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ABSTRACT
Objective. To study the incidence, 
time-trends and outcomes of serious 
infections in Sjögren’s syndrome (SS).
Methods. We examined the epidemiol-
ogy, time-trends and outcomes of five 
serious infections (opportunistic infec-
tions (OI), skin and soft tissue infections 
(SSTI), urinary tract infection (UTI), 
pneumonia, and sepsis/bacteraemia) 
in hospitalised patients with SS, using 
the 1998-2016 U.S. National Inpatient 
Sample. Multivariable-adjusted logis-
tic regression analyses analysed the 
association of patient, comorbidity and 
hospital characteristics with healthcare 
utilisation (hospital charges, length of 
hospital stay, discharge to non-home 
setting), and in-hospital mortality. 
Results. We found 49,897,331 hospitali-
sations with serious infections in general 
population and 69,239 in patients with 
SS. Compared to serious infections hos-
pitalisations in people without SS, SS 
patients were older, and more likely to 
be female, white or have Deyo-Charlson 
index score ≥2. Serious infections during 
the study period 1998-2016 were: OI, 
3%; SSTI, 19%; UTI, 6%; pneumonia, 
37%; and sepsis, 34%. Serious infection 
rates/100,000 NIS hospitalisations in-
creased from 1998-2000 to 2015-2016: 
OI, 0.16 to 0.46; SSTI, 0.55 to 2.90; UTI, 
0.25 to 1.96; pneumonia, 2.78 to 5.43; 
sepsis, 0.63 to 10.71. In multivariable-
adjusted analyses, older age, Deyo-
Charlson index score ≥2 and medium 
or large hospital bed size were associ-
ated with higher healthcare utilisation 
and in-hospital mortality. Medicare 
insurance, Northeast region, non-rural 
hospital were associated with higher 
healthcare utilisation outcomes only. 
Conclusion. We quantified the increas-
ing disease burden of serious infec-
tions in people with SS, and described 
its epidemiology. Association of factors 
with serious infection hospitalisation 
outcomes identifies potential targets 
for future interventions. 

Introduction
Sjögren’s syndrome (SS) is a systemic 
autoimmune disease, characterised 
by dry eyes, dry mouth and systemic 
symptoms (1). The incidence and prev-
alence of SS in the general population 
increases with age and varies widely 
based on the definition and primary vs. 
secondary SS (2-4). The use of novel 
tools in disease phenotyping including 
neural networks is allowing a better 
understanding of disease subtypes and 
systemic manifestations (5, 6).
Hospitalisation in primary SS was 
higher than in population-matched con-
trols, primarily related to endocrine/
metabolic and musculoskeletal disor-
ders in a U.S. population-based study 
(7). The rates of hospitalisation, sick 
leave and early retirement decreased 
in a German cohort of patients with SS 
(8) and in a Swedish cohort of systemic 
connective tissue diseases from 1998 
to 2016 (9). Whether hospitalisations 
related to serious infections in people 
with SS are following the same decline 
in incidence, in not known.
In a systematic review of infections in 
connective tissue diseases, most stud-
ies were limited to lupus or rheuma-
toid arthritis, and there were no stud-
ies that included patients with SS (10). 
SS is associated with lower risk of 
serious infections compared to lupus, 
10% versus 17% (11); however, this 
rate seemed higher than in the general 
population. To our knowledge, none of 
the previously published studies of SS 
have systematically assessed incidence 
of serious infection hospitalisations in 
a national sample of patients with SS or 
associated healthcare utilisation or in-
patient mortality, which was our study 
objective.

Methods
We used the 1998–2016 U.S. Na-
tionwide Inpatient Sample (NIS) to 
conduct this study. The NIS is a de-
identified national all-payer inpatient 
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healthcare database that represents a 
20% stratified sample of all discharge 
records from all participating com-
munity hospitals from all participating 
states in the U.S. (12). NIS is a compo-
nent of the healthcare cost and utilisa-
tion project (HCUP). 
The University of Alabama at Birming-
ham’s Institutional Review Board ap-
proved this study, and all investigations 
were conducted in conformity with the 
ethical principles of research (UAB 
X120207004). The IRB waived the 
need for an informed consent for this 
database study.
The study cohort included people ad-
mitted to the hospital with an interna-
tional classification of diseases, ninth 
or tenth revision, clinical modification 
(ICD-9-CM or ICD-10-CM) code for 
serious infections in the primary diag-
nosis position, i.e., it was the princi-
pal diagnosis and the main reason for 
hospitalisation: (1) opportunistic in-
fections (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 infec-
tions (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, 486.xx); and (5) sepsis/bacterae-
mia (038.xx and 790.7), as previously 
reported (13, 14). These diagnostic 
codes have been shown to be valid in 
patients with rheumatoid arthritis with 
positive predictive values of 70% to 
100% (15-17). We also used the ICD-
10-CM codes for infections for the 
2015-2016 data due to a coding sys-
tem change to ICD-10-CM in 2015 
in the U.S. (Appendix 1). We defined 
composite infection as hospitalisation 
with any of the five serious infections 
occurring as the primary diagnosis. 
SS was detected by the presence of 
ICD-9-CM or ICD-10-CM diagnostic 
codes (710.2 or M35.0) in non-prima-
ry position (any position after the pri-
mary DX1 position; i.e. secondary di-
agnoses for the hospitalisation) during 
the index hospitalisation (18), a valid 
approach with sensitivity of 95% and 
specificity of 96% (18).

We examined important covariates/
confounders, including age, sex, race, 
serious infection type [OI, SSTI, UTI, 
pneumonia, sepsis (13, 14)], median 
household income, insurance payer 
type, hospital characteristics (U.S. re-
gion, location/teaching status, bed size) 
and Deyo-Charlson comorbidity index 
(19), a validated measure of medical 
comorbidity that includes 17 comor-
bidities with score ranging 0–25, higher 
score indicating more comorbidity load.
Healthcare utilisation and in-hospital 
mortality were the outcomes of inter-
est. For utilisation, we assessed total 
hospital charges above the median for 
each calendar year, the length of hospi-
tal stay above the median of 3 days, and 
discharge to non-home settings (reha-
bilitation or an inpatient facility).

Statistical analyses
We followed the NIS survey analysis 
procedures that account for the weights, 
clusters and strata, including the modi-
fied weights with the change in sampling 
in 2012. We compared the summary 
statistics, including means and propor-
tions. Considering the large sample size, 
we decided a priori to not perform tests 
of significance for unadjusted means or 
proportions between people with versus 
without SS and by the type of serious 
infection. Rates were calculated per 
100,000 NIS claims. We analysed time-
trends in rate of each serious infection 
using Cochran Armitage test. We per-
formed multivariable-adjusted logistic 
regression analyses for each study out-
come, adjusting for all covariates pre-
viously listed, based on their clinical 
importance. We decided a priori not to 
base models on statistical significance 
in unadjusted models, but rather to in-
clude all potentially important clinical 
and system-factor variables. We calcu-
lated odds ratios (OR) and 95% confi-
dence intervals (CI). We used SAS 9.3 
(Cary, N.C.) for all analyses. 

Results
There were 49,897,331 hospitalisations 
with serious infections in people with-
out SS and 69,239 in those with SS. The 
average age of patients with SS with a 
primary diagnosis of one of the serious 
infections was 66 years, with a median 

of 67 years (Table I). Compared to pa-
tients admitted with serious infections 
without SS, people with SS admitted 
with a diagnosis of serious infection 
were older, and more likely to be fe-
male, white and have Deyo-Charlson 
index score ≥2 (Table I).
Of the serious infections, the most com-
mon during the study period 1998-2016 
were pneumonia and sepsis: OI, 3%; 
SSTI, 19%; UTI, 6.4%; pneumonia, 
37%; and sepsis, 34% (Appendix 2). 
People with pneumonia or sepsis were 
5–7 years older than people with SSTI or 
UTI and 3–5 years older than those with 
OI (Appendix 2). Compared to other se-
rious infections, sepsis was associated 
with higher proportion with discharge 
to non-home settings (15-19% vs. 31%), 
length of stay >3 days 41-67% vs. 71%), 
hospital charges above the median (48-
68% vs. 70%), and in-hospital mortality 
(0.3-5% vs. 9%) (Appendix 2).
The frequency of serious infections in-
creased in people with SS (Appendix 
3). Rates of all serious infections in-
creased in the general population, ex-
cept for pneumonia and OI (Appendix 
4). We noted that rates of each of the 
serious infections /100,000 NIS claims 
increased from 1998-2000 to 2015-
2016: OI from 0.16 to 0.46; SSTI, 0.55 
to 2.90; UTI, 0.25 to 1.96; pneumonia, 
2.78 to 5.43; sepsis, 0.63 to 10.71; and 
composite infection, from 4.38 to 21.47 
(Appendix 5; Fig. 1). Similar trends 
were seen when we used a different 
denomination of all SS claims, except 
that OI and pneumonia rates seemed to 
decline over time; composite infection 
serious infection rate increased from 
11% in 1998-2000 to 16% in 2015-
2016 of all SS hospitalisations (Ap-
pendix 5; Fig. 1). Unadjusted length of 
hospital stay and in-hospital mortality 
decreased, and total hospital charges 
increased for serious infections from 
1998-2000 to 2015-2016 (Appendix 6).
In multivariable-adjusted analyses, we 
found that older age, Deyo-Charlson 
index score ≥2, sepsis and medium or 
large hospital bed size were each as-
sociated with higher healthcare utilisa-
tion outcomes and in-hospital mortality 
(Table II). Medicare insurance payer, 
Northeast region, urban teaching or non-
teaching hospital were each associated 
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with higher healthcare utilisation out-
comes only (Table II).

Discussion
This national study of a large cohort of 
people with SS hospitalised with seri-

ous infections from 1998-2016 adds 
new knowledge. SS patients with se-
rious infections were older, and more 
likely to be female, or have higher co-
morbidities. Our study found that pneu-
monia followed by sepsis accounted for 

more than 2/3rds of serious infections 
in people with SS. Unadjusted health-
care utilisation outcomes and in-hospi-
tal mortality were the highest for sepsis, 
followed by OI and pneumonia.
The increase in sepsis rates over the 

Table I. Demographic characteristics of infection hospitalisations in people with vs. without Sjögren’s syndrome (SS).

	 Total claims with a non-primary 	 No SS as secondary diagnosis	 SS as secondary diagnosis
	 SS diagnosis	 + serious infection primary	 + serious infection primary	
	 (n= 556,087)	   diagnosis* (n=49,897,331)	   diagnosis* (n=69,239)

Age, mean (SE); median	 63.6 	 (0.07); 64.7	 59.8 	 (0.08); 65.0	 65.8 	(0.14); 66.8
Age category	 	  	  

<50 years	 98,126 	 (18.57%)	 14,072,750 	 (28.42%)	 9,921 	(14.37%)
50 - <65 years	 157,820 	 (29.86%)	 9,976,035 	 (20.14%)	 19,975 	(28.92%)
65 - 79 years	 185,560 	 (35.11%)	 13,262,550 	 (26.78%)	 25,435 	(36.83%)
≥80 years	 86,950 	 (16.45%)	 12,211,905 	 (24.66%)	 13,730 	(19.88%)

Gender	  	  	  
Male	 41,604 	 (7.87%)	 23,453,087 	 (47.38%)	 6,104 	(8.84%)
Female	 486,810 	 (92.13%)	 26,043,737 	 (52.62%)	 62,950 	(91.16%)

Race	  	  	  
White	 367,759 	 (69.59%)	 29,709,865 	 (59.97%)	 49,006 	(70.95%)
Black	 35,228 	 (6.67%)	 5,339,250 	 (10.78%)	 3,828 	(5.54%)
Hispanic	 28,269 	 (5.35%)	 4,217,518 	 (8.51%)	 4,358 	(6.31%)
Other/Missing	 97,214 	 (18.40%)	 10,274,318 	 (20.74%)	 11,876 	(17.19%)

Deyo-Charlson score	  	  	  
0	 105,125 	 (19.89%)	 15,672,213 	 (31.63%)	 11,615 	(16.82%)
1	 146,471 	 (27.72%)	 12,915,947 	 (26.07%)	 21,428 	(31.02%)
≥2	 276,891 	 (52.39%)	 20,957,575 	 (42.30%)	 36,026 	(52.16%)

Income category	  	  	  
0-25th percentile	 96,184 	 (18.54%)	 12,965,912 	 (26.81%)	 13,765 	(20.31%)
25-50th percentile	 122,809 	 (23.67%)	 13,288,858 	 (27.47%)	 16,450 	(24.27%)
50-75th percentile	 140,928 	 (27.17%)	 11,598,980 	 (23.98%)	 18,588 	(27.43%)
75-100th percentile	 158,861 	 (30.62%)	 10,516,133 	 (21.74%)	 18,972 	(27.99%)

Insurance	  	  	  
Private	 162,968 	 (30.88%)	 10,939,064 	 (22.13%)	 17,827 	(25.84%)
Medicare	 317,498 	 (60.17%)	 27,430,597 	 (55.48%)	 44,981 	(65.20%)
Medicaid	 28,838 	 (5.47%)	 7,083,579 	 (14.33%)	 3,864 	(5.60%)
Other	 11,302 	 (2.14%)	 1,501,213 	 (3.04%)	 1,298 	(1.88%)
Self	 7,058 	 (1.34%)	 2,484,796 	 (5.03%)	 1,020 	(1.48%)

Hospital location/teaching			 
Rural	 52,628 	 (9.99%)	 7,025,233 	 (14.93%)	 7,463 	(11.08%)
Urban non-teaching	 198,459 	 (37.66%)	 19,229,464 	 (40.88%)	 26,545 	(39.40%)
Urban teaching	 275,841 	 (52.35%)	 20,788,447 	 (44.19%)	 33,359 	(49.52%)

Discharge status	  	  	  
Rehabilitation or skilled nursing facility (SNF)	 104,585 	 (20.25%)	 11,653,436 	 (25.42%)	 14,121 	(21.51%) 
Home	 411,786 	 (79.75%)	 34,193,380 	 (74.58%)	 51,537 	(78.49%)
Length of stay in days	  	  	  

≤3	 257,685 	 (48.76%)	 20,096,125 	 (40.56%)	 25,603 	(37.07%)
>3	 270,802 	 (51.24%)	 29,449,610 	 (59.44%)	 43,466 	(62.93%)

Died during hospitalisation	  	  	  
Yes	 9,428 	 (1.79%)	 3,076,025 	 (6.21%)	 3,043 	(4.41%)
No	 518,675 	 (98.21%)	 46,429,406 	 (93.79%)	 65,997 	(95.59%)

Length of stay in days: mean (SE); median	 5.1 	 (0.02); 3.1	 6.0 	 (0.01); 3.7	 5.9 	(0.05); 3.9 
Total hospital charges (US $)	  	  	  

≤median	 188,110 	 (35.59%)	 21,128,028 	 (42.64%)	 27,293 	(39.52%)
>median	 340,377 	 (64.41%)	 28,417,707 	 (57.36%)	 41,776 	(60.48%)

Total hospital charges in US $: mean (SE); median	 36,699 	 (292); 21,562	 34,623 	 (166); 16,831	 37,857 	(553); 21,156 
1998-2000	 14,993 	 (361); 9,189	 15,111 	 (911); 8,552	 18,268 	(340); 9,621
2015-2016	 53,227 	 (906); 33,652	 53,575 	 (431); 28,776	 48,783 	(1,220); 30,082

Hospital location/teaching			 
Rural	 52,628 	 (9.99%)	 7,025,233 	 (14.93%)	 7,463 	(11.08%)
Urban non-teaching	 198,459 	 (37.66%)	 19,229,464 	 (40.88%)	 26,545 	(39.40%)
Urban teaching	 275,841 	 (52.35%)	 20,788,447 	 (44.19%)	 33,359 	(49.52%)

*The primary (or the principal) diagnosis indicated the first listed diagnosis defined as the condition to be chiefly responsible for the admission of the patient 
to the hospital for care. For this study of serious infection hospitalisations, we selected all hospitalisations with serious infection as the primary diagnosis. 
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study-period exceeded that of other 
serious infections. Sepsis rates in 
SS patients increased 17-fold from 
0.63/100,000 claims in 1998-2000 to 
10.7/100,000 in 2015-2016. Other seri-
ous infection rates increased by 1.9-7.8 
fold. These increases in rates were more 
modest with the denominator of all SS 
hospitalisations at 4.9-fold for sepsis, 
and 0.6-2.2 fold for other serious infec-
tions. A greater increase in the rate of 
sepsis over time versus pneumonia and 
other serious infections may at least 
partially be due to upcoding pneumonia 
and other infections being coded as sep-
sis diagnosis in the more recent years 
(20-22). A general increase in serious 
infection hospitalisation over time may 
be due to SS populations getting older 
over time, increasing comorbidities, a 
lower threshold for hospitalisation and/
or general trends of increasing rates of 
serious infection hospitalisations in the 
U.S. (14, 23). A clinical implication of 
our finding is that early recognition of 

infection, prompt treatment with antibi-
otic, antiviral, and/or antifungal drugs, 
and institution of programs to ensure 
optimal treatment adherence and fol-
low-up of people with infections may 
help reduce the morbidity of serious 
infections in SS.
Despite the increase in the rates of seri-
ous infections over time, the crude mor-
tality decreased over time (Appendix 
6), which indicates an earlier recogni-
tion and treatment of serious infections, 
a lower threshold for hospitalisation, 
and/or better therapeutics in the more 
recent years. Our study highlights the 
differences in the rates of increase of 
hospitalisation with each serious infec-
tion in people with SS.
We found that older age, Deyo-Charl-
son index score ≥2 and medium or large 
hospital bed size were associated with 
higher healthcare utilisation and in-hos-
pital mortality. Reasons for higher mor-
tality in those admitted to hospitals with 
a larger bed is unclear. Importantly, in-

come and race were not significantly 
associated with in-hospital mortality 
in this study of people with SS. Medi-
care insurance payer, Northeast region, 
non-rural hospital were each associated 
with higher odds of healthcare utilisa-
tion outcomes only, findings consist-
ent with previous NIS studies in other 
conditions (24-26). Our study identifies 
modifiable and unmodifiable correlates 
of worse outcomes for serious infection 
hospitalisation in people with SS. Inter-
ventions targeting these modifiable fac-
tors can be developed and tested. These 
findings can also allow prognostication 
of outcome of these hospitalisations. 
Study limitations must be considered 
while interpreting study findings. The 
NIS does not provide data on disease 
severity (systemic vs. glandular dis-
ease), organ manifestations of SS or the 
type of treatment (glucocorticoids vs. 
immunosuppressive drugs vs. others). 
We are unable to differentiate primary 
vs. secondary SS for serious infection 
hospitalisations. Therefore, we were 
unable to examine the effects of dis-
ease type, severity or treatment on the 
burden of serious infections and the as-
sociated outcomes, which needs to be 
examined in future studies. The use of 
ICD-9-CM codes may have led to mis-
classification bias despite the accuracy 
of codes for infection (13, 14) and SS 
(18), which likely biases the findings 
towards the null, making our estimates 
conservative. The unit of analysis in 
NIS is hospitalisations, not people. 
Findings may not generalisable to other 
country settings.
Our study strengths are the use of over 
almost 2 decades of U.S. national in-
patient data, the inclusion of several po-
tential confounders, including patient, 
comorbidity and system-level factors, 
the examination of time-trends, and a 
large sample size.

Conclusion
Our study of the U.S. national sample 
found important epidemiologic trends 
for serious infection hospitalisations 
in SS. We noted increasing rates of 
each serious infection in people with 
SS. Crude mortality for hospitalised 
serious infection decreased over time 
in people with SS. We identified inde-

Fig. 1. Rate of serious infections in hospitalised people with Sjögren’s syndrome per 100,000 total 
NIS claims (1A) and per 100,000 overall Sjögren’s syndrome claims (1B).
The y-axis shows rate per 100,000 hospitalisation claims.

1A.

1B.
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pendent correlates of healthcare utili-
sation and in-hospital mortality. Future 
studies can examine whether interven-
tions, targeting systems of individuals 
can reduce mortality and improve uti-
lisation outcomes in SS admitted with 
serious infections.  

Take home messages
1.	Serious infection rates /100,000 NIS 

hospitalisations in people with SS 
increased from 1998-2000 to 2015-
2016 for OI, SSTI, UTI, pneumonia 
and sepsis, i.e. all five serious infec-
tions we studied.

2.	The increase in sepsis rates over the 
study-period exceeded that of other 
serious infections in people with 
SS.

3.	Unadjusted in-hospital mortality de-

creased over the study period from 
1998 to 2016 for each serious infec-
tion in people with SS. 

4.	 In multivariable-adjusted analyses, 
older age, Deyo-Charlson index 
score ≥2 and medium or large hos-
pital bed size were associated with 
higher healthcare utilisation and in-
hospital mortality in people with SS 
with serious infections.

Table II. Multivariable-adjusted correlates of healthcare utilisation and in-hospital mortality in Sjögren’s syndrome patients with serious 
infections.

	 Hospital charges	 Discharge to care 	 Length of hospital	 In-hospital mortality
	 > median	 facility	 stay > median
	
	 Adjusted odds ratio (95% CI)

Age category	 			 
<50 years	 Ref	 Ref	 Ref	 Ref
50 - <65 years	 0.87 (0.77, 0.98)	 1.79 (1.45, 2.21)	 1.10 (0.97, 1.23)	 1.48 (1.02, 2.14)
65 - 79 years	 0.77 (0.67, 0.88)	 3.03 (2.42, 3.79)	 1.08 (0.94,1.23)	 2.58 (1.74, 3.82)
≥80 years	 0.71 (0.61, 0.82)	 6.54 (5.18, 8.25)	 1.19 (1.03, 1.38)	 3.73 (2.49, 5.59)

Sex	 	 	 	    
Male	 Ref	 Ref	 Ref	 Ref
Female	 0.99 (0.87, 1.13)	 1.12 (0.95, 1.33)	 1.12 (0.99, 1.27)	 0.68 (0.53, 0.88)

Race/ethnicity	 	 	 	    
White	 Ref	 Ref	 Ref	 Ref
Black	 1.03 (0.87, 1.22)	 1.14 (0.92, 1.41)	 0.97 (0.83, 1.15)	 1.12 (0.76, 1.65)
Hispanic	 1.04 (0.89, 1.22)	 0.86 (0.69, 1.06)	 1.07 (0.92, 1.25)	 1.05 (0.74, 1.49)
Other/missing	 1.00 (0.90, 1.10)	 0.87 (0.76, 0.99)	 1.08 (0.98, 1.20)	 1.14 (0.89, 1.45)

Deyo-Charlson score	 	 	 	    
0 	 Ref	 Ref	 Ref	 Ref
1	 1.10 (0.99, 1.23)	 1.18 (1.02, 1.37)	 1.10 (0.99, 1.22)	 1.12 (0.84, 1.51)
≥2 	 1.36 (1.23, 1.51)	 1.52 (1.33, 1.74)	 1.38 (1.25, 1.53)	 1.42 (1.09, 1.85)

Income category	 	 	 	    
0-25th percentile	 1.04 (0.93, 1.16)	 1.26 (1.10, 1.45)	 1.16 (1.04, 1.30)	 0.90 (0.70, 1.18)
25-50th percentile	 0.91 (0.82, 1.00)	 1.11 (0.98, 1.27)	 1.06 (0.96, 1.18)	 0.81 (0.63, 1.04)
50-75th percentile	 1.01 (0.92, 1.12)	 1.13 (1.00, 1.28)	 1.10 (1.00, 1.21)	 1.02 (0.82, 1.27)
75-100th percentile	 Ref 	 Ref	 Ref	 Ref

Primary infection diagnosis	  	  	 	  
Sepsis	 Ref	 Ref	 Ref	 Ref
OI	 0.90 (0.71, 1.14)	 0.66 (0.49, 0.88)	 0.91 (0.72, 1.15)	 0.57 (0.35, 0.94)
SSTI	 0.38 (0.34, 0.43)	 0.45 (0.39, 0.52)	 0.54 (0.48, 0.60)	 0.05 (0.03, 0.10)
UTI	 0.40 (0.34, 0.47)	 0.42 (0.34, 0.52)	 0.29 (0.24, 0.34)	 0.01 (0.00, 0.10)
Pneumonia	 0.66 (0.61, 0.72)	 0.45 (0.40, 0.50)	 0.67 (0.62, 0.73)	 0.31 (0.25, 0.37)

Insurance payer	  	  	  	  
Medicare	 1.12 (1.01, 1.25)	 1.72 (1.48, 2.01)	 1.20 (1.08, 1.33)	 0.91 (0.69, 1.19)
Medicaid 	 1.03 (0.86, 1.23)	 1.21 (0.92, 1.60)	 1.00 (0.84, 1.18)	 1.37 (0.87, 2.14)
Other 	 0.95 (0.71, 1.26)	 1.33 (0.89, 1.98)	 1.13 (0.86, 1.49)	 1.18 (0.59, 2.33)
Private 	 Ref	 Ref	 Ref	 Ref
Self 	 1.03 (0.76, 1.40)	 1.02 (0.62, 1.67)	 1.07 (0.79, 1.44)	 0.81 (0.31, 2.12)

Hospital region 	 	   	  	  
Northeast	 Ref	 Ref	 Ref	 Ref
Midwest	 0.75 (0.67, 0.84)	 0.99 (0.86, 1.14)	 0.76 (0.67, 0.85)	 0.87 (0.64, 1.17)
South	 0.91 (0.82, 1.01)	 0.82 (0.71, 0.93)	 0.86 (0.77, 0.96)	 1.30 (1.00, 1.70)
West	 0.95 (0.84, 1.07)	 0.83 (0.71, 0.96)	 0.59 (0.52, 0.66)	 1.19 (0.91, 1.57)

Hospital location/teaching	 	 	 	    
Rural	 Ref	 Ref	 Ref	 Ref
Urban non-teaching	 2.62 (2.31, 2.98)	 0.96 (0.82, 1.12)	 1.30 (1.14, 1.48)	 1.24 (0.90, 1.72)
Urban teaching	 2.32 (2.05, 2.63)	 0.92 (0.79, 1.07)	 1.22 (1.08, 1.39)	 1.28 (0.93, 1.76)

Hospital bed size	  	  	  	  
Small	 Ref	 Ref	 Ref	 Ref
Medium	 1.27 (1.14, 1.43)	 0.98 (0.85, 1.13)	 1.15 (1.03, 1.29)	 1.39 (1.03, 1.88)
Large	 1.80 (1.62, 2.00)	 1.03 (0.90, 1.17)	 1.29 (1.16, 1.43)	 1.57 (1.19, 2.07)

CI: confidence interval; Ref: reference category.
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