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Abstract
Objective To assess incidence, time-trends, and outcomes of serious infections in people with polymyalgia rheumatica (PMR) or
giant cell arteritis (GCA).
Methods We examined the 1998–2016 US National Inpatient Sample for serious infections in PMR or GCA, namely, oppor-
tunistic infections (OI), skin and soft tissue infections (SSTI), urinary tract infection (UTI), pneumonia, and sepsis/bacteremia.
Multivariable-adjusted logistic regressions assessed association of the type of infection, demographics, comorbidity, and hospital
characteristics with healthcare utilization and mortality.
Results Hospitalized with serious infections, those with PMR or GCA were 2 decades older than people without PMR or GCA,
and more likely to be female or white or have higher Deyo-Charlson index score or higher income. Sepsis rates in the general
population, PMR, and GCA cohorts were 10.2%, 17.7%, and 18.9% in 2015–2016, respectively. Incidence rates of serious
infections/100,000 NIS claims in PMR and GCA in 2015–2016 were as follows (rounded off): OI, < 1 and < 1; SSTI, 4 and 1;
UTI, 4 and 1; pneumonia, 9 and 2; and sepsis, 20 and 4, respectively. Sepsis surpassed pneumonia as the most common serious
infection in 2011–2012. In multivariable-adjusted analyses in the PMR cohort, sepsis, female sex, Deyo-Charlson comorbidity
score ≥ 2, Medicare or Medicaid insurance, urban hospital location, and large hospital bed size were associated with significantly
higher healthcare utilization and/or in-hospital mortality. Similar associations were noted in the GCA cohort.
Conclusions Incidence of serious infections, especially sepsis, increased in both PMR and GCA cohorts over time. Interventions
to improve serious infection outcomes in PMR/GCA are needed.

Key Points
• PMR/GCA patients with hospitalized serious infections were 2 decades older than the general population.
• Sepsis surpassed pneumonia as the commonest hospitalized serious infection in PMR/GCA in 2011–2012.
• Sepsis, female sex, comorbidity,Medicare/Medicaid insurance, and urban locationwere associatedwith higher healthcare utilization and in-hospital mortality.
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Introduction

Giant cell arteritis (GCA) is the most frequent type of vascu-
litis in adults [1]. GCA is a vasculitis of large and medium-
sized vessels that presents most commonly with headache
and/or visual symptoms [2]. Polymyalgia rheumatica (PMR)
is a condition affecting the elderly, characterized by proximal
muscle pain and stiffness, and systemic inflammation [3, 4].
GCA and PMR are often concurrent and overlapping condi-
tions [5–7]. Most studies of infections in GCA and PMR ex-
amined their role in disease etiology [8–10], rather than
disease-related or a treatment complication. Glucocorticoids
are the mainstay of therapy for GCA [11] and PMR [5], which
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have been long-recognized as risk factors for infections and
serious infections [12–14]. Therefore, studies of infections in
GCA and PMR are needed.

Three population-based studies of incidence of infections in
GCA demonstrated contradictory results. A study of The UK
Health Improvement Research Network (THIN) data, a
population-representative study of 300 practices, showed that
the people with GCA had an increased rate of infections com-
pared to the general population [15], especially in the first
6 months of the treatment. At a mean follow-up of 5 years,
48% patients with GCA versus 37% patients without GCA
had at least 1 episode of systemic infection [15]. A French
population based study of 486 patients with GCA and age-
and sex-matched general population controls of 5-year follow-
up reported a significantly higher incidence of severe infections
in GCA versus non-GCA during the first year after diagnosis,
11.1/100 patient-years versus 5.9/100 patient-years [16], with
an incidence rate ratio of 2-fold higher. In contrast, in a
population-based US study of Olmsted County cohort of 245
GCA patients and 245 age-, sex-, and calendar-year-matched
cohort without GCA, the incidence rates of hospitalized infec-
tions were similar, 5.6/100 person-years in GCA (74 people;
134 episodes) and 6.0/100 person-years in non-GCA (79 peo-
ple; 153 episodes); the rates of pneumonia, UTI, and skin and
soft tissue infections were not significantly different between
GCA and non-GCA cohorts [17]. Thus, the evidence to-date
is contradictory with some studies indicating higher infection
risk in GCA, but not other studies. Therefore, a better under-
standing of infection risk in GCA is needed. No studies have
been published for PMR, another condition where chronic glu-
cocorticoid therapy is frequently used, and serious infection risk
may be increased.

Our specific aim was to study the incidence of serious/
hospitalized infections in GCA and PMR in a national US
sample, time-trends over 2 decades, and predictors of associ-
ated healthcare utilization and mortality. Our study objectives
were to: [1] provide the national US estimates of serious in-
fections, and rates of specific serious infections in people with
GCA or PMR; [2] examine the time-trends in serious infec-
tions over 2 decades; and [3] explore the factors associated
with healthcare utilization and mortality associated with seri-
ous infections in people with GCA or PMR.

Methods

Data source

We analyzed theUSNational Inpatient Sample (NIS) data from
1998 to 2014. The NIS represents a 20% stratified sample of
discharges for the USA, which allows estimation of the US
national estimates of hospital inpatient stays and key healthcare
utilization outcomes. The NIS has data from more than 7

million US hospitalizations each year (unweighted), which es-
timates more than 35 million hospitalizations nationally
(weighted) [18]. NIS data, that are a part of the healthcare cost
and utilization project (HCUP), are publicly available from the
Agency for Healthcare Research and Quality’s (AHRQ).
Recently, a slight change in the design of the NIS made it a
sample of discharge records from all HCUP-participating hos-
pitals; in the prior years, it was a sample of hospitals [19]. The
NIS provides new weights to account for the design change.

Ethics statement

The University of Alabama at Birmingham’s Institutional
Review Board (IRB) approved the study (X120207004). All
investigations were conducted in conformity with ethical prin-
ciples of research. The IRB waived the need for an informed
consent for this database study.

Inclusion and exclusion criteria

The study cohort included people hospitalized with versus
without an International Classification of Diseases, ninth or
tenth revision, clinical modification (ICD-9-CM or ICD-10-
CM) code for serious infection (primary diagnosis) among
people with PMR (725 or M35.3) or GCA (446.5, M31.5,
M31.6), in any position other than the primary diagnosis po-
sition during index hospitalization. A previous database study
showed sensitivity of 93% and specificity of 95% for PMR
diagnosis and 93% sensitivity and 95% specificity for vascu-
litis diagnoses using this approach [20].

Serious infections of interest and covariates

Among people with GCA or PMR, we identified five
common serious infections by their listing as the primary
diagnosis for hospitalization using ICD-9-CM codes: (1)
opportunistic infections (OI, 010.xx − 018.xx, 031.xx,
078.5, 075.xx, 053.xx, 112.4, 112.5, 112.81, 112.83,
130.xx, 136.3, 117.5, 027.0, 039.xx, 117.3, 114.xx,
115.xx, 116.0); (2) skin and soft tissue infections (SSTI;
040.0, 569.61, 681.xx, 682.xx, 785.4, 728.86, and
035.xx); (3) urinary tract infection (UTI; 590.xx); (4)
pneumonia (003.22, 481.0, 513.0, 480.xx, 482.xx,
483.xx, 485.xx, and 486.xx); and (5) sepsis/bacteremia
(sepsis; 038.xx and 790.7), as previously [21, 22]. These
codes for infections were valid in administrative datasets,
with positive predictive values of 70–100% in people with
rheumatoid arthritis [23–25]. We also used the ICD-10-
CM codes for infections for the 2015–2016 data since the
coding system changed from the ICD-9-CM to ICD-10-
CM in 2015 in the U.S. (Appendix 1).

We examined several important covariates and poten-
tial confounders including demographics (age, gender,
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race/ethnicity, income), comorbidity, insurance type, and
hospital characteristics. We categorized household in-
come, based on patient’s zip code, into 4 quartile ranging
from the lowest (poorest) to the highest quartile (wealth-
iest), based on the thresholds for each quartile provided
by the NIS that varied each year [26]. Comorbidity was
assessed by the Deyo-Charlson index, a valid measure
consisting of 17 medical comorbidities (myocardial in-
farction, heart failure, cerebrovascular disease, dementia,
renal disease, liver disease, chronic pulmonary disease,
diabetes, etc.), based on the presence of ICD-9-CM codes
at index admission [27]. It was categorized as none, one
or two, or above. We assessed insurance payer type and
categorized it as Medicaid (coverage for the low income
and disabled Americans), Medicare (healthcare coverage
for Americans 65 years or older), private insurance, and
self/other [28], as previously [29]. Hospitals were catego-
rized based on location and teaching status as rural, urban
nonteaching or urban teaching hospital, region (Northeast,
Midwest, South, West), and bed size (small, medium,
large), which are standard NIS variables.

Healthcare utilization outcomes and in-hospital
mortality

We examined healthcare utilization outcomes and in-hospital
mortality. Utilization outcomes included the total hospital
charges (NIS variable, TOTALCHG), the length of hospital
stay (NIS variable, LOS; median, 3 days), both categorized as
above/below the median, and the proportion discharged to
home versus a non-home setting, i.e., short-term hospital,
skilled nursing facility, intermediate care facility etc. (NIS
variable, DISPUNIFORM).

Statistical analysis

We compared demographics of serious infections in 2 cohorts
of people, those with versus without PMR and similarly for
GCA separate analyses. Rates and time-trends for each serious
infection were calculated per 100,000 hospitalization claims
in the PMR or GCA cohort. Rates of and time-trends in seri-
ous infections in PMR or GCA were also calculated per
100,000 NIS claims. Rates of the five infections (/100,000
NIS claims) were each analyzed for trends over time using
Cochran Armitage test. All other analyses were limited to
serious infections in people with PMR or GCA. We assessed
patient characteristics of hospitalizations for each of the five
serious infections in PMR or GCA. We used adjusted logistic
regression models for total hospital charges above the median,
the length of hospital stay > 3 days (median), discharge to
non-home setting, and in-hospital mortality. We calculated
odds ratios (OR) and 95% confidence intervals (CI).

Results

Cohort characteristics

Among people with serious infections, those with PMR or
GCA were 2 decades older than their counter-parts without
PMR or GCA, more likely to be female, white, have higher
Deyo-Charlson index score, and higher income (Table 1).
Mean age of non-PMR and non-GCA cohorts was 60 years,
PMR was 80 years and GCA, 79 years. Unadjusted rate of
discharge to home was lower, and the length of hospital stay
was longer in those with PMR or GCA admitted with serious
infections, compared with people without PMR of GCA
(Table 1). In-hospital mortality rates were similar 6.2% in
general population versus 5.7% in PMR versus 7% in GCA.

In people with PMR, pneumonia (n = 72,723; 44%), sepsis
(n = 56,426; 35%), and skin and soft tissue infections (SSTI;
n = 23,134; 12%) were the most common serious infections
following by UTI (n = 6604; 4%) and opportunistic infections
(OI; n = 3244; 2%; Table 2). The order, numbers, and propor-
tions were similar in people with GCA (Table 2).

Detailed characteristics of people with PMR (Table 2) and
GCA (Table 3) with each infection of interest are shown.
Three-quarter of people with each infection of interest in
PMR or GCA groups had a Deyo-Charlson index score of 2
or higher. Unadjusted mortality ranged from 0.7 to 11%; the
length of hospital stay ranged from 2.9 days for UTI to
4.6 days for opportunistic infection; and the total hospital
charges ranged from $30,398 for UTI to $76,160 for OI
(Tables 2 and 3).

Annual rates of serious infections: PMR versus GCA
versus general population

Unadjusted frequency (Appendix 1) and rates of serious infec-
tions (Table 4) were higher in PMR and GCA cohorts compared
with the general population cohort. Overall, the incidence of
serious infections increased in both PMR and GCA cohorts over
time (Table 4). Among respective hospitalizations, sepsis rates in
the general population, PMR, and GCA cohorts were 5.8%,
9.8%, and 11.2% in 1998–2000 and 10.2%, 17.7%, and 18.9%
in 2015–2016, respectively (Table 4; Fig. 1a, c). Serious infec-
tions showed similar trends when using a different denominator,
i.e., per 100,000 NIS claims (Appendix 2; Fig. 1b, d).

Incidence rates of serious infections in PMR /100,000 NIS
claims in 2015–2016 were as follows (rounded off): OI, < 1;
SSTI, 4; UTI, 4; pneumonia, 9; and sepsis, 20; and in GCA
were: OI, < 1; SSTI, 1; UTI, 1; pneumonia, 2; and sepsis, 4
(Appendix 2). Rates decreased over time for OI and pneumo-
nia and increased for SSTI, UTI, and sepsis (Table 4); time-
trends in each infection were statistically significant for PMR
and GCA (p < 0.001). During the study period, we noted
increase in mean Deyo-Charlson comorbidity score in both
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PMR and GCA cohorts, with minimal changes in the mean
age. Sepsis surpassed pneumonia as the most common serious
infection in 2011–2012. The ratio of sepsis to pneumonia rates
was 0.3 in 1998–2000 and 2.1 in 2015–2016.

Comparing last with the first study period, we noted de-
creasing length of hospital stay, in-hospital mortality, but in-
creasing hospital charges for both PMR (Appendix 3) and
GCA (Appendix 4).

Factors associated with healthcare utilization
and in-hospital mortality

PMR Compared with sepsis, OI, pneumonia, UTI, and SSTI
had significantly lower healthcare utilization and in-hospital
mortality (Table 5). Female sex, Deyo-Charlson comorbidity
score ≥ 2, Medicare or Medicaid insurance, urban hospital lo-
cation, and large hospital bed size were associated with

Table 1 Baseline characteristics of people with serious infections with versus without polymyalgia rheumatica (PMR) or giant cell arteritis (GCA)

Serious infection hospitalizations

No PMR PMR No GCA GCA

Age, mean (SE); median 59.7 (0.08); 64.9 80.3 (0.06); 81.4 59.8 (0.08); 65.0 79.4 (0.10); 80.5
Age category
< 50 years 14,081,592 (28.49%) 1079 (0.67%) 14,082,372 (28.42%) 299 (0.68%)
50–< 65 years 9,987,457 (20.20%) 8554 (5.30%) 9,993,209 (20.17%) 2801 (6.40%)
65–79 years 13,234,599 (26.77%) 53,386 (33.05%) 13,272,002 (26.79%) 15,982 (36.50%)
≥ 80 years 12,127,142 (24.53%) 98,492 (60.98%) 12,200,928 (24.62%) 24,706 (56.42%)

Sex
Male 23,412,137 (47.39%) 47,054 (29.13%) 23,447,595 (47.35%) 11,596 (26.49%)
Female 25,992,231 (52.61%) 114,456 (70.87%) 26,074,502 (52.65%) 32,185 (73.51%)

Race
White 29,632,679 (59.93%) 126,193 (78.13%) 29,726,602 (59.97%) 32,270 (73.69%)
Black 5,338,815 (10.80%) 4263 (2.64%) 5,341,146 (10.78%) 1932 (4.41%)
Hispanic 4218,456 (8.53%) 3421 (2.12%) 4,220,304 (8.51%) 1572 (3.59%)
Other/missing 10,258,564 (20.75%) 27,630 (17.11%) 10,278,179 (20.74%) 8015 (18.30%)

Deyo-Charlson score
0 15,683,828 (31.71%) 0 (0%) 15,674,983 (31.62%) 8845 (20.20%)
1 12,899,895 (26.09%) 37,480 (23.21%) 12,924,651 (26.07%) 12,724 (29.06%)
≥ 2 20,869,565 (42.20%) 124,035 (76.79%) 20,971,381 (42.31%) 22,219 (50.74%)

Income category
0–25th percentile 12,953,769 (26.83%) 25,908 (16.29%) 12,972,352 (26.81%) 7325 (17.01%)
25–50th percentile 13,263,171 (27.47%) 42,137 (26.49%) 13,294,061 (27.47%) 11,247 (26.12%)
50–75th percentile 11,573,815 (23.97%) 43,753 (27.50%) 11,606,076 (23.98%) 11,492 (26.69%)
75–100th percentile 10,487,826 (21.72%) 47,280 (29.72%) 10,522,113 (21.74%) 12,993 (30.18%)

Insurance
Private 10,944,363 (22.18%) 12,528 (7.77%) 10,953,477 (22.14%) 3414 (7.81%)
Medicare 27,330,081 (55.38%) 145,497 (90.22%) 27,436,553 (55.47%) 39,025 (89.26%)
Medicaid 7,085,758 (14.36%) 1685 (1.04%) 7,086,754 (14.33%) 689 (1.58%)
Other 1,501,504 (3.04%) 1007 (0.62%) 1,502,149 (3.04%) 362 (0.83%)
Self 2,485,260 (5.04%) 556 (0.34%) 2,485,586 (5.02%) 230 (0.53%)

Hospital location/teaching
Rural 7,005,739 (14.92%) 26,957 (17.24%) 7,025,909 (14.93%) 6787 (16.01%)
Urban nonteaching 19,190,418 (40.87%) 65,591 (41.94%) 19,238,238 (40.87%) 17,771 (41.93%)
Urban teaching 20,757,968 (44.21%) 63,838 (40.82%) 20,803,981 (44.20%) 17,825 (42.06%)

Discharge status
Rehabilitation or skilled nursing facility (SNF) 11,612,573 (25.38%) 54,984 (36.21%) 11,652,462 (25.40%) 15,095 (37.14%)
Home 34,148,058 (74.62%) 96,860 (63.79%) 34,219,372 (74.60%) 25,546 (62.86%)

Length of stay in days
≤ 3 20,065,849 (40.58%) 55,880 (34.60%) 20,108,934 (40.57%) 12,795 (29.22%)
> 3 29,387,440 (59.42%) 105,635 (65.40%) 29,462,081 (59.43%) 30,994 (70.78%)

Died during hospitalization 3,069,869 (6.21%) 9200 (5.70%) 3,076,021 (6.21%) 3048 (6.96%)
Length of stay in days: mean (SE); median 6.0 (0.01); 3.7 5.7 (0.03); 4.0 6.0 (0.01); 3.7 6.7 (0.07); 4.6
Total hospital charges (US $)
≤Median 21,083,932 (42.63%) 71,390 (44.20%) 21,139,503 (42.64%) 15,818 (36.12%)
>Median 28,369,357 (57.37%) 90,125 (55.80%) 28,431,512 (57.36%) 27,971 (63.88%)

Total hospital charges in the US $: mean (SE); median 34,644 (167); 16,836 29,304 (308); 17,195 34,628 (166); 16,836 33,823 (595); 18,446

SE, standard error; $, dollar

Median total hospital charges by year in the overall NIS population: 1998, $5775; 1999, $6060; 2000, $6723; 2001, $7504; 2002, $8601; 2003, $9732;
2004, $9918; 2005, $10,816; 2006, $12,078; 2007, $13,001; 2008, $13,983; 2009, $14,814; 2010, $15,560; 2011, $17,815; 2012, $19,654; 2013,
$21,166; 2014, $22,343; 2015, $23,678; 2016, $25,261
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significantly higher healthcare utilization and in-hospital mor-
tality (Table 5).

GCA Compared with sepsis, pneumonia, UTI, and SSTI had
significantly lower healthcare utilization and in-hospital mor-
tality, and OI had significantly higher healthcare utilization
(Table 6). Deyo-Charlson comorbidity score ≥ 2, urban hos-
pital location, and large hospital bed size were associated with
significantly higher healthcare utilization, and Deyo-Charlson

comorbidity score ≥ 2 was associated with significantly higher
in-hospital mortality (Table 6).

Discussion

In this national study of serious infections in people with
PMR or GCA, we found that the characteristics of people
with serious infections in PMR of GCA differed from

Table 2 Characteristics of patients with hospitalized serious infections in the PMR cohort

OI (n = 3244) SSTI
(n = 23,134)

UTI
(n = 6604)

Pneumonia
(n = 72,723)

Sepsis
(n = 56,426)

Composite infection
(n = 162,132)

Age, mean (SE); median 78.7 (0.39); 79.7 79.0 (0.15); 80.6 79.3 (0.27); 80.6 80.9 (0.08); 81.7 80.4 (0.09); 81.4 80.3 (0.06); 81.4
Age category
< 50 years 43 (1.3%) 283 (1.2%) 78 (1.2%) 383 (0.5%) 291 (0.5%) 1079 (0.7%)
50–< 65 years 219 (6.8%) 1896 (8.2%) 374 (5.7%) 3259 (4.5%) 2806 (5.0%) 8554 (5.3%)
65–79 years 1232 (38.2%) 7983 (34.6%) 2408 (36.5%) 22,804 (31.6%) 18,958 (33.6%) 53,386 (33.1%)
≥ 80 years 1729 (53.6%) 12,918 (56.0%) 3729 (56.6%) 45,831 (63.4%) 34,285 (60.9%) 98,492 (61.0%)

Sex
Male 951 (29.5%) 6072 (26.3%) 967 (14.7%) 22,189 (30.7%) 16,876 (30.0%) 47,054 (29.1%)
Female 2272 (70.5%) 17,009 (73.7%) 5623 (85.3%) 50,093 (69.3%) 39,460 (70.0%) 114,456 (70.9%)

Race
White 2296 (71.2%) 18,260 (79.1%) 5180 (78.6%) 54,764 (75.8%) 45,693 (81.1%) 126,193 (78.1%)
Black 125 (3.9%) 469 (2.0%) 192 (2.9%) 1530 (2.1%) 1947 (3.5%) 4263 (2.6%)
Hispanic 87 (2.7%) 428 (1.9%) 166 (2.5%) 1281 (1.8%) 1458 (2.6%) 3421 (2.1%)
Other/missing 715 (22.2%) 3924 (17.0%) 1051 (15.9%) 14,703 (20.3%) 7238 (12.8%) 27,630 (17.1%)

Deyo-Charlson score
0 0 (0%) 0 (0%) 0 (0%) 0 (0%) 0 (0%) 0 (0%)
1 1134 (35.2%) 6876 (29.8%) 1972 (29.9%) 15,795 (21.9%) 11,703 (20.8%) 37,480 (23.2%)
≥ 2 2089 (64.8%) 16,204 (70.2%) 4617 (70.1%) 56,487 (78.1%) 44,638 (79.2%) 124,035 (76.8%)

Income category
0–25th percentile 498 (15.7%) 3686 (16.2%) 1139 (17.6%) 11,461 (16.1%) 9124 (16.5%) 25,908 (16.3%)
25–50th percentile 757 (23.9%) 5991 (26.3%) 1704 (26.3%) 19,685 (27.6%) 14,000 (25.2%) 42,137 (26.5%)
50–75th percentile 887 (28.0%) 5997 (26.3%) 1825 (28.1%) 19,243 (27.0%) 15,801 (28.5%) 43,753 (27.5%)
75–100th percentile 1030 (32.5%) 7098 (31.2%) 1818 (28.0%) 20,808 (29.2%) 16,525 (29.8%) 47,280 (29.7%)

Insurance
Private 338 (10.5%) 2156 (9.3%) 509 (7.7%) 5327 (7.4%) 4198 (7.5%) 12,528 (7.8%)
Medicare 2831 (88.0%) 20,387 (88.4%) 5870 (89.2%) 65,604 (90.9%) 50,806 (90.3%) 145,497 (90.2%)
Medicaid 14 (0.4%) 282 (1.2%) 127 (1.9%) 643 (0.9%) 619 (1.1%) 1685 (1.0%)
Other 32 (1.0%) 152 (0.7%) 50 (0.8%) 353 (0.5%) 420 (0.7%) 1007 (0.6%)
Self 4 (0.1%) 93 (0.4%) 24 (0.4%) 220 (0.3%) 216 (0.4%) 556 (0.3%)

Hospital region
Northeast 645 (19.9%) 5650 (24.4%) 1314 (19.9%) 16,371 (22.5%) 11,719 (20.8%) 35,699 (22.0%)
Midwest 929 (28.6%) 6759 (29.2%) 1915 (29.0%) 22,493 (30.9%) 14,762 (26.2%) 46,858 (28.9%)
South 965 (29.7%) 6650 (28.7%) 1949 (29.5%) 20,122 (27.7%) 14,991 (26.6%) 44,678 (27.6%)
West 706 (21.8%) 4074 (17.6%) 1426 (21.6%) 13,736 (18.9%) 14,954 (26.5%) 34,896 (21.5%)

Hospital location/teaching
Rural 484 (15.4%) 3303 (14.8%) 1174 (18.4%) 14,523 (21.0%) 7472 (13.5%) 26,957 (17.2%)
Urban nonteaching 1288 (41.1%) 9432 (42.2%) 2395 (37.6%) 29,803 (43.2%) 22,673 (40.8%) 65,591 (41.9%)
Urban Teaching 1362 (43.5%) 9604 (43.0%) 2801 (44.0%) 24,673 (35.8%) 25,397 (45.7%) 63,838 (40.8%)

Hospital bed size
Small 374 (11.6%) 4325 (18.8%) 1514 (22.9%) 14,439 (19.9%) 9718 (17.2%) 30,370 (18.8%)
Medium 740 (22.9%) 6532 (28.3%) 1933 (29.3%) 20,140 (27.7%) 16,078 (28.5%) 45,423 (28.1%)
Large 2121 (65.6%) 12,189 (52.9%) 3157 (47.8%) 38,014 (52.4%) 30,576 (54.2%) 86,056 (53.2%)

Discharge status
Rehabilitation or nursing facility 972 (32.6%) 6908 (30.3%) 1943 (29.7%) 23,007 (33.2%) 22,154 (44.2%) 54,984 (36.2%)
Home 2012 (67.4%) 15,918 (69.7%) 4598 (70.3%) 46,316 (66.8%) 28,015 (55.8%) 96,860 (63.8%)

Length of stay in days
≤ 3 1072 (33.2%) 8835 (38.3%) 3443 (52.2%) 25,511 (35.3%) 17,019 (30.2%) 55,880 (34.6%)
> 3 2151 (66.8%) 14,246 (61.7%) 3146 (47.8%) 46,771 (64.7%) 39,321 (69.8%) 105,635 (65.4%)

Died during hospitalization 224 (7.0%) 169 (0.7%) 34 (0.5%) 2734 (3.8%) 6039 (10.7%) 9200 (5.7%)
Length of stay in days: mean (SE);

median
7.5 (0.30); 4.6 5.1 (0.06); 3.7 4.3 (0.09); 2.9 5.4 (0.04); 3.9 6.4 (0.05); 4.6 5.7 (0.03); 4.0

Total hospital charges (US $)
≤Median 1326 (41.2%) 12,801 (55.5%) 3903 (59.2%) 33,563 (46.4%) 19,797 (35.1%) 71,390 (44.2%)
>Median 1897 (58.8%) 10,280 (44.5%) 2687 (40.8%) 38,719 (53.6%) 36,543 (64.9%) 90,125 (55.8%)

Total charge in the US $: mean
(SE); median

35,812 (2280);
17,258

19,894 (376);
13,576

21,182 (630);
14,451

22,177 (283);
14,267

43,331 (662);
26,186

29,304 (308); 17,195
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those of the general population, outcomes differed by the
type of serious infection, the rate of several serious infec-
tions increased over time in both cohorts. We described

the factors associated with healthcare utilization and mor-
tality outcomes. Several findings deserve further
discussion.

Table 3 Characteristics of patients with hospitalized serious infections in the GCA cohort

OI (n = 1560) SSTI
(n = 5762)

UTI (n = 1518) Pneumonia
(n = 19,788)

Sepsis
(n = 15,387)

Composite infection
(n = 44,015)

Age, mean (SE); median 76.3 (0.55); 77.2 78.9 (0.28);
80.3

78.1 (0.55); 79.7 79.8 (0.15); 80.7 79.5 (0.17); 80.8 79.4 (0.10); 80.5

Age category
< 50 years 14 (0.9%) 31 (0.5%) 22 (1.4%) 129 (0.7%) 103 (0.7%) 299 (0.7%)
50–< 65 years 158 (10.2%) 498 (8.7%) 77 (5.1%) 1092 (5.6%) 977 (6.4%) 2801 (6.4%)
65–79 years 737 (47.5%) 2022 (35.2%) 624 (41.2%) 7070 (36.0%) 5530 (36.0%) 15,982 (36.5%)
≥ 80 years 641 (41.4%) 3190 (55.6%) 791 (52.3%) 11,349 (57.8%) 8736 (56.9%) 24,706 (56.4%)

Sex
Male 464 (30.0%) 1393 (24.3%) 211 (14.0%) 5243 (26.7%) 4285 (27.9%) 11,596 (26.5%)
Female 1085 (70.0%) 4344 (75.7%) 1302 (86.0%) 14,394 (73.3%) 11,060 (72.1%) 32,185 (73.5%)

Race
White 1052 (67.9%) 4429 (77.2%) 1118 (73.8%) 14,189 (72.2%) 11,483 (74.8%) 32,270 (73.7%)
Black 85 (5.5%) 230 (4.0%) 68 (4.5%) 720 (3.7%) 828 (5.4%) 1932 (4.4%)
Hispanic 83 (5.4%) 166 (2.9%) 63 (4.2%) 633 (3.2%) 626 (4.1%) 1572 (3.6%)
Other/missing 329 (21.2%) 915 (15.9%) 264 (17.5%) 4098 (20.9%) 2408 (15.7%) 8015 (18.3%)

Deyo-Charlson score
0 452 (29.2%) 1332 (23.2%) 348 (23.0%) 3917 (19.9%) 2796 (18.2%) 8845 (20.2%)
1 457 (29.5%) 1861 (32.4%) 450 (29.7%) 6018 (30.6%) 3938 (25.7%) 12,724 (29.1%)
≥ 2 640 (41.3%) 2547 (44.4%) 715 (47.3%) 9706 (49.4%) 8611 (56.1%) 22,219 (50.7%)

Income category
0–25th percentile 174 (11.7%) 927 (16.5%) 200 (13.5%) 3181 (16.5%) 2843 (18.8%) 7325 (17.0%)
25–50th percentile 317 (21.2%) 1390 (24.8%) 493 (33.1%) 5349 (27.7%) 3698 (24.4%) 11,247 (26.1%)
50–75th percentile 495 (33.2%) 1570 (28.0%) 371 (24.9%) 5023 (26.0%) 4033 (26.6%) 11,492 (26.7%)
75–100th percentile 506 (33.9%) 1727 (30.8%) 425 (28.5%) 5772 (29.9%) 4563 (30.1%) 12,993 (30.2%)

Insurance
Private 175 (11.3%) 489 (8.5%) 95 (6.3%) 1586 (8.1%) 1068 (7.0%) 3414 (7.8%)
Medicare 1311 (84.6%) 5016 (87.5%) 1351 (89.3%) 17,497 (89.2%) 13,851 (90.4%) 39,025 (89.3%)
Medicaid 43 (2.8%) 128 (2.2%) 38 (2.5%) 253 (1.3%) 228 (1.5%) 689 (1.6%)
Other 18 (1.1%) 59 (1.0%) 25 (1.7%) 163 (0.8%) 97 (0.6%) 362 (0.8%)
Self 4 (0.2%) 43 (0.7%) 5 (0.3%) 106 (0.5%) 72 (0.5%) 230 (0.5%)

Hospital region
Northeast 365 (23.4%) 1444 (25.1%) 348 (22.9%) 4641 (23.5%) 3094 (20.1%) 9891 (22.5%)
Midwest 341 (21.9%) 1216 (21.1%) 393 (25.9%) 5118 (25.9%) 3709 (24.1%) 10,777 (24.5%)
South 502 (32.2%) 2078 (36.1%) 504 (33.2%) 6600 (33.4%) 4984 (32.4%) 14,667 (33.3%)
West 352 (22.6%) 1025 (17.8%) 273 (18.0%) 3430 (17.3%) 3599 (23.4%) 8679 (19.7%)

Hospital location/teaching
Rural 185 (12.1%) 669 (12.1%) 224 (15.2%) 3846 (20.5%) 1863 (12.4%) 6787 (16.0%)
Urban nonteaching 604 (39.7%) 2418 (43.8%) 610 (41.5%) 8046 (42.8%) 6092 (40.4%) 17,771 (41.9%)
Urban teaching 733 (48.2%) 2430 (44.0%) 635 (43.2%) 6913 (36.8%) 7113 (47.2%) 17,825 (42.1%)

Hospital bed size
Small 145 (9.3%) 900 (15.6%) 303 (20.0%) 3493 (17.7%) 2449 (15.9%) 7290 (16.6%)
Medium 371 (23.8%) 1663 (28.9%) 459 (30.4%) 5582 (28.3%) 4227 (27.5%) 12,302 (28.0%)
Large 1044 (66.9%) 3194 (55.5%) 750 (49.6%) 10,679 (54.1%) 8693 (56.6%) 24,361 (55.4%)

Discharge status
Rehabilitation or nursing facility 587 (41.7%) 1744 (30.7%) 367 (24.6%) 6134 (32.9%) 6264 (46.7%) 15,095 (37.1%)
Home 821 (58.3%) 3932 (69.3%) 1127 (75.4%) 12,521 (67.1%) 7144 (53.3%) 25,546 (62.9%)

Length of stay in days
≤ 3 296 (19.1%) 1904 (33.2%) 720 (47.5%) 5789 (29.5%) 4086 (26.6%) 12,795 (29.2%)
> 3 1254 (80.9%) 3836 (66.8%) 794 (52.5%) 13,851 (70.5%) 11,259 (73.4%) 30,994 (70.8%)

Died during hospitalization 142 (9.2%) 44 (0.8%) 15 (1.0%) 944 (4.8%) 1903 (12.4%) 3048 (7.0%)
Length of stay in days: mean (SE);

median
10.9 (0.69); 6.9 5.9 (0.16); 4.0 4.6 (0.22); 3.2 6.3 (0.09); 4.4 7.4 (0.13); 5.0 6.7 (0.07); 4.6

Total hospital charges (US $)
≤Median 331 (21.3%) 2577 (44.9%) 861 (56.9%) 7336 (37.4%) 4713 (30.7%) 15,818 (36.1%)
>Median 1219 (78.7%) 3163 (55.1%) 652 (43.1%) 12,304 (62.6%) 10,632 (69.3%) 27,971 (63.9%)

Total charge in the US $: mean
(SE); median

59,190 (4916);
26,972

23,312 (904);
15,352

23,121 (1757);
13,927

24,924 (576);
15,298

48,182 (1265);
28,084

33,823 (595); 18,446
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We noted that serious infection rates were higher in people
with PMR orGCA, compared with the general US population,
i.e., composite serious infection was seen in 17% in PMR,
19% in GCA hospital claims versus 10% in the NIS cohorts.
This finding indicates that infections in PMR/GCA can be
more severe and need to be intensively treated. This finding
agrees with findings from two population-based studies that
showed a higher proportion (48% in GCA versus 37% in non-
GCA) with at least 1 episode of systemic infection, especially
in the first 6 months of the treatment [15], and 2-fold higher
incidence of severe infections in GCA versus non-GCA dur-
ing the first year after diagnosis, 11.1/100 patient-years versus

5.9/100 patient-years [16]. Our finding is in contrast to
Olmsted county study of the incidence of hospitalized infec-
tions in an age-, sex-, and calendar-year-matched cohort, 5.6/
100 person-years in GCA (74 people; 134 episodes) versus
6.0/100 person-years in non-GCA (79 people; 153 episodes)
[17]. It is possible that older age in PMR/GCA cohorts com-
pared with the general population in our study may have con-
tributed to higher rate of serious infection.

Both disease and its treatment in PMR or GCA are risk
factors for serious infections, and associated comorbidities
can also contribute. Glucocorticoids, commonly used for the
treatment of PMR and GCA, reduce the migration,

Table 4 Time-trends* in serious
infection rate in the overall NIS,
PMR, or GCA cohorts per
100,000 hospital claims within
each group

OI SSTI UTI Pneumonia Sepsis Composite
infection

Total claims

Time-trends in serious infections in the overall NIS population per 100,000 NIS claims

1998–2000 159.53 974.93 313.48 3398.42 989.47 5835.83 103,665,051

2001–2002 139.43 1097.63 335.19 3303.16 919.34 5794.75 72,617,381

2003–2004 138.89 1269.23 352.31 3260.20 1088.62 6109.25 74,571,583

2005–2006 143.86 1490.70 350.89 3235.99 1451.26 6672.71 75,919,595

2007–2008 138.64 1531.68 336.98 2891.86 1834.90 6734.07 76,366,797

2009–2010 138.62 1627.18 350.97 2849.14 2223.62 7189.53 75,086,597

2011–2012 130.48 1688.87 343.20 2791.79 2948.98 7903.32 73,447,261

2013–2014 121.39 1665.59 324.30 2578.24 3939.63 8629.14 70,956,610

2015–2016 110.92 1667.92 882.11 2401.02 5109.07 10,171.05 71,445,363

Time-trends in serious infections in people with PMR per 100,000 PMR claims

1998–2000 261.90 1169.01 307.50 6223.42 1796.34 9758.19 162,274

2001–2002 337.77 1482.53 326.96 6017.47 1622.30 9787.02 120,200

2003–2004 234.14 1592.79 305.43 6081.13 1702.17 9915.66 123,431

2005–2006 278.42 1666.16 307.58 6228.77 2145.74 10,625.94 137,202

2007–2008 282.27 1656.60 386.70 5482.46 2760.09 10,568.12 148,437

2009–2010 222.55 1835.62 340.88 5191.72 4352.38 11,943.77 163,106

2011–2012 252.95 2014.89 295.40 4918.88 5632.38 13,113.92 171,970

2013–2014 205.01 1949.22 242.86 4784.73 7345.84 14,527.68 158,525

2015–2016 131.41 2099.35 1898.94 4395.82 9192.46 17,717.98 152,190

Time-trends in serious infections in people with GCA per 100,000 GCA claims

1998–2000 488.46 1292.12 376.02 6766.57 2316.97 11,240.14 54,252

2001–2002 602.88 1631.01 336.43 6736.64 2064.33 11,371.28 37,155

2003–2004 352.75 1663.73 263.25 6765.47 2558.77 11,606.60 37,987

2005–2006 469.13 1598.05 358.75 6116.25 2874.99 11,417.17 39,861

2007–2008 455.70 1897.37 367.32 5537.45 3427.42 11,685.26 36,208

2009–2010 416.20 1716.13 370.59 5154.08 4658.06 12,317.91 35,079

2011–2012 346.72 2037.00 262.75 5385.05 6487.53 14,519.06 36,917

2013–2014 515.46 1879.93 303.21 4775.62 8596.12 16,070.35 32,980

2015–2016 480.19 1800.72 1663.52 4218.83 10,770.02 18,933.29 29,155

*Time-trends in serious infections were statistically significant for each serious infection for all three cohorts with
a Cochran-Armitage test with a p value < 0.001

Rates in 2015–2016 may be a bit unstable since ICD-9-CM coding system changed in 2015 to the ICD-10-CM
coding system; this may have led to higher or lower coding for a given serious infection, and misclassification
rates may be different between the two coding systems
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phagocytosis, and intracellular killing in macrophages, T cell-
medicated cellular immunity, and are associated with delayed
healing of skin and mucous membranes [30]. A meta-analysis
of randomized trials showed that the risk of infections was
higher in glucocorticoids compared with placebo [31].
Mortality caused by infections was significantly higher in pa-
tients with GCA compared with controls [16]. Diabetes and
corticosteroid dose > 10 mg/day after 12 months of treatment
were predictors of death in people with GCA hospitalizedwith
severe infection [16].

Our study adds serious infection incidence rates in PMR
and GCA to the literature using the national US data and time-
trends, novel findings to our knowledge. An increasing med-
ical comorbidity over time may have been a potential contrib-
uting factor to time-trends in serious infection hospitalizations
in PMR and GCA cohorts. The incidence rate for the five
serious infections ranged from < 1 to 20/100,000 in PMR
and from < 1 to 4/100,000 in the GCA cohort. In the PMR
cohort in 2015–2016, the rates in our study were 0.3 for OI,
4.5 for SSTI, 4 for UTI, 9.4 for pneumonia, and 19.6 for
sepsis/100,000 NIS claims. These were 0.2 for OI, 0.7 for

SSTI, 0.7 for UTI, 1.7 for pneumonia, and 4.4 for sepsis
/100,000 NIS claims in the GCA cohort in 2015–2016.
Time-trends of increase in serious infection incidence rates
in PMR and GCA may be related to an increasing proportion
of older people, increasing medical comorbidity, and
worsening.

Our overall incidence of serious infections of 17.7/100 in
PMR and 18.9/100 in GCA among each respective cohort in
the most recent study period of 2015–2016 is similar to the
reported incidence of severe infection at 11.1/100 patient-
years (95% CI 8.3–14.6) in a 1991–2009 French population-
based cohort of patients with GCA during the first year after
diagnosis of GCA [16]. Our reported incidence of serious
infections of 11.9/100 in PMR and 12.3/100 claims in GCA
(within each cohort) replicates the previously reported inci-
dence in a new country setting.

In a previous 1987–2007 UK study, the incidence rates in
GCA versus non-GCAwere as follows: lower respiratory tract
infection (LRTI), 22.5 versus 13.5/100 person-years; UTI,
12.7 versus 9.5/100 person-years; and sepsis, 0.2 versus 0.1/
100 person-years [15]. Rates in our study for the

a  Hospitalized/serious infec ons per 100,000 PMR claims

b  Hospitalized/serious infec ons in PMR cohort per 100,000 NIS claims

c Hospitalized/serious infec ons per 100,000 GCA claims

d  Hospitalized/serious infec ons in GCA cohort per 100,000 NIS claims

Fig. 1 Rates of hospitalized/serious infections in people with PMR or
GCA per 100,000 claims over time. 1A. Hospitalized/serious infections
per 100,000 PMR claims. 1B. Hospitalized/serious infections in PMR

cohort per 100,000 NIS claims. 1C. Hospitalized/serious infections per
100,000 GCA claims. 1D. Hospitalized/serious infections in GCA cohort
per 100,000 NIS claims
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corresponding period 2007–2008 were 5.5/100 claims for
pneumonia, 0.4/100 claims for UTI, and 3.4 for sepsis /100
NIS claims in GCA, i.e., higher for sepsis and lower for UTI
and pneumonia. Differences in the rates between these studies
may be related to differences in the country setting, time-
frame (20- versus 2-year period), or definitions of various
infections.

The association of sepsis with significantly higher
healthcare utilization and in-hospital mortality compared with

other serious infections in both cohorts was no surprise. The
only exception was OI which was associated with higher
healthcare utilization compared with sepsis in the GCA co-
hort, and no difference in mortality. In both the PMR and
GCA cohorts, Deyo-Charlson comorbidity score ≥ 2, urban
hospital location, and large bed size hospital were associated
with significantly higher healthcare utilization and in-hospital
mortality; female sex, Medicare, or Medicaid insurance were
also associated in PMR cohort. Thus, our study is among the

Table 5 Multivariable-adjusted correlates of healthcare utilization and mortality for people with hospitalized serious infections in the PMR cohort

Hospital charges >median Discharge to care facility Length of hospital stay >median In-hospital mortality

Adjusted odds ratio (95% CI)
Age category
< 50 years Ref Ref Ref Ref
50–< 65 years 0.97 (0.72, 1.32) 1.21 (0.79, 1.86) 1.19 (0.89, 1.60) 1.28 (0.45, 3.67)
65–79 years 0.83 (0.62, 1.12) 2.10 (1.38, 3.19) 1.13 (0.85, 1.50) 1.87 (0.66, 5.29)
≥ 80 years 0.75 (0.56, 1.01) 4.45 (2.93, 6.75) 1.28 (0.96, 1.71) 3.07 (1.09, 8.68)

Sex
Male Ref Ref Ref Ref
Female 1.09 (1.04, 1.15) 1.43 (1.36, 1.51) 1.21 (1.15, 1.27) 1.03 (0.92, 1.14)

Race/ethnicity
White Ref Ref Ref Ref
Black 0.99 (0.85, 1.14) 1.11 (0.95, 1.29) 1.28 (1.10, 1.50) 0.99 (0.74, 1.31)
Hispanic 1.07 (0.91, 1.27) 0.71 (0.59, 0.86) 1.06 (0.90, 1.25) 0.99 (0.72, 1.37)
Other/missing 0.92 (0.87, 0.99) 0.96 (0.90, 1.03) 0.98 (0.92, 1.05) 1.08 (0.94, 1.24)

Deyo-Charlson score
0 Not. Est Not. Est Not. Est Not. Est
1 Ref Ref Ref Ref
≥ 2 1.36 (1.29, 1.43) 1.48 (1.40, 1.57) 1.48 (1.40, 1.56) 1.64 (1.44, 1.87)

Income category
0–25th percentile 0.88 (0.82, 0.95) 1.15 (1.06, 1.25) 1.01 (0.94, 1.10) 0.95 (0.82, 1.12)
25–50th percentile 0.88 (0.83, 0.94) 1.07 (1.00, 1.15) 1.05 (0.98, 1.12) 0.88 (0.77, 1.01)
50–75th percentile 0.89 (0.84, 0.95) 1.06 (0.99, 1.13) 1.00 (0.94, 1.07) 0.93 (0.82, 1.05)
75–100th percentile Ref Ref Ref Ref
Primary infection diagnosis
Sepsis Ref Ref Ref Ref
OI 0.76 (0.65, 0.90) 0.67 (0.56, 0.81) 0.88 (0.74, 1.05) 0.63 (0.46, 0.88)
SSTI 0.44 (0.41, 0.47) 0.56 (0.52, 0.60) 0.70 (0.65, 0.75) 0.07 (0.05, 0.09)
UTI 0.40 (0.35, 0.45) 0.51 (0.45, 0.58) 0.40 (0.35, 0.45) 0.05 (0.02, 0.10)
Pneumonia 0.69 (0.65, 0.72) 0.58 (0.55, 0.61) 0.79 (0.75, 0.83) 0.33 (0.30, 0.37)

Insurance payer
Medicare 1.10 (1.00, 1.20) 1.36 (1.21, 1.52) 1.23 (1.12, 1.36) 0.79 (0.65, 0.97)
Medicaid 1.36 (1.06, 1.73) 1.64 (1.25, 2.15) 1.25 (0.97, 1.60) 0.64 (0.33, 1.28)
Other 1.04 (0.76, 1.43) 1.34 (0.95, 1.89) 1.05 (0.78, 1.43) 1.49 (0.89, 2.48)
Private Ref Ref Ref Ref
Self 1.38 (0.94, 2.03) 1.08 (0.69, 1.69) 1.17 (0.79, 1.75) 0.53 (0.16, 1.69)

Hospital region
Northeast Ref Ref Ref Ref
Midwest 0.87 (0.81, 0.93) 1.06 (0.99, 1.14) 0.81 (0.75, 0.87) 0.86 (0.74, 1.00)
South 1.07 (1.00, 1.14) 0.78 (0.73, 0.84) 0.95 (0.88, 1.02) 1.05 (0.91, 1.21)
West 1.04 (0.97, 1.11) 0.78 (0.72, 0.84) 0.61 (0.56, 0.65) 1.05 (0.91, 1.21)

Hospital location/teaching
Rural Ref Ref Ref Ref
Urban nonteaching 2.45 (2.29, 2.62) 0.95 (0.88, 1.02) 1.26 (1.17, 1.35) 1.18 (1.01, 1.37)
Urban teaching 2.20 (2.05, 2.35) 0.88 (0.82, 0.95) 1.13 (1.06, 1.21) 1.13 (0.97, 1.32)

Hospital bed size
Small Ref Ref Ref Ref
Medium 1.45 (1.36, 1.55) 0.91 (0.84, 0.97) 1.22 (1.14, 1.31) 1.03 (0.89, 1.20)
Large 2.02 (1.90, 2.15) 0.88 (0.83, 0.94) 1.38 (1.29, 1.46) 1.13 (0.99, 1.29)

Italics indicate statistically significant odds ratios with a p-value <0.05- note that the 95% confidence interval does not include 1.00

CI, confidence interval; Ref, reference category
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few studies of potential risk factors for higher healthcare uti-
lization and in-hospital mortality after admission for serious
infection in people with GCA or PMR.

Our study findings must be interpreted considering
study limitations. Our study findings are at the risk of
misclassification bias, since we used the ICD-9-CM codes
to identify people with PMR/GCA (and not disease clas-
sification criteria) and serious infections, and this would
likely bias the findings towards the null hypothesis.

However, the infection [21–25] and PMR/GCA [20] diag-
nostic codes were shown to be valid in other similar ad-
ministrative datasets, including in cohorts of people with
rheumatic diseases, with high positive predictive values.
NIS contains de-identified data. Therefore, a validation
study for diagnostic codes cannot be performed in the
NIS. Incidence rates in 2015–2016 should be interpreted
with caution, since the coding system changed from ICD-
9-CM in 2015 to ICD-10-CM. This may have led to up or

Table 6 Multivariable-adjusted correlates of healthcare utilization and mortality in people with hospitalized serious infections in the GCA cohort

Hospital charges >median Discharge to care facility Length of hospital stay >median In-hospital mortality

Adjusted odds ratio (95% CI)
Age category
< 50 years Ref Ref Ref Ref
50–< 65 years 1.27 (0.71, 2.25) 1.30 (0.57, 2.97) 0.80 (0.43, 1.47) 0.84 (0.23, 3.11)
65–79 years 1.00 (0.57, 1.75) 1.99 (0.88, 4.50) 0.76 (0.41, 1.38) 1.42 (0.39, 5.18)
≥ 80 years 0.87 (0.49, 1.52) 4.18 (1.85, 9.43) 0.78 (0.43, 1.43) 1.80 (0.49, 6.53)

Sex
Male Ref Ref Ref Ref
Female 0.93 (0.84, 1.04) 1.17 (1.05, 1.31) 1.06 (0.95, 1.18) 0.99 (0.82, 1.20)

Race/ethnicity
White Ref Ref Ref Ref
Black 1.07 (0.84, 1.36) 1.06 (0.84, 1.35) 1.17 (0.91, 1.49) 0.82 (0.53, 1.26)
Hispanic 1.40 (1.07, 1.84) 0.81 (0.61, 1.08) 1.00 (0.78, 1.30) 1.24 (0.82, 1.89)
Other/missing 1.12 (0.99, 1.27) 1.04 (0.91, 1.18) 1.05 (0.92, 1.19) 1.15 (0.91, 1.45)

Deyo-Charlson score
0 Ref Ref Ref Ref
1 1.35 (1.19, 1.54) 1.15 (0.99, 1.32) 1.29 (1.13, 1.48) 1.25 (0.95, 1.63)
≥ 2 1.46 (1.29, 1.64) 1.66 (1.46, 1.89) 1.58 (1.40, 1.79) 1.38 (1.09, 1.76)

Income category
0–25th percentile 0.94 (0.81, 1.10) 1.16 (0.99, 1.36) 0.95 (0.81, 1.12) 1.20 (0.91, 1.59)
25–50th percentile 0.91 (0.80, 1.04) 1.02 (0.89, 1.17) 1.09 (0.95, 1.25) 1.11 (0.87, 1.42)
50–75th percentile 0.95 (0.84, 1.08) 1.05 (0.92, 1.19) 0.94 (0.83, 1.07) 1.33 (1.06, 1.65)
75–100th percentile Ref Ref Ref Ref

Primary infection diagnosis
Sepsis Ref Ref Ref Ref
OI 1.52 (1.14, 2.03) 1.00 (0.76, 1.30) 1.64 (1.21, 2.22) 0.73 (0.49, 1.10)
SSTI 0.53 (0.46, 0.62) 0.52 (0.44, 0.60) 0.72 (0.62, 0.84) 0.06 (0.03, 0.11)
UTI 0.35 (0.27, 0.45) 0.37 (0.28, 0.49) 0.40 (0.31, 0.52) 0.08 (0.03, 0.24)
Pneumonia 0.83 (0.74, 0.92) 0.52 (0.47, 0.58) 0.86 (0.77, 0.96) 0.37 (0.31, 0.45)

Insurance payer
Medicare 1.11 (0.92, 1.35) 1.48 (1.19, 1.85) 1.11 (0.91, 1.34) 0.81 (0.58, 1.13)
Medicaid 1.31 (0.86, 1.99) 0.69 (0.40, 1.20) 1.12 (0.73, 1.71) 0.43 (0.15, 1.22)
Other 1.00 (0.59, 1.69) 0.61 (0.29, 1.31) 0.69 (0.40, 1.18) 1.93 (0.82, 4.51)
Private Ref Ref Ref Ref
Self 1.10 (0.57, 2.12) 1.54 (0.77, 3.08) 0.71 (0.38, 1.31) 2.20 (0.87, 5.55)

Hospital region
Northeast Ref Ref Ref Ref
Midwest 0.82 (0.71, 0.94) 0.93 (0.81, 1.08) 0.74 (0.63, 0.85) 0.85 (0.65, 1.11)
South 1.04 (0.92, 1.19) 0.71 (0.62, 0.82) 0.96 (0.83, 1.10) 1.03 (0.82, 1.30)
West 0.74 (0.64, 0.85) 0.67 (0.57, 0.78) 0.51 (0.44, 0.59) 1.00 (0.77, 1.30)

Hospital location/teaching
Rural Ref Ref Ref Ref
Urban nonteaching 2.18 (1.89, 2.51) 0.91 (0.78, 1.05) 1.24 (1.07, 1.44) 1.28 (0.95, 1.73)
Urban teaching 2.08 (1.80, 2.39) 0.85 (0.73, 0.99) 1.11 (0.96, 1.29) 1.55 (1.16, 2.09)

Hospital bed size
Small Ref Ref Ref Ref
Medium 1.29 (1.12, 1.48) 0.99 (0.85, 1.15) 1.08 (0.93, 1.26) 1.01 (0.77, 1.33)
Large 2.04 (1.79, 2.32) 0.94 (0.81, 1.08) 1.23 (1.07, 1.42) 1.16 (0.90, 1.48)

CI, confidence interval; Ref, reference category
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down-coding for a given serious infection, and misclassi-
fication rates may differ between the two coding systems.

The NIS counts hospitalizations, which is our unit of
analysis. NIS does not provide longitudinal data after
hospital discharge, and therefore, we are unable to ex-
amine the post-discharge outcomes, and/or readmission
risk. However, understanding associated healthcare utili-
zation and mortality for serious infection in PMR and
GCA fills an important knowledge gap, given the lack
of these national data for the USA. NIS also does not
have data on disease severity measure, laboratory test,
and medications, and therefore, we could not examine
the impact of these important disease variables on var-
ious outcomes. Our study strengths include the use of
the US national inpatient data, inclusion of several po-
tential confounders, and the occurrence of enough hos-
pitalized infections in people with lupus.

Conclusions

In one of the first studies using the national US data, we
described the epidemiology of hospitalized serious infec-
tions in cohorts of people with PMR or GCA. Serious
infection epidemiology in PMR or GCA differed from
the general population without these conditions. Sepsis
surpassed pneumonia as the most frequent serious infec-
tion in 2011–2012. The ratio of sepsis to pneumonia rates
increased from 0.3 in 1998–2000 to 2.1 in 2015–2016 for
PMR and 2.6 for GCA. Rates decreased over time for OI
and pneumonia and increased for SSTI, UTI, and sepsis.
Novel patient, comorbidity, and hospital characteristic
correlates of higher healthcare utilization and in-hospital
m o r t a l i t y w e r e f o u n d i n c o h o r t s o f p e o p l e
with hospitalized serious infections and PMR or GCA.
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