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Objective. Rheumatic diseases are associated with increased rates of hospitalized infection, but few studies have
included Indigenous North American populations. Our objective was to evaluate the association of rheumatic disease
diagnosis during a hospitalization with odds of hospitalized infections in Alaska and assess differences by race.

Methods. We used hospital discharge data from the Alaska Health Facilities Data Reporting Program from 2015 to
2018. We identified people with a rheumatic disease diagnosis based on any hospital discharge diagnosis of a set of
rheumatic diseases and compared them to people hospitalized but without a rheumatic disease diagnosis. We deter-
mined odds of hospitalized infection by rheumatic disease diagnosis status and type, race, and type of infection. Using
multivariable modeling, we determined factors associated with hospitalized infection.

Results. Having a rheumatic disease diagnosis other than osteoarthritis was associated with 1.90 higher odds of
hospitalized infection overall, whereas people of Alaska Native/American Indian (AN/AI) race with rheumatic disease
had 2.44 higher odds. The odds varied by rheumatic disease and were increased in all rheumatic diseases except oste-
oarthritis (0.73). The most common type of hospitalized infection was sepsis, but opportunistic infections and pneumo-
nia were most associated with a rheumatic disease diagnosis. On multivariable analysis, having a rheumatic disease
diagnosis other than osteoarthritis, being of older age, and being of AN/AI race were associated with increased odds
of hospitalized infection, with an interaction between race and rheumatic disease status.

Conclusion. This study confirmed the association of hospitalized infections with rheumatic disease diagnosis
(other than osteoarthritis) during hospitalization and identified disparities by race.

INTRODUCTION

Rheumatic diseases are associated with an increased risk of

serious infections resulting in hospitalization. The risk of infection

is increased by certain disease-modifying or immunosuppressive

medications used to treat rheumatic diseases, as well as immune

dysregulation in certain disease states, and high rates of hospital-

ization for infections have been described most commonly in

rheumatoid arthritis (RA) and systemic lupus erythematosus

(SLE) (1,2). While the risk of serious infection is higher in RA than

noninflammatory rheumatic diseases (3), recent studies have also

described high rates of hospitalization for serious infections in

people with osteoarthritis and gout, for whom long-term immuno-

suppressive medication is not typically prescribed, compared to

individuals without those conditions (4,5). Several studies have

described an increase in the rates of hospitalization for serious

infections over time with changes in the distribution of types of

infection, specifically in RA (6) and SLE (7).
There are disparities in the incidence and prevalence of rheu-

matic diseases, as well as disparities in the risk of infections in dif-

ferent populations. Indigenous North American (INA) populations

have high rates of some rheumatic diseases, including RA, SLE,

and spondyloarthritis (8). In addition, studies have described high

rates of certain infections and disparities in hospitalizations for

infectious diseases in INA populations, including Alaska Native

people (9,10). Few studies have examined the rates of hospital-

ized infections in INA populations with rheumatic disease diagno-

ses, but one study in a cohort of patients with SLE identified

among Medicaid beneficiaries in the US found a high incidence

of hospitalizations for serious infections in INA people (2).
Our overall study was designed to evaluate the impact of

rheumatic disease on the Alaska Native/American Indian (AN/AI)
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population in Alaska, including a focus on hospitalizations. We
previously described the general characteristics of hospitaliza-
tions in people with or without a rheumatic disease diagnosis
and found that people with a rheumatic disease diagnosis were
older and more likely to be of AN/AI race, and that they had more
hospitalizations overall with a longer average length of stay and a
higher likelihood of having a hospitalization with a primary diagno-
sis of a musculoskeletal condition (11). In the analysis presented
herein, we investigated hospitalized infections in people with
rheumatic disease hospitalizations compared to those hospital-
ized without a rheumatic disease diagnosis in Alaska from 2015
to 2018. Despite the limitations of hospital discharge data sets
to identify population-based cohorts of people with rheumatic dis-
ease, we hypothesized that higher rates of hospitalized infection
would be found in people of all races with a rheumatic disease
diagnosis made during a hospitalization compared to people
without a rheumatic disease diagnosis. We also hypothesized
that the difference would be more pronounced for AN/AI people
with a rheumatic disease diagnosis. Finally, we hypothesized that
the likelihood of hospitalized infection would differ based on the
specific rheumatic disease diagnosed.

PATIENTS AND METHODS

This study was reviewed and approved as expedited research
by the Alaska Area Institutional Review Board (IRB; protocol
#2019-03-021), including a waiver of consent. In addition to IRB
approval, the study was reviewed and approved by the Alaska
Native Tribal Health Consortium and participating regional tribal
health organizations prior to the research being conducted. Finally,
this article’s manuscript was reviewed and approved by participat-
ing tribal health organizations prior to submission for journal review.

Study population and data source. Data for this study
were obtained from the State of Alaska Health Facilities Data
Reporting Program (HFDR). The HFDR collects mandated reports
on discharge data from hospitals and health care facilities in
Alaska, which is used to create the Alaska Inpatient Database.
Because only limited outpatient data are available and not as
complete as the inpatient data, only inpatient data were used for
this study. The data set is deidentified and may be used for popu-
lation health assessment, research, or health care operations, but
it may not be linked with other data sets to identify cohorts of
patients. The lack of outpatient data and inability to identify indi-
viduals precludes study of true population-based cohorts using
this data set. While protected health information is not included
in the HFDR, the data set does include demographics provided
by the submitting health care facility (age, gender, race, region of
residence), as well as discharge diagnoses (primary and all listed),
length of stay, in-hospital mortality, and discharge status (to home
or other). The HFDR includes data from all regions of Alaska. For
this study, we included patients aged 18 and older at the time of

the hospital encounter, of any gender and race, and from any
region of Alaska. Out of state residents hospitalized in Alaska
were excluded from this study because we were interested in
Alaska residents and out of state resident characteristics were
expected to differ. For data analysis, an individual person’s race
was determined by the category listed in the HFDR as provided
by the submitting health care facility (typically collected from the
patient at the time of registration at the facility) and included
AN/AI, White, Black, Asian, Native Hawaiian/Pacific Islander, or
Other. The HFDR does not include a multiracial category. For
comparisons of race, persons with missing race in the HFDRwere
excluded. In our analyses, we were interested in differences
between AN/AI and non-AN/AI people. Because of observed dif-
ferences between White and other races, our analyses included
three categories for race, AN/AI, White, and Other (which com-
bined Black, Asian, Native Hawaiian/Pacific Islander, and Other
as listed in HFDR). The HFDR data set from the years of interest
only allows for male or female gender to be reported.

Case definitions. First, we identified people with or without
a rheumatic disease diagnosis stated during a hospitalization as
described previously (11). Once eligibility was determined based
on age and Alaska residence, people with rheumatic disease
were defined as having at least one hospitalization with any listed
diagnosis of a set of rheumatic diseases of interest (primary or any
alternate) at any time from 2015 through 2018. People without
rheumatic disease had at least one hospitalization during that time
period without any listed diagnosis of rheumatic disease. Rheu-
matic diseases were identified by International Classification of
Diseases (ICD)-9 and ICD-10 codes as previously described and
included a set of nine categories of conditions (osteoarthritis,
gout, RA, spondyloarthritis, SLE or mixed connective tissue dis-
ease [MCTD], systemic sclerosis, vasculitis, Sjögren syndrome,
and inflammatory myopathy) (11). While we were unable to specif-
ically validate these case definitions in this data set, the ICD-9 and
ICD-10 codes were selected based on typical coding for these
conditions. In our analyses, we considered people with a rheu-
matic disease diagnosis of osteoarthritis only separately from
those with all other rheumatic disease diagnoses, based on differ-
ences in associations with hospitalized infection.

Hospitalized infections were identified based on having a pri-
mary diagnosis of one of a set of serious infections during a hospi-
talization during the study period. These infections were identified
based on ICD-9 and ICD-10 codes, as listed in Supplementary
Table 1. Serious infections were grouped into five categories:
pneumonia, skin and soft tissue infections, urinary tract infections,
sepsis, and opportunistic infections.

Statistical analysis. We assessed difference in likelihood
of any hospitalized infection among people with a rheumatic dis-
ease diagnosis of osteoarthritis only, people with all other rheu-
matic diseases, and people without any rheumatic disease
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diagnosis. We used univariate analysis to compare overall propor-
tion hospitalized and odds of hospitalization stratified by specific
patient characteristics, including gender, age, race, type of resi-
dence (urban or rural), comorbidities, and total number of hospi-
talizations of any type during the study period. We also
compared the length of hospitalization and hospital discharge
status (to home vs. other and to home vs. in-hospital mortality)
for hospitalized infections by rheumatic disease diagnosis status.
For evaluation of comorbidities, we used the Deyo-Charlson
comorbidity index, including a list of 17 comorbid conditions iden-
tified by ICD-9 and ICD-10 codes and with associated weights.
This was calculated using an R package created to compute
comorbidity scores (12).

We evaluated whether the odds of hospitalized infection by
the level of these other factors differed between people diagnosed
with rheumatic disease (with osteoarthritis or all other rheumatic
diseases) and people without any rheumatic disease diagnosis,
calculating conditional exact tests, odds ratios, and associated
melded confidence intervals (13). We further examined whether
there were additional variations in the odds of hospitalized infec-
tions by the specific type of rheumatic disease and whether there
were variations in the association with rheumatic disease by the
category of infection. Because race appears to influence both of
these characteristics, we also examined differences by race.

To more accurately understand the modification of odds of
hospitalized infection conveyed by a rheumatic disease diagnosis,
we constructed multivariable logistic models to adjust for differ-
ences in the aforementioned patient characteristics for people
with versus without a rheumatic disease diagnosis who did or
did not have a hospitalized infection. We considered models with
and without interaction terms, balancing complexity of interpreta-
tion with accurate representation of the effects of covariates. We
developed separate models for osteoarthritis and for all other
rheumatic disease diagnoses.

In analyses using patients’ reported race, persons (and
associated hospitalizations) with unknown race were excluded
(less than 5% of hospitalizations). Similarly, persons (and their
hospitalizations) whose only hospitalizations were pregnancy
related were excluded. Because a person’s hospitalizations were
not examined until they turned age 18, and because some
patients were known to have died during the study period (based
on in-hospital mortality as reported in the HFDR), a small number
of patients (less than 5%) contributed data for a shorter period
than the entire 2015 to 2018 study period. A simple sensitivity
analysis did not suggest any meaningful systematic difference in
examined characteristics of these few persons with a curtailed
examination period.

RESULTS

The characteristics associated with differences in the propor-
tion of hospitalized infections for people with a rheumatic disease

diagnosis during a hospitalization compared to people without a
rheumatic disease diagnosis are presented in Table 1, stratified
by characteristics of the patients. In patients with a rheumatic dis-
ease diagnosis other than osteoarthritis, a higher proportion had
been hospitalized for infection than people without a rheumatic
disease diagnosis, whereas the converse was true for people with
an osteoarthritis diagnosis only. The odds ratio of hospitalized
infection for people with a rheumatic disease diagnosis other than
osteoarthritis compared to people with no rheumatic disease
diagnosis was highest in those in the youngest age group (18 to
39 years old), although the absolute number of hospitalizations
increased with age. The odds did not differ by gender, but people
of AN/AI race had the highest odds of hospitalized infection asso-
ciated with rheumatic disease (for osteoarthritis and for all other
rheumatic diseases), with the set of races categorized as “Other”
also having higher odds than those who identified as White. Rural
residence was associated with higher odds than urban residence.
A comorbidity score of 3 or higher and a longer length of stay had
higher odds of hospitalized infection, whereas discharge to home
was not statistically different between groups. In-hospital mortal-
ity was lower in people with osteoarthritis than people with no
rheumatic disease diagnosis, but there was no difference in mor-
tality between people with all other rheumatic disease diagnoses
as compared to no rheumatic disease diagnosis.

The proportion and odds of hospitalized infection by type of
rheumatic disease are shown in Table 2, with a breakdown by race
in Figure 1. The rheumatic disease with the highest odds of hospi-
talized infection was myopathy, although the number of cases
was small. The next highest odds were for SLE/MCTD and vascu-
litis. The lowest odds of hospitalized infection were with osteoarthri-
tis (odds ratio 0.84; 95% CI: 0.79-0.89), the only condition for
which the odds of infection were lower in the setting of a rheumatic
disease diagnosis. As presented in Figure 1, the association
between types of rheumatic disease and hospitalized infection var-
ied by race, for all conditions except SLE/MCTD (P = 0.34). For all
conditions with statistically significant differences by race, the low-
est proportion of hospitalized infections occurred in people who
identified as White, whereas AN/AI people had a higher likelihood
of hospitalized infections, and those of other races fell in between
White and AN/AI. Figure 1 excludes vasculitis, Sjögren syndrome,
myopathy, and systemic sclerosis because each of these condi-
tions have fewer than 75 people with a hospitalized infection.

Differences in the types of hospitalized infections are pre-
sented in Table 3. As shown in Table 3, 22.3% of people with a
rheumatic disease diagnosis other than osteoarthritis had at least
one hospitalized infection compared to 13.1% of those with no
rheumatic disease diagnosis (odds ratio 1.90; 95% CI:
1.77-2.03). The most common infectious disease diagnosis was
sepsis in all groups. Opportunistic infections and pneumonia were
the categories with the most significant differences in odds
between people with rheumatic disease diagnoses compared to
people without.

HOSPITALIZED INFECTIONS AND RHEUMATIC DISEASE 3
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In Table 4, we present four multivariable models investigating
associations with hospitalized infection, two for osteoarthritis
alone and two for rheumatic disease other than osteoarthritis.
These models include rheumatic disease and other characteris-
tics associated with hospitalized infection. The first model for each
condition does not include interaction terms, and therefore the

odds ratios have a clearer interpretation. The second model for
each condition includes relevant interaction terms for race and
rheumatic disease, given that there are significant interactions
identified. As shown in the first model for rheumatic disease other
than osteoarthritis, when adjusted for other factors including age,
race, gender, total number of hospitalizations, and death, people

Table 2. Unadjusted odds of hospitalized infection by type of RD for people of all races in Alaska, 2015 to 2018

Type of RDa
Number with this
rheumatic disease

Number (%) with any
hospitalized infection

Odds ratio
(95% confidence interval)

None 61,896 8123 (13.1%) Reference
Osteoarthritis 11,943 1346 (11.3%) 0.84** (0.79-0.89)
Gout 2880 595 (20.7%) 1.72** (1.57-1.89)
Rheumatoid arthritis 1710 420 (24.6%) 2.16** (1.92-2.41)
Lupus or MCTD 384 111 (28.9%) 2.69** (2.14-3.37)
Spondyloarthritis 314 77 (24.5%) 2.15** (1.64-2.80)
Vasculitis 165 46 (27.9%) 2.56** (1.78-3.63)
Sjögren syndrome 145 35 (24.1%) 2.11** (1.40-3.11)
Systemic sclerosis 72 18 (25.0%) 2.21** (1.22-3.82)
Myopathy 45 17 (37.8%) 4.02** (2.06-7.61)

Abbreviations: MCTD, mixed connective tissue disorder; RD, rheumatic disease.
aOne patient can be in multiple rows if multiple types of RD were diagnosed.
**P < 0.01 for all odds ratio calculations.

Table 1. Hospitalized infections for patients in Alaska with OA, other RD hospitalization, or no RD hospitalization, 2015-2018, overall and
stratified by patient characteristics

Characteristic

Hospitalization
for infection in
people with OA
and no other
RD (of 10,516)

Hospitalization for
infection in people

with RD other
than OA (of 5316)

Hospitalization
for infection
in people
without

RD (of 61,896)

Odds ratio
(95% confidence

interval) for
OA vs. no RD

Odds ratio
(95% confidence

interval) for
RD other

than OA vs. no RD

Any ID hospitalization 1047 (10.0%) 1184 (22.3%) 8123 (13.1%) 0.73 (0.68-0.78) 1.90 (1.77-2.03)
Age group
18-39 y 25 (9.3%) 105 (28.5%) 1797 (10.9%) 0.84 (0.53-1.27) 3.26 (2.56-4.12)
40-64 y 376 (8.5%) 440 (21.0%) 3281 (12.4%) 0.66 (0.59-0.74) 1.88 (1.68-2.10)
65 y or older 646 (11.1%) 639 (22.4%) 3045 (16.0%) 0.65 (0.59-0.71) 1.51 (1.37-1.67)

Gender
Female 619 (10.5%) 606 (23.8%) 3997 (13.5%) 0.75 (0.69-0.82) 1.99 (1.80-2.20)
Male 428 (9.2%) 578 (20.9%) 4126 (12.7%) 0.70 (0.62-0.77) 1.81 (1.64-2.00)

Race
White 635 (8.2%) 620 (19.1%) 4490 (12.0%) 0.66 (0.60-0.72) 1.73 (1.58-1.90)
AN/AI 304 (18.2%) 348 (31.5%) 2467 (15.8%) 1.18 (1.03-1.35) 2.44 (2.13-2.79)
Other 89 (10.0%) 200 (23.4%) 950 (13.5%) 0.72 (0.56-0.90) 1.96 (1.64-2.33)

Type of residence
Urban 722 (10.1%) 807 (22.5%) 5439 (13.5%) 0.72 (0.66-0.78) 1.86 (1.71-2.02)
Rural 325 (9.7%) 377 (21.8%) 2676 (12.4%) 0.76 (0.67-0.86) 1.97 (1.74-2.23)

Deyo-Charlson comorbidity index
0 104 (2.3%) 57 (9.2%) 2192 (7.9%) 0.28 (0.23-0.34) 1.19 (0.88-1.57)
1-2 337 (9.4%) 314 (16.5%) 2838 (14.0%) 0.64 (0.56-0.72) 1.21 (1.06-1.38)
≥3 606 (24.5%) 813 (29.1%) 3093(22.1%) 1.14 (1.03-1.26) 1.44 (1.31-1.58)

Length of stay of ID
hospitalization

≤3 d 513 (34.0%) 573 (33.7%) 3838 (37.2%) Reference Reference
>3 d 998 (66.0%) 1129 (66.3%) 6468 (62.8%) 1.15 (1.03-1.30) 1.17 (1.05-1.31)

Discharge status
To home 1160 (82.3%) 1282 7669 (81.4%) Reference Reference
Other than home 250 (17.7%) 287 1748 (18.6%) 0.95 (0.81-1.10) 0.98 (0.85-1.12)

In-hospital mortality
Discharge home 1160 (92.5) 1282 7669 (90.0%) Reference Reference
Death in hospital 94 (7.5%) 127 851 (10.0%) 0.73 (0.58-0.91) 0.89 (0.73-1.09)

Abbreviations: AN/AI, Alaska Native/American Indian; ID, infectious disease; OA, osteoarthritis; RD, rheumatic disease.

FERUCCI AND HOLCK4
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with rheumatic disease have 1.37 higher odds of hospitalization
overall than people without a rheumatic disease diagnosis. The
odds are lower for people of White and other races compared to

people of AN/AI race. When adding the interaction term, the odds
of hospitalized infection are increased to 1.77 for AN/AI people
with rheumatic disease compared to AN/AI people without

Figure 1. Percentage of patients with any hospitalized infection by rheumatic disease type and by race. This figure excludes vasculitis, Sjögren
syndrome, myopathy, and systemic sclerosis because there were fewer than 75 people in each of these groups with a hospitalized infection.
Comparisons by race were statistically significant (at P < 0.01) for all rheumatic disease types displayed except SLE/MCTD (P = 0.34). AN/AI,
Alaska Native/American Indian; OA, osteoarthritis; RA, rheumatoid arthritis; RD, rheumatic disease; SLE/MCTD, systemic lupus erythematosus
or mixed connective tissue disease; SpA, spondyloarthritis.

Table 3. Odds of hospitalization by type of infection for patients of all races with OA, other RD hospitalization, or no RD
hospitalization, 2015 to 2018

Type of
infection

Number (%)
with one or

more
hospitalizations
for this infection
for patients with

OA and no
other RD (of

10,516)

Number (%)
with one or

more
hospitalizations
for this infection
for patients with
RD other than
OA (of 5316)

Number (%)
with one or

more
hospitalizations
for this infection

for patients
without RD (of

61,896)

Odds ratio (95%
confidence

interval) of one
or more

hospitalizations
for this infection
for patients with
OA vs. no RD

Odds ratio (95%
confidence

interval) of one
or more

hospitalizations
for this infection
for patients with
RD other than
OA vs. no RD

Any ID
hospitalization

1047 (10.0%) 1184 (22.3%) 8123 (13.1%) 0.73 (0.68-0.78) 1.90 (1.77-2.03)

Pneumonia 100 (1.0%) 93 (1.7%) 521 (0.8%) 1.13 (0.90-1.41) 2.10 (1.66-2.63)
SSTI 57 (0.5%) 86 (1.6%) 563 (0.9%) 0.59 (0.44-0.78) 1.79 (1.41-2.26)
Sepsis 916 (8.7%) 1023 (19.2%) 6870 (11.1%) 0.76 (0.71-0.82) 1.91 (1.77-2.05)
UTI 32 (0.3%) 24 (0.5%) 289 (0.5%) 0.65 (0.44-0.94) 0.97 (0.61-1.47)
OI 17 (0.2%) 31 (0.6%) 127 (0.2%) 0.79 (0.45-1.31) 2.85 (1.86-4.26)

Abbreviations: ID, infectious disease; OA, osteoarthritis; OI, opportunistic infection; RD, rheumatic disease; SSTI, skin
and soft tissue infection; UTI, urinary tract infection.

HOSPITALIZED INFECTIONS AND RHEUMATIC DISEASE 5
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rheumatic disease, whereas the odds of infection associated with
a rheumatic disease diagnosis are not increased as much in those
of White or other races. In contrast, the models for osteoarthritis
show lower odds of hospitalized infection in people with a diagno-
sis of osteoarthritis compared to people with no rheumatic dis-
ease, and the model accounting for interactions demonstrates
that these lowered odds occur in people of all categories of race.

DISCUSSION

In this study, we found that having a rheumatic disease diag-
nosis other than osteoarthritis during a hospitalization is associ-
ated with increased odds of hospitalized infection whereas
having a diagnosis of osteoarthritis alone is associated with
lower odds of hospitalized infection compared to people with
a hospitalization but without a rheumatic disease diagnosis. The

association between rheumatic disease diagnosis other than
osteoarthritis and hospitalized infection varied by race, age, rural
or urban residence, and comorbidities, but not gender. On multi-
variable analysis, having a rheumatic disease diagnosis other than
osteoarthritis, being of older age, being of AN/AI race, having a
higher number of total hospitalizations, and in-hospital mortality
were associated with increased odds of hospitalized infection.
Our most novel finding was that of an interaction between race
and rheumatic disease status, such that rheumatic disease other
than osteoarthritis increased the odds of hospitalized infection
more in AN/AI people than in White people or people of other
races. Hospital stays for people with rheumatic disease and infec-
tion were longer in people with any rheumatic disease diagnosis
(including osteoarthritis) than for people without rheumatic dis-
ease but were not more likely to result in in-hospital mortality.
The odds of hospitalized infection varied by rheumatic disease

Table 4. Multivariable model of associations with hospitalized infection for people with OA or other RD hospitaliza-
tion compared to no RD hospitalization in Alaska, 2015 to 2018

Predictor variable

Simple model for
OA and no
other RD

Model accounting
for interactions for

OA and no
other RD

Simple model for
RD other than OA

Model accounting
for interactions
for RD other
than OA

Odds ratio (95%
confidence
interval) for
hospitalized
infection

Odds ratio (95%
confidence
interval) for
hospitalized
infection

Odds ratio (95%
confidence
interval) for
hospitalized
infection

Odds ratio (95%
confidence
interval) for
hospitalized
infection

RD
None Reference See below Reference See below
Any 0.61 (0.57-0.66) -- 1.37 (1.27-1.47) --

Race
AN/AI Reference See below Reference See below
White 0.73 (0.69-0.77) -- 0.73 (0.69-0.77) -
Other 0.87 (0.80-0.94) -- 0.87 (0.81-0.94) --

Age
Under 65 years Reference Reference Reference Reference
65 years or older 1.31 (1.25-1.38) 1.31 (1.24-1.37) 1.27 (1.21-1.33) 1.27 (1.21-1.34)

Total number of
hospitalizations for
any condition (for
every increase by 1)

1.27 (1.26-1.28) 1.27 (1.25-1.28) 1.24 (1.23-1.26) 1.24 (1.23-1.26)

Death during
hospitalization

No Reference Reference Reference Reference
Yes 2.79 (2.59-3.01) 2.78 (2.57-3.00) 2.65 (2.46-2.85) 2.65 (2.46-2.85)

Gender
Female Reference Reference Reference Reference
Male 0.96 (0.91-1.00) 0.96 (0.91-1.00) 0.95 (0.91-1.00) 0.95 (0.91-1.00)

Race and RD
interaction

AN/AI without RD Not applicable Reference Not applicable Reference
AN/AI with RD Not applicable 0.82 (0.71-0.94) Not applicable 1.77 (1.53-2.04)
White without RD Not applicable 0.76 (0.72-0.80) Not applicable 0.76 (0.72-0.80)
White with RD Not applicable 0.42 (0.32-0.52) Not applicable 0.92 (0.81-1.02)
Other without RD Not applicable 0.89 (0.82-0.97) Not applicable 0.89 (0.82-0.97)
Other with RD Not applicable 0.52 (0.28-0.75) Not applicable 1.24 (1.07-1.41)

Abbreviations: AN/AI, Alaska Native/American Indian; OA, osteoarthritis; RD, rheumatic disease.
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and were highest in myopathy, SLE/MCTD, and vasculitis and
lowest in osteoarthritis, although the likelihood of hospitalized
infection within most rheumatic disease types also varied by race.
The most common type of hospitalized infection overall was sep-
sis, but opportunistic infections and pneumonia were most
strongly associated with a rheumatic disease diagnosis other than
osteoarthritis. These findings should be interpreted in the context
of the data source, a hospital discharge data set rather than a
population-based cohort, and association may not indicate
causation.

Our finding that having a diagnosis of a rheumatic disease
other than osteoarthritis is associated with hospitalized infection
is consistent with other studies. Several studies have recently
evaluated characteristics of hospitalized infection using data
from the US National Inpatient Sample (NIS) and compared
characteristics of people with hospitalized infection and rheu-
matic disease to those without rheumatic disease. These have
included studies of gout (5), RA, SLE (14), Sjögren syndrome
(15), systemic sclerosis (16), and vasculitis (17). A recent study
of a population-based cohort with systemic sclerosis identified
the highest risk of any hospitalization in the first 5 years of dis-
ease and found a relative risk of hospitalization for infection of
3.90 compared to people without systemic sclerosis (18).
Fewer studies have investigated hospitalized infections in
inflammatory myopathy and spondyloarthritis. Most studies
focus on a single rheumatic disease rather than considering
rheumatic diseases as a whole. One study compared RA to a
combination of noninflammatory rheumatic diseases and found
a 50% higher risk of infectious disease hospitalization in RA
compared to noninflammatory rheumatic diseases (3). One area
in which our findings may differ from previous studies is the
lower odds of hospitalized infection that we found in osteoarthri-
tis. A study using data from the NIS, similar to those described
earlier, found increasing rates of hospitalized infections in peo-
ple with osteoarthritis (4). This study did not compare rates of
infection in people with osteoarthritis to rates of infection in
those without osteoarthritis but did find that characteristics of
people with osteoarthritis and hospitalized infection differed
from people without osteoarthritis: those with osteoarthritis
were of older age and were more likely to be of female sex and
White race (4). We are uncertain why lower rates of hospitalized
infections exist for osteoarthritis compared to people with no
rheumatic disease diagnosis even after controlling for demo-
graphics and other factors, but one possibility is that people
hospitalized with a diagnosis of osteoarthritis in Alaska may
have had better overall health than people hospitalized with
other diagnoses, as the diagnosis of osteoarthritis may be listed
during elective admission for joint replacement surgery. We plan
to investigate the characteristics of people who have had joint
replacement surgery in future research, but joint replacement
did account for at least a quarter of hospitalizations for patients
with a diagnosis of osteoarthritis.

Some studies have examined disparities by race in hospi-
talized infections. In the aforementioned studies using the NIS,
race has been categorized as White, Black, Hispanic, and
Other/Missing. Disparities in characteristics of hospitalizations
(hospital charges, length of stay, and discharge to care facility)
and in-hospital mortality by race have been described and
have varied by the specific rheumatic disease. For example,
in SLE, Black race was associated with an increase in all the
health care use metrics of hospitalizations but not in-hospital
mortality (14). Few studies have included indigenous popula-
tions when considering disparities, but one study found a high
incidence rate ratio (1.40) of serious infection among Native
American people with SLE compared to White people with
SLE in the US (2). Our study adds substantially to the literature
on disparities in hospitalized infections in INA populations with
rheumatic disease.

Our finding that sepsis is the most common hospitalized
infection in patients with or without rheumatic disease is consis-
tent with recent national trends in RA (6), SLE (14), and other con-
ditions. We observed that disparities by race were most
significant for opportunistic infections and pneumonia. Disparities
in lower respiratory tract infections resulting in hospitalization have
been previously described for AN/AI people in Alaska compared
to non-AN/AI people (10), but opportunistic infections are less
common overall and were not described in the study of infectious
disease hospitalizations in Alaska.

This study has a few limitations. First, data were obtained
from a hospital discharge data set and do not include outpatient
visits. Therefore, rheumatic disease diagnoses were identified
based on having that diagnosis coded during an inpatient stay.
This may identify patients with more severe disease or more
comorbidities than the general population of rheumatic disease
patients. As such, using hospitalization data may result in selec-
tion bias. Unfortunately, this limitation is inherent in any study
using hospital discharge data, as many other rheumatic disease
studies do. Second, we considered many rheumatic diseases
combined for much of the data analysis although the associations
with infection vary in magnitude across rheumatic disease.
However, in addition to presenting combined data, we analyzed
hospitalized infections for each condition separately, including a
breakdown by race within rheumatic disease types. Third, data
from this study depend on the coding of rheumatic disease during
hospitalization, and if access to rheumatologists is limited, some
rheumatic diseases may not be identified at all or may be misdiag-
nosed. In contrast, it is possible that physicians are more likely to
code the rheumatic disease when the infection occurs, which
may lead to collider bias. Again, these limitations are inherent in
all studies using hospital discharge data. Finally, data from Alaska
about hospitalized infections in AN/AI people may not be general-
izable to other INA populations. However, published data in these
populations are so limited that this study adds substantially to the
existing literature.
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This study of hospitalizations in Alaska from 2015 to 2018
confirmed the association of hospitalized infections with rheu-
matic disease diagnoses other than osteoarthritis identified during
hospitalization. We confirmed that this association varies by spe-
cific rheumatic disease and type of infection and that race inter-
acts with rheumatic disease status to affect the association, with
the highest odds of hospitalized infection identified among AN/AI
people with a rheumatic disease diagnosis. This study adds sig-
nificantly to the literature on rheumatic disease impact in INA
populations and supports the need for ongoing and future inter-
ventions to reduce disparities in infectious disease hospitaliza-
tions in these populations, especially when rheumatic diseases
are present.

ACKNOWLEDGEMENTS

Drs. Ferucci and Holck thank Ellen Provost, DO, MPH, and Ian
Blake, MS, for assistance with the data set. They would also like to thank
the Alaska Native Tribal Health Organizations statewide for their time
reviewing our study and manuscript.

AUTHOR CONTRIBUTIONS
All authors were involved in drafting the article or revising it critically

for important intellectual content, and all authors approved the final ver-
sion to be published. Dr. Holck had full access to all of the data in the
study and takes responsibility for the integrity of the data and the accu-
racy of the data analysis.
Study conception and design. Ferucci, Holck.
Acquisition of data. Ferucci.
Analysis and interpretation of data. Ferucci, Holck.

REFERENCES

1. Smitten AL, Choi HK, Hochberg MC, et al. The risk of hospitalized
infection in patients with rheumatoid arthritis. J Rheumatol 2008;35:
387–93.

2. Feldman CH, Hiraki LT, Winkelmayer WC, et al. Serious infections
among adult Medicaid beneficiaries with systemic lupus erythemato-
sus and lupus nephritis. Arthritis Rheumatol 2015;67:1577–85.

3. Mehta B, Pedro S, Ozen G, et al. Serious infection risk in
rheumatoid arthritis compared with non-inflammatory rheumatic and
musculoskeletal diseases: a US national cohort study. RMD Open
2019;5:e000935.

4. Singh JA, Cleveland JD. Hospitalized infections in people with osteo-
arthritis: a national US study. J Rheumatol 2021;48:933–9.

5. Singh JA, Cleveland JD. Serious infections in patients with gout in the
US: a national study of incidence, time trends, and outcomes. Arthritis
Care Res (Hoboken) 2021;73:898–908.

6. Jinno S, Lu N, Jafarzadeh SR, et al. Trends in hospitalizations for seri-
ous infections in patients with rheumatoid arthritis in the US between
1993 and 2013. Arthritis Care Res (Hoboken) 2018;70:652–8.

7. Tektonidou MG, Wang Z, Dasgupta A, et al. Burden of serious infec-
tions in adults with systemic lupus erythematosus: a national
population-based study, 1996-2011. Arthritis Care Res (Hoboken)
2015;67:1078–85.

8. Ferucci ED. Understanding the disproportionate burden of rheumatic
diseases in Indigenous North American populations. Rheum Dis Clin
North Am 2020;46:651–60.

9. Bruce MG, Bressler SS, Apostolou A, et al. Lower respiratory tract
infection hospitalizations among American Indian/Alaska Native
adults, Indian Health Service and Alaska Region, 1998-2014. Int J
Infect Dis 2021;111:130–7.

10. Gounder PP, Holman RC, Seeman SM, et al. Infectious disease hos-
pitalizations among American Indian/Alaska Native and Non-
American Indian/Alaska Native persons in Alaska, 2010-2011. Public
Health Rep 2017;132:65–75.

11. Ferucci ED, Holck P. Hospitalizations associated with rheumatic dis-
ease in Alaska, 2015-2018. ACR Open Rheumatol 2022;4:520–7.

12. Gasparini A. Comorbidity: an R package for computing comorbidity
scores. Journal of Open Source Software 2018;3:648.

13. Fay MP, Proschan MA, Brittain E. Combining one-sample confidence
procedures for inference in the two-sample case. Biometrics 2015;
71:146–156.

14. Singh JA, Cleveland JD. Hospitalized infections in lupus: a nationwide
study of types of infections, time trends, health care utilization, and
in-hospital mortality. Arthritis Rheumatol 2021;73:617–30.

15. Singh JA, Cleveland JD. Serious infections in Sjogren’s syndrome
patients: a national U.S. study. Clin Exp Rheumatol 2020;38 Suppl
126:47–52.

16. Singh JA, Cleveland JD. Serious infections in people with systemic
sclerosis: a national US study. Arthritis Res Ther 2020;22:163.

17. Singh JA, Cleveland JD. Epidemiology, time trends, and outcomes of
serious infections in patients with vasculitis: a nineteen-year national
study. Arthritis Care Res (Hoboken) 2021;73:1544–51.

18. Coffey CM, Sandhu AS, Crowson CS, et al. Hospitalization rates are
highest in the first 5 years of systemic sclerosis: results from a
population-based cohort (1980-2016). J Rheumatol 2021;48:
877–82.

FERUCCI AND HOLCK8

 25785745, 0, D
ow

nloaded from
 https://onlinelibrary.w

iley.com
/doi/10.1002/acr2.11526 by E

lizabeth Ferucci , W
iley O

nline L
ibrary on [17/02/2023]. See the T

erm
s and C

onditions (https://onlinelibrary.w
iley.com

/term
s-and-conditions) on W

iley O
nline L

ibrary for rules of use; O
A

 articles are governed by the applicable C
reative C

om
m

ons L
icense


	Hospitalized Infections in Patients With Rheumatic Disease Hospitalizations in Alaska, 2015-2018
	INTRODUCTION
	PATIENTS AND METHODS
	Outline placeholder
	Study population and data source
	Case definitions
	Statistical analysis


	RESULTS
	DISCUSSION
	ACKNOWLEDGEMENTS
	AUTHOR CONTRIBUTIONS
	Study conception and design
	Acquisition of data
	Analysis and interpretation of data

	REFERENCES


