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More than 80% of kidney cancers arise in the
renal parenchyma, primarily renal cell carci-
noma (RCC), and the remainder originate from
the renal pelvis, called renal transitional cell
carcinoma (RTCC) or urothelial carcinoma
(UC).1 An assessment of Surveillance, Epide-
miology, and End Results (SEER) program data
revealed that incidence rates of RCC and death
rates for kidney cancer increased from 1975
to 1995.2 Recent studies have shown that
kidney cancer incidence has continued to in-
crease in the United States for all racial/ethnic
groups.3,4 Kidney cancer is an important public
health issue for American Indians and Alaska
Natives (AI/ANs), ranking among the top 5
cancers for both incidence and mortality.3,5

AI/AN persons are at greater risk for developing
and dying of kidney cancers than other racial/
ethnic groups.3,5,6

Data on AI/AN persons have not been
presented in many population-based studies
of kidney cancer2,7,8,9 because sample sizes
were too small, even in surveillance systems
that collect cancer incidence and mortality
for the US population. Available information
in the literature that describes demographic
and geographic attributes of kidney cancer
among AI/AN populations needs to be
updated.5,10,11

Accurate cancer incidence and death rates
play an important role in identifying areas for
etiologic research, prioritizing cancer control
resources, and developing cancer control and
prevention approaches. Race misclassification
of AI/AN cancer cases and deaths, resulting in
underestimates of the true cancer burden in
this population, is another recognized issue.12---15

To minimize the misclassification of race, the
Indian Health Service (IHS) patient registration
database was linked to data from the National
Death Index, providing an excellent opportunity
to generate more accurate cancer mortality

statistics for AI/ANs. A previous linkage be-
tween IHS patient files and cancer registry
data provided more accurate estimations of
AI/AN cancer incidence; we present updated
results.5,11,12 The purpose of this article was to
describe kidney cancer burden in AI/AN pop-
ulations and characterize racial disparity by
demographic, geographic, and temporal factors
using Whites as a reference group.

METHODS

Detailed methods for generating the analytic
mortality (AI/AN Mortality Database, 1990---
2009) and incidence files are described else-
where.16,17

Data Sources

Population estimates. Bridged single-race
population estimates developed by the US
Census Bureau and the Centers for Disease
Control and Prevention’s National Center

for Health Statistics and adjusted for the pop-
ulation shifts resulting from Hurricanes Katrina
and Rita in 2005 were included as denomina-
tors in the calculation of death rates.16,18

Bridged single-race data allow for a smoothing
of population counts between the single AI/AN
race category of the 1990 Census and the
2000 Census expansion to multiple race cate-
gories.

During preliminary analyses, it was discov-
ered that the updated bridged intercensal
population estimates significantly overesti-
mated AI/AN persons of Hispanic origin.19

Therefore, to avoid underestimating AI/AN
deaths because 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 are limited to non-Hispanic persons;
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henceforth, the term “non-Hispanic” is omitted
when discussing both groups.
Death data. Death certificate data are com-

piled by each state. These data are sent to the
National Center for Health Statistics, 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.19,20 The National Center for
Health Statistics applies a bridging algorithm
nearly identical to that used by the Census
Bureau to assign a single race to decedents with
multiple races reported on the death certifi-
cate.20,21

The IHS patient registration database was
linked to the National Death Index, a tool that
allows researchers to link their data with the
mortality data in the National Vital Statistics
System to identify AI/AN deaths that had been
misclassified as non-Native AI/AN deaths and
to determine vital status and cause of death
of decedents who had received health care in
IHS or tribal facilities.16 About 62% of AI/AN
populations have obtained IHS services and
are included in the IHS patient registration
database.21,22 After the linkage of IHS records
to the National Death Index, a flag indicating
a positive link to IHS was added to the National
Vital Statistics System mortality file as an
additional indicator of AI/AN ancestry. This
file was then combined with the census pop-
ulation estimates to create an analytic file
in SEER*Stat (National Cancer Institute,
Bethesda, MD; AI/AN Mortality Database) that
includes all deaths for all races from 1990 to
2009. Race for AI/AN deaths combines race
classification by the National Center for Health
Statistics on the basis of the death certificate
and information derived from data linkages
between the IHS patient registration database
and the National Death Index.16

For 1990 to 1998, the underlying cause of
death was coded according to the International
Classification of Diseases, Ninth Revision
(ICD-9; code 189, for deaths resulting from
kidney cancer).23 For 1999 to 2009, the
International Classification of Diseases, 10th
Revision (ICD-10) was used (codes C64 and
C65, for deaths resulting from kidney cancer,
including renal pelvis).24,25 Trend analyses
spanning ICD-9 and ICD-10 reporting years
took into account comparability of cause-of-
death recodes between the 2 revisions.25 For

this study, we excluded the following states and
years of data because Hispanic origin was not
collected on the death certificate: Louisiana,
1990; New Hampshire, 1990 to 1992; and
Oklahoma, 1990 to 1996.
Incidence data.We identified AI/AN incident

kidney cancers diagnosed from 2001 to 2009
from the population-based, central cancer
registries that participate in the Centers for
Disease Control and Prevention’s National
Program of Cancer Registries (NPCR) or the
National Cancer Institute’s SEER Program.
We excluded the following states and years of
data because either data were not collected or
US Cancer Statistics publication standards
(http://www.cdc.gov/cancer/npcr/uscs) were
not met: Mississippi, 2001 to 2002; Tennes-
see, 2001 to 2002; Virginia, 2001; District
of Columbia, 2002; and Wisconsin, 2009.
Cancer registries coded primary cancer site and
histology according to criteria in the third
edition of the International Classification of
Diseases for Oncology.26 Initially, we identified
2339 AI/AN kidney cancers using primary
site code C64.9 for kidney parenchyma and
C65.9 for renal pelvis. We further excluded
autopsy or death-certificate-only cases (n = 31)
and nonmicroscopically confirmed cases (n =
220). Subsequently, we classified RCC (n =
1974) and RTCC/UC (n = 47) on the basis
of the following histology codes: 8140---8575
for RCC and 8052---8130 for RTCC/UC. We
did, however, not present data for RTCC/UC
as a result of a small number of cases.

Geographic Coverage

To receive care from the IHS, an AI/AN
individual must be a member of a federally
recognized tribe or AN village and must reside
on or near a reservation.15 Contract Health
Service Delivery Area (CHSDA) counties are
designated by the IHS and consist of 637
counties that, in general, contain or are adja-
cent to federally recognized tribal lands.16

Evidence has shown that misclassifications of
AI/AN persons occur less often in CHSDA
counties than in non-CHSDA counties.16,27

Thus, to create most of the tabulations in this
article, we restricted the analyses to CHSDA
counties, grouped as IHS regions: Northern
Plains, Alaska, Southern Plains, Southwest,
Pacific Coast, and East. Additional details about
CHSDA counties and IHS regions, including

population coverage, are provided elsewhere
(Table 1).16 Although less geographically rep-
resentative, we present analyses restricted to
CHSDA counties in this article for the purpose
of offering improved accuracy in interpreting
statistics for AI/AN populations.

Statistical Analyses

We calculated kidney cancer death and
incidence rates for AI/AN persons by sex, age,
and IHS region. To be comparable with pre-
viously published results, we categorized age as
20 to 49 years and 50 years and older.11We
also estimated RCC incidence rates by sex and
age. All rates are expressed per 100 000
population and were directly age adjusted to
the 2000 US standard population (19 age
groups Census P25-1130).28 Death rates were
directly age adjusted to the 2000 US standard
population (11 age groups; Census P25-1130).28

Readers should avoid comparison of these data
with published incidence and death rates ad-
justed using a different standard population.
For confidentiality and stability, rates were
not reported if the numerator was fewer than10
cases. We calculated standardized rate ratios
(RRs) for the AI/AN population using White
rates for comparison. Confidence intervals (CIs)
for age-adjusted rates and RRs were calculated
on the basis of methods described by Tiwari
et al.29

We assessed temporal changes in annual
age-adjusted death rates from 1990 to 2009,
including the annual percentage change (APC)
for each interval, with Joinpoint regression
software, version 3.5.4 (National Cancer Insti-
tute, Bethesda, MD).30 As many as 3 joinpoints
were allowed in the model. Statistical signifi-
cance was set at a P level of less than .05. As
a result of short-term trends of kidney cancer
and RCC (2001---2009), we estimated APCs of
fixed-interval trend by fitting a straight line to 9
years of data.

RESULTS

From 1990 to 2009, 1215 deaths resulted
from kidney cancer among AI/AN persons in
CHSDA counties and 1562 total deaths among
AI/AN persons in all US counties (Table 1).
The overall death rate for AI/AN persons in
CHSDA counties was 7.8, higher than the rate
for AI/AN persons in all counties combined,
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which was 6.1. All remaining results about
death rates refer to CHSDA counties only.
We found that death rates from kidney cancer
for AI/AN individuals varied by IHS region:
Alaska had the highest death rate (9.8), followed
by the Northern Plains (9.3) and Southern Plains
(9.2), with the lowest rate in the East (5.1).
Compared with Whites, AI/AN individuals had
statistically significantly higher kidney cancer
death rates for all IHS regions with the exception
of the East. AI/AN men had (10.9) almost twice
the rate of AI/AN women (5.4).

Table 2 shows that AI/AN adults aged 50
years and older had a much higher death
rate (26.2) than AI/AN adults aged 20 to 49
years (1.4). Compared with Whites in the
same age group, AI/AN persons had signif-
icantly higher death rates: 1.89 times that of
the 50 years and older age group and 2.19
times that of the 20 to 49 age group. These
patterns held true for each IHS region in
which RRs could be calculated, except for
the Pacific Coast region, which had a ratio of
1.6.

Joinpoint regression analyses revealed that
kidney cancer death rates decreased slightly
for Whites (APC = –0.3; 95% CI = –0.5, 0.0;
P< .05) from 1990 to 2009, whereas the
death rates for AI/AN persons remained stable
during the same time period (Figure 1). Larger
decreasing trends occurred in White men from
2002 to 2009 (APC = –1.3; 95% CI = –2.2,
–0.4) and White women from 1990 to 2009
(APC = –0.4; 95% CI = –0.8, –0.1). We ob-
served stable death trends for both AI/AN
males (APC = 0.5; 95%= –1.1, 2.1) and

TABLE 1—Kidney Cancer Deaths by IHS Region and Sex for AI/AN Populations and Whites: United States, 1990–2009

CHSDA All Counties

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

Northern Plains

Total 233 9.3 7772 4.5 2.06* (1.78, 2.37) 305 7.7 38 103 4.6 1.69* (1.49, 1.91)

Male 145 13.1 4795 6.4 2.06* (1.70, 2.47) 185 10.8 23 203 6.5 1.66* (1.39, 1.95)

Female 88 6.3 2977 3.0 2.09* (1.65, 2.60) 120 5.4 14 900 3.1 1.75* (1.43, 2.12)

Alaska

Total 96 9.8 209 3.9 2.54* (1.94, 3.29) 96 9.8 209 3.9 2.54* (1.94, 3.29)

Male 56 12.2 149 5.6 2.17* (1.51, 3.06) 56 12.2 149 5.6 2.17* (1.51, 3.06)

Female 40 7.7 60 2.3 3.36* (2.16, 5.16) 40 7.7 60 2.3 3.36* (2.16, 5.16)

Southern Plains

Total 272 9.2 2318 4.8 1.91* (1.67, 2.17) 319 7.7 15 467 4.6 1.65* (1.47, 1.86)

Male 181 13.7 1434 6.8 2.01* (1.70, 2.38) 217 11.7 9668 6.7 1.75* (1.49, 2.03)

Female 91 5.7 884 3.3 1.75* (1.39, 2.18) 102 4.6 5799 3.1 1.50* (1.21, 1.83)

Southwest

Total 389 8.0 5196 3.7 2.16* (1.94, 2.40) 399 7.6 8335 3.7 2.06* (1.85, 2.28)

Male 242 11.3 3342 5.2 2.17* (1.88, 2.49) 250 10.8 5343 5.3 2.05* (1.78, 2.34)

Female 147 5.4 1854 2.4 2.25* (1.88, 2.67) 149 5.1 2992 2.4 2.13* (1.79, 2.53)

Pacific Coast

Total 166 5.5 12 658 4.1 1.35* (1.14, 1.59) 233 5.0 23 493 4.0 1.25* (1.08, 1.43)

Male 93 7.2 8009 5.9 1.23 (0.96, 1.54) 140 6.9 14 828 5.7 1.21 (0.99, 1.46)

Female 73 4.4 4649 2.7 1.63* (1.26, 2.07) 93 3.6 8665 2.6 1.37* (1.09, 1.69)

East

Total 59 5.1 13 800 4.1 1.24 (0.93, 1.62) 210 3.1 107 006 4.2 0.74 (0.64, 0.86)

Male 34 6.5 8543 6.0 1.08 (0.71, 1.56) 133 4.4 65 932 6.1 0.72 (0.59, 0.88)

Female 25 4.0 5257 2.7 1.49 (0.95, 2.21) 77 2.1 41 074 2.8 0.76 (0.59, 0.96)

Total 1215 7.8 41 953 4.1 1.88* (1.77, 2.00) 1562 6.1 192 613 4.3 1.43* (1.35, 1.50)

Male 751 10.9 26 272 5.9 1.83* (1.69, 1.98) 981 8.7 119 123 6.1 1.41* (1.31, 1.51)

Female 464 5.4 15 681 2.7 1.99* (1.81, 2.19) 581 4.1 73 490 2.8 1.46* (1.34, 1.59)

Note. AI/AN = American Indian/Alaska Native; CHSDA = Contract Health Service Delivery Area; CI = confidence interval; IHS = Indian Health Service; RR = rate ratio. Analyses are limited to persons of
non-Hispanic origin. AI/AN race is reported by death certificates, or through linkage with the IHS patient registration database. Rates are per 100 000 persons and were age adjusted to the 2000
US standard population (11 age groups; Census P25-113028). RRs were calculated in SEER*Stat before rounding of rates and may not equal to RRs calculated from rates presented in the table. The
following states and years of data were excluded because Hispanic origin was not collected on the death certificate: LA, 1990; NH, 1990–1992; and OK, 1990–1996. 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); and
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).
Source. AI/AN Mortality Database (1990–2009).
aIdentifies states with ‡ 1 county designated as CHSDA. Percentage regional coverage of AI/AN in CHSDA counties to AI/AN in all counties: Northern Plains = 64.8%; Alaska = 100%; Southern
Plains = 76.3%; Southwest = 91.3%; Pacific Coast = 71.3%; East = 18.2%; total United States = 64.2%.
*P < .05.
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females (APC = –0.4; 95% CI = –2.6, 1.7; data
not shown).

From 2001 to 2009, 2088 AI/AN kidney
cancer cases were diagnosed in CHSDA
counties, with an incidence rate of 20.5 per
100 000 (Table 3). All remaining results re-
garding incidence rates refer to CHSDA
counties only. Of these cases, 95% were RCC
(1974 cases). AI/AN men had significantly
higher incidence rates of kidney cancer (26.3)
and RCC (24.8) than AI/AN women (15.7 for
kidney cancer and 14.9 for RCC). The North-
ern Plains had the highest kidney cancer

incidence rate (26.8), followed by the Southern
Plains (24.4) and Alaska (21.4), with the lowest
incidence rate in the East (15.0). Compared
with Whites, AI/AN persons had statistically
significantly higher kidney cancer incidence
rates in all IHS regions except the East. Among
AI/AN individuals, incidence rates of kidney
cancer and RCC in older adults (‡ 50 years)
were 7 times the rates in younger adults (20---
49 years). Compared with Whites in the same
age group, AI/AN adults had significantly
higher kidney cancer incidence rates: 1.57
times that for the 50 years and older age

group and 1.89 times that for the 20 to 49 age
group. These patterns held true for most IHS
regions. The fixed-interval trend analysis showed
that incidence rates for kidney cancer signifi-
cantly increased for AI/AN persons (APC=3.5;
95%CI = 1.2, 5.8) andWhites (APC=2.1; 95%
CI = 1.4, 2.8) from 2001 to 2009 (Figure 1).
More rapid increases were observed for RCC:
3.8% per year for AI/AN individuals and 2.5%
per year for Whites (Table 3).

DISCUSSION

Analyses of population-based cancer inci-
dence and mortality data revealed that kidney
cancer incidence and death rates in AI/AN
men and women were higher than those of
Whites. From 2001 to 2009, incidence rates of
kidney cancer, especially RCC, continued to
rise for both AI/AN persons and Whites, but
more rapidly for AI/AN individuals. Although
a decreasing trend of kidney cancer deaths was
observed for Whites, death rates remained
unchanged in AI/AN persons from 1990 to
2009, resulting in an increase in disparity. The
increasing burden of kidney cancer in AI/AN
populations varies by IHS region, with the
Northern Plains, Alaska, and Southern Plains
having the highest incidence and death rates.

These results are consistent with 2 previous
studies.5,11 In 2007, Espey et al.5 reported that,
in CHSDA counties, AI/AN populations had
the highest kidney cancer death rates among all
races (9.3 for males and 4.3 for females). Espey
et al.’s study5 also revealed that AI/ANs had
higher kidney cancer incidence rates than
other races (22.7 for males and 13.9 for
females), and rates were highest in the North-
ern Plains, Alaska, and the Southern Plains.
Wilson et al.11 examined kidney cancer inci-
dence data and found that kidney parenchyma
cancer incidence rates of AI/AN persons varied
by region, sex, and age, similar to what we
observed. They also found that the incidence of
kidney parenchyma cancer increased from
1999 to 2004 for younger and older White
adults, respectively, but not for AI/AN adults.
Overall kidney cancer incidence has consis-
tently been documented to be rising over
recent decades.2,31 In our study, we observed
a significant increase of kidney cancer inci-
dence in White and AI/AN younger and older
adults from 2001 to 2009. One explanation

TABLE 2—Kidney Cancer Deaths by IHS Region and Age for AI/AN Populations and Whites

in CHSDA Counties: United States, 1990–2009

AI/AN White

IHS Region/Age, Years Count Rate (95% CI) Count Rate (95% CI) AI/AN:White, RR (95% CI)

Northern Plains

20–49 23 1.4 (0.9, 2.0) 438 0.7 (0.6, 0.7) 2.04* (1.28, 3.09)

‡ 50 208 31.6* (27.2, 36.5) 7297 15.1 (14.8, 15.5) 2.09* (1.79, 2.42)

Alaska

20–49 . . . . . . 29 0.6 (0.4, 0.9) . . .

‡ 50 91 34.8* (27.7, 43.2) 180 13.1 (11.1, 15.3) 2.66* (2.01, 3.50)

Southern Plains

20–49 34 2.2* (1.5, 3.1) 133 0.8 (0.7, 0.9) 2.80* (1.86, 4.10)

‡ 50 235 29.9* (26.1, 34.1) 2177 16.1 (15.4, 16.8) 1.86* (1.61, 2.14)

Southwest

20–49 52 1.7* (1.2, 2.2) 265 0.5 (0.5, 0.6) 3.11* (2.26, 4.19)

‡ 50 334 26.4* (23.5, 29.5) 4909 12.4 (12, 12.7) 2.13* (1.89, 2.39)

Pacific Coast

20–49 21 1.0 (0.6, 1.5) 755 0.6 (0.6, 0.7) 1.58 (0.97, 2.42)

‡ 50 145 18.8* (15.7, 22.4) 11 850 13.7 (13.5, 13.9) 1.37* (1.14, 1.64)

East

20–49 . . . . . . 761 0.6 (0.6, 0.7) . . .

‡ 50 53 17.6* (12.9, 23.3) 13 002 13.7 (13.5, 14.0) 1.28 (0.94, 1.70)

Total

20–49 140 1.4* (1.2, 1.6) 2381 0.6 (0.6, 0.7) 2.19* (1.84, 2.60)

‡ 50 1066 26.2* (24.6, 27.9) 39 415 13.9 (13.7, 14.0) 1.89* (1.77, 2.01)

Note. AI/AN = American Indian/Alaska Native; CHSDA = Contract Health Service Delivery Area; CI = confidence interval; IHS =
Indian Health Service; RR = rate ratio. Analyses are limited to persons of non-Hispanic origin. Dashes indicate that counts < 10
are suppressed; if no cases reported, then rates and RRs could not be calculated. AI/AN race is reported by death certificates, or
through linkage with the IHS patient registration. Rates are per 100 000 persons and were age adjusted to the 2000 US standard
population (11 age groups; Census P25-113028). RRs are calculated in SEER*Stat before rounding of rates and may not equal
RRs calculated from rates presented in the table. The following states and years of data were excluded because Hispanic origin
was not collected on the death certificate: LA, 1990; NH, 1990–1992; and OK, 1990–1996. 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); and 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).
Source. AI/AN Mortality Database (1990–2009).
aIdentifies states with ‡ 1 county designated as CHSDA. Percentage 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%; and total US = 64.2%.
*P < .05.
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from Wilson et al.11 about this nonsignificant
trend for AI/AN persons was that the time
period of 6 years was too brief. Our study
revealed stable kidney cancer death trends for
both male and female AI/AN persons from
1990 to 2009, which were consistent with
a previously reported study using 1995 to
2004 National Vital Statistics System data.5

RCC is the most common kidney cancer.1,2

Our study shows that, for AI/AN adults, RCC
accounts for approximately 95% of kidney
cancers in this population. Rising incidence of
RCC may only partially be attributable to
improvement and widespread use of diagnostic
imaging because better detection cannot ex-
plain the continued increase in advanced

tumors.8,31,32 Higher prevalence estimates for
obesity, smoking, and hypertension among
AI/AN persons, which are all known risk
factors for kidney cancer, may also contribute
to the increase. Epidemiological research has
shown associations of excess body weight and
smoking with risk for RCC.11,33 It has been
estimated that more than 40% of RCC in the
United States may be attributable to over-
weight and obesity34; obesity alone accounts
for 25% of kidney cancers.11 Two Behavioral
Risk Factor Surveillance System surveys for
1999 to 2006 have shown that AI/AN adults
were 1.5 times more likely to be obese or
current smokers than White adults.5,35 A
higher prevalence of obesity in AI/AN persons

was also observed among preschool- and
school-age children in late 1980s.36 The prev-
alence of smoking over the past several de-
cades has consistently been reported as higher
among AI/AN populations than Whites.5,35,37---39

Despite overall declines in cigarette smoking,
smoking prevalence among AI/AN populations
remains high. Hypertension and its treatments
have been shown to be risk factors for RCC
independent of obesity and smoking.8,31 An
analysis of 2003 Behavioral Risk Factor Surveil-
lance System data showed that the prevalence
of hypertension in AI/AN persons was 23%
higher than that in Whites.40 Interestingly, sev-
eral studies have also suggested that AI/AN
persons have less leisure time and physical
activity than Whites, and this finding correlates
with RCC risk difference by race.5,35,38 Physical
inactivity may increase kidney cancer risk by
increasing obesity and blood pressure.41,42

However, a recent meta-analysis suggested that
physical inactivity may play an independent
role in conferring kidney cancer risk.43

Researchers have reported that physical activ-
ity may independently reduce kidney cancer
risk by lowering lipid peroxidation levels.44

The East, Pacific Coast, and Southwest re-
gions had lower kidney cancer incidence rates
than the remaining regions. Regional analyses
showed that, among all IHS regions, the East
had the lowest prevalence of obesity, the
Southwest and Pacific Coast had the lowest
smoking prevalence, and the Pacific Coast had
the lowest hypertension prevalence, suggesting
that regional variations in kidney cancer in-
cidence may be attributable to regional varia-
tion in cancer risk factors.5,35,45 However, the
high prevalence of smoking and hypertension
in the East cannot explain the low incidence
rate of kidney cancer. Regional differences in
AI/AN population sizes and misclassification,
health insurance, and proximity to health care
facilities should also be considered in inter-
preting the geographic variations of cancer
burden.

Racial disparities in kidney cancer continue
to widen because kidney cancer death rates
have declined among Whites but remained
stable among AI/AN populations for the past 2
decades. Studies have suggested that higher
death rates from kidney cancer for AI/AN
populations may be associated with lower
socioeconomic status, no or less health care
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Areas. Analyses are limited to persons of non-Hispanic origin. AI/AN race is reported by NPCR and SEER registries, death

certificates, or through linkage with the IHS patient registration database. APCs for death rates were based on rates that were

age-adjusted to the 2000 US standard population (11 age groups, Census P25-113028) and estimated using joinpoint

regression. APCs for incidence were based on rates that were age-adjusted to the 2000 US standard population (19 age

groups, Census P25-1130) and were calculated with SEER*Stat. The following states and years of data were excluded

because Hispanic origin was not collected on the death certificate: LA, 1990; NH, 1990–1992; and OK, 1990–1996. The

following states and years of data were excluded because data were not collected or US Cancer Statistics standards were not

met: MS, 2001–2002; TN, 2001–2002; VA, 2001; DC, 2002; and WI, 2009. Percentage 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%; and East = 18.2%; total US = 64.2%.

Source. For mortality, AI/AN Mortality Database (1990–2009). For incidence, cancer registries in the Centers for Disease

Control and Prevention’s NPCR, the National Cancer Institute’s SEER, or both.

*P < .05 (2-tailed).

FIGURE 1—Annual age-adjusted kidney cancer incidence and death rates and trend lines

among AI/AN persons and Whites in CHSDA counties.
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TABLE 3—Kidney Cancer Incidence by IHS Region, Sex, and Age for AI/AN Populations and Whites in CHSDA Counties:

United States, 2001–2009

AI/AN White

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

By Sex

Northern Plains

Total 423 26.8 (24.1, 29.6) 10 077 12.7 (12.5, 13.0) 2.10* (1.89, 2.33)

Male 238 31.4 (27.2, 36.0) 6278 16.9 (16.5, 17.3) 1.85* (1.60, 2.14)

Female 185 22.4 (19.2, 26.1) 3799 9.1 (8.8, 9.4) 2.47* (2.10, 2.89)

Alaska

Total 135 21.4 (17.7, 25.5) 468 13.0 (11.7, 14.3) 1.64* (1.33, 2.02)

Male 86 28.6 (22.5, 35.8) 308 16.8 (14.7, 19.0) 1.71* (1.30, 2.22)

Female 49 14.6 (10.7, 19.5) 160 9.3 (7.8, 10.9) 1.58* (1.10, 2.22)

Southern Plains

Total 552 24.4 (22.3, 26.6) 4272 13.5 (13.1, 13.9) 1.81* (1.65, 1.99)

Male 319 30.1 (26.7, 33.8) 2639 17.9 (17.3, 18.7) 1.68* (1.48, 1.90)

Female 233 19.3 (16.9, 22.0) 1633 9.7 (9.2, 10.2) 2.00* (1.73, 2.30)

Southwest

Total 548 18.3 (16.7, 20.0) 8531 11.6 (11.4, 11.9) 1.58* (1.44, 1.73)

Male 339 26.0 (23.1, 29.1) 5360 15.2 (14.8, 15.6) 1.71* (1.51, 1.92)

Female 209 12.4 (10.8, 14.3) 3171 8.4 (8.1, 8.7) 1.49* (1.28, 1.72)

Pacific Coast

Total 321 16.6 (14.7, 18.6) 18 216 12.2 (12.1, 12.4) 1.35* (1.20, 1.52)

Male 188 21.0 (17.8, 24.6) 11 690 16.7 (16.4, 17.0) 1.26* (1.06, 1.48)

Female 133 12.9 (10.7, 15.5) 6526 8.3 (8.1, 8.6) 1.55* (1.28, 1.86)

East

Total 109 15.0 (12.2, 18.3) 20 779 13.6 (13.4, 13.8) 1.10 (0.90, 1.35)

Male 57 17.1 (12.6, 22.6) 13 013 18.6 (18.2, 18.9) 0.92 (0.68, 1.22)

Female 52 13.4 (9.9, 17.8) 7766 9.4 (9.2, 9.7) 1.42* (1.05, 1.88)

Total 2088 20.5 (19.6, 21.5) 3.5* (1.2, 5.8) 62 343 12.7 (12.6, 12.8) 2.1* (1.4, 2.8) 1.61* (1.54, 1.69)

Male 1227 26.3 (24.7, 27.9) 4.9* (2.1, 7.8) 39 288 17.1 (17.0, 17.3) 1.6 (0.9, 2.4) 1.53* (1.44, 1.63)

Female 861 15.7 (14.7, 16.9) 1.5 (–2.3, 5.5) 23 055 8.9 (8.8, 9.0) 2.7* (1.8, 3.6) 1.77* (1.65, 1.90)

Total RCC

Total 1974 19.4 (18.5, 20.3) 3.8* (1.3, 6.3) 55 000 11.2 (11.1, 11.3) 2.5* (1.8, 3.3) 1.73* (1.65, 1.81)

Male 1160 24.8 (23.3, 26.4) 5.0* (2.5, 7.6) 35 071 15.2 (15.0, 15.4) 2.1* (1.3, 2.8) 1.63* (1.53, 1.74)

Female 814 14.9 (13.8, 15.9) 1.9 (–2.3, 6.3) 19 929 7.7 (7.6, 7.8) 3.1* (2.0, 4.1) 1.93* (1.79, 2.07)

By Age

Northern Plains

20–49 116 13.0 (10.8, 15.6) 1347 4.6 (4.4, 4.9) 2.8* (2.3, 3.4)

‡ 50 301 75.7 (66.8, 85.5) 8604 38.0 (37.2, 38.8) 2.0* (1.8, 2.3)

Alaska

20–49 20 5.3 (3.3, 8.2) 71 3.6 (2.8, 4.5) 1.5 (0.9, 2.5)

‡ 50 112 68.0 (55.3, 82.8) 391 40.8 (36.4, 45.5) 1.7* (1.3, 2.1)

Southern Plains

20–49 129 11.6 (9.7, 13.8) 507 4.7 (4.3, 5.1) 2.5* (2.0, 3.0)

‡ 50 416 69.3 (62.6, 76.6) 3712 40.4 (39.1, 41.8) 1.7* (1.5, 1.9)

Southwest

20–49 117 7.1 (5.9, 8.5) 1038 4.3 (4.0, 4.6) 1.7* (1.4, 2.0)

‡ 50 421 54.4 (49.1, 60.0) 7401 34.5 (33.7, 35.3) 1.6* (1.4, 1.7)

Continued
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access, poor health coverage, lack of appropri-
ate medical care, and later stage at cancer
diagnosis.5,11,15 Espey et al.5 reported that
compared with Whites, AI/AN persons had
higher prevalence of poverty, less than
9th-grade education, no health care coverage,
and no regular source of medical care. The
Southwest has higher prevalence of almost
all of these socioeconomic status and health
care access factors when compared with other
IHS regions.5 For stage at cancer diagnosis,
Wilson et al.11 concluded that AI/AN persons
were significantly more likely to have been
diagnosed with late-stage kidney cancer than
Whites. These less favorable socioeconomic
status and health care access factors may lead to
a later stage at diagnosis. Combined with higher
overall prevalence of smoking, obesity, and
physical inactivity, these less favorable factors
may contribute to the higher death rates in
AI/AN populations compared with Whites.

This study provides the most recent kidney
cancer incidence and death rates and trends
by IHS region in AI/AN populations. Mis-
classification of AI/AN race was reduced by
linking cancer registry and National Death
Index databases to the IHS patient registra-
tion files and restricting analyses to CHSDA

counties. Our study is subject to several
limitations: First, although data linkages im-
proved the race classification for AI/AN
persons, the problem may still exist and likely
varies by IHS region. Also, restricting the
majority of analyses to CHSDA counties, in
which only 64.2% of AI/AN persons live and
which tend to be in Western states and more
rural areas, limits the generalizability to all
AI/AN populations in the United States. The
percentage of AI/AN persons living in the
CHSDA counties varies substantially by IHS
region, ranging from 100% in Alaska and
about 18.2% in the East. Additionally, the
proportion of Native ancestry required for
tribal membership and therefore eligibility
for IHS services varies substantially between
federally recognized tribes. Whether and
how this discrepancy in tribal membership
requirements may influence some of our
findings is unclear, although our findings are
consistent with prior reports. Although the
exclusion of Hispanic AI/AN persons from
the analyses reduces the overall AI/AN
deaths by less than 5%, it may dispropor-
tionately affect some states. We excluded
mortality data from several states and years
because Hispanic origin was not collected on

the death certificate. Finally, the 2 major
types of kidney cancer, RCC and RTCC/UC,
have distinct etiology, risk factors, rates, and
trends. We could not separate RCC and
RTCC/UC deaths because this information
was not available in the mortality file.

AI/AN persons are at greater risk of de-
veloping and dying of kidney cancers than
Whites. Only a few modifiable risk factors for
kidney cancer are known, and these factors
cannot fully explain the geographic patterns
in kidney cancer incidence and mortality in
AI/AN individuals. Because of the more rapid
increase of kidney cancer incidence in AI/AN
persons and the less favorable mortality trend
compared with Whites, additional studies are
needed to explain the differences in incidence
and mortality that would reduce and eliminate
racial disparities for this disease. Continued
monitoring of kidney cancer patterns through
surveillance is warranted to track progress in
eliminating racial disparity in kidney cancer.
Given the high prevalence of obesity, smoking,
and hypertension, more public health inter-
ventions are needed such as healthy diet and
physical activity promotion, tobacco cessation,
and early detection and control of hyperten-
sion. j

TABLE 3—Continued

Pacific Coast

20–49 74 7.1 (5.6, 9.0) 2336 4.3 (4.2, 4.5) 1.7* (1.3, 2.1)

‡ 50 236 47.2 (40.9, 54.2) 15 658 36.6 (36.1, 37.2) 1.3* (1.1, 1.5)

East

20–49 21 5.2 (3.2, 8.0) 2740 5.1 (4.9, 5.3) 1.0 (0.6, 1.6)

‡ 50 87 45.8 (36.2, 57.3) 17 846 40.4 (39.8, 41.0) 1.1 (0.9, 1.4)

Total

20–49 477 8.7 (8.0, 9.6) 7.3* (2.7, 12.1) 8039 4.6 (4.5, 4.7) 5.0* (3.8, 6.1) 1.9* (1.7, 2.1)

‡ 50 1573 59.7 (56.6, 62.9) 2.6 (0.2, 5.0) 53 612 38.0 (37.7, 38.3) 1.6 (0.7, 2.4) 1.6* (1.5, 1.7)

Total RCC

20–49 464 8.5 (7.7, 9.3) 7.2* (2.6, 1.2) 7722 4.4 (4.4, 4.6) 5.2* (4.1, 6.3) 1.9* (1.7, 2.1)

‡ 50 1504 56.5 (53.5, 59.6) 2.8 (0.3, 5.5) 47 235 33.4 (33.1, 33.7) 1.9* (1.0, 2.9) 1.7* (1.6, 1.8)

Note. AI/AN = American Indian/Alaska Native; APC = annual percentage change; CHSDA = Contract Health Service Delivery Area; CI = confidence interval; IHS = Indian Health Service; RCC = renal
cell carcinoma; RR = rate ratio. Analyses are limited to persons of non-Hispanic origin. AI/AN race is reported by NPCR and SEER registries, or through linkage with the IHS patient registration
database. Rates are per 100 000 persons and were age adjusted to the 2000 US standard population (19 age groups; Census P25-113028). Rate ratios were calculated in SEER*Stat before
rounding of rates and may not equal RRs calculated from rates presented in the table. APCs and their corresponding 95% CIs were calculated with SEER*Stat. Years of data and registries used in the
analyses: 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; and 2003–2009: MS, TN. 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); and 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).
Source. Data are from population-based cancer registries that participate in the NPCR, the SEER, or both and meet criteria for high data quality.
aIdentifies states with ‡ 1 county designated as CHSDA. Percentage 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%; and total US = 64.2%.
*P < .05.
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