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ABSTRACT
Objective. To assess the top 5 causes 
of non-vasculitis hospitalisations in 
people with vasculitis over time.
Methods. In a national U.S. sample of 
people with vasculitis hospitalised for 
reasons other than vasculitis, the rank 
(and percent) of top 5 causes of hos-
pitalisations and in-hospital mortal-
ity were compared in 1998-99 versus 
2013-2014. 
Results. The top 5 ranked disease cat-
egories responsible for non-vasculitis 
hospitalisations in people with vasculi-
tis in 1998-99 versus 2013-14 were as 
follows, respectively: (#1) circulatory 
system disease versus the same; (#2) 
heart disease versus infections/para-
sitic diseases; (#3) digestive system 
disease versus bacterial infection; (#4) 
respiratory disease versus septicae-
mia; and (#5) musculoskeletal disease 
versus unspecified septicaemia. The 
respective top 5 CCS category ranks 
for in-hospital mortality in people with 
vasculitis in 1998-1999 versus 2013-
2014 were: (#1) respiratory disease 
versus infections/parasitic diseases; 
(#2) circulatory system disease versus 
bacterial infection; (#3) heart disease 
versus septicaemia; (#4) respiratory in-
fection versus unspecified septicaemia; 
and (#5) pneumonia versus circulatory 
system disease.
Conclusions. Infections replaced car-
dio-pulmonary disease among the top 
5 causes for non-primary vasculitis 
hospitalisations and associated in-hos-
pital mortality in people with vasculi-
tis over time. Studies should examine 
modifiable factors associated with in-
fection in vasculitis and design inter-
ventions to reduce this burden. 

Introduction
Vasculitis is a systemic disease with 
high morbidity and mortality, related 

to both disease and treatment-related 
complications (1). A systematic re-
view concluded that renal failure, ac-
tive disease and infection were the 
main causes of mortality in vasculitis 
(2); mortality was higher in Takayasu’s 
disease (TAK) compared to the general 
population (3). A two-centre UK-based 
study of 100 people with AAV found 
that 28% were hospitalised for infec-
tion in 2004-2011 (4). A 1997-2011 
single-centre Chinese study of 398 
people with ANCA-associated vascu-
litis (AAV) with 83 deaths reported 
infection and cardiovascular disease as 
leading causes of early versus late (>12 
months after diagnosis) deaths (5). In 
a more recent 2015-2018 single U.S. 
tertiary-care centre study of 54 patients 
with AAV, 2/3rd of hospitalisations 
were for non-vasculitis reasons (6). In-
fection was the most common reason 
for hospitalisation (41%) and responsi-
ble for all four in-hospital deaths (6). 
These observations raised the ques-
tion whether the causes of hospitalisa-
tion and mortality in vasculitis have 
changed over time.
Limitations of previous studies were 
that most were single centres, had small 
sample sizes (<400) and were limited to 
AAV. A different time-period and coun-
try setting did not allow comparison of 
in-hospital morbidity/mortality burden 
across time. Therefore, an epidemiologi-
cal study is needed to fill this knowledge 
gap. This study examined the hypothesis 
whether infection has replaced cardio-
vascular disease among the top 5 causes 
of non-vasculitis hospitalisations in peo-
ple with vasculitis in the U.S. over time. 

Methods
This study used the 1998-2014 U.S. 
Nationwide Inpatient Sample (NIS), a 
component of the healthcare cost, and 
utilisation project (HCUP) (7). The 
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NIS is a de-identified national all-pay-
er inpatient health care database that 
represents all U.S. hospital discharges, 
since it is a 20% stratified random sam-
ple of all U.S. hospitalisations. The In-
stitutional Review Board at the Univer-
sity of Alabama at Birmingham (UAB; 
X120207004) approved this study.
People with vasculitis as a secondary 
diagnosis were identified based on the 
presence of ICD-9-CM code of 446.xx, 
an approach with a sensitivity of 94% 
and specificity of 95% (8). We exam-
ined patient characteristics in 1998-
1999 (the first period) and 2013-2014 
(the last period). The rank frequency of 
the top 25 Clinical Classification Soft-
ware (CCS) [a standardised system for 
clustering diagnoses and procedures 
(primary or secondary) was developed 
using manageable clinically meaning-
ful groups (9)] categories for all pa-
tients hospitalised with non-primary 
vasculitis diagnosis. The study assessed 
whether ranking of cardiovascular ver-
sus infection CCS categories changed 
between 1998-1999 (the first period) 
and 2013-2014 (the last period); and 
compared it to the U.S. general popu-
lation. This study was limited to 2014, 
since ICD-9-CM switched to ICD-10-
CM in 2015 in the U.S. 

Results
Patient characteristics for 
non-primary vasculitis hospitalisation 
in people with vasculitis
The mean (median) age of non-primary 
vasculitis hospitalisation in people with 
vasculitis was 68 (73) years in 1998–
1999 versus 65 (69) years in 2013-14 
(Table I). Of these, 36% were male, 
and 71% were white in 2013-14, with 
minimal/no changes compared to 1998-
1999. Medical comorbidity increased 
over time with a larger proportion with 
Deyo-Charlson comorbidity index of 2 
or more in 2013-14 versus 1998–1999. 
Giant cell arteritis decreased while pol-
yarteritis nodosa and Wegener’s granu-
lomatosis diagnosis increased in vascu-
litis hospitalisations over time (Table I). 

Top CCS categories for non-primary 
vasculitis hospitalisation in people 
with vasculitis, and time-trends
In 1998-1999 versus 2013-2014, there 

were 69,170 versus 86,720 non-pri-
mary vasculitis hospitalisations. The 
top 5 CCS categories associated with 
non-primary vasculitis hospitalisations 
in 1998-99 were circulatory system 
disease, heart disease, digestive system 
disease, respiratory disease, and muscu-
loskeletal disease (Ranks 1-5 in order, 
respectively; Fig. 1). In 2013–2014, the 
top 5 CCS categories were circulatory 
system disease (rank #1→1), infec-
tions/parasitic diseases (rank #10→2), 
bacterial infection (rank #11→3), sep-
ticaemia (rank #12→4), and unspeci-
fied septicaemia (rank #18→4; Fig. 1). 
Compared to 27.7% non-primary vas-
culitis hospitalisations associated with 
circulatory system disease in 1998-99, 
21.3% were associated in 2013-2014. 
Comparatively, in 2013-2014, the top 
5 CCS categories for hospitalisations 
in the general U.S. population were as 
follows (rank in 1998-1999 → rank in 
2013-2014): circulatory system disease 
(rank #1→1), complications of preg-
nancy; childbirth; and the puerperium 
(rank #3→2), certain conditions origi-
nating in the perinatal period (rank 
#4→3), liveborn (rank #5→4), and dis-
eases of the heart (rank #3→2; Fig. 2).

Top CCS categories for in-hospital 
deaths in people with vasculitis, 
and time-trends
In 1998-1999 versus 2013-2014, there 
were 817 versus 766 deaths during non-
primary vasculitis hospitalisations. The 
top 5 CCS categories associated with 
in-hospital death for non-primary vas-
culitis hospitalisations in 1998–1999 
were respiratory disease, circulatory 
system disease, heart disease, respira-
tory infection and pneumonia (Ranks 
1-5 in order, respectively; Fig. 3). In 
2013–2014, these were infections/
parasitic diseases (rank #6→1), bacte-
rial infection (rank #7→2), septicaemia 
(rank #9→3), unspecified septicaemia 
(rank #22→4), and circulatory system 
disease (rank #1→5; Fig. 3). In 1998-
99, the top 3 CCS categories were all 
cardio-pulmonary diseases; in 2013-14, 
the top three CCS categories were all 
infections (Fig. 3). Compared to 26.4% 
non-primary vasculitis hospitalisation 
deaths associated with circulatory sys-
tem disease in 1998-1999, 20.5% were 
associated in 2013-2014.
Comparatively, in 2013-2014, the top 5 
CCS categories for in-hospital mortality 
in the general U.S. population were as fol-

Table I. Demographic characteristics of non-vasculitis hospitalisations in people with    
vasculitis, comparing 1998-1999 to 2013-2014.

 First period 1998-1999 Last period 2013-2014
 (n=65,683) (n=82,348)

Age, Mean (SE); Median 68.1  (0.16); 73.4 64.9  (0.15); 68.8
Age category  

  <50 10,465  (15.9%) 15,858  (19.3%)
  50-64 9,080  (13.8%) 17,311  (21.0%)
  65-79 26,354  (40.1%) 27,263  (33.1%)
  ≥80 19,784  (30.1%) 21,912  (26.6%)

Sex  
  Male 20,710  (31.5%) 29,897  (36.3%)
  Female 44,969  (68.5%) 52,440  (63.7%)

Race  
  White 43,907  (66.8%) 58,419  (70.9%)
  Black 4,661  (7.1%) 8,921  (10.8%)
  Hispanic 2,173  (3.3%) 6,020  (7.3%)
  Other/Missing 14,942  (22.7%) 8,988  (10.9%)

Deyo-Charlson Score  
  0 21,377  (32.5%) 3,784  (4.6%)
  1 19,804  (30.2%) 7,578 (9.2%)
  ≥2 24,503  (37.3%) 70,986  (86.2%)

Vasculitis type  
  Polyarteritis nodosa 4,436  (6.8%) 7,853  (9.5%)
  Wegener’s granulomatosis 10,154  (15.5%) 21,603  (26.2%)
  Giant cell arteritis 34,993  (53.3%) 31,317  (38.0%)
  Takayasu’s disease 1,113  (1.7%) 2,312  (2.8%)
  Other 4,712  (7.2%) 8,446  (10.2%)
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lows (rank in 1998-1999→ rank in 2013-
2014): infectious and parasitic diseases 
(rank #7→1), bacterial infection (rank 
#11→2), septicaemia (except in labour) 
(rank #12→3), diseases of the circulatory 
system (rank #1→4), and unspecified 
septicaemia (rank #21→5; Fig. 4).

Discussion
Using the national U.S. NIS data, top 
causes of non-primary vasculitis hos-
pitalisations and associated in-hospi-

tal mortality were compared across 
17-years. Even though circulatory sys-
tem diseases were rank #1 in both pe-
riods for non-vasculitis hospitalisations 
in vasculitis, the proportion of associ-
ated hospitalisations decreased from 
27.7% in 1998-99 to 21.3% in 2013-
2014. Infections replaced cardio-respir-
atory disease in 4 of the 5 top causes 
of death from 1998-1999 to 2013-2014. 
These 5 top CCS categories for hospi-
talisations in vasculitis differed from 

the U.S. general population in both 
first and the last study periods. In 2013-
2014, except for circulatory system 
diseases (ranked #1 in both periods as 
well), the 5 top CCS categories for hos-
pitalisations in the U.S. general popula-
tion differed from vasculitis: pregnancy 
and child-birth were ranks #2, #3 and 
#4, and heart disease ranked #5.
Consistent with this study hypoth-
esis, infections replaced 4 of the top 
5 ranks of non-primary vasculitis hos-

Fig. 1. Top 25 healthcare cost and utilisation project (HCUP) Clinical Classifications Software (CCS) categories for non-vasculitis hospitalisations in people 
with vasculitis, comparing 1998-1999 to 2013-2014, with respective ranks.
The figure shows the top 25 CCS categories for hospitalisation for the first period, 1998-1999 (left) and the last study period, 2013-2014 (right). Each CCS cat-
egory label and category are shown in the first column, followed by the number and percent of discharges of all hospitalisations in the next column, followed 
by the relative rank from 1-25. Square brackets show the single-level CCS categories and regular brackets show multi-level CCS categories. Red arrows indi-
cate any category that went to a higher rank in 2013-2014 and green indicates those any category that descended to a lower rank in 2013-2014. Solid black ar-
rows show the categories whose rank remained the same. Number of discharges (percent) for each CCS category and rank is shown next to each CCS category. 
CCS categories included diagnoses in primary or non-primary position with vasculitis in non-primary position for hospitalisations in people with vasculitis. 
CCS consists of two related classification systems, single-level and multi-level. Single-level CCS system classifies all diagnoses and procedures. The single-
level diagnosis CCS aggregates illnesses and conditions into 285 mutually exclusive categories. Most of these categories are homogeneous; for example, CCS 
category #100 is “Acute myocardial infarction and #101 is “Coronary atherosclerosis and other heart disease”. Some CCS categories combine several less 
common, individual conditions, such as CCS category #3, which is “Other Bacterial Infections. Similarly, the single-level procedure CCS aggregates proce-
dures into 231 mutually exclusive categories, most representing single types of procedures. For example, #43 is “Heart valve procedures”, #44 is “Coronary 
artery bypass graft (CABG)” and #45 is “Percutaneous transluminal coronary angioplasty (PTCA)”.
The multi-level CCS expands the single-level CCS into a hierarchical system. The multi-level CCS groups single-level CCS categories into broader body 
systems or condition categories. It also splits single-level CCS categories to provide more detail. The multi-level system has four levels for diagnoses and three 
levels for procedures, which provide the opportunity to examine general groupings or to assess very specific conditions and procedures.



S-59Clinical and Experimental Rheumatology 2021

The changing in-hospital epidemiology of vasculitis / J.A. Singh

pitalisations in 2013-2014, rank #2-#4 
each responsible for 19-21% of these 
hospitalisations and rank #5 for 13%. 
The relative contribution of infections 
to non-primary vasculitis hospitalisa-
tions increased over time, while that of 
cardiovascular disease decreased. This 
may be partially due to a higher aware-
ness of increased cardiovascular dis-
ease risk in people with vasculitis (10) 
which may lead to higher rates of early 
detection and better management; more 
outpatient rather than inpatient treat-
ment of cardiac conditions over time 
(11); a reduction of cardiovascular dis-
ease due to more effective suppression 
of systemic and vascular inflammation 
including C-reactive protein with treat-
ments including biologics (12); and/or 
increasing use of immunosuppressives, 
biologics and glucocorticoids (13, 14) 
that increase the risk of infections (15). 
The study finding of increasing medical 
comorbidity over time can also partially 

explain increasing infection causes for 
hospitalisation. Whether a change in 
vasculitis subtypes over time impacted 
the top CCS categories cannot be as-
sessed in this study in the absence of 
disease activity, organ involvement, 
and medication use.
In contrast, in the general U.S. popula-
tion, infectious causes ranked #11, 15, 
16, 19 and 22 for hospitalisations in 
2013–2014, each accounting for 3–4% 
of all hospitalisations, i.e. much lower 
ranks and proportions compared to that 
in vasculitis in 2013-2014. This find-
ing supports the excess infection risk in 
vasculitis hospitalisations compared to 
the general U.S. population. 
In 1998-1999, the top 3 CCS catego-
ries associated with in-hospital mortal-
ity were all cardio-pulmonary diseases. 
In contrast in 2013-2014, the top three 
CCS categories for non-vasculitis hos-
pitalisations in vasculitis were all in-
fections, similar to U.S. general popu-

lation. These findings extend single 
centre study findings of the infection 
as the most common cause of in-hos-
pital mortality in vasculitis to the U.S. 
national sample (5, 6). The increasing 
importance of infection in people with 
vasculitis over time is evident. 
These study findings must be interpret-
ed considering study limitations. Mis-
classification bias due to the use of di-
agnostic codes is possible. The lack of 
medication and laboratory data in NIS 
limits these important analyses. A more 
frequent use of immunosuppressives, 
biologics and glucocorticoids over time 
could have contributed to increased 
infection-related hospitalisations and 
mortality in vasculitis. Analyses by vas-
culitis sub-types is beyond the scope of 
this study; future studies should exam-
ine these questions. The study strengths 
include the use of a national database, 
a large sample size, and standardised 
CCS categories.

Fig. 2. Top 25 healthcare cost and utilisation project (HCUP) Clinical Classifications Software (CCS) categories for hospitalisations in the U.S. general 
population, comparing 1998-1999 to 2013-2014, with respective ranks.
For the legend please refer to Fig. 1.
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Conclusion
In conclusion, the epidemiology of in-
hospital morbidity/mortality is chang-
ing in vasculitis. Infection is increas-
ingly responsible for non-primary vas-
culitis hospitalisations and associated 
in-hospital mortality in people with 
vasculitis from 1998-1999 to 2013-
2014, versus cardiovascular disease. 
Future studies should examine modifi-
able factors associated with infections 
in vasculitis. A better understanding of 
the infection risk can help in designing 
interventions to reduce its incidence, 
and potentially reduce infection-asso-
ciated morbidity and mortality in vas-
culitis.

Take home messages
• Infections accounted for four of     

top five hospitalisation causes of 

non-vasculitis hospitalisations in 
people with vasculitis in 2013–2014.

• Infections replaced cardio-respirato-
ry disease in 4 of the 5 top causes of 
death in hospitalised vasculitis pa-
tients from 1998-1999 to 2013-2014.

• Infection were far more common 
causes of hospitalisations in people 
with vasculitis in 2013-14 compared 
to the U.S. general population.
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