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HIV/AIDS and tuberculosis (TB) are among
the top 10 causes of death worldwide and
among the top 10 infectious disease causes
of death for American Indian/Alaska Natives
(AI/ANs).1,2 Fewer deaths from HIV and TB is
an important objective of HIV and TB control
programs; key international targets include
reducing deaths from HIV infection by 10%
and halving TB deaths by 2015 compared with
1990 levels.3,4 Monitoring trends in deaths
resulting from HIV and TB is important for
informing and prioritizing programmatic and
research efforts and planning interventions, as
well as assessing progress in reducing the
burden of premature and preventable deaths.

Since 1981, an estimated 1.7 million people
have been infected with HIV in the United
States, including more than 600 000 who have
died.5,6 Although absolute numbers of HIV
infection remain small among AI/AN commu-
nities, AI/AN populations continue to feel the
impact of the HIV epidemic. Surveillance
data from the Centers for Disease Control and
Prevention (CDC) have indicated that an esti-
mated 3194 non-Hispanic AI/AN persons
were living with HIV at the end of 2010, a rate
of 141 per 100 000.5 Although the prevalence
of HIV infection among non-Hispanic AI/AN
persons is lower than among most other racial
and ethnic groups (with the exception of non-
Hispanic Whites and Asians), non-Hispanic
AI/AN individuals have the shortest survival
time from AIDS diagnosis to death.5,7

In 2012, a total of 9945 new TB cases were
reported in the United States, an incidence of
3.2 cases per 100 000 population.8 Deaths
resulting from TB decreased from 1810 (0.7/
100 000) in 1990 to 569 (0.2/100 000) in
2009, the most recent year for which data are
available.8 Racial and ethnic minorities, in-
cluding AI/AN populations, continue to be
disproportionately affected by TB in the United

States. In 2012, the incidences of TB among
AI/ANs and non-Hispanic Whites were 6.3
and 0.8 per 100 000 population, respectively,
a decrease from 14 and 3.6 per 100 000,
respectively, in 1993.8 Although progress has
been made over the past decades in reducing
the morbidity and mortality of TB in AI/AN
persons, during 2011 and 2012, non-Hispanic
AI/AN persons were the only racial/ethnic
group that experienced an increase in case
rate.7 Furthermore, previous studies have
shown that AI/AN individuals are more than
twice as likely as other racial/ethnic groups to
die during TB treatment,9 highlighting the need
for continued and improved TB control efforts
in this population.

Reducing HIV-related death in communities
at high risk for HIV infection10 and reducing
the burden of TB in specific racial/ethnic
populations11 are priorities of the US govern-
ment. Although surveillance data are available
to monitor morbidity, mortality estimates
among AI/AN populations have been limited,
mainly as a result of racial misclassification.12,13

We conducted this study to better document
the burden of HIV and TB mortality among
AI/AN persons from 1990 to 2009 by using
national mortality data linked with Indian
Health Service (IHS) patient registration data
to improve racial classification of AI/AN
individuals.

METHODS

IHS patient registry data were linked to the
National Death Index to identify AI/AN de-
cedents misclassified as non-Native. A flag
identifying these misclassified decedents was
incorporated into the National Vital Statistics
System public use mortality data files,14 which
include underlying causes of death, state and
county of residence, age, sex, race, and ethnic-
ity. The time period for the study was split
into 2 subperiods, 1990 to 1998 and 1999
to 2009, on the basis of the transition to
International Classification of Diseases, 10th
Revision (ICD---10),15 coding for cause of death
in 1999. For this study, using the underlying
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cause of death, we defined a death resulting
from HIV as any of the International Classifi-
cation of Diseases, Ninth Revision (ICD---9),16

codes 042---044 and ICD---10 codes B20---B24
and a death resulting from TB as ICD---9 codes
010---018 and ICD---10 codes A16---A19.

We conducted analyses for Contract Health
Service Delivery Area (CHSDA) counties;
CHSDA counties, in general, contain federally
recognized tribal lands or are adjacent to tribal
lands.14 Linkage studies have indicated less
misclassification of AI/AN race in CHSDA
counties.17,18 The CHSDA counties also have
higher proportions of AI/AN persons in relation
to total population than do non-CHSDA counties,
with 64% of the US AI/AN population residing
in the 637 counties designated as CHSDA (these
counties represent 20% of the 3141 counties in
the United States). Although less geographically
representative, analyses restricted to CHSDA
counties are presented for death rates in this
report for the purpose of offering improved
accuracy in interpreting mortality statistics for
AI/AN populations. Detailed methods are de-
scribed elsewhere in this supplement.19

We analyzed death rates by sex, age group,
and IHS region (Alaska, Pacific Coast, Northern
Plains, Southern Plains, Southwest, and East;
Table 1).14,18 Similar regional analyses have
been used for other health-related publications
focusing on AI/AN populations.12,18,21,22

Average annual age-specific and
age-adjusted death rates for 1990 to 2009 are
expressed per 100 000 of the corresponding
population. Bridged single-race population es-
timates developed by the US Census Bureau
and the CDC’s National Center for Health
Statistics were used as population denomina-
tors in the calculation of death rates.23,24

During the development of the analytic file, it
was discovered that the updated bridged in-
tercensal population estimates significantly
overestimated AI/AN persons of Hispanic
origin, as reported elsewhere in this supple-
ment.25 Therefore, to avoid underestimating
mortality in AI/AN populations, analyses are
limited to non-Hispanic AI/AN persons; non-
Hispanic Whites were chosen as the most
homogeneous referent group. Henceforth, the
term ‘‘non-Hispanic’’ is omitted when discus-
sing both groups.

Average annual age-adjusted death rates
directly adjusted to the 2000 US standard

population, including those for age groups,
were calculated using SEER*Stat software
(National Cancer Institute, Rockville, MD).26

We calculated standardized rate ratios with
95% confidence intervals (CIs) to compare
AI/AN death rates with White death rates.27

Further description of the population data and
analysis is provided elsewhere in this supple-
ment.19 Statistical significance was considered
at P< .05.

RESULTS

We present results by disease and time
frame, as well as trends andHIV---TB co-infection.

HIV Mortality

1990---1998. From 1990 to 1998, overall
HIV mortality was significantly lower among
AI/AN persons than among Whites (Table 1).
Although the highest death rates for AI/AN
persons occurred in the 25 to 44 and 45 to 64
year age groups, risk ratios were significantly
lower than those for Whites. In both AI/AN
persons and Whites, death rates among males
were much higher than those among females.
AI/AN populations in the Alaska, Northern
Plains, and Southern Plains regions had signif-
icantly higher overall death rates than Whites
in those regions. Other regions, including the
East, Pacific Coast, and Southwest, had signif-
icantly lower death rates among AI/AN per-
sons than among Whites. Both AI/AN males
and females had higher death rates than White
males and females in the Alaska region, and
AI/AN males had significantly lower death
rates than White males in the East and Pacific
Coast regions. AI/AN females had the greatest
disparities overall when compared with White
females in the Alaska and Northern Plains
regions.
1999---2009. HIV death rates are charac-

terized by several instances in which death
rates for AI/AN populations shifted from being
significantly lower than death rates for Whites
in 1990 to 1998 to being significantly higher
in 1999 to 2009. Overall, HIV death rates
were significantly greater among AI/AN pop-
ulations than among Whites. The highest HIV
death rates in AI/AN populations occurred in
the 25 to 44 and 45 to 64 year age groups,
which were significantly greater than those
in Whites. AI/AN males and females had

significantly higher death rates than White
males and females, a reversal from the signif-
icantly lower rate for males between 1990
to 1998. We found higher death rates among
AI/AN persons than Whites in each IHS
region, although the disparities were greatest
between AI/AN and White females. We ob-
served the greatest significant rate ratio for all
HIV measures among Alaska females.
Trends. Although HIV death rates decreased

for both AI/AN persons and Whites from
1990---1998 to 1999---2009, the disparity
between AI/AN persons and Whites reversed,
with death rates among AI/AN individuals
moving from being significantly lower to being
significantly higher overall (Table 1). These
rates changed dramatically in the late 1990s
(Figure 1).

Tuberculosis Mortality

1990---1998. Average annual TB death
rates among the AI/AN population from 1990
to 1998 are shown in Table 2. From 1990 to
1998, overall TB mortality was significantly
higher among AI/AN persons than among
Whites (Table 2). During this decade, with the
exception of those aged 0 to 24 years, death
rates were higher among AI/AN persons of all
age groups than among Whites of the same
ages. This difference was greatest for those
aged 85 and older, with the risk of dying of
TB among AI/AN populations being almost
15 times as high as that among Whites. Both
AI/AN males and females had a significantly
higher death rate than Whites during 1990
to 1998 and, except for females in the East
region, this pattern was consistent throughout
all regions.
1999---2009. Average annual TB death

rates among AI/AN populations from 1999 to
2009 are shown in Table 2. From 1999 to
2009, overall TB death rates were significantly
higher among AI/AN persons compared with
those for Whites (Table 2). Death rates were
significantly higher among AI/AN individuals
in all age groups except for ages 0 to 24 years,
compared with Whites of the same age groups.
Similar to the previous decade, disparities in
death rates were greatest between AI/AN and
White women. Except for the East region, in
which no AI/AN TB deaths occurred from
1999 to 2009, we found higher death rates
among AI/AN persons than among Whites in
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each IHS region, with the greatest disparity in
the Alaska region.
Trends. TB mortality decreased significantly

over time for AI/AN persons and Whites, with
specific statistical demographic and geographic

comparisons shown in Table 2. From 1990 to
1998 to 1999 to 2009, the death rate declined
from 3.3 to 1.5 for AI/AN persons; that for
Whites declined from 0.3 to 0.1. Although
the rate of decline was similar in both groups,

TB death rates were consistently higher
among AI/AN individuals. Furthermore, in
the Alaska region, the disparity between
AI/AN persons and Whites increased be-
tween time periods.

TABLE 1—Average Annual HIV Death Rates and Rate Ratios by Age, Sex, and Indian Health Service Region for American Indian/Alaska

Native and White People: Contract Health Service Delivery Area Counties, United States, 1990–1998 and 1999–2009

1990–1998 1999–2009

Variable

AI/AN Death Rate

(per 100 000 Population)

White Death Rate

(per 100 000 Population)

AI/AN:White RR

(95% CI)

AI/AN Death Rate

(per 100 000 Population)

White Death Rate

(per 100 000 Population) AI/AN:White RR (95% CI)

Total 4.2 7.0 0.60* (0.54, 0.66) 3.6 2.0 1.82* (1.67, 1.99)

Age group, y

0–24 0.3 0.3 0.81 (0.41, 1.42) 0.1 0.1 1.46 (0.52, 3.32)

25–44 10.4 16.4 0.63* (0.56, 0.71) 7.2 3.6 2.01* (1.79, 2.26)

45–64 4.4 8.6 0.51* (0.39, 0.65) 5.7 3.6 1.58* (1.36, 1.82)

65–84 0.5 1.1 0.46 (0.10, 1.46) 1.3 0,7 1.84 (0.99, 3.16)

‡ 85 . . . . . . NA . . . 0.2 NA

Sex

Male 7.2 13.1 0.55* (0.49, 0.62) 5.6 3.4 1.67* (1.50, 1.85)

Female 1.4 1.0 1.40* (1.07, 1.80) 1.7 0.6 2.92* (2.42, 3.50)

IHS region

Alaska 4.2 2.3 1.84* (1.19, 2.82) 4.3 0.7 6.01* (3.79, 9.49)

Male 6.7 3.9 1.72* (1.04, 2.80) 4.9 1.2 4.11* (2.32, 7.18)

Female 1.8 0.5 3.77* (1.12, 14.46) 3.8 0.2 23.75* (7.35, 105.79)

East 4.0 7.9 0.50* (0.34, 0.72) 3.5 2.3 1.49* (1.07, 2.04)

Male 6.2 14.4 0.43* (0.27, 0.69) 6.6 3.7 1.76* (1.18, 2.56)

Female 1.5 1.6 0.95 (0.34, 2.20) 2.2 1.0 2.26* (1.16, 4.02)

Northern Plains 3.4 2.3 1.47* (1.10, 1.94) 2.1 0.7 2.89* (2.15, 3.85)

Male 5.4 4.2 1.28 (0.92, 1.78) 3.2 1.3 2.56* (1.79, 3.64)

Female 1.5 0.4 4.18* (2.13, 7.70) 1.1 0.2 5.81* (3.04, 10.47)

Pacific Coast 5.8 9.0 0.64* (0.54, 0.75) 3.5 2.2 1.58* (1.33, 1.87)

Male 12.0 17.3 0.69* (0.57, 0.84) 7.3 3.9 1.85* (1.50, 2.27)

Female 1.7 0.9 1.88* (1.10, 3.08) 2.3 0.5 5.12* (3.49, 7.35)

Southern Plains 5.3 3.2 1.64* (1.31, 2.05) 3.2 2.2 1.47* (1.18, 1.81)

Male 5.7 3.8 1.51* (1.18, 1.91) 5.7 3.8 1.51* (1.18, 1.91)

Female 1.0 0.7 1.43 (0.28, 4.82) 1.2 0.6 1.94* (1.14, 3.17)

Southwest 2.8 7.2 0.39* (0.31, 0.48) 3.1 2.2 1.42* (1.20, 1.68)

Male 4.8 13.5 0.35* (0.28, 0.45) 5.7 3.8 1.48* (1.22, 1.79)

Female 1.2 0.9 1.32 (0.77, 2.13) 1.4 0.5 2.96* (1.94, 4.39)

Note. AI/AN = American Indian/Alaska Native; CHSDA = Contract Health Service Delivery Area; CI = confidence interval; IHS = Indian Health Service; NA = not applicable; RR = rate ratio. The sample
size was n = 1096. Dashes indicate that counts < 10 were suppressed; if no cases were reported, then rates and RRs could not be calculated. Cases aged 0–24 y are included in overall totals, but
rows have been suppressed as a result of few cases. 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 and were age adjusted to the 2000 US standard population (11 age groups; Census P25-113020). Rate ratios were calculated in SEER*Stat
before rounding of rates and may not equal RRs calculated from rates presented in 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). 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%.
Source. AI/AN Mortality Database (1990–2009); 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.
aIdentifies states with more than 1 county designated as CHSDA.
*P < .05.
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Tuberculosis–HIV Coinfection Mortality

Overall, for the entire time period of 1990 to
2009, only 7 death records listed both HIV
and TB as a primary or underlying cause of
death for AI/AN persons (data not shown).

DISCUSSION

Cause-specific death is an important metric
of population health. This study highlights the
disparate impact of HIV and TB on AI/AN
populations compared with Whites. Although
AI/AN populations and Whites have experi-
enced a decline in death rates over time,
more recent death rates from HIV and TB
are significantly higher among AI/AN popula-
tions than among Whites.

We described a marked reversal in HIV
death disparities between AI/AN persons
and Whites over the 2 time periods studied,
roughly coinciding with the advent and in-
creasing availability of antiretroviral therapy
in 1998. HIV-infected people on appropriate
antiretroviral therapy have reduced or delayed

progression to AIDS and significantly reduced
mortality. Nationally, antiretroviral therapy has
dramatically reduced HIV-related death rates
and has changed HIV infection into a manage-
able chronic disease.28---30 However, the higher
HIV death rate and slower decline in death
rates among AI/AN persons suggests that the
AI/AN population has less access to or use of
antiretroviral therapy than Whites. Alterna-
tively, the higher HIV death rate among AI/AN
persons may be caused by late diagnosis after
development of AIDS. Further investigation of
undiagnosed cases, comorbidities, time to di-
agnosis, and prevalence of antiretroviral ther-
apy use among AI/AN populations in each IHS
region is needed to clarify the causes for this
reversal in HIV death disparity.

We found that TB death rates in AI/AN
persons were consistently elevated throughout
the study period and were associated with
some of the greatest disparities in rates for
all infectious disease causes of death among
AI/AN persons.2 TB deaths rates were ex-
tremely high among people aged 85 years or

older. TB in older adults is often caused by
reactivation of latent TB infection as a result of
a weakened immune system.31,32 Age; comor-
bid conditions, such as diabetes; or even certain
medications (e.g., corticosteroids) can compro-
mise the immune systems of older adults.31,32

Also, TB in older adults can be difficult to
diagnose because TB often presents in atypical
ways. Patients may report nonspecific symp-
toms,33 and comorbid conditions, especially
those affecting immune response, may mask
TB symptoms and confound diagnosis by re-
ducing the initial response to TB diagnostic
tests.31,33 Particularly worrisome is the risk that
reactivation of latent TB infection in an older
AI/AN individual will result in transmission to
younger contacts, thus perpetuating the cycle
of TB in this population. Even though older
people have a greater overall risk of death from
all causes, regardless of TB disease, the dis-
parity between older AI/AN persons and
Whites in TB deaths highlights the need to
actively target TB diagnostic and treatment
efforts toward older AI/AN populations.
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Note. AI/AN = American Indian/Alaska Native; IHS = Indian Health Service. Analyses are limited to people of non-Hispanic origin. 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. AI/AN race was reported from death certificates or through linkage with the IHS patient

registration database. Rates are per 100 000 people and were age adjusted to the 2000 US standard population (11 age groups; Census P25-113020).

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

FIGURE 1—Annual age-adjusted HIV death rates and joinpoint trend lines for American Indian/Alaska Native and White people: Contract Health

Service Delivery Area counties, United States, 1990–2009.
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We identified very few deaths with TB---HIV
coinfection. In the United States, among people
with TB with a known HIV status aged 25
to 44 years, 7.7% were reported as HIV-
positive8; among AI/AN persons, this

percentage was approximately 3%.34 HIV in-
fection significantly increases the risk of de-
veloping and dying from TB.35,36 Among
people with latent TB infection, HIV infection is
the strongest known risk factor for progressing

to TB. TB is associated with faster AIDS pro-
gression and is 1 of the leading causes of death
among HIV-infected people.37 The reasons for
not finding more deaths resulting from TB---
HIV coinfection among AI/AN persons in this

TABLE 2—Average Annual TB Death Rates and Rate Ratios by Age, Sex, and Indian Health Service Region for American Indian/Alaska Native and

White People: Contract Health Service Delivery Area Counties, United States, 1990–1998 and 1999–2009

1990–1998 1999–2009

Variable

AI/AN Death Rate

(per 100 000 Population)

White Death Rate

(per 100 000 Population)

AI/AN:White RR

(95% CI)

AI/AN Death Rate

(per 100 000 Population)

White Death Rate

(per 100 000 Population) AI/AN:White RR (95% CI)

Total 3.3 0.3 11.37* (9.68, 13.28) 1.5 0.1 11.50* (10.19, 12.94)

Age group, y

0–24 < 0.1 < 0.1 8.56 (0.83, 47.16) . . . 0.0 NA

25–44 0.5 0.1 7.65* (3.87, 13.88) 0.4 0.0 20.21* (9.96, 39.94)

45–64 3.7 0.3 13.96* (10.15, 18.90) 1.4 0.1 12.70* (8.99, 17.65)

65–84 17.2 1.4 12.00* (9.36, 15.21) 8.0 0.6 13.84* (10.60, 17.84)

‡ 85 46.7 3.2 14.78* (9.04, 23.05) 21.4 1.7 12.34* (7.36, 19.64)

Sex

Male 4.0 0.4 9.49* (7.50, 11.83) 2.0 0.2 12.10* (9.21, 15.57)

Female 2.8 0.2 14.47* (11.43, 18.08) 1.3 0.1 14.45* (10.94, 18.74)

IHS region

Alaska 3.7 0.3 13.99* (4.09, 85.73) 3.9 0.1 48.51* (13.99, 315.95)

Male 3.8 0.3 13.97* (4.08, 84.97) 4.8 0.1 70.12* (12.01, 665.05)

Female 4.4 0.1 44.41* (6.72, 14.08) 3.3 0.1 42.27* (7.19, 1773.31)

East 1.3 0.3 4.64* (1.36, 10.79) . . . 0.1 NA

Male 2.7 0.4 6.29* (1.13, 17.27) . . . 0.1 NA

Female 0.5 0.2 2.81 (0.07, 13.32) . . . 0.1 NA

Northern Plains 4.4 0.2 23.10* (15.33, 33.58) 1.7 0.1 19.67* (11.88, 30.94)

Male 5.1 0.3 17.20* (9.18, 29.47) 1.9 0.1 19.1* (8.77, 37.51)

Female 3.9 0.1 33.05* (17.86, 56.93) 1.6 0.1 21.65* (10.54, 40.29)

Pacific Coast 1.8 0.3 5.41* (3.32, 8.26) 0.7 0.1 6.14* (3.42, 10.11)

Male 2.5 0.4 5.56* (2.78, 9.77) 0.9 0.2 5.97* (2.85, 11.07)

Female 1.2 0.2 5.24* (2.27, 10.12) 0.5 0.1 5.88* (1.88, 13.44)

Southern Plains 2.4 0.3 7.66* (4.55, 12.90) 1.1 0.2 5.54* (3.31, 8.84)

Male 3.2 0.4 7.60* (3.59, 16.10) 1.7 0.3 5.66* (2.71, 10.52)

Female 2.0 0.2 8.09* (3.68, 17.86) 0.7 0.1 6.49* (2.68, 13.97)

Southwest 4.7 0.3 13.68* (10.29, 17.95) 2.3 0.1 15.56* (11.25, 21.14)

Male 5.4 0.5 10.66* (7.09, 15.56) 2.8 0.2 14.21* (8.84, 21.88)

Female 4.2 0.2 19.19* (12.52, 28.82) 2.0 0.1 19.20* (11.84, 30.08)

Note. AI/AN = American Indian/Alaska Native; CI = confidence interval; IHS = Indian Health Service; NA = not applicable; RR = rate ratio. The sample size was n = 372. Dashes indicate that counts
< 10 were suppressed; if no cases were reported, then rates and RRs could not be calculated. Cases aged 0–24 y are included in overall totals, but rows have been suppressed as a result of few
cases. 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 and were age adjusted to the 2000 US standard population (11 age groups; Census P25-113020). RRs were calculated in SEER*Stat before rounding and may not equal RRs calculated from
rates presented in 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). 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%.
Source. AI/AN Mortality Database (1990–2009); 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.
aIdentifies states with more than 1 county designated as CHSDA.
*P < .05.
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study are unknown but may reflect a failure
to ascertain deaths related to coinfection. No
method of assessing causes of death is com-
pletely reliable.38 In-depth mortality reviews
can help improve the accuracy of cause-of-
death data.38

The results from this study highlight several
groups that should be targeted to reduce
mortality caused by HIV and TB in AI/AN
persons. For example, disparities in HIV and
TB deaths between AI/AN and White females
were seen in both study periods and were
greater than disparities seen among AI/AN and
White males. For HIV deaths, the disparity was
marginally significant for 1990 to 1998 and
increased greatly for 1999 to 2009. The
disparity remained consistently elevated over
time for TB deaths. The disparity in HIV deaths
follows a similar pattern seen among women in
other small populations; in 2010, the CDC
estimated that Hispanic women and non-
Hispanic Black women had 15 times the TB
death rate and more than twice the HIV death
rate of non-Hispanic White women.39,40

Both HIV and TB require lengthy and
sometimes complicated treatment regimens.
Access and adherence to appropriate therapy is
essential for the successful management and
reduction of death resulting from HIV infection
and TB disease. However, access to care can be
complicated for AI/AN patients because of
factors such as remote rural residence (which
necessitates traveling long distances for care),
lower rates of health insurance, and high rates
of poverty.41---44 Substance abuse program
support may need special attention; 1 recent
study demonstrated that alcohol abuse in an
American Indian HIV-positive population had
a negative impact on HIV viral loads.45

In rural settings with low population density,
practitioners with training and experience in
caring for people with HIV or complicated
forms of TB are often less available. Rural
programs may need to make additional use of
alternative service delivery methods such as
telemedicine and home care programs and
need additional resources to reach hard-to-
reach populations. Additional variables that
merit further investigation on access to care
and outcomes include coinfection such as
HCV---HIV,46 culturally appropriate care, and
stigma of TB or HIV diagnosis. In addition,
HIV-specific variables of importance include

transmission via sexual contact and injection
drug use. These factors may have specific
dynamics within AI/AN communities that may
greatly affect disease incidence, diagnosis, and
adherence to care.47---52

Limitations

The primary limitations of this study include
the use of ICD---9 and ICD---10 codes to de-
termine infectious disease causes of death53,54

and the uncorrected racial misclassification of
AI/AN persons.55 Federally recognized tribes
vary substantially 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 influenced some of
our findings is unclear, although our findings
are consistent with prior reports. In addition,
the findings from CHSDA counties in this study
do not represent all AI/AN populations in the
United States or individual IHS regions. Fur-
thermore, the analyses based on CHSDA des-
ignation exclude many AI/AN decedents in
urban areas that are not part of a CHSDA
county, and AI/AN persons who reside in rural
areas have higher levels of poverty and less
access to health care, which may influence
mortality trends,56,57 although health dispar-
ities and presence of risk factors for disease
transmission are present in the AI/AN popu-
lation that has migrated to urban areas.58

Finally, although the exclusion of Hispanic
AI/AN persons from the analyses reduces the
overall count of deaths among AI/AN persons
by less than 5%, it may disproportionately
affect some states.

Conclusions

Lower TB and HIV death rates in the United
States have not translated to equal reductions
in death rates among AI/AN individuals com-
pared with Whites, and significant disparities
persist. AI/AN populations must be prioritized
and resources allocated for greater TB and
HIV control, using both risk-based testing
and screening as per national recommenda-
tions,59,60 as well as linkages and adherence
to care.
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