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Breast cancer is the most frequently diagnosed
cancer and a leading cause of cancer mortality
among American Indian/Alaska Native (AI/AN)
women.1,2 Despite having a lower incidence of
breast cancer than White women, AI/AN
women are more likely to be diagnosed at
younger ages and later stages.3,4 Furthermore,
breast cancer incidence rates vary considerably
across the Indian Health Service (IHS) Contract
Health Service Delivery Areas (CHSDAs). In-
cidence rates in the Alaska region are similar to
those of White women, but other regions have
lower incidence rates than White women.4

Breast cancer death rates among AI/AN
women show patterns similar to incidence rates
and are lower than rates in the general US
population.5,6 Furthermore, among AI/AN
women, mortality trends exhibit similar patterns
in regional variation. Espey et al.5 found that
1996 to 2001 breast cancer death rates for
AI/AN women were lower in the East, Pacific
Coast, and Southwest, but similar for Alaska
and the Southern Plains, compared with the
rate for the general US population. Although
all races experienced decreases in death rates
from 1990 to 1995 to 1996 to 2001, the rates
for AI/AN women were stable during these 2
time periods,5 with no noted improvements.

It is uncertain whether there has been any
progress in reducing breast cancer mortality
among AI/AN women since 2001. To date, the
study by Espey et al.5 is the only one that has
examined 1990 to 2001 breast cancer mor-
tality trends among AI/AN women compared
with the general population, while also con-
trolling for racial misclassification of AI/AN
women. In addition, no studies have used
mortality-to-incidence ratios (MIRs) to assess
the burden of breast cancer among AI/AN
women. The MIR measures prognosis after
diagnosis, and therefore, can serve as an in-
dicator of survival.7 Furthermore, the MIR
differential between AI/AN and White women
serves as a proxy for excess mortality among
AI/AN women, controlling for incidence.7

To better understand the burden of breast
cancer among AI/AN women, we examined
breast cancer mortality trends in 1990 to
2009 data and fatality after breast cancer
diagnosis in 1999 to 2009 data among AI/AN
and White women. We used an incidence and
mortality data set for which racial misclassifi-
cation was minimized. Furthermore, we de-
scribed geographic variations and trends over
time of mortality caused by breast cancer
among AI/AN women during this same time
period. These mortality estimates provided
a baseline for measuring the impact of breast
cancer control programs in decreasing the
burden of breast cancer among this population
and identifying geographic areas where addi-
tional outreach is needed.

METHODS

We used denominators to calculate inci-
dence and death rates included in the bridged
single-race population estimates developed by
the US Census Bureau and the Centers for
Disease Control and Prevention (CDC)

National Center for Health Statistics (NCHS).8

The bridged single-race data allowed for com-
parability between the pre- and post-2000
racial/ethnic population estimates.8 We ad-
justed these denominator data for the popula-
tion shifts caused by Hurricanes Katrina and
Rita in 2005. During preliminary analyses, we
discovered that the updated bridged intercen-
sal populations estimates significantly overesti-
mated AI/AN persons of Hispanic origin.9

Therefore, to avoid underestimating mortality
and incidence in AI/AN persons, we limited
analyses to non-Hispanic AI/AN individuals.
Non-Hispanic Whites were chosen as the most
homogeneous referent group. Henceforth, the
term “non-Hispanic” was omitted when dis-
cussing both groups.

Death Data

Death data were obtained from death cer-
tificates compiled by each state and sent to the
NCHS. NCHS then edits these data for consis-
tency, strips them of personal identifiers, and
makes this information available for research
as part of the National Vital Statistics System
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(NVSS).10 Data from this system include un-
derlying and multiple causes of death fields,
state and county of residence, age, gender, race,
and ethnicity.10 NCHS applies a bridging algo-
rithm similar to the one used by the Census
Bureau to assign a single race to decedents with
multiple races reported on the death certifi-
cate.10

To identify AI/AN deaths misclassified as
non-Native and to determine vital status and
cause of death of decedents who received
health care in IHS or tribal facilities, the Indian
Health Service (IHS) patient registration data-
base was linked to death certificate data in the
National Death Index (NDI). This linkage pro-
cess, a collaborative effort by the IHS Division
of Epidemiology and Disease Prevention and
the NCHS, is described in detail elsewhere in
this supplement.11 This file, which included an
indicator of whether there was a positive link to
IHS, was combined with population estimates
to create an analytical file in SEER*Stat (ver-
sion 8.0.2; National Cancer Institute, Bethesda,
Maryland; AI/AN-US Mortality Database
[AMD]). This final data set included all deaths
for all races reported to NCHS from 1990 to
2009.

Assignment of race for AI/AN deaths was
based on a combination of race classification by
NCHS for death certificates and information
derived from data linkages between the IHS
patient registration database and the NDI. De-
tails of race assignment are reported elsewhere
in this supplement.11

We originally coded cancer deaths accord-
ing to the International Classification of Disease,
Ninth Revision (ICD-9)12 for 1990 to 1998 and
the 10th Revision (ICD-10) for 1999 to 2009.13

To account for the change in the ICD system
and ease comparisons across the 2 periods, we
converted breast cancer deaths with ICD-9
codes to standard cause of death codes 39,113,
and 130. For deaths caused by breast cancer,
we used ICD-10 code C50.

Incidence Data

Data on invasive breast cancers diagnosed
from 1999 to 2009 were obtained from
population-based cancer registries affiliated
with the CDC National Program of Cancer
Registries (NPCR) and the National Cancer
Institute’s Surveillance, Epidemiology, and End
Results (SEER) Program.1 These data met the

data quality criteria for publication in the
United States Cancer Statistics. Cancer cases
were originally coded according to the Inter-
national Classification of Diseases for Oncology,
Third Edition (ICD-O-3).14 Codes C50.0 to
C50.9 were used for breast cancer.

Geographic Coverage

We restricted all analyses in this study to
women residing in IHS CHSDA counties, which
contain federally recognized tribal reservations
or off-reservation trust lands, or are adjacent to
them. The IHS uses CHSDA residence to de-
termine eligibility for services not available
within the IHS,15 and linkage studies indicated
less misclassification of race for AI/AN persons
in these counties.11,15 These 637 counties,
which represent 20% of the 3141 counties in
the United States, have a higher proportion of
the AI/AN population (64%) than do non-
CHSDA counties, and thus, less race misclassi-
fication for AI/AN individuals.15

Although less geographically representative,
restricting analyses to these regions offered
improved accuracy in interpreting mortality

statistics for AI/AN persons. We completed
analyses for all regions combined and by in-
dividual IHS regions, including the Alaska,
East, Northern Plains, Pacific Coast, Southern
Plains, and Southwest regions. Additional de-
tails about CHSDA counties and IHS regions,
including population coverage, are provided
elsewhere.11,15

Statistical Analysis

We used SEER*Stat statistical software
(version 8.0.2) to extract age- and race-specific
breast cancer mortality, incidence, and associ-
ated population data for 1990 to 2009. Rates
were expressed per 100 000 population and
were directly age-adjusted to the 2000 US
standard population using 11 age groups.16 We
also calculated standardized rate ratios (RRs)
using the age-adjusted mortality and incidence
rates for AI/AN women compared with White
women, a population that is homogeneous
across regions.

To measure prognosis after diagnosis, we
calculated the MIR as the age-adjusted death
rate divided by the age-adjusted incidence rate

TABLE 1—Death Rates for Breast Cancer by Indian Health Service Region for American

Indian/Alaska Native Compared With White Women, All Ages: Contract Health Service

Delivery Areas, United States, 1990–2009

IHS Region AI/AN Count AI/AN Rate White Rate AI/AN:White Rate Ratio (95% CI)

Northern Plains 376 26.6 25.6 1.04 (0.93, 1.16)

Alaska 178 27.9 24.9 1.12 (0.94, 1.33)

Southern Plains 475 29.3 25.2 1.16* (1.06, 1.28)

Southwest 410 13.9 25.6 0.54* (0.49, 0.60)

Pacific Coast 407 22.5 27.2 0.83* (0.75, 0.92)

East 124 17.6 26.9 0.65* (0.54, 0.78)

Total 1970 21.6 26.5 0.82* (0.78, 0.85)

Note. AI/AN = American Indian/Alaska Native; CHSDA = Contract Health Service Delivery Areas; CI = confidence interval; IHS =
Indian Health Service. IHS regions are defined as follows: AKa; Northern Plains (IL, IN,a IA,a MI,a MN,a MT,a NE,a ND,a SD,a WI,a

WYa); Southern Plains (OK,a KS,a TXa); Southwest (AZ,a CO,a NV,a NM,a UTa); Pacific Coast (CA,a ID,a OR,a WA,a HI); East (AL,a AR,
CT,a DE, FL,a GA, KY, LA,a ME,a MD, MA,a MS,a MO, NH, NJ, NY,a NC,a OH, PA,a RI,a SC,a TN, VT, VA, WV, DC). 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%. Cancer causes of death
were created using the Surveillance Epidemiology and End Results (SEER) Cause of Death recode. Analyses are limited to persons
of non-Hispanic origin. The following states and years of data are excluded because Hispanic origin was not collected on the
death certificate: LA: 1990; NH: 1990–1992; OK: 1990–1996. 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)19; CIs (Tiwari modification) are 95% for ratios. Rate ratios (RR) are calculated in
SEER*Stat before rounding of rates and may not equal RR calculated from rates presented in the table.
Source. AI/AN-US Mortality Database (AMD 1990–2009).
aIdentifies states with at least 1 county designated as CHSDA.
*P < .05.
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within each group.7 The MIR represents the
number of breast cancer deaths per 100 breast
cancers diagnosed. We calculated 95% confi-
dence intervals (CIs) for age-adjusted rates, and
standardized RRs were calculated based on
methods described by Tiwari et al.17

We used Joinpoint regression software (Na-
tional Cancer Institute, Bethesda, MD) to ex-
amine the annual percentage change (APC) in
breast cancer death rates among AI/AN and
White women overall and by IHS region. This
software uses a Monte Carlo permutation test
to identify points where the direction or mag-
nitude of the trend changes and then fits the

model containing the fewest number of trend
segments.18 We then graphed these trends by
race/ethnicity and geographic regions.

RESULTS

Table 1 presents the death rates for breast
cancer in CHSDA counties by IHS region and
race for all ages. From 1990 to 2009, 1970
AI/AN women died of breast cancer, compared
with 146 357 White women. Overall, AI/AN
women had a lower death rate (21.6 deaths per
100 000) compared with White women (26.5
per 100 000).

Table 2 shows that there was significant
variation in race- and age-specific breast cancer
death rates from 1990 to 2009 by IHS region.
Among women aged 39 years and younger,
breast cancer mortality was lower for AI/ANs
than Whites in the Pacific Coast region (RR =
0.5; 95% CI = 0.29, 0.92). For women aged
40 to 49 years, AI/ANs were nearly twice as
likely as Whites to die of breast cancer (RR =
1.9; 95% CI = 1.2, 2.7) in the Alaska region.
Death rates were lower for AI/ANs compared
with Whites in the Southwest (RR = 0.7; 95%
CI = 0.58, 0.91), Pacific Coast (RR = 0.7; 95%
CI = 0.55, 0.93), and East (RR = 0.5; 95%

TABLE 2—Breast Cancer Death Rates by Indian Health Service Region and Age for American Indian/Alaska Native and White Women:

Contract Health Service Delivery Area Counties, United States, 1990–2009

Aged 0–39 Years Aged 40–49 Years Aged 50–64 Years Aged ‡ 65 Years

IHS Region/Race Rate (95% CI) RR (95% CI) Rate (95% CI) RR (95% CI) Rate (95% CI) RR (95% CI) Rate (95% CI) RR (95% CI)

Northern Plains

White 1.7 (1.5, 1.8) 18.8 (18.1, 19.6) 47.1 (46.0, 48.3) 115.6 (113.7, 117.4)

AI/AN 1.8 (1.2, 2.7) 1.1 (0.67, 1.60) 19.0 (14.5, 24.6) 1.0 (0.77, 1.30) 47.6 (39.8, 56.6) 1.0 (0.84, 1.20) 124.5 (105.9, 145.5) 1.1 (0.92, 1.30)

Alaska

White 1.5 (1.0, 2.0) 14.8 (12.2, 17.8) 44.7 (39.5, 50.3) 120.4 (107.4, 134.5)

AI/AN 2.8 (1.6, 4.6) 1.9 (0.98, 3.50) 27.3 (19.0, 38.0) 1.9* (1.20, 2.70) 58.1 (44.9, 73.9) 1.3 (0.98, 1.70) 106.4 (81.1, 137.0) 0.9 (0.66, 1.20)

Southern Plains

White 1.8 (1.5, 2.1) 19.0 (17.5, 20.6) 48.2 (46.0, 50.5) 110.3 (106.9, 113.7)

AI/AN 1.8 (1.1, 2.8) 1.0 (0.62, 1.60) 23.5 (18.2, 29.8) 1.2 (0.95, 1.60) 55.2 (47.0, 64.5) 1.2 (0.97, 1.30) 130.5 (114.0, 148.8) 1.2* (1.00, 1.40)

Southwest

White 1.6 (1.4, 1.7) 19.7 (18.8, 20.6) 48.5 (47.2, 49.9) 113.5 (111.5, 115.6)

AI/AN 1.4 (1.0, 2.0) 0.9 (0.62, 1.30) 14.3 (11.4, 17.8) 0.7* (0.58, 0.91) 28.0 (23.6, 32.9) 0.6* (0.48, 0.68) 52.7 (44.6, 61.9) 0.5* (0.39, 0.55)

Pacific Coast

White 1.6 (1.6, 1.7) 20.8 (20.2, 21.5) 51.1 (50.2, 52.0) 121.3 (119.8, 122.7)

AI/AN 0.9 (0.5, 1.5) 0.5* (0.29, 0.92) 15.1 (11.5, 19.5) 0.7* (0.55, 0.93) 42.2 (35.7, 49.4) 0.8* (0.70, 0.97) 105.6 (90.5, 122.5) 0.9 (0.75, 1.00)

East

White 1.7 (1.6, 1.8) 20.5 (19.9, 21.2) 50.8 (49.9, 51.7) 119.2 (117.9, 120.5)

AI/AN . . . . . . 10.1 (5.5, 16.9) 0.5* (0.27, 0.83) 41.0 (30.7, 53.6) 0.8 (0.60, 1.06) 71.5 (52.7, 94.9) 0.6* (0.44, 0.80)

Total

White 1.7 (1.6, 1.7) 20.1 (19.7, 20.4) 49.7 (49.2, 50.3) 118.0 (117.2, 118.8)

AI/AN 1.6 (1.3, 1.9) 0.9 (0.77, 1.10) 17.4 (15.5, 19.4) 0.9* (0.77, 0.97) 42.0 (39.0, 45.2) 0.8* (0.78, 0.91) 93.5 (87.2, 100.1) 0.8* (0.74, 0.85)

Note. AI/AN = American Indian/Alaska Native; CHSDA = Contract Health Service Delivery Areas; CI = confidence interval; IHS = Indian Health Service; RR = rate ratio. Dashes indicate that counts less
than 10 were suppressed; as a result, rates and RRs could not be calculated. IHS regions are defined as follows: AKa; Northern Plains (IL, IN,a IA,a MI,a MN,a MT,a NE,a ND,a SD,a WI,a WYa); Southern
Plains (OK,a KS,a TXa); Southwest (AZ,a CO,a NV,a NM,a UTa); Pacific Coast (CA,a ID,a OR,a WA,a HI); East (AL,a AR, CT,a DE, FL,a GA, KY, LA,a ME,a MD, MA,a MS,a MO, NH, NJ, NY,a NC,a OH, PA,a RI,a

SC,a TN, VT, VA, WV, DC). 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%. Cancer causes of death were created using the Surveillance Epidemiology and End Results (SEER) Cause of Death
recode. Analyses are limited to persons of non-Hispanic origin. The following states and years of data are excluded because Hispanic origin was not collected on the death certificate: LA: 1990; NH:
1990–1992; OK: 1990–1996. AI/AN race is reported from death certificates or through linkage with the IHS patient registration database. Rates are per 100 000 persons and age-adjusted to the
2000 US Standard Population (19 age groups; Census P25–113019). CIs (Tiwari modification) are 95% for rates and ratios. RRs are calculated in SEER*Stat before rounding of rates and may not
equal RRs calculated from rates presented in the table.
Source. AI/AN-US Mortality Database (AMD 1990–2009).
aIdentifies states with at least 1 county designated as CHSDA.
*Indicates RR is statistically significant (P < .05).
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CI = 0.27, 0.83) regions. Among women aged
50 to 64 years, AI/ANs were less likely than
Whites to die of breast cancer in the Pacific
Coast (RR = 0.8; 95% CI = 0.70, 0.97) and
Southwest (RR = 0.6; 95% CI = 0.48, 0.68)
regions. For women aged 65 years and older,
the death rate was higher for AI/ANs than
Whites (RR = 1.2; 95% CI = 1.0, 1.4) in the
Southern Plains. Death rates by regions for
AI/AN women were lower than rates forWhites
in the East (RR = 0.6; 95% CI = 0.44, 0.80) and
Southwest (RR = 0.5; 95% CI = 0.39, 0.55).

Overall breast cancer mortality from 1990
to 2009 for AI/AN women was essentially
unchanged (APC = 0.9; 95% CI = 0.1, 1.7;
Figure 1). By contrast, White women experi-
enced an overall statistically significant decrease
inmortality (APC= –2.1; 95%CI = –2.3, –2.0).
Region trends followed a similar pattern for
AI/AN and White women.

Table 3 shows incidence, mortality, and
MIRs for each IHS region for AI/AN andWhite
women by age. Compared with White women,
death rates were higher for AI/AN women in

the Northern Plains (26.2 vs 22.8), Alaska
(29.1 vs 23.1), and the Southern Plains
(29.4 vs 24.6). Furthermore, incidence was
higher for AI/AN women compared with
White women in Alaska (141.3 vs 135.5) and
in the Southern Plains (136.1 vs 127.7).
Overall, from 1999 to 2009, AI/AN women
had higher MIRs than White women (MIR for
AI/AN women = 0.22; 95% CI = 0.21, 0.24;
MIR for White women = 0.18; 95% CI = 0.18,
0.19). This pattern was consistent, regardless of
age group or region.

DISCUSSION

In this study, AI/AN women experienced
lower breast cancer mortality than White
women in most IHS geographic regions. How-
ever, breast cancer death rates among AI/AN
women were higher than the rates for White
women for those aged 40 to 49 years in the
Alaska region, and those aged 65 years and
older in the Southern Plains region. Although
the death rates forWhite women declined from

1990 to 2009, death rates for AI/AN
women did not change. In addition, MIRs were
higher for AI/AN than for White women,
indicating that AI/AN women had worse sur-
vival rates after a breast cancer diagnosis than
White women.

Our results support previous literature that
reported death rates among AI/AN women
were lower relative to White women in 3
regions: Pacific Coast, Southwest, and East.5

However, our study was the first to show
significant variation by age within these re-
gions. Furthermore, our study and previous
studies were consistent in that breast cancer
survival, measured as MIRs in our study,
among AI/AN women was worse than among
White women.20,21

There were several possible explanations for
the observed mortality patterns and trends
among AI/AN women compared with White
women. First, overall and age-specific geo-
graphic patterns of breast cancer mortality
mirrored those of breast cancer incidence.
Previous CDC reports on AI/AN breast cancer
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FIGURE 1—Trends in age-adjusted breast cancer death rates using Joinpoint: Contract Health Service Delivery Area counties, all Indian

Health Service regions combined, United States, 1990–2009.
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were the first solid data to note a 3-fold
difference in incidence between the Alaska and
Southwest regions.4,21 The highest incidence
rates were observed for Alaska, Northern
Plains, and Southern Plains regions from 1999
to 2004.4 Furthermore, AI/AN women were
diagnosed with breast cancer at an earlier age,
relative to White women, with more than twice
as many AI/AN women diagnosed with breast
cancer at younger than 40 years than Whites
(8.5% vs 3.9%).4 Similarly, in this study, over-
all death rates were also highest in these areas
and lowest in the Southwest. In the Alaska
region, the death rate from breast cancer in
women aged 40 to 49 years was higher for
AI/ANs than Whites.

These age and regional differences suggest
a need to better understand the biology of
cancer in these populations. Thus far, no pro-
spective studies have identified whether the
estrogen receptor (ER), the progesterone re-
ceptor (PR), or human epidermal growth factor
receptor 2 (HER2) status are part of a higher
aggressiveness of cancer in young AI/AN
women. In a small retrospective pathology
review of 100 breast cancer cases from the
Alaska and Southwest regions, there were no
molecular patterns that explained excess

mortality (J. S. K., unpublished data). As pre-
viously mentioned, there was higher mortality
in AI/AN women than among White women at
younger ages (i.e., 40---49 years) in the Alaska
region. These patterns might be influenced by
many factors, including familial cancers with
mutations, such as breast cancer 1 or 2, or
Lynch syndrome. However, no genetic studies
have been completed in a large AI/AN popula-
tion. This could be the result of concerns for
confidentiality in a smaller population, lack of
genetic counselors within the IHS, or limited
access to specialists and resources outside
of IHS.

The decline in breast cancer mortality
among Whites in every IHS region—but not
among AI/ANs—partially reflected a decline in
incidence, which might be associated with
decreases in hormone replacement therapy
(HRT) use.22 Breast cancer incidence mir-
rored the social patterning of hormone use in
which affluent White women were more likely
to use HRT than other racial/ethnic and
socioeconomic groups before the 2002
Women’s Health Initiative Study.22 After the
findings of that study suggested that HRT was
linked to an increased risk of breast cancer,
use of HRT decreased among White women.

Fewer AI/ANs and other racial/ethnic groups
of women used HRT and had not experienced
the same net harms of treatment as had White
women. Therefore, AI/ANs and other racial/
ethnic groups of women could not exper-
ience as much benefit from stopping those
treatments.

Breast cancer screening can lead to detection
of breast cancer at an early stage when it is
amenable to treatment.23 Racial differences in
mammography use might contribute to the
racial differences in breast cancer mortality
observed in this study. Estimates from the
2000 to 2010 Behavioral Risk Factor Sur-
veillance System data revealed that mammog-
raphy use was higher among White women
(76.7%) compared with AI/AN women
(71.6%).24 Also, mammography use varied
considerably by region, with rates being lowest
in the Southwest region (61.1%) and highest in
the Southern Plains region (73.6%).24 These
lower screening rates might contribute to
a later stage at diagnosis.

Stage at diagnosis is a key predictor of breast
cancer mortality and survival.25 Diagnosis at
a later (regional or distant) stage relative to an
early stage is more likely to lead to higher
mortality. AI/AN women had less favorable

TABLE 3—Indian Health Service Region-Specific Breast Cancer Mortality and Incidence Rates and Mortality-to-Incidence Ratios Among

American Indian/Alaska Native and White Women: Contract Health Service Delivery Area Counties, United States, 1999–2009

Mortality Rate (95% CI) Incidence Rate (95% CI) MIR (95% CI)

AI/AN White AI/AN White AI/AN White

Northern Plains 26.2 (22.6, 30.1) 22.8 (22.4, 23.2) 112.6 (105.7, 119.8) 125.5 (124.5, 126.5) 0.23 (0.20, 0.27) 0.18 (0.18, 0.19)

Alaska 29.1 (23.8, 35.1) 23.1 (20.9, 25.5) 141.3 (130.2, 153.2) 135.5 (130.3, 140.8) 0.21 (0.17, 0.25) 0.17 (0.15, 0.19)

Southern Plains 29.4 (26.6, 32.5) 24.6 (23.9, 25.3) 136.1 (130.1, 142.4) 127.7 (126.1, 129.3) 0.22 (0.19, 0.24) 0.19 (0.19, 0.20)

Pacific Coast 21.9 (19.0, 25.0) 24.9 (24.6, 25.2) 106.6 (100.6, 112.8) 138.7 (137.9, 139.4) 0.21 (0.18, 0.24) 0.18 (0.18, 0.18)

East 17.0 (13.2, 21.6) 24.0 (23.7, 24.3) 72.9 (65.1, 81.4) 132.9 (132.2, 133.6) 0.23 (0.18, 0.30) 0.18 (0.18, 0.18)

Southwest 15.2 (13.5, 17.1) 23.8 (23.3, 24.2) 59.6 (56.2, 63.2) 121.0 (120.0, 122.0) 0.26 (0.22, 0.29) 0.20 (0.19, 0.20)

Total 22.3 (21.1, 23.6) 24.1 (23.9, 24.2) 100.0 (97.5, 102.5) 131.3 (130.9, 131.7) 0.22 (0.21, 0.24) 0.18 (0.18, 0.19)

Note. AI/AN = American Indian/Alaska Native; CHSDA = Contract Health Service Delivery Areas; CI = confidence interval; IHS = Indian Health Service; MIR = mortality-to-incidence ratio; SEER =
Surveillance Epidemiology and End Results. IHS regions are defined as follows: AKa; Northern Plains (IL, IN,a IA,a MI,a MN,a MT,a NE,a ND,a SD,a WI,a WYa); Southern Plains (OK,a KS,a TXa); Southwest
(AZ,a CO,a NV,a NM,a UTa); Pacific Coast (CA,a ID,a OR,a WA,a HI); East (AL,a AR, CT,a DE, FL,a GA, KY, LA,a ME,a MD, MA,a MS,a MO, NH, NJ, NY,a NC,a OH, PA,a RI,a SC,a TN, VT, VA, WV, DC). 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%. Cancer causes of death were created using the SEER Cause of Death recode. Analyses are limited to persons of non-Hispanic origin. AI/AN race is reported
from death certificates or through linkage with the IHS patient registration database. Rates are per 100 000 and age-adjusted to the 2000 US Standard Population (19 age groups; Census P25–
113019). CIs (Tiwari modification) are 95% for rates and ratios.
Source. Mortality data: AI/AN-US Mortality Database (AMD 1990–2009). Incidence data: population-based cancer registries that participate in the National Program of Cancer Registries or the
SEER Program, and meet criteria for high data quality. 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.
aIdentifies states with at least 1 county designated as CHSDA.
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socioeconomic status and more limited access
to health care compared with White women,26

and this contributed to persistent lower rates of
screening and a higher percentage of late-stage
diagnosis.21,27 Data for 1999 to 2003 showed
that 31.8% of invasive breast cancer cases
among AI/AN women were diagnosed at a re-
gional or distant stage compared with 27.0% of
White women.4 AI/AN women tended to be
younger at the time of breast cancer diagnosis,
with an average age at diagnosis of 57.5 years
versus 63.4 years among White women.4

Additionally, more than 30% of AI/AN women
were diagnosed before age 50 years, compared
with 19% of White women.4

The CDC National Breast and Cervical
Cancer Early Detection Program (NBCCEDP)
has provided screening for the underserved
and uninsured population since 1991 and
allows state programs some flexibility in
screening for breast cancer in AI/AN women
between the ages of 40 and 50 years. AI/AN
women represented the highest percentage
(9.7%) of US women screened through this
program.28 In addition, 49.2% of AI/AN
women who were eligible for breast cancer
screening through the NBCCEDP were actually
screened; by contrast, only 11.2% of eligible
White women were screened.28 Further study
is warranted to determine the extent to which
the NBCCEDP has had an impact on stage at
diagnosis for AI/AN women.

Advances in treatment accounted for about
half of the decrease in breast cancer deaths
from 1975 to 2000, but not all women
benefited equally.29 For AI/AN women, the
ability to access health care varied geographi-
cally and tribally.30 If available, access to health
care services might be limited by travel dis-
tances to facilities or lack of transportation.30,31

AI/AN women were more likely to experience
delays in treatment after a mammogram with
abnormal findings.31Wilson et al.31 found that
among Medicare beneficiaries, the interval
from diagnosis to surgery was greater among
AI/AN women than that for White women,
and as a result, AI/AN women experienced
a 5.6-fold higher breast cancer mortality than
White women. Obtaining referrals to a cancer
specialist might further delay treatments31 and
adversely affect survival of AI/AN women.
Furthermore, for many reasons—ranging from
the presence of comorbidities to transportation

and sociocultural barriers—few AI/AN persons
participated in clinical trials, which mainly
represent state-of-the-art cancer care.32

Strengths and Limitations

Our study’s key strength was that great effort
was made to minimize misclassification of
AI/AN race.4,11,15 Race coding for AI/AN de-
cedents included a combination of NCHS race
classification on the death certificate and in-
formation derived from data linkages between
the IHS patient registration database and the
NDI.

Our findings were subject to some limita-
tions. First, our study was restricted to AI/AN
and White women living in CHSDA counties;
therefore, the findings could not be generalized
beyond women residing in these areas. In
addition, racial misclassification of AI/ANs
varied across the United States. Although effort
was made to minimize these biases, there might
still be some underestimation of breast cancer
among AI/AN women. Furthermore, although
the exclusion of Hispanic AI/AN women from
the analyses reduced the overall count of
deaths among AI/AN women by less than 5%,
it might disproportionately affect some states.
Another limitation was the use of death certif-
icates to examine breast cancer mortality by
race. A study by German et al.,33 however,
found that deaths from breast cancer were
reported with high accuracy. Finally, the MIR
might underestimate survival for breast cancer
in cases where causes of death were not
accurate and incidence and survival were not
stable.34

Conclusions

The decline in breast cancer mortality among
White women, but not among AI/AN women,
suggested that there is a need for more targeted
screening of AI/ANs and improved access to
cancer care to ensure that breast cancers are
detected at an early stage and followed by
timely, high-quality treatment. These efforts are
particularly important for AI/AN women who
experience higher mortality from breast cancer
thanWhite women, such as young women (40---
49 years) in the Alaska region and older women
(‡ 65 years) in the Southern Plains region.
Furthermore, these findings identified regions
where survival from breast cancer was poor and
where additional outreach is needed. They also

provided a benchmark to measure the impact of
breast cancer prevention and control interven-
tions and programs in these areas. j
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