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Lung involvement in systemic sclerosis is
associated with adverse hospital outcomes:
insights from the National Inpatient Sample

"Department of Internal
Medicine, University of Benin
Teaching Hospital, Benin,
Edo, Nigeria

“Midwestern University
Chicago College of
Osteopathic Medicine,
Chicago, lllinois, USA
*Department of Internal
Medicine, Mountain View
Regional Medical Center, Las
Cruces, New Mexico, USA
*College of Medicine,
University of Benin School

of Medicine, Benin, Edo,
Nigeria

SUniversity of Missouri
School of Medicine,
Columbia, Missouri, USA

Correspondence to

Dr Jesse Osemudiamen
Odion, Department of
Internal Medicine, University
of Benin Teaching Hospital,
Benin, Edo, Nigeria;
jesse.odion123@yahoo.com

Accepted 2 February 2021
Published Online First
15 February 2021

| '.) Check for updates

© American Federation for
Medical Research 2021.
No commercial re-use. See
rights and permissions.
Published by BMJ.

To cite: Odion JO,
Guraya A, Muojieje CC,
et al. ] Investig Med
2021;69:1022-1026.

Jesse Osemudiamen Odion

,' Armaan Guraya,” Chukwudi Charles Muojieje,?

Osahon Nekpen Idolor,* Eseosa Jennifer Sanwo,* Osaigbokan Paul Aihie’

ABSTRACT

This study aimed to compare outcomes of systemic
sclerosis (SSc) hospitalizations with and without
lung involvement. The primary outcome was
inpatient mortality while secondary outcomes were
hospital length of stay (LOS) and total hospital
charge. Data were abstracted from the National
Inpatient Sample (NIS) 2016 and 2017 database.
This database is the largest collection of inpatient
hospitalization data in the USA. The NIS was
searched for SSc hospitalizations with and without
lung involvement as principal or secondary diagnosis
using International Classification of Diseases 10th
Revision (ICD-10) codes. SSc hospitalizations for
patients aged =18 years from the above groups
were identified. Multivariate logistic and linear
regression analysis was used to adjust for possible
confounders for the primary and secondary
outcomes, respectively. There were over 71 million
discharges included in the combined 2016 and
2017 NIS database. 62,930 hospitalizations were
for adult patients who had either a principal or
secondary ICD-10 code for SSc. 5095 (8.10%) of
these hospitalizations had lung involvement. Lung
involvement group had greater inpatient mortality
(9.04% vs 4.36%, adjusted OR 2.09, 95% CI 1.61
to 2.73, p<0.0001), increase in mean adjusted LOS
of 1.81 days (95% Cl 0.98 to 2.64, p<0.0001), and
increase in mean adjusted total hospital charge of
$31,807 (95% ClI 14,779 to 48,834, p<0.0001),
compared with those without lung involvement.
Hospitalizations for SSc with lung involvement
have increased inpatient mortality, LOS and total
hospital charge compared with those without

lung involvement. Collaboration between the
pulmonologist and the rheumatologist is important
in optimizing outcomes of SSc hospitalizations with
lung involvement.

INTRODUCTION

Systemic sclerosis (SSc), previously called
scleroderma, is a complex rheumatologic
disease characterized by immune-mediated
vasculopathy, fibrosis of the skin, and internal
organs, commonly the lungs and gastroin-
testinal tract.'” It affects about 0.01% of the
population, predominantly women. The disease
can occur at any age, but it is most common

Significance of this study

What is already known about this subject?

» Systemic sclerosis (SSc) is known to
cause pulmonary complications such as
pulmonary hypertension, interstitial lung
disease, pulmonary fibrosis, and so on.

» It is, however, unclear if lung involvement
adversely worsens hospital outcomes of SSc
hospitalizations.

What are the new findings?

» Patients with SSc with lung involvement
have worse hospital outcomes such as
inpatient mortality, hospital length of
stay and total hospital charge compared
with patients with SSc without lung
involvement.

How might these results change the focus

of research or clinical practice?

» A collaborative approach between the
rheumatologist and the pulmonologist
is needed to ensure the best possible
outcomes for SSc with lung involvement
hospitalizations.

among middle-aged women.* Classification

of SSc is divided into 2 main groups: limited
and diffuse disease. The limited form is char-
acterized by skin thickening that is confined to
areas distal to the elbows and knees and gener-
ally associated with less severe internal organ
involvement. The diffuse form involves skin
thickening proximal to the elbows and knees as
well as distal areas and is associated with more
severe organ damage.’

The lungs are commonly involved in sclero-
derma, ranking only behind the skin, the
peripheral vasculature, and the esophagus in
frequency of organ involvement. SSc is asso-
ciated with high mortality owing to internal
organ complications, and lung disease is one
of the leading causes of SSc-associated death.
The most notable pulmonary complications in
SSc are fibrosis and pulmonary arterial hyper-
tension.® 7 Studies have consistently shown
a substantially increased mortality in SSc,
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predominantly due to cardiopulmonary complications. A
better understanding of risk factors for mortality holds the
promise of improving outcomes in this devastating multi-
organ autoimmune disease.®

There is a shortage of studies of outcomes of SSc hospi-

Table 1 Baseline characteristics of systemic sclerosis

hospitalizations with and with lung involvement

SSc (n=62,930)

Without lung With lung

talizations with and without lung involvement using US Variables (n=57,835)  (n=5095) P value
large national population-level data. As a result, this study Mean age (y) 62.95 59.91 <0.0001
aimed to compare outcomes and baseline characteristics of Female (%) 84.97 79.96 <0.0001
SSc hospitalizations with and without lung involvement. Race (%) <0.0001
We queried Fhe Ngtional Inpatient Sa.mple (NIS) database White 68.37 56.63
to answer this clinically relevant question. Black 1547 2251
Hispanic 11.10 13.16
METHODS Asian 1.80 3.08
Data source Native Americans 0.83 0.82
Data were obtained from the NIS 2016 and 2017 database. Others 2.74 3.80
The NIS was searched for SSc hospitalizations with and Charlson Comorbidity Index (%) 0.4973
without lung involvement as principal or secondary diag- 0
nosis using International Classification of Diseases 10th 1 25.02 25.02
Revision (ICD-10) codes ‘M34’ and ‘M34.81’, respectively. ) 2412 25.71
NIS is the largest US inpatient database.”™* NIS is a 20% >3 50.86 4926
sampling of d1f£<33re1.1t strat.a,.des1gned to represent t_he entire Hospital bed size (%) <0.0001
US population.™ Diagnosis in NIS can be the principal diag- small 16.98 13.84
nosis or up to 30-40 secondary diagnoses depending on R 26-52 21'10
NIS year used.’* "> NIS 2016 can have up to 30 secondary Lar 56.51 65.06
diagnoses while NIS 2017 can have up to 40 secondary a.gel . . ’ :
diagnoses. The principal diagnosis is the main ICD-10 code Hospita teac. LSRR <0.0001
diagnosis or reason for hospitalization while a secondary Non't_eaCh'ng 26.94 18.94
diagnosis is any other diagnosis apart from the principal Teaching 74.06 81.06
diagnosis.w 17 Hospital location (%) 0.1798
Rural 6.74 5.59
inclusi iteri Urban 93.26 94.41
ne !.ISIOH critenia TR . . Expected primary payer (%) 0.0125
We included all hospitalizations for patients =18 years with i
. . . Medicare 65.26 60.28
principal or secondary diagnosis of SSc. We used ICD-10 .
. . . . Medicaid 9.72 10.83
codes to identify diagnoses and procedures: SSc with lung )
involvement: all ‘M3481” codes, SSc without lung involve- Private 2347 26.78
ment: all ‘M34’ codes excluding ‘M3481’ codes. See online Se.lf-pay _ _ 129 21
supplemental table for complete list of ICD-10 codes used. Median household income (quartile) (%) 0.2261
1st (0th—25th) 25.74 28.37
0 2nd (26th—50th) 25.11 22.62
utcomes o _ , 3rd (51st-75th) 25.04 24550
The primary outcome was inpatient mortality. Hospital
. 4th (76th—100th) 24.11 24.50
length of stay (LOS) and total hospital charges were . .
. Hospital region (%) 0.0679
secondary outcomes of interest. Northeast 2031 2326
ortheas . .
Midwest 23.93 19.92
Statistical analysis South 35.26 36.51
Analyses were performed using Statistics' and Dgta. (STATA, West 20.51 20.31
Y16; StelltaCOrp, Teﬁas, USI?). A univariate lggmt?c regi‘es- Dyslipidemia (%) 3067 25.12 0.0005
sion anagsm usmlg ai Varlabj's amc(lj coonﬁorlzldltu}els in t{ib el old MI (%) 585 520 0.4234
was used to calculate unadjuste s for the primary Atrial fibrillationflutter (%) 13.30 15.80 0.0293
outcome (which is a categorical outcome). All variables
. . . .. .. COPD (%) 18.99 18.65 0.8090
with p values <0.2 were included in a multivariate logistic : -
k . L Carotid artery disease (%) 1.13 0.98 0.6578
regression model. P values <0.05 were considered signifi-
; o s ) old stroke (%) 6.62 4.81 0.0241
cant in the multivariate analysis. Literature review was used e
to select confounders. Charlson Comorbidity Index (CCI) Hypfrtensmn (%) . 37.05 2915 <0.0001
was used to control for comorbidity complexity. CCI cate- Peripheral vessel disease (%) S S UL
gorizes comorbidities of patients. Categories are weighted Hypothyroidism (%) 25.08 2130 0.00%0
based on the adjusted risk of mortality. The higher the DM type 1 and type 2 (%) 15.97 1413 0.1399
score, the higher the adjusted risk of mortality. Multivar- Obesity (%) 8.54 8.34 0.8297
iate linear regression using all variables and comorbidities in CHF (%) 24.70 33.79 <0.0001
table 1 was used to adjust for confounders for the secondary CKD (%) 21.92 2159 08167
outcomes (which are continuous outcomes). ,
Continued
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Table 1 Continued

SSc (n=62,930)

Without lung With lung
Variables (n=57,835) (n=5095) P value
Liver disease (%) 7.95 6.18 0.0317
Maintenance hemodialysis (%) 3.54 3.34 0.7336
Smoking (%) 23.44 27.38 0.0060
Anemia (%) 41.10 39.94 0.4861

Median household income refers to median household income for patient’s
zip code.

CHF, congestive heart failure (chronic); CKD, chronic kidney disease; COPD,
chronic obstructive pulmonary disease; DM, diabetes mellitus; MI, myocardial
infarction; SSc, systemic sclerosis.

RESULTS

There were over 71 million discharges included in the
combined 2016 and 2017 NIS database. Up to 62,930
hospitalizations were for adult patients (aged 18 years or
above), who had either a principal or secondary ICD-10
code for SSc. A total of 5095 (8.10%) and 57,835 (91.90%)
of these SSc hospitalizations were with and without lung
involvement, respectively. Lung involvement group were
younger (59.91 vs 62.95 years, p<0.0001), had more
Blacks, atrial fibrillation/flutter, congestive heart failure
(CHEF), smokers, and more likely to be admitted to a large
bed-size and teaching hospital compared with the group
without lung involvement (table 1).

A total of 2980 adult SSc hospitalizations (4.74%) resulted
in inpatient mortality. Four hundred and sixty (9.04%) of
the deaths occurred in SSc with lung involvement versus
2520 (4.36%) without lung involvement (p<0.0001).
The adjusted OR for inpatient mortality for SSc with lung
involvement compared with SSc without lung involvement
was 2.09 (95% CI 1.61 to 2.73, p<0.0001). Mean LOS of
hospitalization for SSc with lung involvement was 8.38 vs
5.97 days without lung involvement. SSc¢ with lung involve-
ment hospitalizations had a mean increase in adjusted LOS
of 1.81 days (95% CI 0.98 to 2.64, p<0.0001) compared
with SSc¢ without lung involvement. Total hospital charges
for SSc with lung involvement were $109,565 vs $65,187
for SSc without lung involvement. SSc with lung involve-
ment hospitalizations had an increase in mean adjusted total
hospital charge of $31,807 compared with SSc without
lung involvement (95% CI 14,779 to 48,834, p<0.0001).
See table 2 for complete details of outcomes between both
groups.

DISCUSSION

The sociodemographic comparison in this study showed that
patients who had SSc complicated by lung disease formed
the minority of individuals with SSc with a mean age of
59.91 years. There were less females with lung involvement
compared with those without lung involvement; however,
both groups comprised predominantly females. This is in
keeping with studies by Yazawa et al which showed that SSc¢
was more common in middle-aged women.* SSc with lung
involvement had less Whites and more Blacks compared
with those without lung involvement. However, both
groups were made up predominantly of Whites, followed
by Blacks. Similar findings were noted in a study carried out
in 2003 by Mayes et al which established baseline estimates
of SSc occurrence and characteristics in a large US cohort
consisting primarily of White and Black adults.'®

Comorbidities affect prognosis, therapy, and outcome,
and are associated with worse health outcomes. Comor-
bidity indexes identify comorbid diseases and subsequently
apply pathophysiologic severity ratings for these diseases.
CClI is the most extensively studied comorbidity index for
predicting mortality.” 2° Predictive validity of CCI was
confirmed by finding many significant relationships of CCI
with various outcomes such as mortality and LOS.

Patients with SSc with and without lung involvement
did not have statistically significant difference in CCI.
However, the majority of patients in both groups had a
high CCI (=3) which correlates with increased risk of
mortality and prolonged hospital stay. This has a great
impact on hospital resources such as healthcare costs, as
patients with SSc are most likely to incur high costs in
subsequent years of treatment. This is further buttressed
in a study by Charlson et al which showed that CCI
predicted health costs in subsequent years. CCI can also
be used prospectively to identify patients who are likely to
incur high costs.”! A larger proportion of patients with SSc
with pulmonary involvement presented to teaching and
large bed-size hospitals compared with those without lung
involvement. This may be accounted for by the high level
of specialist care required with these patients.

Atrial fibrillation/flutter, CHF and smoking were more
common in patients with SSc¢ with lung involvement
compared with those without lung involvement. This is
not surprising, as smoking and cardiovascular disorders are
more prominent in patients with pulmonary conditions.****
These comorbidities are influential factors that must be
consﬁlered in models of health-related quality of life in
SSc.

Table 2 Outcomes of systemic sclerosis hospitalizations with and without lung involvement

SSc with lung involvement SSc without lung involvement Adjusted OR (AOR)
% (95% ClI) % (95% ClI) (95% CI) P value
Primary outcome
In-hospital mortality 9.04 436 2.09 (1.61 t0 2.73) <0.0001
Secondary outcomes
Adjusted mean difference
LOS, mean (d) 8.38 5.97 1.81 (0.98 to 2.64) <0.0001
Total charge, mean (US$) 109,565 65,187 31,807 (14,779 to 48,834) <0.0001

LOS, length of stay (hospital); SSc, systemic sclerosis.
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SSc with lung involvement had higher odds of inpatient
mortality when compared with those without lung disease
after adjusting for confounders. We postulated that the
increased mortality in the SSc with lung involvement group
may be associated with the longer LOS and higher hospital-
ization charges seen in this group of patients. This is similar
to the finding in a study done by Fischer e al in 2018 that
SSc resulted in substantial increases in healthcare cost,
which was more prominent in those with lung disease.”

The large sample size which increases the study power is
a major strength of our study. Due to the nature of the NIS
database, we can delineate important sociodemographic
characteristics of a relatively rare disease such as SSc. Our
study, however, has some limitations: (1) we included
hospitalizations and clinical events based on ICD-10 codes
which were created for billing purposes; (2) ICD-10 codes
do not grade severity, therefore, we cannot discern if SSc
disease severity may have had affected outcomes of hospi-
talizations; (3) NIS database contains reports on hospi-
talizations, rather than individual patients”’; (4) data on
immunosuppressant use and medication compliance are not
available in NIS*® ?%; (5) causation cannot be obtained from
NIS studies, only association can be obtained; (6) duration
of illness such as lung involvement cannot be obtained from
NIS studies.”

CONCLUSION

Hospitalizations for SSc with lung involvement have both
statistical and clinically significant increased inpatient
mortality, LOS and total hospital charge compared with
those without lung involvement. Interdisciplinary approach
involving the pulmonologist and the rheumatologist is
important in optimizing outcomes of SSc hospitalizations
with lung involvement.
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