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Abstract

Objective: Reports about infectious disease (ID) hospitalization rates among American Indian/Alaska Native (AI/AN) persons
have been constrained by data limited to the tribal health care system and by comparisons with the general US population. We
used a merged state database to determine ID hospitalization rates in Alaska.

Methods: We combined 2010 and 2011 hospital discharge data from the Indian Health Service and the Alaska State Inpatient
Database. We used the merged data set to calculate average annual age-adjusted and age-specific ID hospitalization rates for
AI/AN and non-AI/AN persons in Alaska. We stratified the ID hospitalization rates by sex, age, and ID diagnosis.

Results: ID diagnoses accounted for 19% (6501 of 34 160) of AI/AN hospitalizations, compared with 12% (7397 of 62 059)
of non-AI/AN hospitalizations. The average annual age-adjusted hospitalization rate was >3 times higher for AI/AN persons
(2697 per 100 000 population) than for non-AI/AN persons (730 per 100 000 population; rate ratio ¼ 3.7, P < .001). Lower
respiratory tract infection (LRTI), which occurred in 38% (2486 of 6501) of AI/AN persons, was the most common reason
for ID hospitalization. AI/AN persons were significantly more likely than non-AI/AN persons to be hospitalized for LRTI
(rate ratio ¼ 5.2, P < .001).

Conclusions: A substantial disparity in ID hospitalization rates exists between AI/AN and non-AI/AN persons, and the most
common reason for ID hospitalization among AI/AN persons was LRTI. Public health programs and policies that address the
risk factors for LRTI are likely to benefit AI/AN persons.
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Historically, American Indian/Alaska Native (AI/AN) per-

sons have had a high burden of infectious diseases (IDs),

particularly when compared with other populations.1-5 In a

1994 comparison of Indian Health Service (IHS) hospital

discharge data with published hospitalization trends for the

general US population, the annual age-adjusted ID hospitali-

zation rate for AI/AN persons (1863 per 100 000 population)

was 21% higher than the rate for the US population (1534 per

100 000 population).4 In a study comparing IHS inpatient data

with data from the US Nationwide Inpatient Sample, the aver-

age annual ID hospitalization rate among AI/AN persons from

2004 to 2006 (1707 per 100 000 population) declined but was

higher than that of the US population (1609 per 100 000 pop-

ulation).5 ID mortality rates among AI/AN persons have also

been relatively high. According to a study based on National

Vital Statistics System mortality data linked to IHS patient

registration data from 1999 to 2009, AI/AN persons (86 per

100 000 population) were twice as likely as white persons (44

per 100 000 population) to die from an ID.6

Moreover, among the 12 IHS regions in the United States,

the Alaska region has consistently had one of the highest

annual ID-related hospitalization rates for AI/AN per-

sons.2,4,5,7-9 In a study comparing Alaska IHS data with data

from the National Hospital Discharge Survey, the average

annual AI/AN hospitalization rate per 1000 infants for

respiratory syncytial virus in 2000 and 2001 was 71 in

Alaska versus 27 in the general US population.8 In a study

comparing Alaska IHS direct and contract health service

inpatient data with US population data from the Nationwide

Inpatient Sample, the average annual age-adjusted ID hospi-

talization rate for 2007 to 2009 was 2126 per 100 000 pop-

ulation for AI/AN persons living in Alaska, as opposed to

1679 per 100 000 population for the general US population.7

Previous studies reporting ID hospitalization rates in

AI/AN persons were constrained by data limited to the

IHS/tribal health care system and by comparisons of AI/AN

rates with the general US population, rather than with com-

mon reference populations.2-5,7,8,10 Fifty-seven percent of

persons who self-identify as AI/AN live in an area serviced

by an IHS/tribal or contract health care facility.9 Therefore,

databases that draw only from IHS/tribal or contract health

care facilities might be incomplete.

In an attempt to overcome these limitations, we created a

merged hospital discharge database based on the Alaska IHS

and the Alaska State Inpatient Database. The objectives of

our study were to use this more comprehensive database,

with its common reference population, to (1) determine and

compare the ID hospitalization rates for AI/AN and

non-AI/AN persons in Alaska, (2) identify the most common

IDs that contribute to these hospitalizations, and (3) enumer-

ate the most common non-ID diagnoses associated with ID

hospitalizations. Our hypothesis was that this merged data-

base would provide a more comprehensive estimate of the

ID health disparities of AI/AN persons in Alaska than previous

studies of the ID health disparities experienced by AI/AN

persons in Alaska.

Methods

We conducted a cross-sectional analysis of state hospital

discharge records of Alaska residents from 2010 to 2011.

We merged records for 2010 and 2011 from 2 data sources:

(1) the IHS National Patient Information Reporting System,

which provided inpatient data for all Alaska IHS and tribal

facilities,9,11 and (2) the Alaska State Inpatient Database,

part of the Healthcare Cost and Utilization Project, which

is sponsored by the Agency for Healthcare Research and

Quality.12 We assigned participants to the AI/AN group if

their record in the National Patient Information Reporting

System or the State Inpatient Database designated their race

as AI/AN alone or in combination with another race.

This study was a collaboration among the Agency for

Healthcare Research and Quality, the IHS, the Alaska State

Department of Health and Social Services, and the Centers

for Disease Control and Prevention. The study was consid-

ered exempt from human subjects review by the institutional

review boards of all collaborating agencies because use of

Healthcare Cost and Utilization Project and IHS hospital

discharge data is not considered human subjects research.

Of the 7 tribal hospitals, 1 contributed data to both the

National Patient Information Reporting System and the State

Inpatient Database; as such, we included only data from the

State Inpatient Database for that facility to avoid duplication.

We excluded the records of newborn infants (defined as dis-

charges with a diagnosis code for normal delivery). In addi-

tion, when comparing hospitalizations rates, we excluded the

records of those for whom race was not recorded. We were

unable to include the hospital discharge data from 1 of 12

nonfederal community-based acute care hospitals because it

stopped reporting data to the State Inpatient Database after

2007, at which time it accounted for approximately 6.5% of

all hospital discharges included in the State Inpatient Data-

base (Kim Laird, Alaska Department of Health and Social

Services, oral communication, August 2015).

We defined ID hospitalizations as those that occurred

when hospital discharge records listed ID as the first diag-

nosis. We determined the most frequent non-ID diagnoses by

counting up to 14 secondary diagnoses listed in each hospital

discharge record. We identified these diagnoses via Interna-

tional Classification of Diseases, Ninth Revision, Clinical

Modification codes that were used in previous studies to

evaluate ID disparities among AI/AN persons.5-7,10,13

Because our analysis focused on hospitalizations rather than

participants, we counted hospital transfers and additional

hospitalizations of the same patient separately. Because of

privacy concerns, we did not report the number of hospitali-

zations for diagnostic categories that contained �10

hospitalizations.12

We obtained annual data on the general Alaska population

from the Alaska Department of Labor and Workforce Devel-

opment to calculate hospitalization rates.14 We calculated the

average annual age-adjusted and age-specific hospitalization

rates per 100 000 population, adjusting for age with the direct
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method and using the 2000 US population as the standard,

with the following age groups (in years): <1, 1-4, 5-9, 10-19,

20-29, 30-39, 40-49, 50-59, 60-69, 70-79, and�80.15 We did

not calculate age-adjusted rates for diagnostic categories

with <20 hospitalizations because of the likelihood of ran-

dom error.16

We calculated the relative frequencies of, and stratified

the hospitalization rates by, ID diagnosis categories. We also

calculated and ranked the relative frequencies of associated

non-ID diagnoses.

We determined age-specific hospitalization rate ratios

(RRs) and 95% confidence intervals (CIs) by comparing the

hospitalization rates of AI/AN and non-AI/AN persons for

each age group and using Poisson regression analysis to

compare AI/AN and non-AI/AN hospitalization rates by

sex and ID diagnosis category, controlling for age.17 We

compared the median age of AI/AN and non-AI/AN persons

using the Wilcoxon rank-sum test.18 We considered P < .05

to be significant.

Results

Demographic Characteristics

The median age for all hospitalized AI/AN persons was 36

years, and the median age for all hospitalized non-AI/AN

persons was 50 years (P ¼ .01). The median age for AI/AN

persons hospitalized with an ID diagnosis was 34 years,

whereas the median age for non-AI/AN persons hospitalized

with an ID diagnosis was 52 years (P ¼ .01). About half

(51%, 3322 of 6501) of the AI/AN group and 50% (3704

of 7397) of the non-AI/AN group were female (Table 1).

Frequency of Hospitalization

From 2010 to 2011, of 97 243 all-cause hospitalizations in

Alaska, 14 004 (14%) were for an ID diagnosis, and 1024

(1%) did not have race recorded. Of the 13 898 ID hospita-

lizations in which race was known, 6501 (47%) were among

AI/AN persons, and 7397 (53%) were among non-AI/AN

persons (Table 1). Among all-cause hospitalizations for

which the person’s race was known, 34 160 (35%) were

among AI/AN persons, and 62 059 (64%) were among non-

AI/AN persons. Although 19% (6501 of 34 160) of hospita-

lizations among AI/AN persons were for ID diagnoses, only

12% (7397 of 62 059) of hospitalizations among non-AI/AN

persons were for ID diagnoses.

Adults aged �70 accounted for 16% (1053 of 6501) of

ID hospitalizations among AI/AN persons and 22%
(1662 of 7397) of ID hospitalizations among non-AI/AN

persons. Children <5 years of age accounted for 26%
(1706 of 6501) of ID hospitalizations among AI/AN per-

sons and 12% (875 of 7397) of ID hospitalizations among

non-AI/AN persons (Table 1).

Table 1. Average annual age-adjusted and age-specific ID hospitalization rates of and rate ratios between AI/AN and non-AI/AN persons in
Alaska, by sex and age, 2010-2011a

AI/AN Persons Non-AI/AN Persons

Characteristic No. (%) Rate per 100 000 Populationc No. (%)d Rate per 100000 Populationc Rate Ratio (95% CI)b

Total 6501 (100) 2697 7397 (100) 730 3.7 (3.5-4.1)
Year

2010 3224 (50) 2685 3515 (48) 707 3.8 (3.5-4.5)
2011 3277 (50) 2709 3882 (52) 753 3.6 (3.3-4.1)

Sex
Male 3179 (49) 2719 3693 (50) 734 3.7 (3.6-4.2)
Female 3322 (51) 2688 3704 (50) 734 3.7 (3.4-4.1)

Age, y
<1e 1042 (16) 15 999 468 (6) 2970 5.4 (4.8-6.0)
1-4 664 (10) 2734 407 (6) 648 4.2 (3.7-4.8)
5-9 184 (3) 664 157 (2) 210 3.2 (2.6-3.9)
10-19 457 (7) 851 430 (6) 284 3.0 (2.6-3.4)
20-29 685 (11) 1469 632 (9) 359 4.1 (3.7-4.6)
30-39 469 (7) 1433 547 (7) 350 4.1 (3.6-4.6)
40-49 626 (10) 1892 788 (11) 468 4.0 (3.6-4.5)
50-59 784 (12) 2611 1257 (17) 680 3.8 (3.5-4.2)
60-69 537 (8) 3285 1047 (14) 998 3.3 (3.0-3.7)
70-79 610 (9) 8126 794 (11) 2076 3.9 (3.5-4.4)
�80 443 (7) 13 299 868 (12) 4614 2.9 (2.6-3.2)

Abbreviations: AI/AN, American Indian/Alaska Native; CI, confidence interval; ID, infectious disease.
aData sources: Indian Health Service11 and Alaska State Inpatient Database.12

bID hospitalization: AI/AN to non-AI/AN. All characteristics are significant at P < .001.
cAverage annual ID hospitalization rates adjusted for age with the direct method, based on the 2000 US population as standard.15

dPercentages may not total to 100 because of rounding.
eHospitalizations for newborn infants with discharge diagnosis code for normal delivery were excluded.
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Table 2. Average annual age-adjusted all-cause and ID hospitalization rates of and rate ratios between AI/AN and non-AI/AN persons in
Alaska, by hospitalization diagnosis and age group, 2010-2011a

Hospitalization Diagnosis: ICD-9-CM Codesb

AI/AN Persons Non-AI/AN Persons

Age Group % Rate per 100 000 Populationc % Rate per 100000 Populationc Rate Ratio (95% CI)d P Value

All-cause hospitalizations

All ages, y 100 14 459 100 5873 2.5 (2.3-2.8) <.001
0-19 21 6349 9 1882 3.4 (3.3-3.5) <.001
20-49 43 13 201 40 4926 2.7 (2.6-2.7) <.001
�50 36 21 302 51 9139 2.3 (2.3-2.4) <.001

All IDs

All ages, y 100 2697 100 730 3.7 (3.5-4.1) <.001
0-19 36 2091 20 480 4.4 (4.1-4.7) <.001
20-49 27 1583 26 393 4.0 (3.8-4.3) <.001
�50 37 4150 54 1144 3.6 (3.5-3.8) <.001

Tuberculosis: 010-018, 137

All ages, y 19
0-19 — — —
20-49 29 11 —
�50 68 50 —

Septicemia: 038, 449, 771.81, 995.90-995.94

All ages, y 100 267 100 118 2.3 (2.0-2.8) <.001
0-19 8 35 4 14 2.5 (1.6-3.8) <.001
20-49 30 133 18 40 3.4 (2.7-4.2) <.001
�50 62 566 78 261 2.2 (1.9-2.5) <.001

HIV and AIDS: 042-044, 279.1

All ages, y 2
0-19 — —
20-49 — 72 3
�50 — —

Hepatobiliary IDs: 070 095.3, 573.1, 573.2, 576.1

All ages, y 17 6 2.6 (1.3-3.6) .006
0-19 — —
20-49 — 19 3
�50 66 38 77 18 2.1 (1.3-3.4) .004

Mycoses: 110-118

All ages, y 2
0-19 — —
20-49 — —
�50 64 20 65 4

Infections of the heart: 093, 391, 392.0, 393, 394.1, 395.0-395.2, 397.1, 397.9, 398, 421, 422.0, 424.9

All ages, y 14 100 4 3.9 (2.4-5.0) <.001
0-19 — —
20-49 — 32 3
�50 62 29 68 8

Upper respiratory tract infections: 032.0-032.3, 034.0, 098.6, 101 460-465, 473.0-474.0, 475, 784.91

All ages, y 100 67 100 16 4.1 (3.0-5.7) <.001
0-19 56 111 62 37 3.0 (2.3-3.9) <.001
20-49 36 71 24 9 8.3 (5.7-12.0) <.001
�50 8 34 14 2 4.6 (2.5-8.4) <.001

(continued)

68 Public Health Reports 132(1)



Table 2. (continued)

Hospitalization Diagnosis: ICD-9-CM Codesb

AI/AN Persons Non-AI/AN Persons

Age Group % Rate per 100000 Populationc % Rate per 100 000 Populationc Rate Ratio (95% CI)d P Value

Lower respiratory tract infection: 022.1, 031.0, 033, 095.1, 466, 480-488, 510, 511.1, 513, 517.1, 770.0

All ages, y 100 1012 100 195 5.2 (4.7-6.0) <.001
0-19 53 1181 32 195 6.1 (5.5-6.7) <.001
20-49 9 191 12 45 4.3 (3.6-5.2) <.001
�50 38 1693 56 305 5.6 (5.1-6.1) <.001

Abdominal-rectal infections: 095.2, 098.7, 540-542, 566, 567.0-567.2, 569.5, 567.38

All ages, y 100 185 100 76 2.4 (2.1-2.9) <.001
0-19 45 219 30 87 2.5 (2.1-3.0) <.001
20-49 39 190 44 78 2.5 (2.1-2.9) <.001
�50 16 152 26 67 2.3 (1.8-2.9) <.001

Kidney, urinary tract, and bladder infections: 095.4, 099.4, 590, 595.0, 597, 598.0, 599.0

All ages, y 100 261 100 67 3.9 (3.3-5.7) <.001
0-19 20 89 13 23 3.9 (2.9-5.3) <.001
20-49 32 145 13 15 9.5 (7.3-12.5) <.001
�50 48 438 74 122 3.6 (3.1-4.2) <.001

Cellulitis: 680-686

All ages, y 100 426 100 83 5.1 (4.6-6.5) <.001
0-19 24 217 11 33 6.5 (5.2-8.2) <.001
20-49 41 381 38 66 5.8 (5.0-6.6) <.001
�50 35 659 51 134 4.9 (4.3-5.6) <.001

Enteric infection: 001-009 022.2

All ages, y 100 47 100 21 2.3 (1.5-3.1) <.001
0-19 28 25 24 16 1.6 (1.0-2.5) .06
20-49 28 25 18 7 3.5 (2.1-5.7) <.001
�50 44 79 58 35 2.2 (1.6-3.2) <.001

Infection and inflammatory reaction to prosthetic devices: 996.6, 999.31-999.33

All ages, y 49 100 33 1.5 (1.1-2.3) .03
0-19 — 6 7
20-49 33 31 21 15 2.1 (1.4-3.2) <.001
�50 59 111 73 77 1.4 (1.1 -1.9) .01

Postoperative infection: 998.5, 780.62, 708.66

All ages, y 100 66 100 25 2.6 (2.1-3.5) <.001
0-19 9 12 7 7 1.8 (0.9-3.6) .11
20-49 51 69 36 21 3.3 (2.5-4.5) <.001
�50 40 107 57 47 2.3 (1.7-3.1) <.001

Viral central nervous system infections: 045-049, 059.00, 059.09, 059.10, 059.11, 059.12, 059.19

All ages, y 18 5 3.7 (2.8-5.8) <.001
0-19 59 33 40 7 4.6 (2.7-7.7) <.001
20-49 35 20 42 5 4.3 (2.4-7.6) <.001
�50 — —

Pelvic inflammatory diseasee: 614.0-614.5, 616.0, 616.1, 616.3, 616.4, 625.71

All ages, y 29 13 2.4 (1.6-4.0) <.001
0-19 33 26 11
20-49 57 43 73 21 2.0 (1.3-3.3) .004
�50 — 16 7

(continued)
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Hospitalization Rates

From 2010 to 2011, the average annual age-adjusted all-cause

hospitalization rate per 100 000 population in Alaska was

7498; the AI/AN hospitalization rate, 14 459; and the non-

AI/AN hospitalization rate, 5873. AI/AN persons had a sig-

nificantly higher annual age-adjusted all-cause hospitalization

rate than non-AI/AN persons (RR ¼ 2.5, P < .001; Table 2).

The average annual age-adjusted ID hospitalization rate

for Alaska was 1102 per 100 000 population. This rate was

>3 times higher for AI/AN persons (2697 per 100 000 pop-

ulation) than for non-AI/AN persons (730 per 100 000 pop-

ulation; RR ¼ 3.7, P < .001). Similarly, the ID

hospitalization rate for AI/AN males (2719 per 100 000 pop-

ulation) was significantly higher than for non-AI/AN males

(734 per 100 000 population; RR ¼ 3.7, P < .001), and the

rate for AI/AN females (2688 per 100 000 population) was

significantly higher than for non-AI/AN females (734 per

100 000 population; RR ¼ 3.7, P < .001; Table 1).

When we stratified the results by age, the average annual

age-specific ID hospitalization rates were highest for AI/AN

and non-AI/AN adults aged�80 (13 299 and 4614 per 100 000

population, respectively) and infants aged <1 (15 999 and 2970

per 100 000 population, respectively). Differences in ID hospi-

talization rates between AI/AN and non-AI/AN persons were

highest among infants aged <1 (RR¼ 5.4; 95% CI, 4.8-6.0) and

children aged 1-4 (RR¼ 4.2; 95% CI, 3.7-4.8). The difference

in ID hospitalization rates between AI/AN and non-AI/AN

persons was significant for all age groups. Although not linear,

the general trend was that these differences decreased with

increasing age, reaching their lowest level for those aged

�80 (RR ¼ 2.9; 95% CI, 2.6-3.2; Table 1).

ID Diagnoses

Among 14 004 ID hospitalizations in Alaska, the most com-

mon diagnoses were lower respiratory tract infection (LRTI)

Table 2. (continued)

Hospitalization Diagnosis: ICD-9-CM Codesb

AI/AN Persons Non-AI/AN Persons

Age Group % Rate per 100 000 Populationc % Rate per 100000 Populationc Rate Ratio (95% CI)d P Value

Oral infections: 522.4, 522.5, 522.7, 523.0, 523.3, 523.4, 527.3, 528.0-528.3

All ages, y 100 13 2 6.4 (2.9-13.5) <.001
0-19 49 17 — —
20-49 44 15 52 3 5.8 (2.8-12.0) <.001
�50 7 —

Osteomyelitis: 730

All ages, y 100 29 100 8 3.7 (2.9-5.9) <.001
0-19 19 13 6
20-49 36 23 36 6 3.7 (2.2-6.3) <.001
�50 45 59 58 15 4.0 (2.6-6.2) <.001

Infection in pregnancy: 634.0, 635.0, 636.0, 637.0, 638.0, 639.0, 646.5, 646.6, 647, 655.3, 658.4, 659.3, 670, 675

All ages, y 100 129 100 44 2.9 (2.7-3.4) <.001
0-19 16 61 14 23 2.6 (1.6-4.3) <.001
20-49 84 300 86 92 3.3 (2.7-4.0) <.001
�50 — —

Other infectious diagnoses: 790.7, 079.99, 711.06, 421.0

All ages, y 100 113 100 38 3.0 (2.5-3.7) <.001
0-19 32 81 26 35 2.4 (1.8-3.1) <.001
20-49 32 81 26 20 4.0 (3.0-5.3) <.001
�50 36 188 48 57 3.3 (2.6-4.2) <.001

Abbreviations: AI/AN, American Indian/Alaska Native; CI, confidence interval; HIV, human immunodeficiency virus; ID, infectious disease.
aData sources: Indian Health Service11 and Alaska State Inpatient Database12; hospitalization data for newborn infants with discharge diagnosis code for normal
delivery not included; calculations of age-adjusted hospitalization rates for diagnosis and age groups with <20 hospitalizations not performed. Dash (—)
indicates �10 observations in cell. Authors agreed not to report any statistics in which the number of observations in any given cell was �10; as a result, the
total percentages for all ages for some of the ID diagnoses are not 100%. Data for the meningitis and selected perinatal infections hospitalizations are not
represented in the table, because there were <10 total hospitalizations in each of these ID categories.
bInternational Classification of Diseases, Ninth Revision, Clinical Modification.13

cAverage annual hospitalization rates adjusted for age with the direct method, based on the 2000 US population as standard.15

dHospitalization: AI/AN to non-AI/AN.
eWomen only.
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in 4357 (31%) cases, cellulitis in 1942 (14%) cases, and

septicemia in 1649 (12%) cases. Of 6501 ID hospitalizations

among AI/AN persons, the most common ID diagnoses were

LRTI in 2486 (38%) cases, cellulitis in 1039 (16%) cases,

and abdominal-rectal infections in 545 (8%) cases. Of 7397

ID hospitalizations among non-AI/AN persons, the most

common ID diagnoses were LRTI in 1849 (25%) cases, sep-

ticemia in 1126 (15%) cases, and abdominal-rectal infections

in 878 (12%) cases (Figure). AI/AN persons were signifi-

cantly more likely than non-AI/AN persons to be hospita-

lized for LRTI (RR ¼ 5.2, P < .001), cellulitis (RR ¼ 5.1,

P < .001), abdominal-rectal infections (RR ¼ 2.4, P < .001),

and septicemia (RR ¼ 2.3, P < .001; Table 2).

All average annual age-specific ID hospitalization rates

were significantly higher among AI/AN persons than among

non-AI/AN persons for all ID diagnosis groups with a suffi-

cient number of hospitalizations for analysis, with 2 excep-

tions. The differences in hospitalization rates between

AI/AN and non-AI/AN persons were not statistically signifi-

cant for enteric and postoperative infections in those aged

0-19 (RR ¼ 1.6, P ¼ .06, and RR ¼ 1.8, P ¼ .11, respec-

tively; Table 2).

The highest average annual age-specific ID hospitaliza-

tion rates per 100 000 population among AI/AN persons

aged 0-19 were 1181 for LRTI, 219 for abdominal-rectal

infections, and 217 for cellulitis. Among non-AI/AN per-

sons, the highest ID hospitalization rates per 100 000 pop-

ulation for those aged 0-19 were 195 for LRTI, 87 for

abdominal-rectal infections, and 37 for upper respiratory

tract infections. For adults aged 20-49, the highest ID hos-

pitalization rates per 100 000 population among AI/AN per-

sons were 381 for cellulitis, 300 for infections in pregnancy,

and 191 for LRTI. Among non-AI/AN adults aged 20-49,

the highest ID hospitalization rates per 100 000 population

were 92 for infections in pregnancy, 78 for abdominal-

rectal infections, and 66 for cellulitis. Finally, for those

aged �50, the highest ID hospitalization rates per 100 000

population among AI/AN persons were 1693 for LRTI, 659

for cellulitis, and 566 for septicemia, whereas the highest

ID hospitalization rates per 100 000 population among non-

AI/AN persons were 305 for LRTI, 261 for septicemia, and

134 for cellulitis (Table 2).

Associated Non-ID Diagnoses

The most frequently listed non-ID diagnoses among ID hos-

pitalizations in Alaska were essential hypertension in 19%
(1234 of 6501) of discharges for AI/AN persons and 24%
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(1754 of 7397) for non-AI/AN persons and tobacco use

disorder in 18% (1166 of 6501) of discharges for AI/AN

persons and 15% (1082 of 7397) for non-AI/AN persons.

Asthma (9%, 221 of 2347) was the third-most common

non-ID diagnosis among AI/AN persons aged 0-19, but it

was not a common diagnosis among their non-AI/AN peers

(Table 3). Tobacco use disorder was the most common non-

ID diagnosis listed among AI/AN persons (35%, 619 of

1780) and non-AI/AN persons (25%, 501 of 1967) aged

20-49. Tobacco use disorder was the second-most frequently

listed diagnosis among AI/AN persons (21%, 497 of 2374)

but the fifth-most frequently listed diagnosis among

non-AI/AN persons (14%, 556 of 3966) aged �50. In this

same age group, chronic airway obstruction was listed in

15% (364 of 2374) of records of AI/AN persons, but it was not

a common diagnosis for non-AI/AN persons.

Discussion

Using a merged statewide Alaska hospital discharge data set

to investigate ID hospitalizations among AI/AN and

non-AI/AN persons during 2010 and 2011, we detected

important ID health disparities among AI/AN persons in

Alaska. Most important, we found that AI/AN persons were

3 times more likely than non-AI/AN persons to be hospita-

lized with IDs. The ID hospitalization disparity was highest

among children <5 years but persisted through all age groups.

We also observed that LRTI was the most common reason for

ID hospitalization among AI/AN persons and that AI/AN

persons were more likely than non-AI/AN persons to be

hospitalized for LRTI.

To our knowledge, this study is the first to use a single

state database of hospital discharges from both tribal and

nontribal hospitals to evaluate ID hospitalizations. Unlike

previous studies that were based primarily on hospitalization

data from IHS/tribal facilities, we used a database that

included AI/AN persons hospitalized within and outside

IHS/tribal facilities. Use of this database allowed us to gen-

erate a possibly more comprehensive estimate of ID hospi-

talization rates for AI/AN persons in Alaska than previous

studies. For example, the annual age-adjusted ID hospitali-

zation rate for AI/AN persons in our study (2697 per 100 000

population) was 31% higher than the analogous rate (2063

per 100 000 population) reported for the IHS Alaska region

Table 3. Ranka and percentage of non-IDs associated with ID hospitalizations among AI/AN (n¼ 6501) and non-AI/AN (n¼ 7397) persons
in Alaska, overall, by sex, and by age group, 2010-2011b

Rank (%)

Overall Male Female

Non-ID Diagnosis (ICD-9-CM Code)c AI/AN Non-AI/AN AI/AN Non-AI/AN AI/AN Non-AI/AN

Essential hypertension, unspecified (401.9) 1 (19.0) 1 (23.7) 2 (18.0) 1 (23.3) 1 (19.9) 1 (24.1)
Tobacco use disorder (305.1) 2 (17.9) 2 (14.6) 1 (18.6) 2 (16.5) 2 (17.3) 3 (12.8)
Anemia, unspecified (285.9) 3 (9.8) — 3 (8.6) — 3 (10.9) —
Dehydration (276.51) 4 (8.8) — 5 (8.1) — 4 (9.4) —
Hypoxemia (799.02) 5 (8.6) — 4 (8.5) — 5 (8.4) —
Diabetes mellitus without mention of complication (250.00) — 3 (12.3) — 3 (11.8) — 2 (12.9)
Other and unspecified hyperlipidemia (272.4) — 4 (11.2) — 4 (11.6) — 5 (10.8)
Acute kidney failure, unspecified (584.9) — 5 (9.9) — 5 (10.3) — —
Esophageal reflux (530.81) — — — — — 4 (11.1)

0-19 y 20-49 y �50 y

Hypoxemia (799.02) 1 (15.1) 2 (12.0) — — — —
Dehydration (276.51) 2 (13.0) 1 (15.0) — — — —
Asthma, unspecified (493.90) 3 (9.4) — — — — —
Unspecified otitis media (382.9) 4 (9.3) 3 (8.5) — — — —
Anemia, unspecified (285.9) 5 (7.2) — 4 (7.9) 5 (7.1) — —
Tobacco use disorder (305.1) — — 1 (34.8) 1 (25.5) 2 (20.9) 5 (14.0)
Essential hypertension, unspecified (401.9) — — 2 (13.8) 2 (13.1) 1 (41.2) 1 (37.5)
Hypopotassemia (276.8) — — 3 (8.9) 3 (8.7) — —
Sepsis (995.91) — — 5 (6.3) 4 (7.1) — —
Other and unspecified hyperlipidemia (272.4) — — — — 3 (18.3) 3 (18.4)
Diabetes mellitus without mention of complication (250.00) — — — — 4 (16.0) 2 (20.0)
Chronic airway obstruction, not elsewhere classified (496) — — — — 5 (15.3) —
Acute kidney failure, unspecified (584.9) — — — — — 4 (15.7)

Abbreviations: AI/AN, American Indian/Alaska Native; ID, infectious disease.
aData sources: Indian Health Service11 and Alaska State Inpatient Database.12 Dash (—) indicates that the non-ID diagnosis was not among the top 5 for the
age/sex group.
bOnly non-IDs associated with at least 5% of all discharges are included in ranking.
cInternational Classification of Diseases, Ninth Revision, Clinical Modification.13
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from 2004 to 2006, when only IHS and tribal inpatient direct

and contract health care data were used.5

In addition, the database that we used allowed us to elim-

inate some potential biases observed in previous studies

resulting from the use of different denominators when com-

paring populations. Instead, we were able to use the same

reference population to calculate hospitalization rates for AI/

AN and non-AI/AN persons. We were also able to compare

the annual age-adjusted ID hospitalization rate for AI/AN

persons in Alaska with the ID hospitalization rate for non-

AI/AN persons in Alaska (730 per 100 000 population) rather

than with the rate for the general US population (1610 per

100 000 population for 2004-2006).5 Such differences sug-

gest that previous studies comparing the ID hospitalization

rates of AI/AN persons with those of the general US popu-

lation may have substantially underestimated ID health dis-

parities of AI/AN persons in Alaska. At this time, however, a

single merged IHS region database that includes IHS/tribal

and non-IHS/tribal hospitalization data exists only in Alaska.

Consequently, studies examining differences in hospitaliza-

tion rates among AI/AN persons in other IHS regions will

continue to rely on comparisons with the general US popu-

lation, and results from those studies may continue to under-

estimate the disparities between AI/AN and non-AI/AN

persons.

The substantial disparity in ID hospitalization rates

between AI/AN and non-AI/AN persons may have at least

2 possible causes. First, because a higher percentage of the

AI/AN population lives in rural areas, they may have greater

exposure to environmental risk factors for infection.19

Several studies reported a higher overall risk for ID among

AI/AN persons living in rural versus urban areas of

Alaska.20,21 Many rural Alaskan communities lack in-home

piped water and flush toilets; inadequate access to water and

sanitation services is associated with increased risks for

respiratory and skin infections.21,22 Household crowding is

also more common in rural communities, which can facilitate

ID transmission among household members.19,23 Finally,

homes in rural communities rely on indoor wood-burning

stoves, which create poor indoor air quality and increase the

risk for respiratory infections, especially among children.24

Our findings suggest that AI/AN persons may benefit from

programs that aim to improve access to water, sanitation, and

alternative sources of heat in rural areas.

A second cause of the disparity in ID hospitalizations

between AI/AN and non-AI/AN persons may be a higher

prevalence of chronic diseases that predisposes AI/AN per-

sons to IDs. In our study, LRTI was the most common reason

for ID hospitalizations among AI/AN persons. Chronic

respiratory diseases, which we found to be more common

among AI/AN persons than among non-AI/AN persons, may

increase the likelihood of hospitalization among persons

with LRTI. We observed that an associated asthma diagnosis

was more common among AI/AN persons aged 0-19 than

among their non-AI/AN peers, whereas an associated diag-

nosis of chronic airway obstruction was more common

among AI/AN persons aged �50 than among their non-

AI/AN peers. We also noted that LRTI was the ID hospita-

lization diagnosis for >38% of AI/AN persons but only 25%
of non-AI/AN persons. Other studies showed that LRTI can

lead to exacerbations of asthma and chronic obstructive air-

way disease.25-27 Although LRTI may be amenable to out-

patient treatment in otherwise healthy persons, it may be

more likely to require hospitalization for those with asthma

or chronic obstructive airway disease. Thus, the higher pre-

valence of chronic respiratory diseases in AI/AN persons

may lead to a relatively higher number of LRTI hospitaliza-

tions.28 On a related note, smoking increases the risk of LRTI

and causes chronic obstructive airway disease.29,30 Smoking

as a risk factor for LRTIs is particularly relevant to the AI/

AN population because some studies have found a high pre-

valence of tobacco use and diseases related to tobacco use in

this group.5,31,32 Together, these findings suggest that AI/AN

persons would likely benefit from public health policy and

programs focused on curbing tobacco use and promoting

influenza vaccination. The results also support the recent

recommendation for vaccinating adults aged �65 with the

13-valent pneumococcal conjugate vaccine.33

Limitations

This study had several limitations. First, ID diagnoses can be

miscoded or not coded on the hospital discharge record.34

We attempted to minimize this potential bias by restricting

our analysis to only those hospitalizations with an ID diag-

nosis as the first of up to 15 listed on the discharge record,

rather than by relying on ID diagnoses that were lower on the

lists and may have been prone to inaccurate coding. This

restriction may have led to an underestimation of the burden

of ID hospitalizations. Second, persons requiring transfer to

another hospital or readmission for the same health problem

would have had their hospitalizations counted twice in our

study, thereby overestimating hospitalization rates. Third,

several studies showed that AI/AN persons are more likely

than non-AI/AN persons to be misclassified as another

race.35-37 Such race misclassification would most likely have

resulted in an underestimation of the disparity in ID hospi-

talization rates.

Fourth, despite having the same ID, AI/AN persons may

be hospitalized less frequently than their non-AI/AN coun-

terparts. For example, during the 2009 H1N1 influenza pan-

demic, AI/AN persons were more likely than non-Hispanic

white persons to report influenza-like illness symptoms, but

they were less likely to be hospitalized for influenza.38 If this

phenomenon occurred with IDs during the study period, our

use of hospitalization rates would have underestimated the

disparity in ID hospitalizations between AI/AN and non-

AI/AN persons. Fifth, one nonfederal community-based

acute care hospital did not participate in the Alaska State

Inpatient Database, which may have reduced the state ID

hospitalization rates in our study. However, most patients

admitted to the nonparticipating hospital were non-AI/AN
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persons; as such, its impact on the hospitalization rates for

AI/AN persons was likely minimal. Finally, we could not

adjust for other potential confounding factors that could have

affected our estimate of the ID hospitalization disparity. For

example, the location of patients’ residence was not recorded

in the Alaska State Inpatient Database. Some of the differ-

ences in the observed ID hospitalization rates among AI/AN

versus non-AI/AN persons could have resulted from differ-

ences in the proportion of each population that lives in rural

Alaska.

Conclusions

IDs accounted for a substantial proportion of all hospitaliza-

tions in Alaska, and AI/AN persons had a disproportionate

share of ID hospitalizations when compared with non-AI/AN

persons. LRTI was the most common reason for ID hospita-

lization among AI/AN persons in Alaska. AI/AN persons are

likely to benefit from public health programs and policies

that aim to curb tobacco use, improve access to water and

sanitation, and maintain high coverage of influenza and

pneumococcal vaccines. In addition, the results of this study

may serve as a baseline for evaluating the impact of pro-

grams and policies aimed at reducing IDs in Alaska.
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