digit, which were
rounded for presentation in the tables. We
calculated 95% confidence intervals (CIs) for
age-adjusted rates, and RRs were calculated
based on methods described by Tiwari et al.
using SEER*Stat 8.0.4.30 We assessed tempo-
ral changes in annual age-adjusted death
rates, including the annual percent change
(APC) for each interval, with Joinpoint regres-
sion techniques using statistical software de-
veloped by the National Cancer Institute; up
to 3 joinpoints were allowed in models.31

Statistical significance was set at a P level of
less than .05.

RESULTS

Overall, a total of 380 AI/AN women died
from cervical cancer from 1999 to 2009; 289
of these women resided in CHSDA counties
(Table 1). AI/AN women had a cervical cancer
death rate of 3.3, which was higher than the
rate of 2.2 for White women (RR = 1.54).

For CHSDA counties only, the death rate
from cervical cancer for AI/ANwomen was 4.2,
which was nearly twice the corresponding rate
amongWhite women in the same counties (rate
2.0; RR= 2.11). The remaining results about
death rates focused on CHSDA counties only.

Age and Indian Health Service Region

Death rates for cervical cancer were higher
among AI/AN women compared with White
women, for each age group (Table 1). Death
rates for those aged 0 to 24 years were
suppressed because of small numbers. Rates
were highest, and differences were greatest for
women aged 85 years or older (RR = 3.67).
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Cervical cancer mortality among AI/AN
women was highest in the Northern Plains region
and was higher than mortality for White women
in Northern Plains (RR=4.15), Southern Plains
(RR=1.58), and the Southwest (RR=2.05).
Death rates comparisons were not statistically
significantly different between AI/ANwomen and
White women in Alaska (RR=1.83), East (RR=
1.69), and Pacific Coast regions (RR=1.20).

IHS regions with statistically significant
AI/AN death rates higher than White death

rates (Northern Plains, Southern Plains, and
Southwest) were examined further by age to
clarify possible reasons for these differences
(Table 1). In the Northern Plains, AI/AN
women had higher death rates from cervical
cancer than White women in all age groups;
death rates and disparities between groups
(AI/AN vs White) increased with age. In the
Southern Plains, AI/AN women aged 25 to
44 years had higher death rates than White
women. However, disparities decreased with

age, so that differences between women aged
45 to 64 and 65 years and older were not
statistically significant. In the Southwest region,
AI/AN women aged 40 to 64 and 65 years
and older had higher death rates from cervical
cancer than White women.
Trends. Cervical cancer mortality declined

from 1990 to 2009 among both AI/AN
women andWhite women. Declines for AI/AN
women occurred primarily from 1990 to
1993 (–25.8% per year; P < .05); death rates

TABLE 1—Cervical Cancer Death Rates by Age and Indian Health Service Region for American Indian/Alaska Native and White Women: United

States, 1999–2009

CHSDA All Counties

AI/AN, Count (Rate) White, Count (Rate) AI/AN:White RR (95% CI) AI/AN, Count (Rate) White, Count (Rate) AI/AN:White RR (95% CI)

Total 289 (4.2) 5972 (2.0) 2.11* (1.86, 2.38) 380 (3.3) 28 547 (2.2) 1.54* (1.38, 1.71)

Age, y

25–44 86 (3.7) 1183 (1.8) 2.08* (1.65, 2.59) 104 (2.8) 5534 (1.9) 1.48* (1.21, 1.80)

45–64 129 (7.4) 2598 (3.8) 1.94* (1.61, 2.31) 189 (6.3) 12 346 (4.1) 1.53* (1.32, 1.77)

65–84 58 (10.0) 1720 (4.7) 2.14* (1.61, 2.78) 67 (7.4) 8415 (5.2) 1.43* (1.10, 1.82)

‡ 85 15 (23.7) 450 (6.5) 3.67* (2.03, 6.11) 18 (17.7) 2168 (7.0) 2.52* (1.49, 3.99)

IHS Region

Northern Plains 79 (7.3) 878 (1.8) 4.15* (3.23, 5.27) 99 (5.5) 4815 (2.0) 2.78* (2.24, 3.43)

Alaska 14 (3.5) 43 (1.9) 1.83 (0.89, 3.48) 14 (3.5) 43 (1.9) 1.83 (0.89, 3.48)

Southern Plains 66 (4.3) 519 (2.8) 1.58* (1.20, 2.04) 73 (3.5) 2624 (2.5) 1.40* (1.09, 1.77)

Southwest 81 (4.2) 857 (2.0) 2.05* (1.60, 2.59) 87 (4.1) 1307 (1.8) 2.21* (1.74, 2.76)

Pacific Coast 34 (2.4) 1801 (2.0) 1.20 (0.82, 1.70) 48 (2.2) 3356 (2.0) 1.11 (0.81, 1.48)

East 15 (3.3) 1874 (2.0) 1.69 (0.91, 2.82) 59 (2.1) 16 402 (2.3) 0.93 (0.70, 1.21)

Selected IHS regions and age, y

Northern Plains

25–44 18 (4.8) 175 (1.6) 3.07* (1.78, 4.99) 23 (3.7) 878 (1.6) 2.35* (1.48, 3.54)

45–64 42 (15.5) 371 (3.3) 4.71* (3.34, 6.50) 55 (12.0) 2062 (3.8) 3.18* (2.39, 4.16)

‡ 65 18 (19.2) 329 (4.5) 4.29* (2.48, 7.01) 20 (13.6) 1861 (5.3) 2.58* (1.55, 4.05)

Southern Plains

25–44 27 (5.9) 115 (2.8) 2.09* (1.32, 3.20) 30 (4.7) 568 (2.4) 2.01* (1.34, 2.90)

45–64 26 (7.0) 208 (4.8) 1.46 (0.93, 2.20) 29 (5.5) 1137 (4.7) 1.17 (0.78, 1.68)

‡ 65 13 (8.3) 191 (6.6) 1.27 (0.66, 2.24) 14 (7.1) 909 (6.1) 1.18 (0.64, 2.00)

Southwest

25–44 19 (2.7) 163 (1.8) 1.50 (0.88, 2.42) 19 (2.4) 255 (1.5) 1.57 (0.93, 2.50)

45–64 35 (6.9) 402 (4.1) 1.69* (1.16, 2.38) 40 (7.1) 613 (3.7) 1.94* (1.37, 2.68)

‡ 65 27 (14.7) 288 (4.6) 3.17* (2.04, 4.73) 27 (13.8) 433 (4.5) 3.10* (2.01, 4.60)

Note. AI/AN = American Indian/Alaska Native; CHSDA = Contract Health Service Delivery Areas; CI = confidence interval; IHS = Indian Health Service. Women of Hispanic origin are excluded from the
analyses. AI/AN race is reported from death certificates or through linkage with the IHS patient registration database. Rates are per 100 000 persons and are age-adjusted to the 2000 US standard
population (11 age groups; Census P25-1130).29 Rate ratios (RR) are calculated in SEER*Stat before rounding of rates and may not equal RR calculated from rates presented in the table. IHS
regions are defined as follows: Northern Plains (IL, IN,b IA,b MA,b MN,b MT,b NE,b ND,b SD,b WI,b WYb); Southern Plains (OK,b KS,b TX); Southwest (AZ,b CO,b NV,b NM,b UTb); Pacific Coast (CA,b ID,b

OR,b WA,b HI); East (AL,b AR, CT,b DE, FL,b GA, KY, LA,b ME,b MD, MA,b MS,b MO, NH, NJ, NY,b NC,b OH, PA,b RI,b SC,b TN, VT, VA, WV, DC, IL, IN,b IA,b MIb). Percent regional coverage of AI/AN persons
in CHSDA counties to AI/AN persons in all counties: Northern Plains = 64.8%; Alaska = 100%; Southern Plains = 76.3%; Southwest = 91.3%; Pacific Coast = 71.3%; East = 18.2%; total US = 64.2%.
Source. AI/AN Mortality Database (AMD 1990–2009).
aCases aged 0–24 years are included in overall totals, but rows have been suppressed because of few cases.
bIdentifies states with at least 1 county designated as CHSDA.
*P < .05.
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remained relatively steady from 1993 to 2009
(APC = –1.3). Declines among White women
were more steady and statistically significant
(–2.4% per year for 1990---2009; Figure 1).

Incidence Data

Overall, a total of 1020 AI/AN women were
diagnosed with cervical cancer from 1999 to
2009; 799 of these women resided in CHSDA
counties (Table 2). AI/AN women had an
incidence rate of cervical cancer of 8.7, com-
pared with a rate of 7.5 for White women.
However, when restricted to CHSDA areas, the
rate for AI/AN women was 11.0, which was
higher than that for White women in CHSDA
areas (7.1; Table 2). The remaining results
about incidence focused on CHSDA areas only.
Age. Incidence rates for cervical cancer were

higher among AI/AN women compared with
White women for each age group. Differences
were greatest for women aged 85 years and
older (RR = 2.80).
Region. Cervical cancer incidence among

AI/AN women was highest in the Southern
Plains region (rate = 15.1) and was higher than

incidence for White women in the Northern
Plains (RR = 1.97), Alaska (RR = 1.94),
Southern Plains (RR = 1.64), Southwest (RR =
1.19), and Pacific Coast (RR = 1.36) regions
(Table 2). Incidence rates were similar for
AI/AN women compared with White women
in the East region (RR = 1.18).
Stage. AI/AN women had higher rates of

cervical cancer incidence than White women
across all stages at diagnosis (Table 2). Dispar-
ities between AI/AN and Whites were greater
with later stage at diagnosis and were most
pronounced among unstaged cases.

DISCUSSION

Our results demonstrated that AI/AN
women had significantly higher cervical cancer
incidence and mortality compared with White
women in the same areas. However, both
incidence and mortality decreased over time,
documenting improvements in identifying and
treating cervical cancer and pre-cancerous
lesions. Most cervical cancers could be avoided
or diagnosed early through screening and

treatment. We noted steep declines in cervical
cancer deaths among AI/AN women in the
early 1990s. We believed that these declines
were likely the result of screening and treat-
ment programs described in our discussion.27

However, our data also underscored the need
for further efforts, as noted in CHSDA counties
(where identification of AI/AN women was
likely to be highest), AI/AN women still died
from cervical cancer at twice the rate of White
women.

Disparities in death rates between AI/AN
women and White women living in the same
areas were evident across all age groups and
regions; regional differences were only statisti-
cally significant in the Northern Plains, South-
ern Plains, and Southwest regions (possibly
because of small numbers in the other areas).
To examine these disparities more closely, we
analyzed regions with statistically significant
disparities in death rates (Northern Plains,
Southern Plains, and Southwest) by age group
(25---44, 45---64, ‡ 65 years). Overall patterns
were unclear, because the Northern Plains
region had similar disparities across all age

Note. AI/AN = American Indians/Alaska Natives; CHSDA = Contract Health Service Delivery Areas. Women of Hispanic origin were excluded from the analyses. AI/AN race was reported from death

certificates or through linkage with the Indian Health Service patient registration database. Rates are age-adjusted to the 2000 US standard population (11 age groups; Census P25-1130).29 States

and years of data excluded because Hispanic origin was not collected on the death certificate: LA: 1990; NH: 1990–1992; OK: 1990–1996.

Source. AI/AN Mortality Database (AMD 1990–2009).

FIGURE 1—Trends in cervical cancer death rates for American Indian/Alaska Native and White Women: CHSDA Counties, United States,

1990–2009.
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groups, the Southern Plains had the largest
disparities among the youngest women, and the
Southwest had the largest disparities among
the oldest women. These disparities highlighted
the need for further outreach to rarely and
never-screened AI/AN women of all ages.

Federal programs have been integral in
addressing cervical cancer incidence and
deaths among AI/AN women. The IHS began
providing cervical cancer screening to Native
women in the 1960s and 1970s, leading to
decreases in cervical cancer incidence and
mortality by the 1980s and 1990s, as de-
scribed in our data.32 In addition to the IHS
program, Congress also passed the Breast and
Cervical Cancer Mortality Prevention Act of

1990, initiating the CDC’s National Breast and
Cervical Cancer Early Detection Program
(NBCCEDP), which provides access to breast
and cervical cancer screening and diagnostic
services to underserved women.33 To address
continuing disparities, the 1993 reauthoriza-
tion of the act included amendments directing
the CDC to establish a program with AI/AN
tribes and tribal organizations to improve
screening in tribal communities.34 A recent
study found that 36% of eligible AI/AN
women were screened through NBCCEDP,
higher than any other group.35 Currently, the
NBCCEDP funds 11 AI/AN tribes or tribal
organizations to provide screening services for
breast and cervical cancer. Collaborations

between tribal and state programs have been
successful, such as the one between the
Oklahoma state, Cherokee Nation, and the
Kaw Nation grantees to pass Oklahoma’s
Breast and Cervical Cancer Prevention and
Treatment Act in 2005, which led to the
development of the Oklahoma CARES pro-
gram.36 In addition to funding screening
services, the NBCCEDP also partnered with
tribal programs, state partners, and others to
increase outreach and education to AI/AN
women on the need of preventive care and
cervical screening. Such activities were likely
related to continued decreases in AI/AN
cervical cancer incidence and mortality, as
shown in our data.

TABLE 2—Invasive Cervical Cancer Incidence Rates by Age and Indian Health Service Region for American Indian/Alaska Native and White

Women: United States, 1999–2009

CHSDA All Counties

AI/AN,a,b Count (Rate) White,a Count (Rate) AI/AN:White RR (95% CI) AI/AN, Count (Rate) White, Count (Rate) AI/AN:White RR (95% CI)

Total 799 (11.0) 18 950 (7.1) 1.55* (1.44, 1.66) 1020 (8.7) 87 302 (7.5) 1.54* (1.32, 1.77)

Age, y

< 25 27 (0.7) 271 (0.3) 2.18* (1.41, 3.23) 30 (0.5) 1097 (0.3) 1.69* (1.13, 2.42)

25–44 379 (16.5) 7473 (11.5) 1.43* (1.28, 1.58) 485 (13.1) 34 054 (11.9) 1.10* (1.01, 1.21)

45–64 283 (16.3) 7339 (11.0) 1.48* (1.31, 1.67) 370 (12.7) 33 560 (11.7) 1.08 (0.98, 1.20)

65–84 96 (17.2) 3317 (9.2) 1.86* (1.50, 2.29) 118 (13.5) 15 939 (10.2) 1.32* (1.09, 1.58)

‡ 85 14 (22.3) 550 (8.0) 2.80* (1.52, 4.74) 17 (17.0) 2652 (8.8) 1.93* (1.12, 3.10)

IHS Region

Northern Plains 149 (13.3) 2948 (6.8) 1.97* (1.65, 2.34) 206 (11.1) 15 664 (7.2) 1.54* (1.32, 1.77)

Alaska 67 (13.1) 165 (6.8) 1.94* (1.42, 2.62) 67 (13.1) 165 (6.8) 1.94* (1.42, 2.62)

Southern Plains 234 (15.1) 1574 (9.2) 1.64* (1.43, 1.89) 268 (12.6) 7907 (8.3) 1.53* (1.34, 1.73)

Southwest 176 (8.3) 2659 (7.0) 1.19* (1.01, 1.39) 190 (8.1) 4282 (6.5) 1.25* (1.07, 1.45)

Pacific Coast 133 (9.6) 5671 (7.0) 1.36* (1.13, 1.63) 167 (8.0) 10 588 (6.9) 1.15 (0.98, 1.35)

East 40 (8.4) 5933 (7.1) 1.18 (0.83, 1.62) 122 (4.5) 48 696 (7.8) 0.58* (0.48, 0.69)

Stage

Localized 194 (4.5) 4563 (3.4) 1.34* (1.15, 1.55) 259 (3.7) 21 391 (3.5) 1.04 (0.92, 1.18)

Regional 166 (4.0) 3347 (2.2) 1.84* (1.56, 2.16) 204 (3.0) 16 041 (2.4) 1.27* (1.09, 1.46)

Distant 56 (1.4) 1274 (0.8) 1.74* (1.30, 2.28) 71 (1.1) 5893 (0.8) 1.29* (1.00, 1.64)

Unstaged 45 (1.1) 835 (0.5) 2.15* (1.53, 2.93) 59 (0.9) 3529 (0.5) 1.78* (1.34, 2.33)

Note. AI/AN = American Indian/Alaska Native; CHSDA = Contract Health Service Delivery Areas; CI = confidence interval; IHS = Indian Health Service; RR = rate ratio. Women of Hispanic origin are
excluded from the analyses. AI/AN race is reported by National Program of Cancer Registries and Surveillance, Epidemiology, and End Results registries or through linkage with the IHS patient
registration database. Rates are per 100 000 persons and are age-adjusted to the 2000 US standard population (19 age groups; Census P25-1130).29 RRs are calculated in SEER*Stat before
rounding of rates and may not equal RRs calculated from rates presented in the table. IHS regions are defined as follows: Northern Plains (IL, IN,b IA,b MA,b MN,b MT,b NE,b ND,b SD,b WI,b WYb);
Southern Plains (OK,b KS,b TXb); Southwest (AZ,b CO,b NV,b NM,b UTb); Pacific Coast (CA,b ID,b OR,b WA,b HI); East (AL,b AR, CT,b DE, FL,b GA, KY, LA,b ME,b MD, MA,b MS,b MO, NH, NJ, NY,b NC,b OH,
PA,b RI,b SC,b TN, VT, VA, WV, DC, IL, IN,b IA,b MIb). Percent regional coverage of AI/AN persons in CHSDA counties to AI/AN persons in all counties: Northern Plains = 64.8%; Alaska = 100%;
Southern Plains = 76.3%; Southwest = 91.3%; Pacific Coast = 71.3%; East = 18.2%; total US = 64.2%.
Source. Data are from population-based cancer registries that participate in the National Program of Cancer Registries or the Surveillance, Epidemiology, and End Results Program, and meet criteria
for high quality data. Years of data and registries used: 1999–2009 (43 states): AK, AL, AZ, CA, CO, CT, DE, FL, GA, HI, IA, ID, IL, IN, KS, KY, LA, MA, MD, ME, MI, MN, MO, MT, ND, NE, NH, NJ, NM, NV,
NY, OH, OK, OR, PA, RI, SC, TX, UT, VT, WA, WV, WY; 1999–2008: WI; 1999–2001 and 2003–2009: DC; 2001–2009: AR, NC, SD; 2002–2009: VA; 2003–2009: MS, TN.
aAmong unstaged cases, 4 women were diagnosed after death (death certificate only).
bIdentifies states with at least 1 county designated as CHSDA.
*P < .05.
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Appropriate screening and follow-up treat-
ment of abnormalities could reduce cervical
cancer incidence and mortality (screening
guidelines can be found at http://www.cdc.
gov/cancer/cervical/pdf/guidelines.pdf). Self-
reported screening data from the Behavioral
Risk Factor Surveillance System (BRFSS)
showed that 82% of eligible AI/AN women
reported having had a Pap test recently (within
3 years), nearly as high as that for White
women (85%).37 However, Government Per-
formance and Results Act data from the IHS
on cervical screening, which are based on
medical records rather than self-report, showed
lower rates of screening and slight declines in
recent years. In 2012, only 57% of eligible
women in the IHS system were recently
screened (within 3 years), down from 62%
in 2002.38

Despite these screening efforts by federal
programs to reach AI/AN women, disparities
remained, as demonstrated by the higher in-
cidence, later stage of disease, and mortality of
cervical cancer in the Northern and Southern
Plains. Barriers to screening among AI/AN
women might stem from lack of transportation
or childcare, negative perception of medical
providers, long waits for appointments, and
patient---provider communication.39 Provider
time pressures, health systems designed pri-
marily for acute and episodic care, and an
underfunded health system are other potential
barriers IHS and tribal providers might face.5

In addition, cultural reluctance to access
Western medicine for nonacute health prob-
lems and transportation difficulties were fac-
tors commonly cited as barriers to cancer
screening by AI/AN individuals.40---43

Human papillomavirus (HPV) is the primary
cause of nearly all cervical cancer.44 AI/AN
populations generally have lower rates of
HPV-associated cancers than Whites, except
for cervical cancer.45 Vaccines are available
that protect against infection with the types of
HPV that most commonly cause cervical can-
cer. Rates of HPV vaccination were lower than
for other childhood and adolescent vaccines,
but AI/AN vaccination rates were similar to
those of other races and ethnicities, and pro-
viders frequently serving AI/AN populations
generally adopted recommendations for HPV
vaccination.46,47 A recent study found that
AI/AN women in the Northern Plains were less

likely to vaccinate children against HPV than
White women in the same area, but differences
were because of knowledge about the vaccine,
suggesting that improving education could
improve vaccine uptake.48 As with screening,
local and culturally tailored interventions are
important to improving vaccination rates.

The 2004 US surgeon general’s report in-
dicated that smoking increases the risk of
cervical cancer, and data in this supplement
showed that the highest prevalence of female
AI/AN current smokers was in the Northern
Plains and Alaska.37,49 Comprehensive cancer
control programs in tribal communities, such as
the Cherokee Nation Comprehensive Cancer
Control program funded by the CDC, imple-
mented programs to help reduce tobacco use
that might be helpful in reducing cervical
cancer incidence.50

There were several limitations to consider
when interpreting the results presented in this
article. First, although linkage with the IHS
patient registration database improved the
classification of race for AI/AN decedents, the
issue was not completely resolved because
AI/AN persons who were not members of the
federally recognized tribes were not eligible for
IHS services and not represented in the IHS
database. Additionally, some decedents might
have been eligible for, but never used, IHS
services, and therefore, were not included in
the IHS registration database. Approximately
38% of AI/AN persons might be eligible for
IHS services, but never used them. Second, the
findings from CHSDA counties highlighted in
this supplement did not represent all AI/AN
populations in the United States or in individ-
ual IHS regions.10 In particular, the East region
included only 18.2% of the total AI/AN pop-
ulation for that region. Furthermore, the anal-
yses based on CHSDA designation excluded
many AI/AN decedents in urban areas that
were not part of a CHSDA county. AI/AN
residents of urban areas differed from all
AI/ANs in poverty level, health care access,
and other factors that may influence mortality
trends.51,52 Third, these analyses revealed less
variation for White women than for AI/AN
women by IHS regions using data from CHSDA
counties only. Alternative groupings of states
or counties might reveal a different level of
variation for non-Hispanic White women.
In addition, there was substantial variation

between federally recognized tribes in the
proportion of Native ancestry required for
tribal membership, and therefore, for eligibility
for IHS services. Whether and how this dis-
crepancy in tribal membership requirements
might influence some of our findings was un-
clear, although our findings were consistent
with previous reports. Moreover, although the
exclusion of Hispanic AI/ANs from the analy-
ses reduced the overall number of AI/AN
deaths by less than 5%, it might dispropor-
tionately exclude some tribal members in states
along the US---Mexico border and elsewhere
who had Hispanic surnames and might be
coded as Hispanic at death. Finally, some rates
were based on relatively small numbers.

Despite these limitations, this study added to
the existing literature on cervical cancer in-
cidence and mortality of AI/AN women by
improving identification of AI/AN populations.
Death certificates and cancer incidence data
frequently misclassified race of AI/AN dece-
dents and patients.11,53 Linkage with the IHS
patient registration database identified 203
cases and 40 deaths among AI/AN women that
would not otherwise have been identified,
adding approximately 20% of incident cases
and10% of deaths to our analysis. This was the
first time data linkages between the IHS patient
registration database and the NDI were used
for mortality, making these the most accurate
data available to calculate mortality statis-
tics.10,53 By providing analysis of CHSDA
counties and all US counties, and by using
linked data to improve identification of AI/AN
cases and deaths, this study provided the most
comprehensive picture to date of cervical
cancer mortality among AI/AN women. Pre-
vious analyses of cervical cancer incidence
among AI/AN populations used similarly
linked data sets, but our study extended those
findings by adding information on cervical
cancer mortality.5

The substantial strides made in cervical
cancer control for AI/AN women over the last
20 years have clearly played a role in reducing
the incidence and mortality of this disease.
However, findings from this study and previous
reports indicated that these rates were higher
than those for White women, and that there
was a wide regional variation.5,54 The regional
variations in the rates might reflect, in part,
geographic variations in screening and other
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factors. Future progress in decreasing the cer-
vical cancer burden in AI/AN populations is
necessary and achievable with implementation
of intervention programs that are targeted
to these specific populations and address
the barriers to appropriate screening and
follow-up. j
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