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Infectious diseases (IDs) continue to be an
important health issue in the United States
despite predictions made in the 1970s that by
the year 2000 their impact would be minimal.1

Armstrong et al.2 demonstrated that although
ID mortality among all races in the United
States declined dramatically between1900 and
1980, ID death rates slowly began to increase
in the 1980s, driven primarily by the emer-
gence of HIV and increases in pneumonia and
influenza. Furthermore, rates of hospitalization
because of IDs were reported to increase from
1998 to 2006.3 Despite overall ID mortality
rate declines since 1900, the sudden appear-
ance in 1918 and again in 2009 of the
pandemic H1N1 influenza provided a stark re-
minder of how quickly an infectious agent can
affect mortality and morbidity, especially
among susceptible populations such as Amer-
ican Indians and Alaska Natives (AI/ANs).4

Among the many disparities affecting AI/AN
communities, IDs remain some of the most
enduring. A seminal report on the status of
AI/AN health in the 1950s noted that the
health status of people on many reservations
was similar to areas off reservations half a cen-
tury earlier in 1900.5 This and another early
report focusing on Alaska Native health high-
lighted the tremendous effect of IDs such as
tuberculosis, measles, and smallpox on AI/AN
morbidity and mortality.5,6 Subsequent studies
showed that IDs continued to be significant
causes of morbidity among AI/AN persons,
with rates typically higher than those for other
racial or ethnic groups in the United States.7---11

For example, a recent study found that al-
though the ID hospitalization rate for AI/AN
persons declined from 1998 to 2006, the rate
among AI/ANs remained higher than the rate
for the general US population, especially for the
Alaska, Southwest, and Northern Plains West
regions.9

Although a study by Pinner et al.12 served to
renew interest in overall ID mortality in the
United States, to date there have been no

similar national studies of ID mortality among
AI/AN populations. Despite the ongoing health
disparity associated with IDs among AI/AN
persons, accurate ID death rates for this group
have been difficult to estimate. This difficulty
stems, in part, from the use of International
Classification of Diseases (ICD) codes, which are
not easily related to many infectious causes of
mortality.12 An additional complication in de-
termining mortality rates for AI/AN persons is
the lack of accuracy in classifying AI/AN race
on death certificates.13,14 The accompanying
study by Jim et al.14 in this supplement de-
scribes, in detail, the effects of misclassification
on death rates in the AI/AN population. Studies
of ID surveillance data have shown that some
reportable ID rates in AI/AN persons may
double upon correction for racial misclassifi-
cation.15 We used national mortality data that,
for the first time, were linked with Indian
Health Service (IHS) patient registry data,
a source of verified AI/AN status with stringent
federal rules defining eligibility for health care
service.16 This methodology decreased the
amount of racial misclassification of AI/AN
persons in the national mortality data, and

allowed the most complete and accurate view to
date of ID mortality among AI/AN populations.

METHODS

We obtained National Vital Statistics System
mortality data with IHS patient registration
linkage for 1999 to 2009; data included un-
derlying and multiple causes of death, state and
county of residence, age, sex, race, and ethnic-
ity. Detailed methods for generating the mor-
tality files used for the present study are de-
scribed elsewhere in this supplement.17 We
selected ID deaths and groups using the ICD-10
codes for ID listed as the underlying cause of
death adapted from the ICD-9 codes for ID
described in previous articles.7,9,12,18

We conducted analyses of ID mortality
among AI/AN persons for Contract Health
Service Delivery Area (CHSDA) counties and
all US counties (all counties); CHSDA counties,
in general, contain federally recognized tribal
lands or are adjacent to tribal lands.17 Linkage
studies indicated less misclassification of AI/
AN race in CHSDA counties.17,19 Although less
geographically representative, we presented
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analyses restricted to CHSDA counties for
death rates where indicated.

We conducted further analyses for CHSDA
counties and all counties for IHS geographic
regions (Alaska, Pacific Coast, Northern Plains,
Southern Plains, Southwest, and East).17,20 We
used similar overall and regional analyses for
other health-related publications focusing on
the AI/AN population.21---24 The overall and
regional ID deaths were examined by sex, age
group (0---19, 20---49, and ‡ 50 years), and ID
group. The non-Hispanic White population,
assumed to be homogenous across geographic
regions, was selected for comparison of ID death
rates with those for the AI/AN population.

Average annual age-specific and age-adjusted
ID death rates for 1999 to 2009 were
expressed per 100 000 of the corresponding
population. We used bridged single-race pop-
ulation estimates developed by the US Census
Bureau and the Centers for Disease Control and
Prevention’s National Center for Health Statis-
tics, adjusted for the population shifts because of
Hurricanes Katrina and Rita in 2005, as

population denominators in the calculations of
ID death rates for the present study.25,26 We
calculated average annual age-adjusted ID rates,
directly adjusted to the 2000 US standard
population, including those for age groups,
using SEER*Stat software (version 8.0.2).27 We
calculated standardized rate ratios (RRs) with
95% confidence intervals (CIs) for comparison
of AI/AN rates with corresponding non-
Hispanic White rates based on methods de-
scribed by Tiwari et al.28 using SEER*Stat
7.0.9. Statistical significance was considered a P
level of less than .05. Further description of the
population data and analysis is provided else-
where in this supplement.17

During preliminary analyses, we discovered
that the updated bridged intercensal popula-
tions estimates significantly overestimated
AI/AN persons of Hispanic origin.29 Therefore,
to avoid underestimating mortality in AI/AN
populations, we limited analyses to non-
Hispanic AI/AN persons. For conciseness, we
omitted the term “non-Hispanic” henceforth
when discussing both groups.

RESULTS

For 1999 to 2009, AI/AN persons experi-
enced significantly higher average annual
age-adjusted ID death rates in CHSDA
counties and all counties compared with rates
for Whites across sex, age group, and region;
the single exception was the East region (for all
counties), which was lower than the corre-
sponding White average annual death rate
(Table 1). Among both AI/AN and White
persons, the higher average annual death rates
were found in males than females and with
increasing age group.

Regional Infectious Disease Deaths

For CHSDA and all counties, the greatest
average annual ID death rate disparities be-
tween AI/ANs and Whites were seen in the
0 to 19 and 20 to 49 years age groups, and in
the Alaska, Southwest, and Northern Plains
regions (Table 1). AI/AN persons of the 0 to 19
and 20 to 49 years age groups in the Alaska
region and the 20 to 49 years age group in the

TABLE 1—Annual Average Age-Adjusted Infectious Disease Death Rates by Characteristics for American Indians/Alaska Natives Compared With

Whites: United States, 1999–2009

CHSDA Counties All Counties

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

Total 8429 86.2 44.0 1.96* (1.91, 2.00) 10 930 68.5 46.8 1.46* (1.43, 1.49)

Sex

Male 4083 93.6 50.4 1.86* (1.79, 1.93) 5379 75.5 53.4 1.41* (1.37, 1.46)

Female 4346 79.1 39.4 2.01* (1.95, 2.07) 5551 63.0 41.8 1.51* (1.46, 1.55)

Age, y

0–19 429 6.5 2.6 2.46* (2.22, 2.73) 518 5.6 2.7 2.07* (1.89, 2.26)

20–49 1820 27.3 9.2 2.98* (2.84, 3.13) 2412 21.8 8.9 2.43* (2.34, 2.54)

‡ 50 6180 261.9 142.1 1.84* (1.79, 1.89) 8000 209.6 151.7 1.38* (1.35, 1.41)

IHS region

Northern Plains 1307 88.2 38.6 2.29* (2.15, 2.43) 1805 76.6 41.9 1.83* (1.73, 1.93)

Alaska 506 81.5 31.4 2.60* (2.30, 2.92) 506 81.5 31.4 2.60* (2.30, 2.92)

Southern Plains 1845 82.4 53.9 1.53* (1.45, 1.61) 2108 71.9 49.6 1.45* (1.39, 1.52)

Southwest 3006 101.8 45.7 2.23* (2.14, 2.32) 3150 98.7 44.2 2.23* (2.15, 2.32)

Pacific Coast 1352 70.6 40.4 1.75* (1.64, 1.85) 1805 62.5 42.8 1.46* (1.39, 1.53)

East 413 57.6 48.3 1.19* (1.07, 1.32) 1556 38.6 49.3 0.78* (0.74, 0.83)

Note. AI/AN = American Indian/Alaska Native; CHSDA = Contract Health Service Delivery Area; CI = confidence interval; IHS = Indian Health Service; RR = rate ratio. Analyses used International
Classification of Diseases, 10th Revision codes listed as the underlying cause of death adapted from the infectious disease International Classification of Diseases, Ninth Revision codes described
in previous articles.12,16 AI/AN race is created using death certificate race and IHS link. Analyses are limited to persons of non-Hispanic origin. Rates are per 100 000 persons; age-adjusted rates are
age-adjusted to the 2000 US standard population (11 age groups except total, which used 19 age groups).30 RRs are calculated in SEER*Stat before rounding of rates and may not equal RRs
calculated from rates presented in table. Percent of AI/AN persons in CHSDA 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 (AMD 1990–2009).
*P < .05.
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Northern Plains had an average annual death
rate 4 to 5 times higher than those rates for
Whites (Table 2). In all regions, and for AI/AN
and White persons, the average annual ID
death rate increased with increasing age group.
AI/AN populations had higher ID death rates
thanWhites in all age groups and in all regions,
except for the 50 years and older group in all
counties in the East region (Table 2).

Leading Causes of Infectious Disease

Deaths

Overall, and in most age groups, the average
annual death rates for each of the top 10 ID
underlying causes of death in AI/AN persons
were significantly higher compared with those

for Whites (Table 3); these 10 ID causes of
death accounted for 94% of all AI/AN and
96% of all White ID deaths. The top 2 causes,
lower respiratory tract infection (LRTI) and
septicemia, accounted for 61% of all AI/AN
infectious disease deaths and 65% of all White
ID deaths; LRTI accounted for the highest
proportion of ID deaths (Figure 1). The differ-
ences in AI/AN death rates compared with the
corresponding White rates for ID causes were
similar overall and across age groups, with the
exception of the rate for tuberculosis, which
was 13 times higher for AI/AN persons than
that for Whites. Mycoses, which accounted for
2% of AI/AN infectious disease deaths (Figure
1), also showed a high rate disparity.

Five percent of all AI/AN infectious disease
deaths were among the 0 to 19 years age
group, in which LRTI was the leading cause of
ID death for AI/AN persons and the second
leading ID cause for Whites (Table 3). One of
the greatest rate disparities between the 2
populations was for LRTIs. The AI/AN average
annual death rates were higher than the rates
in Whites among all AI/AN top causes of ID
deaths in the 0 to 19 years age group, except
for enteric infections and upper respiratory
infections, which showed no rate differences.

Twenty-two percent of all AI/AN infectious
disease deaths were among the 20 to 49 years
age group, in which LRTI and HIV/AIDS were
the leading ID causes of death for AI/ANs

TABLE 2—Average Annual Age-Adjusted Infectious Disease Death Rates by Indian Health Service Region and Age Group for American

Indians/Alaska Natives and Whites: United States, 1999–2009

CHSDA Counties All Counties

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

Northern Plains

0–19 93 6.8 556 2.6 2.60* (2.06, 3.24) 122 6.5 2687 2.7 2.44* (2.02, 2.93)

20–49 285 26.2 1906 5.3 4.95* (4.35, 5.61) 408 22.4 10 753 6.1 3.69* (3.33, 4.07)

‡ 50 929 274.7 37 636 127.6 2.15* (2.00, 2.31) 1275 238.2 194 877 138.2 1.72* (1.62, 1.83)

Alaska

0–19 45 9.4 27 2.0 4.67* (2.84, 7.83) 45 9.4 27 2.0 4.67* (2.84, 7.83)

20–49 95 21.0 131 5.3 3.98* (3.02, 5.22) 95 21.0 131 5.3 3.98* (3.02, 5.22)

‡ 50 366 255.2 772 104.1 2.45* (2.14, 2.80) 366 255.2 772 104.1 2.45* (2.14, 2.80)

Southern Plains

0–19 75 5.5 326 4.2 1.31* (1.01, 1.69) 80 4.8 1387 3.1 1.53* (1.20, 1.92)

20–49 361 26.4 1710 13.1 2.02* (1.80, 2.26) 422 22.2 8998 11.8 1.88* (1.70, 2.08)

‡ 50 1409 252.6 18 746 169.6 1.49* (1.41, 1.58) 1606 222.1 90 917 156.8 1.42* (1.34, 1.49)

Southwest

0–19 157 7.6 524 3.0 2.52* (2.09, 3.02) 162 7.4 874 2.8 2.67* (2.24, 3.16)

20–49 656 32.6 3242 11.2 2.92* (2.68, 3.17) 707 31.6 4961 9.5 3.33* (3.07, 3.61)

‡ 50 2193 310.7 34 661 144.3 2.15* (2.06, 2.25) 2281 301.7 53 745 142.0 2.13* (2.03, 2.22)

Pacific Coast

0–19 37 3.9 757 2.2 1.77* (1.23, 2.45) 39 3.1 1323 2.1 1.47* (1.04, 2.01)

20–49 338 26.6 6035 9.2 2.89* (2.58, 3.22) 452 23.9 11 788 9.6 2.50* (2.27, 2.74)

‡ 50 977 211.9 67 953 128.4 1.65* (1.54, 1.77) 1314 187.2 137 627 136.7 1.37* (1.29, 1.45)

East

0–19 22 5.7 876 2.5 2.24* (1.39, 3.42) 70 3.9 7681 2.8 1.40* (1.09, 1.77)

20–49 85 17.9 6263 9.7 1.84* (1.47, 2.29) 328 11.8 47 120 9.3 1.27* (1.13, 1.41)

‡ 50 306 177.2 88 965 155.8 1.14* (1.01, 1.28) 1158 118.2 676 687 159.7 0.74* (0.70, 0.79)

Note. AI/AN = American Indian/Alaska Native; CHSDA = Contract Health Service Delivery Area; CI = confidence interval; IHS = Indian Health Service; RR = rate ratio. AI/AN race is created using
death certificate race and IHS link. Analyses are limited to persons of non-Hispanic origin. Rates are per 100 000 persons and are age-adjusted to the 2000 US standard population. RRs are
calculated in SEER*Stat before rounding of rates and may not equal RRs calculated from rates presented in table. Percent of AI/AN persons in CHSDA 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 (AMD 1990–2009).
*P < .05.

RESEARCH AND PRACTICE

S448 | Research and Practice | Peer Reviewed | Cheek et al. American Journal of Public Health | Supplement 3, 2014, Vol 104, No. S3



(25% and 23%, respectively) and Whites
(21% and 35%, respectively; Table 3). The
average annual death rates of all leading causes
of death were significantly higher in AI/AN
persons than those forWhites in this age group.
The greatest rate disparity between AI/AN and
White persons was for tuberculosis deaths,
which accounted for 2% of AI/AN deaths in
this age group.

The majority of AI/AN infectious disease
deaths (73%) occurred among the 50 years
and older age group (Table 3). Although the
rate disparities were not as great in this age
group as those in the other age groups, the
AI/AN death rates were significantly higher than
those for Whites across all most common causes,
with the exception of infections of the heart.
Tuberculosis rates showed the greatest rate
disparity and accounted for 3% of all AI/AN
infectious disease deaths in this age group.

DISCUSSION

We showed significantly higher average
annual age-adjusted ID death rates from 1999
to 2009 among AI/AN persons compared with
those for Whites. We presented disparities in
overall ID and ID group death rates by sex, age
group, and region. Although ID death rates
were significantly higher for AI/ANs than those
for Whites, there were similar ID mortality
patterns among the 2 groups, such as higher
rates in males and in older age groups. In
addition, the leading ID causes of death, LRTI
and septicemia, ranked first and second for
both AI/ANs and Whites, a finding consistent
with previous studies of ID hospitalizations
among AI/ANs.7,9,31

In terms of health disparities, the greatest
rate disparities in overall ID death rates gen-
erally occurred in the AI/AN population that
was 50 years old and older in the Alaska,
Southwest, and Northern Plains regions. This
pattern in ID death rates was consistent with
disparities seen in ID hospitalization rates and
appeared to be linked with high LRTI rates in
AI/AN persons, as shown in other studies.10,32---34

The LRTI group accounted for the highest
proportion of deaths among AI/AN and White
persons. The greatest rate disparities were for
tuberculosis and mycoses, although these
causes accounted for relatively few deaths.
Rates for tuberculosis were much higher

TABLE 3—Leading Underlying Causes of Infectious Disease Mortality by Age Group for

American Indians/Alaska Natives Compared With Whites of All Ages: Contract Health

Service Delivery Area Counties, United States, 1999–2009

AI/AN White AI/AN:White

RR (95% CI)Age/Cause of Death Rank Deaths Rate Rank Rate Deaths

Total

All infectious diseases . . . 8429 86.2 . . . 44.0 271 086 1.96* (1.91, 2.00)

Lower respiratory tract infection 1 3239 37.6 1 20.0 125 764 1.88* (1.81, 1.95)

Septicemia 2 1928 19.1 2 8.4 51 592 2.27* (2.16, 2.38)

Hepatobiliary disease 3 713 5.5 5 2.4 14 171 2.27* (2.10, 2.46)

Kidney, urinary tract, and bladder infection 4 621 7.8 3 4.6 29 338 1.68* (1.54, 1.82)

HIV/AIDS 5 532 3.6 6 2.0 10 036 1.82* (1.67, 1.99)

Infections of the heart 6 307 2.9 4 2.3 14 323 1.25* (1.10, 1.41)

Tuberculosis 7 186 2.0 15 0.1 904 13.51* (11.36, 15.93)

Enteric infection 8 172 1.9 7 1.5 9423 1.27* (1.07, 1.48)

Mycoses 9 135 1.1 11 0.4 2096 3.22* (2.65, 3.88)

Skin and soft tissue infection 10 131 1.3 8 0.6 3533 2.23* (1.83, 2.68)

0–19 y

All infectious diseases . . . 429 6.5 . . . 2.6 3066 2.46* (2.22, 2.73)

Lower respiratory tract infection 1 171 2.6 2 0.7 821 3.72* (3.14, 4.39)

Selected perinatal infections 2 105 1.6 1 1.0 1091 1.64* (1.33, 2.00)

Septicemia 3 80 1.2 3 0.4 498 2.87* (2.23, 3.64)

Meningitis 4 24 0.4 4 0.2 240 1.80* (1.13, 2.74)

Viral and central nervous system infection 5 12 0.2 5 0.1 83 2.59* (1.28, 4.77)

Mycoses 6 NA 0.1 7 0.1 64 2.54* (1.11, 5.13)

Abdominal and rectal infection 7 NA 0.1 9 0.0 37 3.04* (1.05, 7.26)

Kidney, urinary tract, and bladder infection 8 NA 0.1 12 0.0 22 4.11* (1.21, 11.13)

Enteric infection 9 NA 0.1 8 0.0 45 1.94 (0.60, 4.89)

Upper respiratory tract infection 10 NA 0.1 6 0.1 71 0.99 (0.26, 2.67)

20–49 y

All infectious diseases . . . 1820 27.3 . . . 9.2 19 287 2.98* (2.84, 3.13)

Lower respiratory tract infection 1 451 6.7 2 1.9 3990 3.54* (3.20, 3.91)

HIV/AIDS 2 418 6.4 1 3.3 6741 1.94* (1.75, 2.14)

Septicemia 3 349 5.2 4 1.2 2568 4.29* (3.82, 4.80)

Hepatobiliary disease 4 262 4.0 3 1.4 3150 2.81* (2.47, 3.19)

Infections of the heart 5 86 1.3 5 0.4 857 3.20* (2.53, 3.99)

Kidney, urinary tract, and bladder infection 6 48 0.7 6 0.2 445 3.35* (2.43, 4.52)

Mycoses 7 36 0.5 9 0.1 234 4.87* (3.32, 6.93)

Tuberculosis 8 33 0.5 15 0.0 59 18.14* (11.44, 28.23)

Skin and soft tissue infection 9 30 0.5 8 0.1 237 4.08* (2.69, 5.97)

Abdominal and rectal infection 10 23 0.3 10 0.1 199 3.62* (2.24, 5.59)

‡ 50 y
All infectious diseases . . . 6180 261.9 . . . 142.1 248 733 1.84* (1.79, 1.89)

Lower respiratory tract infection 1 2617 122.9 1 68.6 120 953 1.79* (1.72, 1.86)

Septicemia 2 1499 59.5 2 28.0 48 526 2.12* (2.01, 2.24)

Kidney, urinary tract, and bladder infection 3 568 26.9 3 16.4 28 871 1.64* (1.50, 1.79)

Hepatobiliary disease 4 450 13.4 5 6.4 11 004 2.09* (1.89, 2.31)

Infections of the heart 5 218 8.3 4 7.7 13 435 1.08 (0.93, 1.25)

Tuberculosis 6 153 6.4 14 0.5 839 13.24* (10.99, 15.85)

Continued
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among AI/AN persons, since first recorded in
the 1950s, leading to a legacy of many AI/AN
elders with latent tuberculosis infection.35 Re-
cent clusters of tuberculosis among AI/AN
persons were traced to being spread by
middle-aged individuals who often are home-
less and alcohol-dependent.36 Relatively little
tuberculosis in this group was associated with
HIV infection.37 Although HIV in the 20 to 49
years age group was the leading cause of death
in Whites and the second leading cause of
death in AI/AN person, the disparity in HIV
rates was the smallest in the top 10 leading
causes of death for this age group. Although we
did not examine infant (<1 year of age) ID

mortality rates, examination of infant ID mor-
tality is highly warranted because AI/AN in-
fants have been described as having very high
ID mortality and morbidity rates.8 In this
supplement, Wong et al.38 specifically address
AI/AN infant and pediatric mortality.

Several causes of death continue to drive the
disparities in ID death rates between AI/AN
and White populations. Some higher ID death
rates might be because of historically higher ID
rates that continue to manifest as incident cases
among younger generations, as might be the
situation with tuberculosis.35 By contrast with
other minority populations in the United States,
access to affordable care might not play as

important a role for the AI/AN populations
described in this study because of the health
care coverage provided through the IHS. For
example, AI/AN persons were the racial group
in the United States most likely to receive
primarily directly observed therapy for tuber-
culosis, presumably because of coordination of
care by IHS.34 Many urban AI/AN individuals
who are not enrolled in the IHS, however,
might experience significant difficulties access-
ing care.39 A more likely economic factor
contributing to reduced access to health care
among AI/AN persons who benefit from IHS
was the remoteness and isolation of homes of
many AI/AN persons living on or near tribal
reservations. In addition, AI/AN individuals
who are IHS beneficiaries but live in urban
locations that are not included in their tribe’s
CHSDA were not eligible to receive contract
health care through IHS. As a result, they might
have limited access to care for financial rea-
sons, similar to nonenrolled urban AI/AN
persons.17,40 Some of the greatest ID death rate
disparities were found in some of the most
remote and isolated regions of the United
States, namely, the Alaska, Northern Plains, and
Southwest regions, which supported our hy-
pothesis that remoteness and isolation were
important factors, and was similar to other
studies. 9---11,33 Another contributing factor,
particularly in these regions, might be the lack

TABLE 3—Continued

Enteric infection 7 147 6.3 6 5.3 9257 1.19 (1.00, 1.41)

HIV/AIDS 8 111 2.9 8 1.9 3266 1.51* (1.23, 1.84)

Skin and soft tissue infection 9 100 3.9 7 1.9 3292 2.05* (1.64, 2.53)

Mycoses 10 90 3.1 11 1.1 1798 2.99* (2.35, 3.74)

Note. AI/AN = American Indian/Alaska Native; CHSDA = Contract Health Service Delivery Areas; CI = confidence interval;
IHS = Indian Health Service; RR = rate ratio. NA indicates that counts less than 10 were suppressed; if no cases reported,
then rates and RRs could not be calculated. AI/AN race is created using death certificate race and IHS link. Analyses are
limited to persons of non-Hispanic origin. Cause of death based on the International Classification of Diseases, 10th
Revision.18 Rank is based on number of deaths. Rates are per100 000 persons and are age-adjusted to the 2000 US standard
population. RRs are calculated in SEER*Stat before rounding of rates and may not equal RRs calculated from rates presented
in table. Percent of AI/AN in CHSDA counties: Northern Plains = 64.8%; Alaska =100%; Southern Plains = 76.3%; Southwest =
91.3%; Pacific Coast = 71.3%; East =18.2%; Total United States = 64.2%.
Source. AI/AN Mortality Database (AMD 1990–2009).
*P < .05.
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Note. AI/AN = American Indian/Alaska Native; CHSDA = Contract Health Service Delivery Area. AI/AN race is created using death certificate race and Indian Health Service Link. Percentage of AI/AN

in CHSDA 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 (AMD 1990–2009). Analyses are limited to persons of non-Hispanic origin.

FIGURE 1—Leading 10 infectious death groups as proportion of total infectious disease deaths for (a) American Indians/Alaska Natives and (b)

Whites: Contract Health Service Delivery Area Counties, United States, 1999–2009.
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of adequate sanitation, including in-home wa-
ter service, which was found to be associated
with increased ID hospitalization rates, includ-
ing respiratory and skin infections rates in
Alaska.41 The IHS regions with the largest
proportion of homes without adequate water
and sewage treatment are the Alaska and
Southwest regions.42

Study Limitations

Our limitations in the present study included
the use of ICD codes to determine ID causes of
death and the uncorrected racial misclassifica-
tion of AI/ANs. The problems of using ICD
codes to determine ID causes of death were
previously described, although using the un-
derlying cause of death in our study provided
a conservative approach to selection of ID
deaths.2,12 As for the problem of AI/AN racial
misclassification, our study provided the least
biased view of AI/AN infectious disease mor-
tality to date because we used mortality data
with corrected misclassified AI/AN race from
information in the IHS patient registration
database. Such linkage, however, corrected
only for persons listed in the IHS patient
registration database, which contained roughly
half of all self-reported AI/AN persons from the
US census.14 Furthermore, IHS and tribes only
provided health care to members of the 566
federally recognized tribes.16 AI/AN individ-
uals were not included in the IHS/tribal health
care system if they were members of the 64
tribes that are not federally recognized.43 Of
the regions examined, the East had the smallest
population served by IHS, and as a result, had
the fewest AI/AN persons identified through
the linkage process and correctly classified
using this method.20 Uncorrected misclassifi-
cation might account for some of that region’s
characteristics, such as the lower overall aver-
age annual death rate compared with Whites.
Finally, although the exclusion of Hispanic
AI/AN individuals from the analyses reduced
the overall count of deaths among AI/AN
persons by less than 5%, it might have dispro-
portionately affected some states along the US---
Mexico border and elsewhere.

Conclusions

Although much progress has been made
since the 1950s, many significant disparities
remain for ID causes of death among AI/AN

populations. Many of these ID death rates, in
particular, rates of LRTIs and sepsis, might
improve over time as living conditions improve
and more AI/AN persons acquire modern
water and sewer treatment, as well as improved
transportation. In many ways, the continued
lack of basic sanitation and transportation in
some AI/AN communities and households
harks back to the observation made in 1957
regarding AI/AN communities of the day that
appeared to be unchanged from 1900.5

Implementation of the improvements thought
to be responsible for the bulk of the reduction
in ID mortality in the United States between
1900 and 1980, such as improved sanitation,
use of immunizations, and prompt access to
antimicrobial therapy, might lead to similar
substantial reductions in ID mortality among
this population. Based on the ID death rate
differences observed in our study, if health
equity had been achieved with Whites, almost
half of the AI/AN infectious disease deaths
might have been avoided between 1999 and
2009. Rapid and dramatic improvements in
AI/AN infectious disease rates are possible, as
seen with the tremendous decline in cases of
hepatitis A among AI/AN persons.44,45 Rates
of hepatitis A infection in AI/AN persons from
Centers for Disease Control and Prevention
surveillance in the 1980s were approximately
8-fold higher than the overall US population,
but since the implementation of hepatitis A
immunization in the 1990s, AI/ANs rates have
fallen below the rates for the overall US
population. Further studies of ID mortality and
morbidity among AI/AN persons are needed to
monitor trends, and to identify high-risk groups
and diseases for specific intervention strategies.
This would include analyses to investigate the
burden of IDs among children, especially in-
fants. Health equity might be achieved by
supporting and sustaining expansion of proven
methods and the development of new inter-
ventions to reduce IDs among AI/AN com-
munities. j
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