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Heart disease is the leading cause of death and
a major cause of medical expenditures in the
United States.1,2 Among American Indians/
Alaska Natives (AI/ANs), death rates for heart
disease have been consistently equal to or
lower than that of the overall US population
and non-Hispanic Whites, especially among
older age groups (75 years and older) as
reported by National Vital Statistics System
(NVSS) data.3 However, from1997 to 2011, the
self-reported prevalence of heart disease in the
National Health Interview Survey was either
higher or similar among AI/AN persons com-
pared with other populations.3 Moreover, the
most recent Behavioral Risk Factor Surveillance
System data showed that prevalence of coro-
nary heart disease for 2006 to 2010 was much
higher among AI/AN populations than other
groups.4 In addition, the Strong Heart Study
found that the incidence of coronary heart
disease events in participating AI/AN commu-
nities was 2 times higher than estimates from
other large cohort studies using similar case
ascertainment methods.5 Available data also
indicated that the prevalence of risk factors for
heart disease and stroke—including smoking,6,7

physical inactivity,7 and obesity6,7—among
AI/AN persons was comparable to or higher
than the other high-risk racial groups such as
Blacks orAfricanAmericans andNativeHawaiians
or other Pacific Islanders. A diabetes epidemic
among AI/AN individuals in the last couple of
decades also coincided with increasing prevalence
of heart disease in this group.6,8---10 In 2003, the
prevalence of having 2 or more heart disease and
stroke risk factors in AI/AN persons was similar to
that in Blacks, but was higher than that in Whites,
Hispanics, and Asians.11

The overall age-adjusted heart disease death
rate in the US population has declined steadily
since the late 1950s1; however, available data
indicate that the decline may be slower among
AI/AN persons compared with both the US
general population and Whites.3 However, the

incidence of coronary heart disease may be
increasing.5 In addition, geographic disparities
in mortality among AI/AN individuals12,13 and
disparities between AI/AN persons andWhites
in risk factors13,14 for heart disease have been
observed.

No published studies have compared the
risk-adjusted case-fatality rates between AI/AN
and White persons as a possible explanation
for this paradox of a lower heart disease death
rate among AI/AN individuals, but a higher
prevalence of heart disease and its risk factors.
Racial misclassification in mortality and popu-
lation data, however, is a likely explanation.15 A
recent study indicated that up to 30% of
AI/AN persons were misclassified or under-
reported on death certificates.15,16 Given the
high prevalence of diabetes in the AI/AN
population, differences in the practice of coding
diabetes versus heart disease as the underlying
cause of death (UCOD) on the death certificate
may also play a role in this paradox.17 An
accurate accounting of the disease burden and
proper trend analysis is critical in making

public health policy decisions and allocating
resources. In the present analysis, we addressed
this issue by using a dataset that links the Indian
Health Service’s (IHS’s) patient registry data
and the National Death Index (NDI) database
to achieve more accurate racial classification of
AI/AN persons. We analyzed both the UCOD
and multiple causes of death (MCOD) on death
records.

We described disparities in heart disease
death rates by age, gender, region, and year of
death for AI/AN individuals compared with
Whites, and evaluated whether racial misclas-
sification might explain previous observations
that heart disease mortality was similar among
AI/AN and White persons, although AI/AN
populations appeared to have higher prevalence
of risk factors for heart disease.

METHODS

Detailed methods for generating the analyti-
cal mortality files are described elsewhere in this
supplement.18,19

Objectives. We evaluated heart disease death rates among American Indians

and Alaska Natives (AI/ANs) and Whites after improving identification of AI/AN

populations.

Methods. Indian Health Service (IHS) registration data were linked to the

National Death Index for 1990 to 2009 to identify deaths among AI/AN persons

aged 35 years and older with heart disease listed as the underlying cause of

death (UCOD) or 1 of multiple causes of death (MCOD). We restricted analyses to

IHS Contract Health Service Delivery Areas and to non-Hispanic populations.

Results. Heart disease death rates were higher among AI/AN persons than

Whites from 1999 to 2009 (1.21 times for UCOD, 1.30 times for MCOD).

Disparities were highest in younger age groups and in the Northern Plains, but

lowest in the East and Southwest. In AI/AN persons, MCOD rates were 84%

higher than UCOD rates. From 1990 to 2009, UCOD rates declined amongWhites,

but only declined significantly among AI/AN persons after 2003.

Conclusions. Analysis with improved race identification indicated that AI/AN

populations experienced higher heart disease death rates than Whites. Better

prevention and more effective care of heart disease is needed for AI/AN

populations. (Am J Public Health. 2014;104:S359–S367. doi:10.2105/AJPH.2013.

301715)
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Population Estimates

We included bridged single-race population
estimates developed by the US Census Bureau
and the Centers for Disease Control and Pre-
vention (CDC) National Center for Health
Statistics (NCHS) as denominators. Estimates
were adjusted for population shifts because of
Hurricanes Katrina and Rita in 2005.20,21

Bridged single-race data made the post-2000
race/ethnicity population estimates compara-
ble to the pre-2000 race/ethnicity estimates
and enabled trend analyses.

During preliminary analyses, we discovered
that the updated bridged intercensal popula-
tion estimates significantly overestimated
AI/AN populations of Hispanic origin.22

Therefore, to avoid underestimating death
rates in AI/AN populations, we limited all
analyses to non-Hispanic AI/AN persons.
Non-Hispanic White was chosen as the most
homogenous referent group. All analyses were
limited to non-Hispanic persons. Henceforth,
the term “non-Hispanic” was omitted when
discussing both groups.

Death Records

Death certificate data were compiled by
states and sent to the NCHS, where they were
edited for consistency and stripped of personal
identifiers. The data were available as part of
the NVSS, which includes UCOD and MCOD
fields, state and county of residence, age,
gender, race, and ethnicity.23 NCHS applies a
bridging algorithm to assign a single race to
decedents with multiple races recorded on the
death certificate.21,24 As described elsewhere,19

decedents were classified as AI/AN if AI/AN
was coded on their death certificate or if their
record in the NDI was matched by a probabi-
listic record linkage software to the IHS patient
registry database.

We supplemented an analysis of deaths for
heart disease designated as an UCOD with an
analysis of heart disease deaths captured in 1
or more of the MCOD fields on the death
record. For both UCODs and MCODs and their
rates, heart disease was identified by a cause
coded as I00-I09, I11, I13, or I20-I51 using
the International Classification of Diseases, 10th
Revision (ICD-10)25 for data from 1999 to
2009. For data from 1990 to 1998, heart
disease was identified with codes 390---398,
402, 404, or 410---429 using ICD-9.26

Geographic Coverage

We restricted our analyses to Contract
Health Service Delivery Area (CHSDA)
counties that contain or are adjacent to federally
recognized tribal lands.19 CHSDA residence is
used by the IHS to determine eligibility for
services not directly available within the IHS.
Linkage studies indicate less misclassification of
race for AI/AN persons in these counties.16,19

The CHSDA counties have higher proportions
of AI/AN individuals than non-CHSDA
counties, with 64% of the US AI/AN population
residing in these 637 counties. Although less
geographically representative, mortality analy-
ses restricted to CHSDA counties allowed more
targeted comparisons of rates for AI/AN per-
sons and Whites. Data from 35 states and 6
regions were included for death rates restricted
to CHSDA counties.

Similar to other publications focusing on
AI/AN populations,27---29 we reported our results
by region: Northern Plains, Alaska, Southern
Plains, Southwest, Pacific Coast, East, and all
combined.19 This approach was preferable to the
use of smaller jurisdictions, such as the admin-
istrative areas defined by IHS,30 which yielded
less stable estimates. Additional details about
CHSDA counties and IHS regions, including
population coverage, are provided elsewhere
(Table 1).19

Statistical Methods

Both UCOD and MCOD rates, expressed per
100 000 population and restricted to persons
aged 35 years and older, were directly
age-standardized to the 2000 US standard
population and 6 age groups (35---44, 45---54,
55---64, 65---74, 75---84, and ‡ 85 years) using
SEER*Stat software32 in accordance with
a 1998 US Department of Health and Human
Services recommendation.31,33

We calculated rate ratios (RRs) by compar-
ing the age-standardized death rates among
AI/AN populations with those of Whites strat-
ified first by age, then by gender, and then by
region. RRs were calculated by SEER*Stat
before rounding. Ninety-five percent confi-
dence intervals (CIs) for age-standardized RRs
were calculated based on methods described
by Tiwari et al.34

Trend analyses and comparability tests for
age-standardized death rates plotted over time
by year were conducted using Joinpoint

software, developed by the National Cancer
Institute.35 All trend analyses were restricted to
CHSDA counties, with region-specific analyses
further restricted to UCOD only. The number
of trend segments was 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 changed.
The expected percent change in the rate over
a year (i.e., the annual percent change [APC])
was estimated from joinpoint regression for
each of the trend segments. Average annual
percent change (AAPC) was calculated for
2001 to 2009 to quantify the average trend
over this period. Tests were conducted to
assess pairwise differences between AI/AN
persons and Whites to determine whether
the trend lines were parallel or coincident.36

Tests determined whether (1) 2 joinpoint
regression functions were identical (test
of coincidence), or (2) 2 regression mean
functions were parallel (test of parallelism).
Statistical significance was set at a P level of
less than .05.

RESULTS

From 1999 to 2009, AI/AN persons expe-
rienced significantly higher UCOD heart dis-
ease rates than Whites (RR = 1.21) and higher
MCOD rates than Whites (RR = 1.30). Among
AI/AN individuals, MCOD rates were 84.3%
higher than those of UCOD (910.0 vs 493.7)
compared with 72.8% higher among Whites
(702.3 vs 406.9; Table 1). Among AI/AN
persons and Whites, men consistently experi-
enced higher rates of both UCOD and MCOD
heart disease deaths than women, but the RRs
based on UCOD and MCOD comparing AI/AN
persons with Whites did not significantly vary
by gender. Data to compare UCOD rates for
both races in CHSDA and all counties are
available as a supplement to the online version
of this article at http://www.ajph.org. All other
results described in the following apply to
CHSDA areas only.

Both AI/ANwomen andmen in the Southern
Plains and the Northern Plains consistently had
the highest heart disease death rates (both
genders, UCOD and MCOD rates = 679.6 and
1161.9, and 610.7 and 1112.2, respectively),
and the Southwest had the lowest rates (both
genders, UCOD and MCOD rates = 343.3 and
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677.4). Regardless of gender, RRs comparing
AI/AN individuals toWhites were highest in the
Northern Plains region (UCOD RR for both
genders = 1.58; MCOD RR=1.76). Although
Alaska Native men and women had relatively
low rates of heart disease compared with all
AI/AN persons, their RRs compared with their
White counterparts in Alaska were higher

(UCOD RR=1.27; MCOD RR= 1.37). In the
Southwest, UCOD rates of heart disease death
were modestly lower among AI/AN men and
women compared with their White counter-
parts (RR = 0.89), but MCOD rates were signif-
icantly higher (RR= 1.09; Table 1).

Both AI/AN persons andWhites showed the
expected steep increase in heart disease death

rates with age. UCOD rates were significantly
higher for AI/AN individuals compared with
Whites in all age groups, except among those
aged 85 years and older (Table 2). RRs based
on similar MCOD rates were significantly
higher for AI/ANs compared with Whites in all
age groups. For UCOD and MCOD, the RRs for
AI/AN persons compared with Whites were

TABLE 1—Age-Adjusted Heart Disease Death Rates by Indian Health Service Region and Gender for Indian/Alaska Native and White Adults Aged

35 Years and Older: Contract Health Service Delivery Area Counties, United States, 1999–2009

Heart Disease UCOD Heart Disease MCOD

Region/Gender AI/AN Deaths AI/AN Rate White Rate AI/AN:White RR (95% CI) AI/AN Deaths AI/AN Rate White Rate AI/AN:White RR (95% CI)

Total

Both 22 798 493.7 406.9 1.21* (1.20, 1.23) 42 604 910.0 702.3 1.30* (1.28, 1.31)

Men 12 661 619.6 510.1 1.21* (1.19, 1.24) 22 768 1111.2 866.0 1.28* (1.26, 1.30)

Women 10 137 396.5 325.4 1.22* (1.19, 1.24) 19 836 758.2 576.7 1.31* (1.30, 1.33)

Northern Plains

Both 4151 610.7 387.6 1.58* (1.52, 1.63) 7639 1112.2 632.9 1.76* (1.71, 1.80)

Men 2385 778.0 494.7 1.57* (1.50, 1.65) 4187 1373.7 798.4 1.72* (1.66, 1.78)

Women 1766 481.6 304.9 1.58* (1.50, 1.66) 3452 916.0 509.2 1.80* (1.74, 1.86)

Alaska

Both 1233 413.5 325.0 1.27* (1.19, 1.36) 2126 731.4 534.0 1.37* (1.30, 1.44)

Men 707 519.5 406.2 1.28* (1.16, 1.41) 1175 928.3 653.3 1.42* (1.32, 1.53)

Women 526 329.5 249.1 1.32* (1.19, 1.46) 951 591.2 426.9 1.38* (1.28, 1.49)

Southern Plains

Both 7239 679.6 527.7 1.29* (1.26, 1.32) 12 525 1161.9 841.9 1.38* (1.35, 1.41)

Men 3887 851.8 645.4 1.32* (1.27, 1.37) 6530 1426.2 1022.8 1.39* (1.36, 1.43)

Women 3352 548.3 433.8 1.26* (1.22, 1.31) 5995 965.5 703.3 1.37* (1.34, 1.41)

Southwest

Both 4809 343.3 386.3 0.89* (0.86, 0.92) 9674 677.4 622.6 1.09* (1.07, 1.11)

Men 2716 446.7 480.3 0.93* (0.89, 0.97) 5279 852.0 760.7 1.12* (1.09, 1.15)

Women 2093 266.7 305.8 0.87* (0.83, 0.91) 4395 548.0 506.2 1.08* (1.05, 1.12)

Pacific Coast

Both 4005 476.6 392.7 1.21* (1.17, 1.26) 8030 937.4 715.5 1.31* (1.28, 1.34)

Men 2253 598.5 489.9 1.22* (1.16, 1.28) 4283 1126.6 874.4 1.29* (1.24, 1.33)

Women 1752 384.0 315.1 1.22* (1.16, 1.28) 3747 794.4 592.0 1.34* (1.30, 1.39)

East

Both 1361 402.5 416.1 0.97* (0.91, 1.02) 2610 759.0 735.2 1.03 (0.99, 1.08)

Men 713 469.6 526.7 0.89* (0.82, 0.97) 1314 861.3 916.0 0.94 (0.88, 1.00)

Women 648 348.7 332.2 1.05* (0.97, 1.14) 1296 681.0 602.4 1.13* (1.07, 1.20)

Note. AI/AN = American Indian/Alaska Native; CHSDA = Contract Health Service Delivery Area; CI = confidence interval; IHS = Indian Health Service; MCOD = multiple causes of death, including
heart diseases; RR = rate ratio; UCOD = underlying cause of death because of heart disease. IHS regions are defined as follows: Alaskaa; 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%. Analyses are limited to persons 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 population and age-standardized to the 2000 US standard population (age groups 35–44,
45–54, 55–64, 65–74, 75–84, ‡ 85 years).31 RRs are calculated in SEER*Stat before rounding of rates and may not equal RRs calculated from rates presented in table. 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.
Source. AI/AN Mortality Database (AMD 1990–2009).
aIdentifies states with at least 1 county designated as CHSDA.
*P < .05.
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TABLE 2—Age-Specific Heart Disease Death Rates by Indian Health Service Region and Gender for American Indian/Alaska Native and White

Adults Aged 35 Years and Older: Contract Health Service Delivery Area Counties, United States, 1999–2009

Heart Disease UCOD Heart Disease MCOD

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

Total

35–44 1160 49.2 25.9 1.90* (1.79, 2.02) 2411 102.3 47.1 2.17* (2.08, 2.26)

45–54 2603 126.4 79.9 1.58* (1.52, 1.65) 5046 245.1 136.0 1.80* (1.75, 1.85)

55–64 4040 316.0 200.7 1.57* (1.53, 1.62) 7543 590.0 346.8 1.70* (1.66, 1.74)

65–74 5005 721.4 501.9 1.44* (1.40, 1.48) 9675 1394.6 920.5 1.52* (1.48, 1.55)

75–84 5504 1731.9 1434.4 1.21* (1.18, 1.24) 10 301 3241.3 2575.9 1.26* (1.23, 1.28)

‡ 85 4486 4796.9 5030.7 0.95 (0.93, 0.98) 7628 8156.7 8151.4 1.00 (0.98, 1.02)

Northern Plains

35–44 254 65.1 24.1 2.70* (2.37, 3.07) 491 125.8 39.0 3.22* (2.93, 3.54)

45–54 554 168.9 72.6 2.33* (2.13, 2.53) 1015 309.5 110.5 2.80* (2.62, 2.98)

55–64 862 444.7 184.4 2.41* (2.25, 2.58) 1544 796.6 291.2 2.74* (2.60, 2.88)

65–74 975 954.5 478.2 2.00* (1.87, 2.13) 1900 1860.1 811.6 2.29* (2.19, 2.40)

75–84 915 2138.1 1366.9 1.56* (1.46, 1.67) 1697 3965.3 2342.7 1.69* (1.61, 1.78)

‡ 85 591 5227.8 4861.9 1.08 (0.99, 1.17) 992 8774.9 7617.8 1.15* (1.08, 1.23)

Alaska

35–44 59 36.0 23.3 1.55* (1.13, 2.08) 102 62.3 32.7 1.90* (1.50, 2.40)

45–54 155 110.6 62.9 1.76* (1.46, 2.10) 250 178.4 84.6 2.11* (1.82, 2.44)

55–64 202 244.8 158.6 1.54* (1.32, 1.80) 306 370.9 224.7 1.65* (1.45, 1.87)

65–74 290 629.4 449.5 1.40* (1.22, 1.60) 498 1080.8 727.9 1.48* (1.34, 1.64)

75–84 314 1494.0 1254.4 1.19* (1.05, 1.35) 565 2688.3 2183.3 1.23* (1.12, 1.35)

‡ 85 213 3911.1 3486.2 1.12 (0.96, 1.30) 405 7436.7 5844.5 1.27* (1.14, 1.42)

Southern Plains

35–44 319 67.1 38.7 1.73* (1.53, 1.96) 577 121.4 61.1 1.99* (1.81, 2.17)

45–54 766 177.9 122.6 1.45* (1.34, 1.56) 1325 307.7 181.5 1.70* (1.60, 1.80)

55–64 1144 402.3 296.7 1.36* (1.27, 1.44) 2063 725.5 461.6 1.57* (1.50, 1.65)

65–74 1470 909.7 667.8 1.36* (1.29, 1.44) 2660 1646.1 1123.4 1.47* (1.41, 1.52)

75–84 1852 2317.3 1820.5 1.27* (1.21, 1.33) 3227 4037.7 3037.4 1.33* (1.28, 1.38)

‡ 85 1688 7309.9 6143.4 1.19* (1.13, 1.25) 2673 11 575.4 9361.7 1.24* (1.19, 1.29)

Southwest

35–44 272 38.0 27.1 1.40* (1.23, 1.59) 669 93.4 48.5 1.93* (1.77, 2.09)

45–54 478 81.9 87.0 0.94 (0.86, 1.03) 1128 193.3 143.0 1.35* (1.27, 1.44)

55–64 851 239.1 211.5 1.13* (1.05, 1.21) 1688 474.3 341.2 1.39* (1.32, 1.46)

65–74 1055 517.3 478.0 1.08* (1.02, 1.15) 2124 1041.4 816.8 1.28* (1.22, 1.33)

75–84 1165 1217.3 1330.7 0.91* (0.86, 0.97) 2226 2325.9 2207.0 1.05* (1.01, 1.10)

‡ 85 988 3136.3 4617.0 0.68* (0.64, 0.72) 1839 5837.7 6987.2 0.84* (0.80, 0.88)

Pacific Coast

35–44 203 45.9 21.9 2.09* (1.81, 2.41) 462 104.4 45.1 2.32* (2.11, 2.54)

45–54 474 112.6 71.2 1.58* (1.44, 1.73) 976 231.9 132.2 1.75* (1.64, 1.87)

55–64 725 274.4 183.1 1.50* (1.39, 1.61) 1446 547.3 339.3 1.61* (1.53, 1.70)

65–74 896 684.8 482.6 1.42* (1.33, 1.52) 1858 1420.1 944.2 1.50* (1.44, 1.57)

75–84 938 1678.0 1404.0 1.20* (1.12, 1.27) 1966 3517.0 2661.9 1.32* (1.26, 1.38)

‡ 85 769 4935.5 4948.0 1.00 (0.93, 1.07) 1322 8484.7 8332.0 1.02 (0.96, 1.07)

Continued
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highest in every region in the youngest age
group (age 35---44 years) and declined with
advancing age, except in Alaska and the East,
where RRs were highest in the age 45 to 54
years group. This was more varied for heart
disease listed as MCOD. Heart disease death
rates were lower in AI/AN persons than
Whites in the oldest age group (‡ 85 years) in
the Southwest and East (UCOD RR= 0.68 and
0.70, respectively; Table 2).

Heart disease as the UCOD decreased sig-
nificantly for Whites from 1990 to 1998 with
an APC of --- 2.0 (P< .05), and even more so
from 1998 to 2009 (APC = –3.7; P< .05).
Although no significant change in heart disease
measured by the UCOD rate among AI/AN
individuals from 1990 to 2003 was noted
(APC = –0.4), there was a significant decrease
from 2003 to 2009 (APC = –3.2; P< .05;
Figure 1). MCOD rates among Whites declined
from 1990 to 2002, whereas AI/AN MCOD
rates remained flat. MCOD rates declined
among AI/AN persons from 2003 to 2009
(APC –1.4; P< .05), and declined more steeply
amongWhites from 2002 to 2009 (APC=–2.5;
P< .05). The AAPC in UCOD rates for 2001 to
2009 was similar for AI/AN persons and
Whites, but the AAPC for MCOD was signifi-
cantly greater among Whites than AI/AN
persons (Figure 1).

Trend analyses by region for 1990 to 2009
showed differences by region in the segments
and slopes of the trend lines for UCOD rates

(Table 3; data available as a supplement to the
online version of this article at http://www.
ajph.org).

From 2001 to 2009, AI/AN populations in
all regions except those in the Southern Plains
experienced significant reductions in heart
disease measured by the UCOD rate, with the
greatest decrease seen in those in the Northern
Plains (AAPC = –3.5) followed by those in the
East (AAPC = –2.9), Alaska (AAPC = –2.1),
Southwest (AAPC = –1.7), and Pacific Coast
(AAPC = –1.0). When comparing the AAPC
for 2001 to 2009, no significant differences
were found between AI/AN populations and
Whites within the 6 regions, except in the
Southern Plains, Pacific Coast, and Southwest.
From 1990 to 2009, the relative percent
change for AI/AN persons showed a decrease
for all regions, except the Southern Plains, with
the greatest decrease in the East (–43%).

DISCUSSION

In CHSDA counties, the age-adjusted UCOD
and MCOD rates for heart disease were greater
among AI/AN persons than Whites by 21%
and 30%, respectively. From 1999 to 2009,
rates among AI/AN persons were higher than
Whites in both genders, and especially in
younger age groups, the Northern Plains,
Southern Plains, and Alaska. Both AI/AN in-
dividuals and Whites experienced declining
rates over the 19-year period. For AI/AN

persons, the rates declined after 2003. In
AI/AN populations, MCOD rates were 84%
higher than UCOD rates compared with only
a 72% difference among Whites. In terms of
public health impact, if AI/AN persons had the
same age-adjusted rates as Whites, their UCOD
rates would drop by 86.8 deaths per year and
their MCOD rates would drop by 207.7 deaths
per year. After greatly reducing the problem of
racial misclassification through linkage, the
rates of heart disease mortality among AI/AN
persons were higher than the rates in Whites,
possibly caused, in part, by the higher preva-
lence of heart disease risk factors (e.g., diabetes,
hypertension, and obesity)3,5---7,37 and to more
frequent treatment delays following myocar-
dial infarction in AI/AN persons.38,39

Higher rates than previously documented
were also likely the result of improved racial
classification on death certificates by linking
national mortality files with IHS patient regis-
tration numbers.19,40 An analysis of the present
data for all counties in the United States
revealed that AI/AN populations had lower
rates in all counties than in CHSDA counties
where linkage to IHS data would correct more
racial misclassification on death certificates
(data available as a supplement to the online
version of this article at http://www.ajph.org).
However, Whites had lower rates of heart
disease mortality in CHSDA counties than in all
counties. A comparison of the age-adjusted
heart disease death rates among AI/AN

TABLE 2—Continued

East

35–44 53 31.3 27.7 1.13 (0.85, 1.48) 110 65.1 50.5 1.29* (1.06, 1.55)

45–54 176 113.3 81.9 1.38* (1.19, 1.61) 352 226.6 143.8 1.58* (1.41, 1.75)

55–64 256 261.9 203.1 1.29* (1.14, 1.46) 496 507.5 366.0 1.39* (1.27, 1.51)

65–74 319 649.0 509.2 1.27* (1.14, 1.42) 635 1292.0 967.7 1.34* (1.23, 1.44)

75–84 320 1424.5 1468.7 0.97 (0.87, 1.08) 620 2760.0 2692.5 1.03 (0.95, 1.11)

‡ 85 237 3595.3 5152.2 0.70* (0.61, 0.79) 397 6022.5 8482.4 0.71* (0.64, 0.78)

Note. AI/AN = American Indian/Alaska Native; CI = confidence interval; CHSDA = Contract Health Service Delivery Area; IHS = Indian Health Service; MCOD = multiple causes of death, including
heart diseases; RR = rate ratio; UCOD = underlying cause of death because of heart disease. 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 population. RRs are calculated in SEER*Stat before rounding of rates and may not equal RRs calculated from
rates presented in the table. IHS regions are defined as follows: Alaskaa; 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%. 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.
Source. AI/AN Mortality Database (AMD 1990–2009).
aIdentifies states with at least 1 county designated as CHSDA.
*P < .05.
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persons in CHSDA counties from 1996 to
1998, where only the death certificate was
used to classify race compared with the
White41 rates in CHSDA counties, revealed no
difference between AI/AN and White popula-
tion, but did not explain the 21% excess risk
among AI/AN individuals (data available as
a supplement to the online version of this
article at http://www.ajph.org). Thus, racial
misclassification on the death certificate docu-
mented by Jim et al.40 in this issue likely
confirmed previous findings that lower rates of
heart disease mortality among AI/AN persons,
compared withWhites or all races in the United
States, were largely caused by underreporting
of AI/AN race on the death certificate.15,41

Differences between AI/AN persons and
Whites by age and gender in this analysis were
observed previously, even without correcting

for racial misclassification.12,41The rate of heart
disease mortality among AI/AN individuals
was higher than the White rate for persons
younger than 75 years, but lower for persons
85 years old or older. This may be because
of a cohort effect, a period effect, or both. The
life course of the younger birth cohorts were
more strongly affected by the diabetes epi-
demic than the oldest birth cohorts because
diabetes prevalence increased among AI/AN
persons over time.42---44

There were considerable variations in the
disparity of heart disease deaths between
AI/AN persons and Whites by region. There
was no agreement between the prevalence of
cardiovascular risk factors as measured by the
Behavioral Risk Factor Surveillance System
and the pattern of heart disease death rates we
observed.45 Although heart disease death rates

were lower in the Southwest than Oklahoma or
the Northern Plains, diabetes prevalence was
much higher in the former,12,13 a finding also
seen in the Strong Heart Study.9,14 Historically,
published heart disease death rates among
AI/AN populations in the Northern Plains were
the highest in the United States.12 Smoking
might contribute to explaining this; current
smoking rates were higher among AI/AN
persons in the Northern Plains.13,14 Our finding
that the Southern Plains had the highest rates of
heart disease mortality was new; previous
studies restricted to CHSDA counties and re-
lying on death certification for racial classifica-
tion had not shown that the Southern Plains
(Oklahoma City Area of the IHS) had rates as
high as the Northern Plains.12 This was likely
the result of the Southern Plains having the
highest underreporting of AI/AN race on the
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Race Group
Joinpoint
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AAPC (95% CI)
(2001–2009)

UCOD White 1990–1998 2.0*
–3.7*

–3.7 (–4.1, –3.4)

–2.5 (–3.6, –1.4)

–2.3 (–2.6, –2.0)

–1.0 (–1.8, –0.3)

–0.4
–3.2*
–1.3*
–2.5*

0.2
–1.4*

White 1998–2009
AI/AN 1990–2003
AI/AN 2003–2009
White 1990–2002
White 2002–2009
AI/AN 1990–2003
AI/AN 2003–2009

MCOD

Note. AAPC = average of annual percent change; AI/AN = American Indian/Alaska Native; APC = annual percent change; CI = confidence interval; IHS = Indian Health Service; MCOD = multiple

causes of death, including heart diseases; UCOD = underlying cause of death because of heart disease. 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 population and age-standardized to the 2000 US standard population (age groups 35–44, 45–54,

55–64, 65–74, 75–84, ‡ 85 years).31 Trends are given as APC between joinpoints and AAPCs weighted by the length in years between their associated joinpoints. The number of trend segments and
joinpoints varies and is based on the joinpoint regression analysis of best fit with the smallest number of deaths. Relative percent change calculated as ([2009–1990]1990). 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.

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

*P < .05.

FIGURE 1—Age-adjusted heart disease death rates and trends among American Indian/Alaska Native and White adults aged 35 years and older:

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

RESEARCH AND PRACTICE

S364 | Research and Practice | Peer Reviewed | Veazie et al. American Journal of Public Health | Supplement 3, 2014, Vol 104, No. S3

http://www.ajph.org


death certificate in the past, resulting in the
largest increase in rates when linkage to IHS
enrollment was used to better classify race,
a 44% increase, as confirmed by Jim et al. in
this supplement.40

This was the first published study to show
that Alaska Natives had higher death rates
because of heart disease compared with
Whites. Although previous studies showed
Alaska Natives with lower rates of heart disease
mortality than all races in the United States12 or
US Whites,46 this study compared AI/AN
persons with the very low-risk population of
Whites living in Alaska. This underscored the
importance of stratifying comparisons between
racial and ethnic groups by geographic region.
Other potential explanations for regional

variation in AI/AN death rates also need
further investigation: the role of age when
diabetes was diagnosed on the probability of
dying from competing causes such as kidney
disease instead of heart disease; awareness of
the signs and symptoms of heart attack; time to
treatment of myocardial infarction; and quality
of care in treating and managing heart disease.

A number of possible explanations for the
drop in heart disease death rates after 2003
among AI/AN persons are as follows: the
congressionally funded Special Diabetes Pro-
gram for Indians began implementation of its
66 community demonstration projects targeted
at preventing heart disease and controlling
diabetes in 20048; among the 338 previously
established Community-Directed Diabetes

Programs funded by Special Diabetes Program
for Indians, the adoption of interventions
aimed at physical activity, weight control, nu-
trition, and diabetes management accelerated
and became widespread between 1997 and
20108; drug-eluting stents began widespread
use in 200445 and might have had a greater
impact on AI/AN persons than Whites; the
electronic health record with its cardiovascular
clinical reminders related to lipids, aspirin, and
blood pressure, especially among diabetes pa-
tients, began to be implemented in the AI/AN
health care system in 200547; and IHS per-
formance improvement measures under the
Government Performance and Results Act, in-
cluding process of care measures for diabetes
patients, became more prominent in the system

TABLE 3—Trends in Death Rates of Heart Disease as Underlying Cause of Death by Indian Health Service Region Among American Indian/Alaska

Native and White Adults Aged 35 Years and Older: Contract Health Service Delivery Area Counties, United States, 1990–2009

Rates Trend 1 Trend 2 Trend 3 Average APC for

2001–2009 (95% CI)IHS Region/ Race Modeled 1990 Modeled 2009 Years APC Years APC Years APC RPC

Northern Plains

AI/AN 800.6 514.4 1990–1992 8.5 1992–2009 –3.5* –3.5* (–4.0, –3.0) –36%

White 569.9 319.6 1990–1998 –2.0* 1998–2009 –3.7* –3.7* (–4.1, –3.4) –44%

Alaska

AI/AN 567.4 378.9 1990–2009 –2.1* –2.1* (–3.0, –1.2) –33%

White 506.5 283.0 1990–2009 –3.0* –3.0* (–3.5, –2.6) –44%

Southern Plainsa

AI/AN 742.7 650.8 1997–2009 –1.1 –1.1 (–2.4, 0.2)

White 608.6 438.4 1997–2002 –1.0 2002–2009 –3.9* –3.6* (–4.2, –3.0) . . .

Pacific Coast

AI/AN 546.0 452.7 1990–2009 1.0* –1.0* (–1.6, –0.4) –17%

White 554.1 328.1 1990–2002 –2.1* 2002–2009 –3.7* –3.5* (–3.9, –3.1) –41%

East

AI/AN 611.1 351.2 1990–2009 –2.9* –2.9* (–3.8, –2.0) –43%

White 596.8 343.2 1990–1993 –0.2 1993–1998 –2.3* 1998–2009 –3.8* –3.8* (–4.0, –3.6) –36%

Southwest

AI/AN 418.2 321.7 1990–2009 –1.7* –1.7* (–2.2, –1.2) –23%

White 555.0 323.7 1990–2005 –2.3* 2005–2009 –4.5* –3.4* (–4.0, –2.8) –42%

Note. AI/AN = American Indian/Alaska Native; APC = annual percent change; CHSDA = Contract Health Services Delivery Area; CI = confidence interval; IHS = Indian Health Service; RPC = relative
percent change. A dash signifies no test performed because no 1990 data were available. 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 population and age-standardized to the 2000 US standard population (age groups 35–44, 45–54, 55–64, 65–74,
75–84, ‡ 85 years).31 Trends are given as APC between joinpoints and average APCs weighted by the length in years between their associated joinpoints. The number of trend segments and
joinpoints varies and is based on the joinpoint regression analysis of best fit with the smallest number of deaths. RPC is calculated as ([2009–1990]1990). IHS regions are defined as follows:
Alaskab; Northern Plains (IL, IN,b IA,b MI,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). 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%. 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.
Source. AI/AN Mortality Supplement Database (AMD 1990–2009).
aBefore 1997, the Southern Plains are not included because of small numbers caused by the preceding exclusion criteria, which led to unstable estimates.
bIdentifies states with at least 1 county designated as CHSDA.
*P < .05.
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beginning in 2002.48 This drop in rates oc-
curred during a time frame when there was no
evidence of a decrease in the prevalence of
diabetes among IHS patients.8 Additional time
series analyses on potential causes of heart
disease mortality could improve understanding
of the decline in AI/AN heart disease mortality
identified in this study.

As shown previously,12 the disparities be-
tween AI/AN and White persons were greater
for MCOD rates than for UCOD rates. The use
of MCOD rates compared with UCOD rates
added proportionately more deaths to the
numerator among AI/AN individuals than
among Whites. One possible explanation was
that diabetes might be more likely to replace
coronary heart disease as the UCOD on the
death certificate among AI/AN decedents dy-
ing of coronary heart disease than among
White decedents. Differences in the probability
of classifying diabetes as the UCOD on the
death certificate (often displacing coronary
heart disease to another position on the death
certificate) by race or over time could lead to
biased conclusions and underscore the need to
track both UCOD and MCOD.17

Strengths and Limitations

Strengths of our study included the use of
the linkage dataset to improve the ascertain-
ment of race, the restriction of analysis only to
areas served by IHS to preserve the validity of
this linkage, and the use of both UCOD and
MCOD. There were several limitations to con-
sider when interpreting the results presented in
this article. First, linkage with the IHS patient
registration database did not completely re-
solve racial misclassification because it would
not have been able to improve the racial
classification of AI/AN persons who were not
eligible for IHS Services. Second, some dece-
dents might have been eligible for, but never
used, IHS services, and therefore, were never
included in the IHS registration database.
Third, the findings from CHSDA counties
highlighted in this supplement did not repre-
sent all US AI/AN populations in individual
IHS regions.19 In particular, the East region
data included only 18.2% of the total AI/AN
population for that region. Furthermore, the
analyses based on CHSDA designation ex-
cluded many AI/AN decedents in urban areas
who were not part of a CHSDA county. Urban

AI/AN persons differed from all AI/AN per-
sons in poverty level, health care access, and
other factors that might influence mortality
patterns.49,50 Fourth, these analyses revealed
less variation for Whites than for AI/AN
populations by IHS regions using data from
CHSDA counties only. Perhaps alternative
groupings of states or counties would reveal
a different picture. Fifth, trends in specific
causes of heart disease, such as coronary heart
disease and heart failure, were not addressed.
Sixth, although the exclusion of Hispanic
AI/AN individuals from the analyses reduced
the overall AI/AN deaths by less than 5%, it
might disproportionately affect some states.
Finally, there was substantial variation between
federally recognized tribes in the proportion of
native ancestry required for tribal membership,
and therefore, for eligibility for IHS services.
Whether and how this discrepancy in tribal
membership requirements could influence
some of our findings was unclear.

Conclusions

Linking IHS patient registration information
to mortality data allowed for more accurate
documentation of the burden of heart disease
mortality among AI/AN populations. Within
CHSDA counties, heart disease death rates
were higher for AI/AN persons compared with
Whites, especially among the younger age
groups, and in the Northern Plains, Southern
Plains, and Alaska. The use of causes of death
listed anywhere on the death record, along
with UCOD, revealed an even greater disparity
between AI/AN persons and Whites, possibly
as a result of higher rates of diabetes-related
deaths, and shed new light on AI/AN versus
White disparities in some IHS regions. Future
monitoring of disparities in heart disease
mortality should consider adjusting for racial
misclassification on the death certificate and
supplementing UCOD with MCOD rates. Given
the excess death rates from heart disease, im-
provements in prevention and effective care of
heart disease are critical for AI/AN populations.j
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