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Although infectious disease rates have fallen
dramatically in the United States,1 infectious
disease continues to be a signiﬁcant health
problem, and substantial racial and ethnic
disparities for some such diseases remain.2,3
American Indian and Alaska Native (AI/AN)
people are at higher risk for many chronic and
infectious diseases, have a higher prevalence of
certain health risk behaviors, and experience
higher infectious disease hospitalization rates
compared with the general US population.4---13
Lower respiratory tract infections are a leading
cause of infectious disease hospitalizations for
AI/AN people,10 and previous studies have
found signiﬁcant disparities in lower respiratory tract infection hospitalization rates for
AI/AN people compared with the US population in some regions, especially for infants
(children aged < 1 year).12 Hospitalization and
death rates for overall lower respiratory tract
infections are signiﬁcantly higher for AI/AN
infants compared with other US infants.14---16
Pneumonia is a common cause of lower
respiratory tract infection,14 and inﬂuenza is
one of the leading causes of pneumonia. Pneumonia and inﬂuenza together are one of the top
10 leading causes of death in the United States.
In 2010, pneumonia and inﬂuenza ranked
ninth as the leading cause of death for all races
in the United States.17 Pneumonia and inﬂuenza also ranks among the top 10 causes of
death for AI/AN populations; elevated rates of
pneumonia and inﬂuenza mortality compared
with other races have been documented since
the early 1990s.18---21 In 2010, pneumonia and
inﬂuenza ranked 10th as a leading cause of
death for the AI/AN population.17
Among the AI/AN population, hospitalization and disease rates for the leading causes
of pneumonia (e.g., respiratory syncytial virus,
inﬂuenza, and Streptococcus pneumoniae) are
higher compared with other US population
groups. For example, respiratory syncytial virus
hospitalization rates are signiﬁcantly higher for
AI/AN infants, particularly in the Southwest

Objectives. We compared pneumonia and influenza death rates among
American Indian/Alaska Native (AI/AN) people with rates among Whites and
examined geographic differences in pneumonia and influenza death rates for
AI/AN persons.
Methods. We adjusted National Vital Statistics Surveillance mortality data for
racial misclassification of AI/AN people through linkages with Indian Health
Service (IHS) registration records. Pneumonia and influenza deaths were defined
as those who died from 1990 through 1998 and 1999 through 2009 according to
codes for pneumonia and influenza from the International Classification of
Diseases, 9th and 10th Revision, respectively. We limited the analysis to IHS
Contract Health Service Delivery Area counties, and compared pneumonia and
influenza death rates between AI/ANs and Whites by calculating rate ratios for
the 2 periods.
Results. Compared with Whites, the pneumonia and influenza death rate for
AI/AN persons in both periods was significantly higher. AI/AN populations in the
Alaska, Northern Plains, and Southwest regions had rates more than 2 times
higher than those of Whites. The pneumonia and influenza death rate for AI/AN
populations decreased from 39.6 in 1999 to 2003 to 33.9 in 2004 to 2009.
Conclusions. Although progress has been made in reducing pneumonia and
influenza mortality, disparities between AI/AN persons and Whites persist. Strategies to improve vaccination coverage and address risk factors that contribute to
pneumonia and influenza mortality are needed. (Am J Public Health. 2014;104:
S460–S469. doi:10.2105/AJPH.2013.301740)

and Alaska, compared with other US infants22;
respiratory syncytial virus hospitalizations for
Alaska Native infants in the Alaskan YukonKuskokwim Delta are 5 times higher than rates
for the general US infant population.23 Before
the introduction of pneumococcal vaccines,
rates of invasive pneumococcal disease in AI/AN
adults and children in Alaska and some tribes
in the Southwest were higher than rates for the
general US population.3,24---26 Although rates
of invasive pneumococcal disease declined
signiﬁcantly in US children and adults and
among AI/AN children3,26---33 after the introduction of pneumococcal vaccines, invasive
pneumococcal disease rates among certain
AI/AN populations remain elevated compared
with the general US population.3,26,29,32 Inﬂuenza, a leading cause of pneumonia, has
also been found to disproportionately affect
AI/AN populations. In the last 100 years,
numerous reports have described the high
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rates of inﬂuenza-associated morbidity and
mortality in AI/AN communities.34,35 More
recently, during the 2009 H1N1 inﬂuenza A
pandemic, several studies found higher inﬂuenza mortality and hospitalization rates among
AI/AN people compared with the general
population,36---38 as well as a higher prevalence
of self-reported inﬂuenza-like illness and
inﬂuenza-associated hospitalizations compared
with non-Hispanic Whites.39
Racial misclassiﬁcation has been found to
contribute to an underestimation of death rates
for AI/AN people, who are often misclassiﬁed
as non-AI/AN persons in death certiﬁcate
data.40,41 In 1 evaluation of the validity of
racial classiﬁcation in death certiﬁcates, only
55% of self-identiﬁed AI/AN decedents were
correctly classiﬁed on their death certiﬁcates
from 1990 to 1998.40 In another study, included in this supplement, misclassiﬁcation of
AI/AN race in mortality data was 17.7%.41
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Although it is clear that pneumonia and inﬂuenza are signiﬁcant health burdens for
AI/AN people, racial misclassiﬁcation in previous studies that relied on death certiﬁcate
data likely underestimated the death rate for
AI/AN persons.40
To provide more accurate estimates of the
true burden of pneumonia and inﬂuenza mortality among AI/AN people, we used data from
the National Death Index linked to Indian
Health Service (IHS) patient registration data
to improve AI/AN racial classiﬁcation. Using
these data, we compared pneumonia and inﬂuenza death rates for AI/AN populations to
those for Whites. We described pneumonia
and inﬂuenza related deaths among AI/AN
people from 1990 to 2009, examined geographic differences in pneumonia and inﬂuenza death rates for AI/ANs, compared overall
and age-speciﬁc pneumonia and inﬂuenza
death rates among AI/AN people with rates
among Whites, and described progress in
addressing disparities in pneumonia and inﬂuenza mortality.

METHODS
A detailed description of the data sources
and the methods used to create the database are provided in another article in this
supplement.41
Bridged single-race population estimates
developed by the Centers for Disease Control
and Prevention National Center for Health
Statistics (NCHS) and adjusted for the population shifts because of Hurricanes Katrina
and Rita in 2005 were included as denominators in the calculations of death rates.41
Bridged single-race data allowed for comparability between the pre- and post-2000
race/ethnic population estimates during this
study period. During preliminary analyses,
it was discovered that the updated bridged
intercensal population estimates signiﬁcantly
overestimated AI/AN persons of Hispanic
origin.42 To avoid underestimating mortality
in AI/AN persons, we limited analyses to
non-Hispanic AI/AN individuals. Non-Hispanic
White was chosen as the most homogeneous
referent group. Therefore, all analyses were
limited to non-Hispanic persons. Henceforth,
the term “non-Hispanic” was omitted when
discussing both groups.

Death Records
Death certiﬁcate data are compiled by each
state and sent to the NCHS. The NCHS makes
this information available to the research
community as part of the National Vital Statistics System and includes underlying and multiple cause of death ﬁelds, state of residence,
age, gender, race, and ethnicity.41 NCHS applies
a bridging algorithm nearly identical to the one
used by the Census Bureau to assign a single
race to decedents with multiple races reported
on the death certiﬁcate.41
The IHS patient registration database was
linked to death certiﬁcate data in the National
Death Index to identify AI/AN deaths misclassiﬁed as non-AI/AN deaths.41 Following this
linkage, a ﬂag indicating a positive link to IHS
was added as an additional indicator of AI/AN
ancestry to the National Vital Statistics System mortality ﬁle. This ﬁle, which includes all
deaths for all races reported to NCHS from
1990 to 2009 (AI/AN-US Mortality Database),
was combined with the population estimates
to create an analytic ﬁle in SEER*Stat (version
8.0.4; available at: http://seer.cancer.gov/seerstat).
Race for AI/AN deaths in this report was
assigned as reported elsewhere in this supplement.41 In short, it combined race classiﬁcation
by NCHS based on the death certiﬁcate and
information derived from data linkages between
the IHS patient registration database and the
National Death Index.41
We examined all reported pneumonia and
inﬂuenza deaths that occurred from 1990 to
2009. Pneumonia and inﬂuenza deaths were
deﬁned as those with an underlying cause of
death listed as either pneumonia or inﬂuenza.
Pneumonia has multiple etiologies, and although
it may be listed as 1 of multiple causes of death,
it may not necessarily be assigned as the underlying cause of death. Differences between
AI/AN persons and Whites with regard to
coding pneumonia as the underlying cause of
death could result in bias. Therefore, to assess
for potential bias, we calculated the ratio of
pneumonia and inﬂuenza deaths using underlying versus multiple causes for AI/AN persons
and compared that to the underlying versus
multiple cause ratio for Whites. The ratios were
similar for AI/AN populations and Whites,
suggesting that there were no signiﬁcant differences between the 2 groups in the coding
of pneumonia and inﬂuenza as an underlying
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cause of death. Pneumonia and inﬂuenza as the
underlying cause of death was therefore used
for all subsequent analyses.
Because of the transition from International
Classiﬁcations of Diseases, 9th Revision (ICD-9)
to ICD-10 in 1999 and changes in the rules
(especially Rule 3) for selecting the underlying
cause of death, fewer pneumonia cases were
identiﬁed as the underlying cause of death
from 1999 onward.43 (Rule 3 addresses how
direct sequelae should be handled. In ICD-10,
any conditions that could be considered the
consequence of another reported condition
should not be reported as the underlying condition. In ICD-10, the applicability of Rule 3
to pneumonia is broader than in ICD-9; as
a result, pneumonia is much less likely to be
selected as the underlying cause of death under
ICD-10 than under ICD-9.43) As a result, we
were unable to directly compare pneumonia
and inﬂuenza death rates across the entire
time period. We therefore divided the 1990
to 2009 period into 2 time periods: 1990 to
1998 (when ICD-9 was used) and 1999 to
2009 (when ICD-10 was used), and examined
pneumonia and inﬂuenza death rates separately in those 2 periods. From 1990 to 1998,
we identiﬁed pneumonia and inﬂuenza deaths
as any death with an underlying cause listed
as ICD-9 codes 480---488. From 1999 to 2009,
we identiﬁed pneumonia and inﬂuenza deaths
as any death with an underlying cause of death
listed as ICD-10 codes J09---J18. A table with
a list of the codes and their corresponding deﬁnitions is included as a supplement to the online
version of this article at http://www.ajph.org.

Geographic Coverage
Analyses were restricted to Contract Health
Service Delivery Area (CHSDA) counties which,
in general, contain federally recognized tribal
lands or are adjacent to tribal lands.41 CHSDA
residence is used by the IHS to determine
eligibility for services not directly available
within the IHS. Linkages studies indicate less
misclassiﬁcation of race for AI/AN persons in
these counties.44 The CHSDA counties also
have higher proportions of AI/AN persons in
relation to the total population than do nonCHSDA 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).41
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Although the result was less geographically
representative, we restricted analyses to
CHSDA counties for death rates for the purpose
of offering improved accuracy in interpreting
mortality statistics for AI/AN populations.
The analyses were completed for all regions
combined and by individual IHS regions: Northern
Plains, Alaska, Southern Plains, Southwest,
Paciﬁc Coast, and East.41 A map of the CHSDA
counties and the IHS regions is included as
data available as a supplement to the online
version of this article at http://www.ajph.org
and described in Table 1. These regions were
used for other health-related publications focusing on AI/AN populations.41 Additional
details about CHSDA counties and IHS regions
are provided elsewhere.41

Statistical Methods
We calculated rates per 100 000 population
for all ages combined, and for the following age
groups: infants (< 1 year), children (1---4 and
5---19 years), and adults (20---49, 50---64, 65--74, and ‡ 75 years). Comparisons of overall
and age-speciﬁc rates between AI/AN and
White people were generated by calculating
the rate ratio (RR), AI/AN:White, for each
period. Ninety-ﬁve percent conﬁdence intervals
(CIs) for age-adjusted rates and RRs were calculated using SEER*Stat 8.0.4.46 To describe
recent progress in addressing disparities in
pneumonia and inﬂuenza mortality, we compared death rates for AI/AN persons and Whites
from 1999 to 2003 to rates from 2004 to 2009,
and calculated the difference between death
rates in AI/AN persons and Whites from 1999
to 2003 versus 2004 to 2009.

RESULTS
From 1990 to 1998, based on ICD-9 codes,
there were 2347 pneumonia and inﬂuenza
deaths in the AI/AN population and 132 869
pneumonia and inﬂuenza deaths in the White
population. The average annual age-adjusted
pneumonia and inﬂuenza death rate for AI/AN
persons was 55.7, and ranged from 35.3 in the
East region to 69.7 in the Northern Plains region. For Whites, death rates ranged from 20.1
in the Alaska region to 37.3 in the Paciﬁc Coast
region (Table 1). From 1999 to 2009, using
ICD-10 codes, there were 3108 pneumonia
and inﬂuenza deaths among AI/AN persons

and 120 347 deaths among Whites. The average annual age-adjusted pneumonia and inﬂuenza death rate for AI/AN persons was 36.3
and ranged from a low of 20.8 in the East region
to 48.7 in the Southwest region (Table 1). For
Whites, pneumonia and inﬂuenza death rates
ranged from 12.5 in Alaska to 23.7 in the Southern
Plains region. The majority of pneumonia and
inﬂuenza deaths in both periods were caused
by pneumonia (Figure 1). Rates were higher for
males than females in both periods and in all
regions (data not shown). From 1990 to 1998,
the rate among AI/AN males was 73.4 compared with 43.8 for females, and among Whites,
42.2 for males versus 28.2 for females. From
1999 to 2009, the AI/AN male pneumonia
and inﬂuenza death rate for all ages was 43.2
versus 31.8 for females; among Whites, male
versus female pneumonia and inﬂuenza death
rates were 22.4 versus 17.0, respectively.
Compared with Whites, the all-ages pneumonia and inﬂuenza death rate for AI/AN persons in both periods was signiﬁcantly higher
from 1990 to 1998 (RR = 1.67; 95% CI =
1.59, 1.74) and 1999 to 2009 (RR = 1.90;
95% CI = 1.82, 1.97). In addition, in both
periods, the pneumonia and inﬂuenza death
rate was signiﬁcantly higher for AI/AN persons
compared with Whites in all regions except
the East. AI/AN populations in the Alaska,
Northern Plains, and Southwest regions had
rates that were more than 2 times higher compared with rates in Whites (Table 1).
For all regions combined, the highest pneumonia and inﬂuenza death rate among AI/AN
persons and Whites was in the 75 years and
older age group in both periods (Table 1). Among
AI/AN people, from 1990 to 1998, the next
highest rates in all regions were among those
aged 65 to 74 years followed by infants; among
Whites, the second highest rates were in those
aged 65 to 74 years followed by those aged
50 to 64 years, with the exception of the Northern
Plains region, in which infants had the third
highest rate for both AI/AN persons and Whites
(Table 1). From 1999 to 2009, rates in AI/AN
infants were higher than rates for AI/ANs aged
50 to 64 years in Alaska. In all other regions,
for both AI/ANs and Whites, rates for those
aged 50 to 64 years were higher than infant
rates.
Although those 75 years and older had the
highest overall pneumonia and inﬂuenza death
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rates, AI/AN infants and those aged 20 to
49 years had the highest RRs compared with
Whites (Table 1 and Figure 2). The overall RR
for AI/AN versus White infants was more than
4-fold higher in both periods. Among those
aged 20 to 49 years, the RR for AI/AN persons
versus Whites was more than 3-fold higher
for both periods.
Among the regions for the 1990 to 1998
period, infant pneumonia and inﬂuenza death
rates for AI/AN populations were signiﬁcantly
higher compared with rates among Whites
in 3 regions—Alaska, the Southwest, and the
Northern Plains—ranging from 3.03 in the
Southwest to 6.38 times higher in Alaska
(Table 1). From 1999 to 2009, infant pneumonia and inﬂuenza death rates were again
signiﬁcantly higher in those 3 regions, as well
as in the Paciﬁc Coast region. RRs ranged
from 3.04 in the Southwest to 8.22 in Alaska
(Table 1).
From 1990 to 1998, pneumonia and inﬂuenza death rates among AI/AN persons aged
20 to 49 years were signiﬁcantly higher than
rates in Whites in Alaska (RR = 9.77; 95%
CI = 4.70, 20.79), the Northern Plains (RR =
6.68; 95% CI 5.13, 8.57), the Southwest
(RR = 3.54; 95% CI = 2.90, 4.29), and the
Paciﬁc Coast (RR = 2.11; 95% CI = 1.52, 2.85;
Table 1). From 1999 to 2009, rates for AI/AN
persons in this age group were signiﬁcantly
higher in all regions, except for the East, and
RRs ranged from 1.91 in the Southern Plains
to 5.31 in Alaska (Table 1).

Underlying Cause of Death
The majority of pneumonia and inﬂuenza
deaths in both periods were caused by pneumonia, which was responsible for more than
95% of all pneumonia and inﬂuenza deaths for
AI/ANs and Whites (data available as a supplement to the online version of this article
at http://www.ajph.org). Annual pneumonia
death rates for AI/AN persons from 1990 to
2009 were signiﬁcantly higher than rates for
Whites in all years, ranging from 1.4 to 2.1
times higher compared with rates among Whites
(Figure 1). From 1990 to 1998, inﬂuenza
death rates were similar for AI/AN persons and
Whites. From 1999 to 2009, inﬂuenza death
rates among AI/AN persons tended to be higher
compared with rates in Whites (Figure 1). In
2003, 2005, and 2008, inﬂuenza death rates
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TABLE 1—Pneumonia and Influenza Death Rates by Age Group and Indian Health Service Region for American Indians/Alaska
Natives Compared with Whites: Contract Health Service Delivery Areas, United States, 1990–1998 and 1999–2009
1990–1998

1999–2009

IHS Region/Age Range 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
<1 y

32

69.9

108

12.6

5.55* (3.62, 8.30)

15

22.0

48

4.9

4.49* (2.34, 8.16)

1–4 y

...

2.1

46

1.3

1.63 (0.40, 4.40)

...

2.4

37

0.9

2.64 (0.90, 6.29)

5–19 y
20–49 y

...
73

0.6
10.6

47
454

0.3
1.6

1.86 (0.48, 5.12)
6.68* (5.13, 8.57)

...
81

0.8
7.4

53
512

0.3
1.4

2.50 (0.96, 5.52)
5.17* (4.03, 6.54)

50–64 y

81

46.1

965

9.9

4.67* (3.68, 5.87)

94

27.9

1041

6.5

4.26* (3.41, 5.26)

65–74 y

85

145.1

2523

49.2

2.94* (2.30, 3.60)

75

78.1

1734

27.6

2.83* (2.21, 3.57)

‡ 75 y

238

785.3

19 978

450.5

1.74* (1.50, 1.90)

206

419.9

16 509

249.7

1.68* (1.45, 1.93)

All ages

517

69.7

24 121

32.9

2.12* (1.92, 2.33)

484

38.5

19 934

18.7

2.06* (1.85, 2.27)

15

75.1

...

11.8

6.38* (2.45, 18.49)

15

64.1

...

7.8

8.22* (2.84, 28.92)

...
...

3.6
0.7

...
...

0.4
0.1

...
...

2.2
1.6

...
...

0.8
0.2

2.84 (0.20, 39.13)
8.37* (1.50, 86.13)

Alaska
<1 y
1–4 y
5–19 y

9.00 (0.72, 472.45)
6.25 (0.32, 385.74)

20–49 y

22

6.5

14

0.7

9.77* (4.70, 20.79)

17

3.7

17

0.7

5.31* (2.54, 11.08)

50–64 y

19

23.9

32

7.5

3.19* (1.71, 5.82)

26

18.3

37

4.1

4.52* (2.62, 7.68)

65–74 y

19

70.6

43

35.9

1.96* (1.07, 3.45)

23

50.8

33

15.4

3.30* (1.84, 5.82)

‡ 75 y

80

558.5

139

267.4

2.09* (1.56, 2.77)

104

431.3

209

170.5

2.53* (1.97, 3.22)

All ages

160

46.2

237

20.1

2.29* (1.82, 2.87)

193

35.1

305

12.5

2.83* (2.31, 3.44)

<1 y
1–4 y

...
...

24.9
0

...
...

3.90 (0.63, 18.28)
NA

...
...

12.2
1.6

24
21

6.4
1.4

1.90 (0.74, 4.38)
1.10 (0.27, 3.25)

5–19 y

...

...

...

0.2

NA

...

0.7

29

0.5

1.56 (0.61, 3.50)

2.7

1.87 (0.93, 3.43)

72

5.1

352

2.7

1.91* (1.46, 2.47)

Southern Plains

20–49 y

12

50–64 y

15

20.9

155

12.6

1.66 (0.91, 2.82)

85

17.6

760

12.3

1.43* (1.13, 1.79)

65–74 y

29

107.1

385

61.1

1.75* (1.15, 2.55)

85

54.0

1030

39.5

1.37* (1.08, 1.70)

‡ 75 y

95

544.9

2437

448.5

1.21 (0.97, 1.49)

366

379.4

7123

294.5

1.29* (1.15, 1.43)

All ages

154

45.6

3073

34.3

1.33* (1.11, 1.56)

628

31.8

9339

23.7

1.34* (1.23, 1.45)
3.04* (1.90, 4.74)

Southwest
<1 y

5.0

87

6.4
0

44

54.0

115

17.8

3.03* (2.09, 4.32)

28

27.8

77

9.1

...

2.7

39

1.6

1.70 (0.72, 3.57)

...

2.1

26

0.8

2.69* (1.05, 6.10)

5–19 y

11

1.0

47

0.5

2.00 (0.93, 3.90)

17

1.1

49

0.4

2.95* (1.59, 5.22)

20–49 y

135

10.3

590

2.9

3.54* (2.90, 4.29)

208

10.3

747

2.6

4.02* (3.43, 4.70)

50–64 y

102

32.0

876

11.9

2.69* (2.17, 3.31)

176

28.8

1473

10.4

2.77* (2.35, 3.24)

65–74 y

158

140.9

2099

50.2

2.80* (2.36, 3.30)

159

79.3

2275

37.2

2.13* (1.80, 2.50)

‡ 75 y

576

743.8

10 936

406

1.83* (1.68, 1.99)

699

561.0

12 327

243.6

2.30* (2.13, 2.48)

All ages
Pacific Coast

1035

64.6

14 702

31.3

2.06* (1.92, 2.20)

1295

48.7

16 974

20.1

2.42* (2.28, 2.56)

1–4 y

<1 y

...

22.1

158

10.2

2.16 (0.85, 4.55)

...

17.6

50

3.1

5.64* (2.31, 12.00)

1–4 y

...

2.1

48

0.8

2.80 (0.55, 8.69)

...

0

27

0.4

0.00 (0.00, 5.34)

5–19 y

...

1.0

82

0.4

2.97* (1.06, 6.73)

...

0.5

73

0.3

2.09 (0.55, 5.55)

20–49 y

44

4.9

1224

2.3

2.11* (1.52, 2.85)

54

4.2

1071

1.6

2.55* (1.90, 3.36)

50–64 y

52

22.4

2141

12.6

1.78* (1.32, 2.34)

66

14.3

2236

7.5

1.91* (1.47, 2.44)

65–74 y

63

83.1

5271

56.6

1.47* (1.12, 1.88)

53

41.6

3042

27.4

1.52* (1.13, 1.99)

‡ 75 y
All ages

199
374

519.4
43.0

37 227
46 151

503.5
37.3

1.03 (0.89, 1.18)
1.15* (1.02, 1.28)

200
385

299.5
25.2

26 894
33 393

227.8
17.5

1.31* (1.13, 1.51)
1.44* (1.28, 1.59)
Continued
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TABLE 1—Continued
East
<1 y

...

29.1

119

7.8

3.73 (0.76, 11.16)

...

10.0

61

3.8

2.65 (0.31, 9.99)

1–4 y

...

2.1

49

0.8

2.66 (0.6, 15.50)

...

4.3

32

0.5

8.86* (1.73, 28.33)

5–19 y

...

79

0.3

NA

...

72

0.3

NA

20–49 y

...

2.9

1120

2.1

1.38 (0.63, 2.62)

10

2.1

1048

1.6

1.32 (0.63, 2.42)

50–64 y
65–74 y

...
18

11.2
66.9

2193
5341

11.5
50.4

0.97 (0.45, 1.85)
1.33 (0.78, 2.09)

21
20

12.5
44.5

2279
3852

7.7
31.9

1.61 (1.00, 2.47)
1.40 (0.84, 2.15)

‡ 75 y

67

454.6

35 684

409.7

1.11 (0.85, 1.40)

67

242.6

33 058

255.3

0.95 (0.73, 1.20)

All ages

107

35.3

44 585

30.9

1.14 (0.92, 1.38)

123

20.8

40 402

19.5

1.06 (0.87, 1.27)

<1 y

104

51.7

513

10.9

4.76* (3.82, 5.89)

76

23.5

265

4.8

4.86* (3.71, 6.29)

1–4 y

20

2.4

183

0.9

2.49* (1.48, 3.95)

23

1.9

145

0.7

2.89* (1.77, 4.50)

5–19 y

23

0.8

259

0.4

2.15* (1.34, 3.31)

42

0.8

278

0.3

2.89* (2.04, 4.01)

20–49 y
50–64 y

295
278

7.8
29.0

3489
6362

2.2
11.6

3.57* (3.15, 4.03)
2.50* (2.21, 2.82)

442
468

6.6
21.3

3747
7826

1.8
8.1

3.69* (3.33, 4.07)
2.62* (2.38, 2.88)

65–74 y

372

113.6

15 662

52.3

2.17* (1.95, 2.41)

415

61.7

11 966

31.2

1.98* (1.79, 2.18)

‡ 75 y

1255

653.8

106 401

446.6

1.46* (1.38, 1.54)

1642

423.5

96 120

246.9

1.72* (1.63, 1.80)

All ages

2347

55.7

132 869

33.4

1.67* (1.59, 1.74)

3108

36.3

120 347

19.1

1.90* (1.82, 1.97)

...

...

All regions

Note. AI/AN = American Indian/Alaska Native; CI = confidence interval; CHSDA = Contract Health Service Delivery Area; IHS = Indian Health Service; NA = not applicable/able to be calculated; RR =
rate ratio. Ellipses indicate that counts less than 10 were suppressed; if no cases reported, then rates and RRs could not be calculated. Analyses are limited to persons of non-Hispanic origin. AI/AN
race is reported from death certificates or through linkage with the IHS patient registration database. Rates are per 100 000 persons and are age-adjusted to the 2000 US standard population (11
age groups; Census P25-113045). Rate ratios are calculated in SEER*Stat before rounding of rates and may not equal rate ratios calculated from rates presented in the table. IHS regions are
defined as follows: Alaskaa; Northern Plains (IL, IN,a IA,a MI,a MN,a MT,a NE,a ND,a SD,a WI,a WYa); Southern Plains (OK,a KS,a TX,a); 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 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%. States and years of data excluded because Hispanic origin was not
collected on the death certificate: LA: 1990; NH: 1990–1992; OK: 1990–1996.
Source. AI/AN Mortality Supplement Database (AMD 1990–2009).
a
Identifies states with at least 1 county designated as CHSDA.
*P < .05.

ranged from 2.1 to 2.8 times higher compared
with Whites, and in 2009, the year of the H1N1
inﬂuenza A pandemic, the overall inﬂuenza
death rate for AI/AN persons was 5.1 (RR =
4.9; 95% CI = 3.8, 6.4) compared with 1.0
among Whites. In 2009, rates were signiﬁcantly higher for AI/AN persons compared with
Whites in all age groups, except for infants and
children aged 5 to 19 years; the highest
RR occurred in children aged 1 to 4 years, with
a RR of 8.2 (95% CI = 1.3, 38.6), followed by
those aged 65 to 74 years (RR = 6.29; 95%
CI = 2.17, 14.9), 20 to 49 years (RR = 6.10;
RR = 4.09, 8.86), 75 years and older (RR = 3.94;
95% CI = 1.04, 10.4), and 50 to 64 years
(RR = 3.83; 95% CI = 2.2, 6.15; data not shown).

Progress in Addressing Disparities
From 1999 to 2009, rates for pneumonia
and inﬂuenza deaths declined for AI/AN and
White people. Rates for AI/AN individuals decreased from 39.6 in 1999 to 2003 to 33.9 in
2004 to 2009. Rates for Whites decreased

from 21.9 in 1999 to 2003 to 17.0 in 2004 to
2009. The difference in death rates between
AI/AN individuals and Whites also decreased.
From 1999 to 2003, the difference in death
rates between AI/AN individuals and Whites
was 17.7, and decreased slightly to 16.9 from
2004 to 2009 (Figure 3). The RR increased
slightly, although the CIs overlapped (1999--2003: RR = 1.8; 95% CI = 1.7, 1.9; 2004--2009: RR = 1.9; 95% CI = 1.8, 2.0).

DISCUSSION
Although the changes in ICD coding complicated the examination of trends in pneumonia and inﬂuenza mortality for the entire 1990
to 2009 period, from 1999 to 2009, pneumonia and inﬂuenza death rates for both AI/ANs
and Whites declined. Although the difference
in death rates between AI/AN persons and
Whites also decreased, disparities between
AI/AN and White populations persisted. AI/AN
people continued to have almost a 2-fold
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increased risk of dying from pneumonia and
inﬂuenza compared with Whites. This disparity
persisted in all regions except for the East,
and was the highest for the Alaska, Northern
Plains, and Southwest regions.
The geographic differences in pneumonia
and inﬂuenza mortality were not surprising,
and likely reﬂected differences in population
characteristics known to contribute to pneumonia and inﬂuenza mortality. The prevalence
of underlying medical conditions, such as diabetes, cardiovascular disease, and obesity were
higher among certain AI/AN tribes compared
with others.5,6,8 Although, overall, AI/AN people were more likely to live in poverty compared with non-Hispanic Whites,6---8,21 some
regions (Alaska, Northern Plains, Southwest,
and Paciﬁc Coast) had a higher proportion of
AI/AN people with low incomes compared
with other regions.8 Low socioeconomic status
could contribute to household and environmental factors, such as household crowding,
lack of running water in the home, and poor
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race is reported from death certificates or through linkage with the Indian Health Service patient registration database. The following states and years of data are excluded because Hispanic origin
was not collected on the death certificate: LA: 1990; NH: 1990–1992; OK: 1990–1996.
Source. AI/AN Mortality Database (AMD 1990–2009).

FIGURE 1—Annual death rates for American Indians/Alaska Natives (AI/ANs) and Whites from (a) pneumonia and (b) influenza: Contract Health
Service Delivery Areas, United States, 1990–2009.
indoor air quality, all of which have been associated with higher rates of infectious diseases
and lower respiratory tract infections.30,47---54
In the Alaska, Southwest, and Northern Plains
regions, where the pneumonia and inﬂuenza
mortality disparity appeared to be the greatest,
AI/AN people were more likely to live in
crowded housing55,56 and reside on reservations and tribal villages in rural, isolated, and
remote areas where running water in the home
might not be available, use of wood-burning

stoves might be more common, and household
ventilation might be suboptimal during cold
weather months.50,51 Tobacco smoking, which
can contribute to poor indoor air quality and is
a known risk factor for respiratory infections
among children,57 was more prevalent in Alaska
and in the Northern Plains than in other regions8; this might contribute to the increased
pneumonia and inﬂuenza mortality burden in
these regions. Finally, previous studies conducted during the time represented by our data

Supplement 3, 2014, Vol 104, No. S3 | American Journal of Public Health

found that AI/AN people were generally less
likely to access preventive care6,8 and were
more likely to report not receiving needed
health care because of cost.7 Barriers to accessing health care and delays in antiviral
medication treatment, which were found to
contribute to increased rates of inﬂuenza mortality,58 might be more likely to occur in the
more remote and rural reservations that are
common to the Alaska, Southwest,38 and
Northern Plains regions. In rural and remote
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through linkage with the Indian Health Service patient registration database. The following states and years of data are
excluded because Hispanic origin was not collected on the death certificate: LA 1990; NH: 1990–1992; OK: 1990–1996.
Source. AI/AN Mortality Database (AMD 1990–2009).

FIGURE 2—Pneumonia and influenza death rate ratios by age group for American Indians/
Alaska Natives (AI/ANs) and Whites: Contract Health Service Delivery Areas, United States,
1990–2009.

communities, there might be fewer health
care options, distances to health care facilities
might be greater, and transportation options
limited.34
The differences in the age distribution of pneumonia and inﬂuenza mortality among AI/AN
and White people are worth noting; AI/AN
infants and those aged 20 to 49 years had the
highest RRs compared with Whites, and the
oldest age group had the lowest RR. From 1999
to 2009, for all regions combined, a disparity
for AI/AN persons compared with Whites
existed for all age groups. Not surprisingly,
those aged 75 years and older had the highest
pneumonia and inﬂuenza death rates for both
groups, and although rates among AI/AN individuals were signiﬁcantly higher compared
with rates for Whites in this age group, the
disparity was less than for other age groups.
This ﬁnding was consistent with previous studies of elderly AI/AN hospitalizations.11 For all

regions combined, the greatest disparity was
found among infants, where the pneumonia
and inﬂuenza death rate among AI/AN infants
was 4.86 times higher compared with Whites.
AI/AN infants in Alaska, the Northern Plains,
and the Southwest regions, as well as the Paciﬁc
Coast, had signiﬁcantly higher pneumonia and
inﬂuenza death rates. The highest RR was
found in the Alaska region, where AI/AN
infants were 8.22 times more likely to die from
pneumonia and inﬂuenza compared with their
White counterparts. Previous studies showed
that AI/AN infants had higher hospitalization
rates for infectious diseases and other respiratory infections compared with non-Hispanic
Whites14,15; therefore, it was not surprising that
the pneumonia and inﬂuenza death rate would
also be signiﬁcantly higher. Although improvements in access to health care and treatment contributed to a reduction in infant
pneumonia and inﬂuenza deaths, household
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and environmental factors, such as crowding,
lack of access to running water in the home,
poor indoor air quality, and exposure to
tobacco and wood smoke, some of which are
more common in Alaska, the Northern Plains
and the Southwest, likely continued to contribute to the ongoing disparity.16,30,50---57 The
emergence of a disparity among the infant age
group in the Paciﬁc Coast region in the 1999
to 2009 period might be related to the presence of some of these risk factors among AI/AN
communities in the Paciﬁc Coast region, although the relatively small number of cases
in this region made it difﬁcult to determine if
this was a true disparity.
AI/AN persons aged 20 to 49 years also
appeared to bear a disproportionate burden
of pneumonia and inﬂuenza mortality compared with Whites. Pneumonia and inﬂuenza
death rates for AI/AN persons in this age group
were 3.69 times higher compared with
Whites from 1999 to 2009, with rates in the
Northern Plains, Alaska, and the Southwest
4 to 5 times higher. Reasons for this increased
disparity were likely related not only to the
previously mentioned household and other
environmental factors, but might also be
related to the high prevalence of underlying
chronic health conditions among adults
that have been documented in the AI/AN
population,5,7,13,32 and the higher rates of
smoking, particularly in the Alaska and
Northern Plains regions.6---8,32
Progress in reducing the overall pneumonia
and inﬂuenza death rate was likely related to
better access to health services and medical
treatment, particularly for pneumonia, and improvements in living conditions. The introduction and expansion of vaccination programs
for both inﬂuenza and pneumococcal vaccines
also contributed to the decline in the pneumonia and inﬂuenza death rate since 1999.
Among AI/AN people seen in the IHS health
care system, overall coverage among AI/AN
adults aged 65 years and older with the
23-valent pneumococcal polysaccharide vaccine increased from 58% in 2000 to 82% in
2009, and coverage with inﬂuenza vaccine
increased from 48% in 2000 to 59% in 2009
(personal communication, Diane Leach, IHS
Government Performance Results Act Team,
May 2013). The introduction of pneumococcal
conjugate vaccine for children in 2000 resulted
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Source. AI/AN Mortality Database (AMD 1990–2009).

FIGURE 3—Pneumonia and influenza death rates for American Indians/Alaska Natives
(AI/ANs) and Whites: Contract Health Service Delivery Areas, United States, 1999–2003
and 2004–2009.

in an overall decline in invasive pneumococcal
disease in all age groups in the United States59,60
and among AI/AN children.3,29 Coverage with
4 doses of pneumococcal conjugate vaccine
among AI/AN children served by IHS was
77% in 2009.61 Further progress in prevention
of invasive pneumococcal disease and pneumococcal pneumonia is anticipated with the
widespread use of the 13-valent pneumococcal
conjugate vaccine, which replaced the 7-valent
vaccine in 2010. Because of multiple causative
agents and diagnostic challenges related to
identifying the organisms causing pneumonia,62 it is difﬁcult to say how much of the
pneumonia and inﬂuenza mortality can be
further reduced through vaccination. In both
time periods and for both groups, 80% or more
of pneumonia and inﬂuenza deaths were attributed to pneumonia caused by an unspeciﬁed organism, although some of these deaths
might have been caused by S. pneumonia
infection.62 Although vaccination can play
a role in further reducing pneumonia and inﬂuenza mortality, other interventions are needed.
Of note, the inﬂuenza mortality RR for 2009
was considerably higher than the RR reported
for other years. In 2009, the inﬂuenza death
rate among AI/AN persons was almost 5 times
higher compared with the rate for Whites. This
ﬁnding was consistent with a 12-state study

that found that AI/AN people were 4 times more
likely to die from H1N1 inﬂuenza infections
compared with other populations.36 A follow-up
study to identify risk factors for increased inﬂuenza mortality found that advanced age,
underlying medical conditions, smoking, delayed
initiation of antiviral medications, and barriers
to health care access were associated with an
increased risk of inﬂuenza mortality (personal
communication, Thomas Hennessy, Director,
Arctic Investigations Program, Anchorage, AK,
May 2013). In addition, a study examining
H1N1 inﬂuenza-related hospitalizations in 4
rural AI/AN communities in the Southwest
found substantially higher hospitalization rates
compared with other US populations, which
was attributed in part to underlying chronic
medical conditions and low antiviral treatment
rates.38

really decreased over time, although the comparison of RRs for the 2 time periods allowed
for a comparison of the magnitude of the disparity over time. Small numbers for certain
regions, however, limited our ability to distinguish true differences. Although the methods
used in this study improved the racial classiﬁcation methods used in previous studies, they
were limited to AI/AN people who receive care
from IHS. There is substantial variation between federally recognized tribes in the proportion of Native ancestry required for tribal
membership, and therefore, for eligibility for
IHS services. Whether and how this discrepancy in tribal membership requirements might
inﬂuence some of our ﬁndings was unclear,
although our ﬁndings were consistent with
previous reports. In addition, racial misclassiﬁcation of AI/AN people who did not receive
care from the IHS might contribute to an underestimate in the death rates for AI/ANs
presented here. Limiting our analysis to CHSDA
counties, however, should have minimized this
issue, although as a result, our ﬁndings might
not be generalizable to those residing outside
CHSDA counties. Although the exclusion of
Hispanic AI/AN individuals from the analyses
for reasons described in another article in this
supplement41 reduced the overall AI/AN deaths
by less than 5%, it might disproportionately
affect some states. Finally, previous studies
found that inﬂuenza and pneumonia, although
noted on the death certiﬁcate as contributing
causes, were often not assigned as the cause
of death.63 Inﬂuenza was often not reported as
the cause of death because people die of complications from the disease, not directly from
inﬂuenza.64 Pneumonia, which has multiple
etiologies, might be the immediate cause of
death, but not necessarily the underlying cause
of death. Because of this, the pneumonia and
inﬂuenza death rates reported here might be an
underestimate.

Limitations
Limitations to this study include the transition from ICD-9 to ICD-10 codes, possible
racial misclassiﬁcation, exclusion of Hispanic
AI/AN persons, small numbers that limited our
ability to examine geographic variation, and
potential underreporting of pneumonia and
inﬂuenza as a cause of death. The transition
from ICD-9 to ICD-10 made it difﬁcult to determine if pneumonia and inﬂuenza mortality
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Conclusions
Reasons for the continued pneumonia and
inﬂuenza mortality disparity between AI/AN
and White people were difﬁcult to isolate. The
disparities were most likely the result of a complex interaction of factors. These included
lower socioeconomic status that was associated
with household and environmental factors that
increased transmission of infectious diseases,
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an increased burden of chronic health conditions and health risk behaviors that might increase infectious disease susceptibility and
severity, and barriers to accessing health care
that might result in less use of prevention and
treatment services. Although reducing socioeconomic disparities is challenging, focused
efforts to improve household living conditions
could have a direct impact on reducing the infectious disease burden among AI/AN people30
and might help to further reduce pneumonia
and inﬂuenza death rates. Although only a subset
of the pneumonia deaths might be vaccine
preventable, ensuring access to pneumococcal
and inﬂuenza vaccines, as well as antiviral
treatment, is critical for AI/AN communities,
particularly in the event of another pandemic,
because of the higher background rates of both
invasive pneumococcal disease and inﬂuenza,
and the documented increased risk for severe
outcomes.36,38 Continuing efforts to improve
pneumococcal conjugate vaccine coverage among
AI/AN children, and increased awareness of
the importance of early antiviral treatment of
inﬂuenza among providers and AI/AN communities, is needed. Finally, continuing to strengthen
on-going surveillance efforts to better identify
the disease burden among AI/AN people at
local and regional levels is essential to increase
public health action to address disparities. j
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