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Stroke is the fourth leading cause of death for
all persons in the United States and the seventh
leading cause of death among American Indian
and Alaska Native (AI/AN) persons.1,2 In 2010,
stroke caused 559 deaths among AI/AN per-
sons.1 Recent National Vital Statistics System
(NVSS) data have typically reported stroke
death rates for AI/AN persons to be lower than
those for the overall population and non-
Hispanic White people.1 However, the preva-
lence of stroke is higher among the AI/AN
population than among any other racial/ethnic
group (i.e., in 2010, 5.9% of AI/AN persons
and 2.4% of non-Hispanic Whites had a his-
tory of stroke).3 In addition, when compared
with other racial groups, AI/AN persons report
high prevalence of risk factors for stroke, in-
cluding diabetes, obesity, current smoking, and
physical inactivity.4---7

AI/AN populations have a younger mean
age at time of death caused by stroke than
White populations.7,8 Among younger age
groups, stroke incidence9 and mortality (based
on NVSS data)10 are higher among AI/AN
adults than among non-Hispanic White adults.
On the basis of NVSS data for 1995 to 1998,
stroke death rates for those aged 25 to 64
years were higher for AI/AN persons than
for non-Hispanic White persons,10 and the
Strong Heart Study found a higher incidence
of stroke among AI/AN persons than non-
Hispanic White persons among those aged
45 to 74 years.9 In addition, the Strong
Heart Study found higher case fatality rates
among their AI/AN participants aged 45 to
74 years at enrollment; 1-year case fatality
rates were 1.5 times the rates reported in
other studies of majority White partici-
pants.9 Though NVSS data show lower
overall stroke death rates for AI/AN persons
than for non-Hispanic White persons, when
restricted to areas served by the Indian
Health Service (IHS), stroke death rates
among AI/AN men aged 35 to 74 years were
comparable with rates for all races (i.e., IHS

AI/AN men = 73.6 per 100 000 population;
US men, all races = 66.8 per 100 000 pop-
ulation) and significantly higher than those
for women (IHS AI/AN women = 66.7 per
100 000; US women, all races = 51.0 per
100 000).11

One explanation for the lower stroke death
rates reported by national vital event data is that

misclassification of AI/AN persons in the na-

tional mortality data sets may result in under-

estimated death rates for the group.12,13 In this

study, we address this issue by using a data set

for which IHS patient data have been linked to

the NVSS database to provide more accurate

classification of AI/AN individuals.
In addition, geographic disparities in stroke

death11,14,15 and risk factors for stroke14,16 have

been reported for AI/AN persons. Therefore,

we examine regional disparities in stroke

death by stratifying these unique data accord-

ing to IHS region and restricting analyses to

IHS Contract Health Services Delivery Area

(CHSDA) counties.

METHODS

Detailed methods for generating the analytic
mortality files are described elsewhere in this
supplement.17

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’s National
Center for Health Statistics and adjusted for
the population shifts caused by Hurricanes
Katrina and Rita in 2005 as denominators in
the calculation of death rates.18,19 Bridged
single-race data allow for comparability be-
tween the pre- and post-2000 race/ethnicity
population estimates during this study
period.

During preliminary analyses, we discovered
that the updated bridged intercensal population
estimates significantly overestimated AI/AN
persons of Hispanic origin.20 Therefore, to
avoid underestimating mortality among AI/AN

Objectives. We evaluated trends and disparities in stroke death rates for

American Indians and Alaska Natives (AI/ANs) and White people by Indian

Health Service region.

Methods. We identified stroke deaths among AI/AN persons and Whites

(adults aged 35 years or older) using National Vital Statistics System data for

1990 to 2009. We used linkages with Indian Health Service patient registration

data to adjust for misclassification of race for AI/AN persons. Analyses excluded

Hispanics and focused on Contract Health Service Delivery Area (CHSDA)

counties.

Results. Stroke death rates among AI/AN individuals were higher than among

Whites for both men and women in CHSDA counties and were highest in the

youngest age groups. Rates and AI/AN:White rate ratios varied by region, with

the highest in Alaska and the lowest in the Southwest. Stroke death rates among

AI/AN persons decreased in all regions beginning in 2001.

Conclusions. Although stroke death rates among AI/AN populations have

decreased over time, rates are still higher for AI/AN persons than for Whites.

Interventions that address reducing stroke risk factors, increasing awareness of

stroke symptoms, and increasing access to specialty care for strokemay bemore

successful at reducing disparities in stroke death rates. (Am J Public Health.

2014;104:S368–S376. doi:10.2105/AJPH.2013.301698)

RESEARCH AND PRACTICE

S368 | Research and Practice | Peer Reviewed | Schieb et al. American Journal of Public Health | Supplement 3, 2014, Vol 104, No. S3



persons, we limited analyses to non-Hispanic
AI/AN persons and chose non-Hispanic White
persons as the most homogeneous referent
group. Henceforth, we omit the qualifying term
‘‘non-Hispanic’’ when discussing both groups
(we refer to non-Hispanic AI/AN persons as
AI/AN persons and non-Hispanic White per-
sons as Whites).
Death records. Death certificate data are

compiled by each state and sent to the National
Center for Health Statistics, where the infor-
mation is compiled and made available as part
of the NVSS.21 The National Center for Health
Statistics applies a bridging algorithm nearly
identical to that used by the US Census Bureau
to assign a single race to decedents with multiple
races reported on the death certificate.22

We linked the Indian Health Service (IHS)
patient registration database to death certificate
data in the National Death Index to identify
AI/AN deaths misclassified as non-Native.17

Approximately 62% of all AI/AN persons re-
ceive care from the IHS. After this linkage,
a flag indicating a positive link to IHS was
added to the NVSS mortality file as an addi-
tional indicator of AI/AN ancestry.

This file was combined with the population
estimates to create an analytic file in SEER*Stat
version 8.0.2,23 which includes all deaths
reported to the National Center for Health
Statistics from 1990 to 2009. For this analysis,
we coded stroke as the underlying cause of
death for the years 1990 to 1998 according
to the International Classification of Diseases
Ninth Revision24 (codes 430---434, 436---438).
For 1999 to 2009, we used the International
Classification of Diseases 10th Revision25 (codes
I60---69).
Geographic coverage. We restricted most of

the analyses in this report to Indian Health
Service CHSDA or Tribal Service Delivery
Area (abbreviated henceforth as CHSDA)
counties, which contain federally recognized
tribal reservations or off-reservation trust land
or are adjacent to these areas.17 The IHS uses
CHSDA residence to determine eligibility for
services not directly available within the IHS.
Linkage studies have indicated less misclassifi-
cation of race for AI/AN persons in these
counties.13,26 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 United States AI/AN

population residing in the 637 counties desig-
nated as CHSDA; these counties represent
20% of the 3141 counties in the United States.

Although they are less geographically rep-
resentative, we present analyses restricted to
CHSDA counties for death rates in this report
for the purpose of offering more internally
valid comparisons of rates for AI/AN persons
and Whites. For death rates restricted to
CHSDA counties, we include data from 35
states and 6 regions. We completed the anal-
yses for all regions combined and by individual
IHS region (Table 1). Identical or similar re-
gional analyses have been used for other
health-related publications focusing on AI/AN
populations.27---29 Additional details about
CHSDA counties and IHS regions, including
population coverage, are provided elsewhere.16

Statistical Methods

We directly age-standardized all rates,
expressed per 100 000 population, to the
2000 US standard population and 6 age
groups (35---44 years, 45---54 years, 55---64
years, 65---74 years, 75---84 years, 85 years
or older) in accordance with a 1998 US De-
partment of Health and Human Services rec-
ommendation.30---31 Readers should avoid
comparison of these data with published death
rates calculated with a different age-standard
population.

Using the age-standardized death rates, we
calculated rate ratios (RRs) comparing AI/AN
persons with Whites, a population that provides
more homogeneity across regions. We calcu-
lated confidence intervals for age-standardized
rates and RRs as described by Tiwari et al.32

We conducted trend analyses and compa-
rability tests for age-standardized death rates
by using Joinpoint software, version 4.0.3.33

The number of trend segments is based on
a segmented line regression analysis of best fit
with the smallest number of joinpoints, or
points at which the direction of the trend line
changes. We calculated annual percentage
change for each of the trend segments and
average annual percentage change (AAPC) for
2001 to 2009 to quantify the average trend
over this period. We conducted tests to assess
pairwise differences between AI/AN persons
and Whites to determine whether the trend
lines were parallel or coincident.34 Tests de-
termine whether (1) 2 joinpoint regression

functions are identical (test of coincidence) or
(2) 2 regression mean functions are parallel
(test of parallelism). We conducted all trend
analyses among CHSDA counties only. Statistical
significance was set at a P level of less than .05.

RESULTS

We included an additional 1033 stroke
deaths for AI/AN persons in our analyses when
compared with the NVSS mortality file before
linkage (6937 deaths compared with 5904).
The total stroke death rate for AI/AN persons
for 1999 to 2009 (Table 1) was greater for
CHSDA counties (115.5) than for all counties
(100.0). The RRs comparing AI/AN persons
with Whites were also statistically significantly
higher for CHSDA counties (1.19) than for all
counties (1.05). The remaining analyses are
confined to CHSDA counties only.

In CHSDA counties, the stroke death rate for
AI/AN persons for all regions combined was
similar for men (115.3) and women (114.2;
Table 1). Rates varied by IHS region. Alaska
(144.3) and the Southern Plains (141.6) con-
sistently had the highest stroke death rates
among AI/AN persons; these elevated rates
were present for AI/AN women, men, and the
total population in these regions. AI/AN persons
in the Southwest had the lowest rates (78.3).

Stroke death RRs comparing AI/AN persons
with Whites varied across IHS regions and
were significantly higher for AI/AN persons
than Whites in most areas. For men, women,
and both sexes combined, the highest RRs for
AI/AN persons compared with Whites oc-
curred in Alaska (RR for both sexes = 1.51; RR
formen = 1.57; RR for women =1.46; Table 1).
The Southwest region was the only region in
which the RR was higher for Whites than for
AI/AN women (0.86) and both sexes com-
bined (0.93).

In all regions combined, stroke death rates
were higher for AI/AN persons than forWhites
in all age groups except 85 years and older
(Table 2). RRs for AI/AN persons compared
with Whites were highest in every IHS region
in the youngest age group (35---44 years),
ranging from 7.40 in Alaska to 1.66 in the
Southwest. In the oldest age group (‡ 85 years),
rates were statistically significantly lower
among AI/AN persons than Whites in the
Southwest (RR = .77).
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Although no significant change in stroke
death rates occurred among AI/AN persons
during 1990 to 2001, the joinpoint trend
analysis showed a significant downward trend
in stroke death rates among AI/AN persons
from 2001 to 2009 (annual percentage
change = –4.3; Figure 1). Rates among Whites
declined similarly over the same time period
but with different joinpoints. The AAPC for

2001---2009 shows no significant differences
in the average trend for AI/AN persons and
Whites. Comparison tests show the overall trends
from 1990 to 2009 for AI/AN persons and
Whites to be parallel, but not coincident (rates for
AI/AN persons were higher and peaked in 2001
compared with 2000 for Whites).

Trend analyses for 1990 to 2009 show
differences by region in the segments and

slopes of the trend lines (Table 3). During
2001 to 2009, all regions except Alaska and
the East experienced a statistically significant
reduction in the stroke death rate for AI/AN
persons (Northern Plains AAPC = –4.6;
Southern Plains AAPC = –3.3; Pacific Coast
AAPC = –5.6; Southwest AAPC = –5.0).
When comparing the AAPCs for 2001 to
2009, we found no significant differences

TABLE 1—Stroke Deaths, Death Rates, and Rate Ratios by Indian Health Service Region and Sex for American Indian/Alaska Native and White

Persons: United States, 1999–2009

CHSDA Counties All Counties

IHS Region by Sex AI/AN Stroke Deaths, No. AI/AN Rate White Rate AI/AN:White RRa (95% CI) AI/AN Stroke Deaths, No. AI/AN Rate White Rate AI/AN:White RRa (95% CI)

All regions

Total 4984 115.5 96.9 1.19* (1.16, 1.23) 6937 100.0 95.1 1.05* (1.02, 1.08)

Men 2126 115.3 96.4 1.20* (1.14, 1.25) 2929 98.7 94.8 1.04 (1.00, 1.08)

Women 2858 114.2 95.9 1.19* (1.15, 1.24) 4008 99.7 93.9 1.06* (1.03, 1.10)

Northern Plains

Total 785 126.9b 97.6 1.30* (1.20, 1.40) 1122 115.4 97.1 1.19* (1.11, 1.27)

Men 339 129.2 99.8 1.30* (1.14, 1.47) 478 116.6 98.8 1.18* (1.06, 1.31)

Women 446 124.0 95.0 1.31* (1.18, 1.44) 644 113.1 94.6 1.20* (1.10, 1.30)

Alaska

Total 399 144.3b 95.6 1.51* (1.34, 1.70) 399 144.3 95.6 1.51* (1.34, 1.70)

Men 183 150.3 95.6 1.57* (1.29, 1.90) 183 150.3 95.6 1.57* (1.29, 1.90)

Women 216 138.0 94.6 1.46* (1.24, 1.71) 216 138.0 94.6 1.46* (1.24, 1.71)

Southern Plains

Total 1416 141.6b 114.2 1.24* (1.17, 1.31) 1659 128.9 107.5 1.20* (1.14, 1.26)

Men 579 137.6 109.4 1.26* (1.14, 1.38) 675 123.1 103.6 1.19* (1.09, 1.29)

Women 837 140.3 115.8 1.21* (1.13, 1.30) 984 129.6 108.4 1.20* (1.12, 1.27)

Southwest

Total 1040 78.3 84.5 0.93* (0.87, 0.99) 1123 78.9 86.1 0.92* (0.86, 0.97)

Men 472 84.9 80.7 1.05 (0.95, 1.16) 509 85.4 82.2 1.04 (0.94, 1.14)

Women 568 73.7 86.1 0.86* (0.78, 0.93) 614 74.5 87.6 0.85* (0.78, 0.92)

Pacific Coast

Total 1024 131.4b 106.5 1.23* (1.15, 1.32) 1344 112.0 103.0 1.09* (1.03, 1.15)

Men 408 119.7 105.2 1.14* (1.01, 1.27) 537 102.1 102.1 1.00 (0.91, 1.10)

Women 616 138.0 106.1 1.30* (1.19, 1.41) 807 117.7 102.4 1.15* (1.07, 1.23)

East

Total 320 98.7 89.6 1.10 (0.98, 1.24) 1290 71.5 91.7 0.78* (0.73, 0.83)

Men 145 101.9 90.8 1.12 (0.93, 1.34) 547 70.1 91.7 0.76* (0.69, 0.84)

Women 175 94.3 87.3 1.08 (0.92, 1.26) 743 71.5 90.3 0.79* (0.73, 0.85)

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 people of
non-Hispanic origin aged ‡ 35 years. 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 (6 age groups; Census P25-1130). Stroke was defined using International Classification of Diseases, 10th Revision25 (codes I60–I69). IHS regions are
defined as follows: Northern Plains (IL, IN,c IA,c MA,c MN,c MT,c NE,c ND,c SD,c WI,c WY); Southern Plains (OK,c KS,c TXc); Southwest (AZ,c CO,c NV,c NM,c UTc); Pacific Coast (CA,c ID,c OR,c WA,c HI);
East (AL,c AR, CT,c DE, FL,c GA, KY, LA,c ME,c MD, MA,c MS,c MO, NH, NJ, NY,c NC,c OH, PA,c RI,c SC,c TN, VT, VA, WV, DC, IL, IN,c IA,c MIc).
Source. AI/AN Mortality Database (1990–2009). Data are based on linked Indian Health Service-National Vital Statistics System mortality files.
aRRs are calculated in SEER*Stat, version 8.0.2,23 before rounding and may not equal RRs calculated from rates presented in table.
bComparison of region-specific total AI/AN rate to all regions total AI/AN rate is statistically significant (P < .05). Only rates statistically significantly higher than the total rate are noted.
cIdentifies states with at least 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%; total US = 64.2%.
*P < .05.
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TABLE 2—Stroke Deaths, Rates, and Rate Ratios by Indian Health Service Region and Age for American Indian/Alaska Native and White

Persons: United States, 1999–2009

CHSDA Counties All Counties

IHS Region by Age Group AI/AN Stroke Deaths AI/AN Rate White Rate AI/AN:White RRa (95% CI) AI/AN Stroke Deaths AI/AN Rate White Rate AI/AN:White RRa (95% CI)

All regions

35–44 y 235 10.0 4.0 2.50* (2.18, 2.85) 327 8.4 4.0 2.07* (1.85, 2.31)

45–54 y 450 21.9 10.9 2.01* (1.82, 2.21) 625 17.6 11.0 1.60* (1.48, 1.73)

55–64 y 619 48.4 27.5 1.76* (1.62, 1.91) 878 40.2 28.2 1.42* (1.33, 1.52)

65–74 y 1025 147.7 96.9 1.52* (1.43, 1.62) 1432 129.1 97.6 1.32* (1.26, 1.39)

75–84 y 1430 450.0 386.6 1.16* (1.10, 1.23) 1991 395.9 378.2 1.05* (1.00, 1.09)

‡ 85 years 1225 1309.9 1371.8 0.95 (0.90, 1.01) 1684 1133.0 1329.5 0.85* (0.81, 0.89)

Northern Plains

35–44 y 41 10.5 4.1 2.58* (1.83, 3.55) 68 10.4 3.8 2.71* (2.10, 3.45)

45–54 y 85 25.9 10.0 2.58* (2.05, 3.22) 126 22.6 10.1 2.23* (1.85, 2.66)

55–64 y 98 50.6 25.5 1.98* (1.60, 2.43) 143 44.5 26.4 1.69* (1.42, 1.99)

65–74 y 201 196.8 91.7 2.15* (1.85, 2.47) 260 165.8 97.4 1.70* (1.50, 1.92)

75–84 y 220 514.1 387.4 1.33* (1.16, 1.52) 319 485.6 385.7 1.26* (1.12, 1.41)

‡ 85 years 140 1238.4 1433.1 0.86 (0.73, 1.02) 206 1138.1 1391.9 0.82* (0.71, 0.94)

Alaska

35–44 y 34 20.8 2.8 7.40* (4.23, 13.15) 34 20.8 2.8 7.40* (4.23, 13.15)

45–54 y 37 26.4 8.2 3.22* (2.11, 4.85) 37 26.4 8.2 3.22* (2.11, 4.85)

55–64 y 39 47.3 20.0 2.37* (1.60, 3.45) 39 47.3 20.0 2.37* (1.60, 3.45)

65–74 y 72 156.3 95.2 1.64* (1.24, 2.16) 72 156.3 95.2 1.64* (1.24, 2.16)

75–84 y 132 628.1 419.1 1.50* (1.22, 1.82) 132 628.1 419.1 1.50* (1.22, 1.82)

‡ 85 years 85 1560.8 1318.8 1.18 (0.92, 1.50) 85 1560.8 1318.8 1.18 (0.92, 1.50)

Southern Plains

35–44 y 49 10.3 6.1 1.69* (1.22, 2.30) 56 8.5 4.6 1.84* (1.38, 2.40)

45–54 y 102 23.7 15.6 1.52* (1.22, 1.87) 122 19.9 12.3 1.61* (1.34, 1.93)

55–64 y 162 57.0 37.7 1.51* (1.28, 1.78) 189 47.5 32.3 1.47* (1.27, 1.70)

65–74 y 257 159.0 120.9 1.32* (1.15, 1.49) 306 144.2 107.0 1.35* (1.20, 1.51)

75–84 y 433 541.8 450.7 1.20* (1.09, 1.32) 495 490.2 425.7 1.15* (1.05, 1.26)

‡ 85 years 413 1788.5 1532.6 1.17* (1.05, 1.29) 491 1687.6 1520.1 1.11* (1.01, 1.21)

Southwest

35–44 y 48 6.7 4.0 1.66* (1.20, 2.24) 54 6.8 3.6 1.87* (1.39, 2.47)

45–54 y 93 15.9 10.8 1.48* (1.18, 1.82) 101 15.5 9.8 1.57* (1.27, 1.92)

55–64 y 136 38.2 26.5 1.44* (1.20, 1.71) 144 36.6 25.1 1.45* (1.22, 1.72)

65–74 y 207 101.5 85.5 1.19* (1.03, 1.36) 231 105.4 85.2 1.24* (1.08, 1.41)

75–84 y 270 282.1 328.6 0.86* (0.76, 0.97) 290 285.1 340.2 0.84* (0.74, 0.94)

‡ 85 years 286 907.9 1186.1 0.77* (0.68, 0.86) 303 915.7 1225.0 0.75* (0.67, 0.84)

Pacific Coast

35–44 y 42 9.5 3.7 2.55* (1.82, 3.47) 52 7.9 3.6 2.17* (1.61, 2.86)

45–54 y 98 23.3 11.0 2.13* (1.72, 2.60) 124 19.5 10.7 1.83* (1.52, 2.19)

55–64 y 136 51.5 27.5 1.87* (1.57, 2.22) 183 45.7 27.0 1.69* (1.45, 1.96)

65–74 y 221 168.9 104.2 1.62* (1.41, 1.85) 289 148.2 101.3 1.46* (1.30, 1.64)

75–84 y 292 522.4 431.5 1.21* (1.08, 1.36) 380 443.8 417.6 1.06 (0.96, 1.18)

‡ 85 years 235 1508.2 1530.4 0.99 (0.86, 1.12) 316 1266.5 1473 0.86* (0.77, 0.96)

Continued
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between AI/AN persons and Whites within
regions, except in Alaska. From 1990 to 2009,
the relative percentage of change over time was
similar for all regions. On the basis of the trends
shown in Table 3, comparison tests showed
that the trends from 1990 to 2009 for AI/AN
persons and Whites were parallel but not
coincident for the Northern Plains, Southern
Plains, and Pacific Coast.

DISCUSSION

We found stroke death rates to be higher
for AI/AN persons than Whites in CHSDA
counties for men, women, and both sexes
combined. Disparities in rates for AI/AN per-
sons compared with Whites were greatest in
the youngest age groups. Geographic dispar-
ities in stroke death rates among AI/AN per-
sons exist; rates were highest in Alaska and the
Southern Plains and lowest in the Southwest.
AI/AN:White RRs were highest in Alaska and
showed the opposite association (higher rates
among Whites) in the Southwest. Trends in
stroke death rates for AI/AN persons have
declined since 2001, though they are still
higher than those for Whites.

Our findings of higher stroke death rates
among AI/AN persons than Whites in CHSDA
counties is in keeping with previous studies
that reported higher prevalence of stroke risk
factors among AI/AN persons than among
Whites. Though hypertension rates are similar
for AI/AN persons and Whites, AI/AN

populations have higher prevalence of cigarette
smoking, obesity, and diabetes and lower
prevalence of leisure-time physical activity.7,35

In addition, compared with Whites, low-
income AI/AN persons are more likely to have
insurance coverage only through public or
state programs or IHS (51% vs 18%), though
the percentage of uninsured people is similar.36

AI/AN persons with access only to IHS had
lower access to and use of preventive care,
including unmet prescription drug needs,
though most of these differences were attenu-
ated when family income was included in the
models.36

Similar to other studies, we found higher
RRs among younger age groups when com-
paring stroke deaths among AI/AN persons
with those among White people.10,37 Among
those aged 35 to 44 years, RRs in our study
were higher in Alaska (RR = 7.40) than in all
other regions except the East. A study of stroke
mortality among Alaska Natives found higher
RRs when comparing Alaska Natives with
Whites in the United States for both hemor-
rhagic and ischemic stroke among men and
women in the birth to 44 years and 45 to 64
years age groups.37 Previous studies have
found some risk factors for stroke to be higher
among younger AI/AN age groups (18---24
years and 25---44 years) than among older
AI/AN age groups, including smoking and low
fruit or vegetable consumption.38 A study of
AI/AN adults with diabetes found body mass
index to be inversely related to age, with the

highest mean body mass index among those
aged 18 to 39 years.39

Both AI/AN persons and Whites saw a de-
cline in stroke deaths over the past 10 years.
Beginning in 2001, the AAPCs for AI/AN
persons and Whites were not significantly
different (–4.3 for AI/AN persons, –5.0 for
Whites), showing a marked decline in stroke
death rates among both populations. Other
studies have attributed the decline in stroke
deaths beginning near 2000 to improved
awareness, treatment, and control of high
blood pressure and high cholesterol, a decrease
in smoking rates, and improvements in acute
stroke treatment.40 However, the death rate for
AI/AN persons was higher than that for Whites
at the beginning of this period; therefore, the
rates for AI/AN persons have lagged behind
those for Whites.

By IHS region, 4 of 6 regions had higher
stroke death rates for AI/AN persons than for
Whites both overall and by sex (i.e., Alaska,
Northern Plains, Southern Plains, Pacific Coast),
and these regions also had higher stroke death
rates than all regions combined. Although
stroke death rates decreased over time for both
AI/AN persons and Whites, we found regional
differences in the trends among AI/AN per-
sons, most notably a slower decline in Alaska
than in several other regions. These regional
differences may reflect geographic variation in
stroke risk factors. Previous studies have found
diabetes prevalence for AI/AN persons to be
higher than that for Whites in all regions except

TABLE 2—Continued

East

35–44 y 21 12.4 3.8 3.25* (2.00, 5.00) 63 6.5 4.2 1.55* (1.19, 1.99)

45–54 y 35 22.5 10.5 2.14* (1.49, 2.99) 115 12.1 11.3 1.07 (0.88, 1.29)

55–64 y 48 49.1 27.1 1.81* (1.34, 2.41) 180 30.6 28.8 1.06 (0.91, 1.23)

65–74 y 67 136.3 93.5 1.46* (1.13, 1.85) 274 98.0 96.7 1.01 (0.90, 1.14)

75–84 y 83 369.5 358.1 1.03 (0.82, 1.28) 375 293.3 363.9 0.81* (0.73, 0.89)

‡ 85 years 66 1001.2 1234.5 0.81 (0.63, 1.03) 283 745.7 1255.3 0.59* (0.53, 0.67)

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 people 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 people. Stroke is defined using the
International Classification of Diseases, 10th Edition25 (codes I60–I69). 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).
Source. AI/AN Mortality Database (1990–2009). Data are based on linked Indian Health Service-National Vital Statistics System mortality files.
aRRs are calculated in SEER*Stat, version 8.0.2,23 before rounding of rates and may not equal RRs calculated from rates presented in table.
bIdentifies states with at least 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%; total US = 64.2%.
*P < .05.
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Alaska.41Among AI/AN persons with diabetes,
the prevalence of high blood pressure is highest
in the Southern Plains, the prevalence of high
cholesterol and obesity is highest in Alaska and
the Pacific Coast, and the prevalence of tobacco
use is highest in the Northern Plains.42 Among
all AI/AN persons, the prevalence of obesity,
no leisure-time physical activity, and binge
drinking was similar across all regions, but the
prevalence of smoking was highest in Alaska
and the Northern Plains.41

Access to appropriate primary and acute
care may vary by the region’s degree of
rurality. Approximately half of the CHSDA
counties are considered rural, with Alaska
counties being the most rural. A previous study
found that Medicare beneficiaries living in
rural areas have fewer overall medical visits
and travel greater distances for care than those
living in urban areas.43 Timely treatment of an

acute stroke event is critical; delays in treat-
ment, such as those related to access to acute
stroke care, contribute to potential disability or
death.7,44

To increase awareness of stroke warning
signs and symptoms and the importance of
calling 911 immediately at the onset of symp-
toms, the National Institute of Neurologic Dis-
orders and Stroke launched the Know Stroke
campaign in 2008.45 In addition, some states
and tribal areas with heart disease and stroke
prevention programs are conducting similar
activities to increase stroke symptom awareness
(e.g., Montana Stroke Storm Watch Campaign,
Take Heart Alaska Coalition).46,47 However,
recognizing the warning signs of a stroke is only
the first in a sequence of steps required for early
and effective intervention. To maximize the
benefits of tissue plasminogen activator, patients
must receive rapid transport and appropriate

diagnosis of acute ischemic stroke symptoms.
These drugs should be administered within
3 hours of symptom onset43; however, before
administration, differential diagnosis is re-
quired to distinguish between a hemorrhagic
and ischemic stroke because tissue plasmino-
gen activator is contraindicated in cases of
hemorrhagic stroke. AI/AN adults aged 25
to 44 years have a higher RR than Whites in
the United States for both types of stroke, and
AI/AN women have higher rates of subarach-
noid hemorrhage.2---4 People living in many
rural areas, especially on tribal lands far from
hospitals able to provide the best care for
stroke, are at a great disadvantage in accessing
appropriate timely treatment. Many health care
system certification programs (e.g., the Joint
Commission) focus on providing quality care
and improving stroke outcomes in their certi-
fied hospitals. However, the majority of these
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AI/AN 1990–2001 0.8 (–0.4, 2.0)

AI/AN 2001–2009 –4.3* (–5.8, –2.7) 

White 1990–2000 –0.3 (–0.6, 0.0)

White 2000–2003 –3.1 (–6.8, 0.8)

White 2003–2006 –7.6* (–11.4, –3.7) 

White 2006–2009 –3.7* (–5.8, –1.5)

Note. AI/AN = American Indian/Alaska Native; CI = confidence interval. Analyses are limited to people of non-Hispanic origin. AI/AN race is reported from death certificates or through linkage with

the Indian Health Service patient registration database. Rates are per 100 000 people and are age-adjusted to the 2000 US standard population (6 age groups; Census P25-1130). Stroke was

defined using International Classification of Diseases, Tenth Edition25 (codes I60–I69) and International Classification of Diseases, Ninth Edition24 (codes 430–434, 436–438).

Source. AI/AN Mortality Database (1990–2009). Data are based on linked Indian Health Service-National Vital Statistics System mortality files. The following states and years of data were excluded

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

*P < .05.

FIGURE 1—Age-standardized stroke death rates and trend lines for American Indian/Alaska Native and White persons, Contract Health Service

Delivery Area counties: United States, 1990–2009.
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care facilities are located in urban areas. The
expansion of telemedicine for stroke care de-
livery can help to provide care in rural or
isolated areas.48 Several AI/AN communities
are implementing telemedicine in their hospi-
tals (e.g., Arizona Telemedicine Program),49

and the US Department of Health and Human
Services Health Resources and Services Ad-
ministration is funding projects for AI/AN
tribal organizations and other nonprofit groups
to expand the use of telehealth networks to
improve health care services for medically
underserved populations in urban, rural, and
frontier communities.50

Healthy People 2020, a program of health
promotion and disease prevention goals set by

the US Department of Health and Human
Services, includes objectives intended to
eliminate disparities and ensure that federal,
state, tribal, and local health agencies have
the necessary infrastructure to effectively
provide essential public health services.51

One of the Healthy People 2010 objectives
(12-7) was to reduce stroke deaths to a 2010
target of 48 stroke deaths per 100 000
population,52 and the Healthy People 2020
objective for stroke (HDS-3) is to reduce
stroke mortality to 33.8 stroke deaths per
100 000. Although stroke death rates among
AI/AN persons in 2009 have decreased
since 2000, AI/AN persons still have more
than 2 times the rate of the 2010 objective

and more than 3 times the rate of the 2020
objective.

Strengths and Limitations

These results provide estimates of stroke
death rates and RRs by using the IHS patient
registration database to identify AI/AN dece-
dents who would not otherwise be coded as
such. A previous misclassification-adjusted
cardiovascular disease mortality study found
an 11% increase in stroke death rates after
adjustment.12 We included 17% more stroke
deaths among AI/AN persons than the NVSS
mortality file before linkage. In addition, our
results showed overall higher rates and RRs
when analyses were restricted to CHSDA

TABLE 3—Stroke Death Rate Trends With Joinpoint Analyses by Indian Health Service Region for American Indian/Alaska Native and White

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

Modeled Rate Trend 1 Trend 2 Trend 3 Trend 4

IHS Region and Race 1990 2009 Years APCa Years APCa Years APCa Years APCa AAPC 2001–2009 (95% CI) RPC

Northern Plains

AI/AN 181.0 101.0 1990–1997 –0.2 1997–2009 –4.6* . . . . . . . . . . . . –4.6* (–6.2, –3.0) –44

White 128.0 75.3 1990–2001 –0.9* 2001–2009 –5.2* . . . . . . . . . . . . –5.2* (–5.9, –4.6) –41

Alaska

AI/AN 145.9 150.6 1990–2009 0.2 . . . . . . . . . . . . . . . . . . 0.2 (–1.6, 2.0) 3

White 119.6 71.3 1990–2000 0.3 2000–2009 –5.9* . . . . . . . . . . . . –5.9* (–8.1, –3.7) –40

Southern Plainsb

AI/AN . . . 123.2 1997–2001 5.4 2001–2009 –3.3* . . . . . . . . . . . . –3.3* (–5.5, –1.0) . . .

White . . . 94.0 1997–2002 0.1 2002–2009 –4.2* . . . . . . . . . . . . –3.6* (–4.9, –2.4) . . .

Pacific Coast

AI/AN 134.3 102.1 1990–2001 1.7 2001–2009 –5.6* . . . . . . . . . . . . –5.6* (–9.0, –2.0) –24

White 130.9 77.9 1990–1999 0.1 1999–2003 –1.8 2003–2006 –9.9* 2006–2009 –4.6* –5.9* (–8.4, –3.4) –40

East

AI/AN 124.4 88.9 1990–2009 –1.8 . . . . . . . . . . . . . . . . . . –1.8 (–3.5, 0.0) –29

White 113.4 72.8 1990–2000 –0.5* 2000–2003 –3.7* 2003–2006 –6.6* 2006–2009 –2.3* –4.3* (–5.6, –2.9) –36

Southwest

AI/AN 90.8 60.5 1990–1999 1.2 1999–2009 –5.0* . . . . . . . . . . . . –5.0* (–7.1, –2.9) –33

White 107.3 64.2 1990–2000 –0.1 2000–2009 –5.5* . . . . . . . . . . . . –5.5* (–6.2, –4.8) –40

Note. AAPC = average annual percentage change; AI/AN = American Indian/Alaska Native; IHS = Indian Health Service; APC = annual percentage change; CI = confidence interval; RPC = relative
percentage change. 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 people and are age adjusted to the 2000 US standard population (6 age groups; Census P25-1130). Stroke is defined using International Classification of Diseases, 10th Edition25 (codes
I60–I69) and the International Classification of Diseases, 9th Edition24 (codes 430–434, 436–438). IHS regions are defined as follows: Northern Plains (IL, IN,c IA,c MA,c MN,c MT,c NE,c ND,c SD,c

WI,c WYc); Southern Plains (OK,c KS,c TXc); Southwest (AZ,c CO,c NV,c NM,c UTc); Pacific Coast (CA,c ID,c OR,c WA,c HI); East (AL,c AR, CT,c DE, FL,c GA, KY, LA,c ME,c MD, MA,c MS,c MO, NH, NJ, NY,c

NC,c OH, PA,c RI,c SC,c TN, VT, VA, WV, DC, IL, IN,c IA,c MIc).
Source. AI/AN Mortality Database (1990–2009). Data are based on linked Indian Health Service-National Vital Statistics System mortality files. 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.
aNumber of trend segments and joinpoints varies and is based on the joinpoint regression analysis of best fit with the smallest number of joinpoints. Some regions have only 1 trend line for AI/AN
persons or Whites for the time period 1990–2009, whereas others have as many as 4.
bTrends before 1997 for Southern Plains are not included because small numbers (caused by the exclusion criteria noted earlier) lead to unstable estimates. RPC is not calculated. The rate in 1997
was 130.3 per 100 000 for AI/AN persons and 126.0 per 100 000 for Whites.
cIdentifies states with at least 1 county designated as Contract Health Service Delivery Area. Percentage regional coverage of AI/AN persons in Contract Health Service Delivery Area 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%.
*P < .05.
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counties only. Several states contain only
CHSDA counties (Alaska, Arizona, Connecti-
cut, Nevada, Oklahoma, South Carolina), but
other states contain only a few or no CHSDA
counties. Limiting our analyses to CHSDA
counties provides a more accurate comparison
between AI/AN and White populations be-
cause the proportion of AI/AN persons to the
total population is higher in CHSDA counties,
with less misclassification than in non-CHSDA
counties.13,53

Our study should be interpreted within the
context of several limitations. AI/AN persons
who did not have a patient record with IHS
(approximately 38% of all AI/AN persons) or
who were not listed as AI/AN on a death
certificate could not be categorized as such in
this study. Substantial variation exists between
federally recognized tribes in the proportion
of native ancestry required for tribal member-
ship and therefore for eligibility for IHS ser-
vices. 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. The
findings from CHSDA counties highlighted in
this supplement do not represent all US AI/AN
populations in individual IHS regions.53 In
addition, including only those deaths with the
underlying cause of death listed as stroke
compared to any contributing cause may pro-
vide a conservative estimate of stroke death
rates. Finally, although the exclusion of non-
Hispanic AI/AN persons from the analyses re-
duced the overall AI/AN deaths by less than
5%, it may disproportionately affect some
states.

Conclusions

Linking IHS patient registration information to
mortality data allows for more accurate docu-
mentation of the burden and risk of stroke death
among AI/AN people. Within CHSDA counties,
stroke death rates were higher for AI/AN per-
sons than for Whites, especially among the
younger age groups and in Alaska. AI/AN
persons frequently live in rural locations, making
access to primary prevention, timely acute care,
and secondary care for stroke challenging. AI/
AN persons also experience increased risk factors
for stroke. Interventions that address reducing
stroke risk factors, increasing awareness of stroke
symptoms (to allow prompt access to care for

diagnosis and treatment), and increasing the
accessibility of specialty care for stroke in rural
areas, including the use of telemedicine, may be
more successful at reducing disparities in stroke
death rates in the AI/AN population. j
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