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Background: Interstitial lung disease (ILD) is a frequent complication of systemic sclerosis (SSc)
and a major cause of SSc-related deaths. This study aimed to determine the influence of ILD on
SSc in a population-based historical cohort study. The hypothesis was that patients with SSc¢ who
develop ILD have increased morbidity and mortality when compared with patients with SSc¢ with-
out ILD.

Methods: Using the record linkage system of the Rochester Epidemiology Project in Olmsted
County, Minnesota, this study identified the incidence of SSc between 1980 and 2010 and point
prevalence on December 31, 2010 and determined the progression of organ involvement and its
influence on outcome.

Results: During the 30-year interval, we identified 64 incident cases of SSc: 57 women and seven
men, median age 49.1 years (interquartile range [IQR], 39.8-67.6 years). There were 43 prevalent
cases. ILD occurred in 19 cases, usually after the diagnosis of SSc (median, 2 years; IQR, 0-10 years),
with only three cases occurring 6 to 24 months beforehand. Pulmonary arterial hypertension
(PAH) was diagnosed in 14 cases, heart failure in 27 cases, and chronic kidney disease (CKD) in
21 cases. Seventeen patients died during the study period, with a median survival time after diag-
nosis of 22.9 years. ILD, PAH, and CKD were associated with an increased risk of death.
Conclusions: The incidence of ILD associated with SSc was relatively low in this population-based
cohort. ILD appeared to be a contributing factor to mortality. Other factors, including age, PAH,
and CKD, were also associated with poor outcome. CHEST 2013; 144(2):571-577

Abbreviations: ACR = American College of Rheumatology; CHF = congestive heart failure; CKD = chronic kidney
disease; ILD = interstitial lung disease; IQR = interquartile range; PAH = pulmonary arterial hypertension; REP = Roch-
ester Epidemiology Project; SSc = systemic sclerosis

Scleroderma is a heterogeneous group of rare con-
ditions characterized by the presence of tightening,
thickening, and nonpitting skin induration due to an
excess of collagen fibers.! Systemic sclerosis (SSc) is
characterized by the association of sclerodermatous
skin changes, Raynaud phenomenon, other vascular
abnormalities, and lung and other organ involvment.?
SSc is a rare disease with an annual incidence of about
20 cases per million per year and a prevalence of about
240 cases per million in the United States.? Incidence
and prevalence vary among different populations
studied.?* Prevalence is higher in women than in men
and higher in blacks than in whites.?¢ Median survival
was approximately 11 years in a Detroit Tri-County
area survey and was shorter than expected when
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adjusted for age, sex, and race.6 Factors negatively
affecting survival include male sex, older age at diagno-
sis, extent of skin involvement, and other organ involve-
ment, especially the lung 67 Overall survival of SSc has
improved over the past few decades.” Renal disease
accounts for some of the early mortality, but pulmonary
disease has emerged as a major cause of death.59
Interstitial lung disease (ILD) refers to diffuse paren-
chymal infiltrative processes identified by chest imag-
ing and/or restrictive physiology.’* The most common
pulmonary manifestations of SSc are ILD and pulmo-
nary arterial hypertension (PAH)."! The prevalence
of SSc-associated ILD varies, depending on several
factors: population studied, case definition, and sen-
sitivity of methods of ascertainment.’? Although some
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degree of interstitial lung involvement is present in
most cases in autopsy series,' clinically relevant ILD
is found in only approximately 40% of patients.!*
Sequential measurements of pulmonary function in
patients with SSc¢ have shown remarkable variability
in the progression of restrictive lung disease, ranging
from an indolent course with stable pulmonary func-
tion to a rapidly progressive disease leading to respi-
ratory failure and death.'> Of SSc-related deaths, 35%
have been attributed to pulmonary fibrosis.” A faster
rate of decline in FVC % predicted has been associ-
ated with poor survival.!6

Thus, although SSc is a rare disease, SSc-associated
ILD is a major contributor to the morbidity and mor-
tality associated with SSc. However, most studies of
SSc-associated ILD come from registries and are
subject to referral bias.'™ Little is known about the
natural history of SSc-associated ILD in a population-
based cohort. By identifying the incidence, point prev-
alence, and organ involvement, especially ILD, in SSc,
the goal of this study was to determine the influence
of ILD (and other organ involvement) on outcome of
SSc. Our hypothesis was that patients with SS¢ who
develop ILD have increased morbidity and mortality
when compared with patients with SSc¢ without ILD.
The establishment of population-based epidemiologic
evidence may provide a basis for the development
of better strategies for the treatment of ILD to sig-
nificantly lower the excess mortality occurring among
individuals with SSc.

MATERIALS AND METHODS

This was a historical, population-based, cohort study, designed
using the resources of the Rochester Epidemiology Project (REP),
a medical records linkage system in Olmsted County, Minnesota,
that allows access to the complete medical records of the local
population.?! This study was conducted in accordance with the
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amended Declaration of Helsinki and was approved by Mayo
Clinic (10-008830) and Olmsted Medical Center (001-OMC-11)
institutional review boards. Written informed consent was obtained
from all patients.

All adult patients, including women and racial/ethnic minor-
ities, with newly diagnosed SSc between January 1, 1980, and
December 31, 2010, were included. REP computer tools were
used to search for potential SSc cases. Patients with at least one of
the following key words were identified: circumscribed sclero-
derma; diffuse disease of connective tissue; morphea, not other-
wise specified; other hypertrophic and atrophic conditions of the
skin; sclerodactylia; scleroderma, localized; scleroderma, lung;
scleroderma, not otherwise specified; sclerosis, systemic, pro-
gressive; syndrome, CREST (calcinosis, Raynaud phenomenon,
esophageal dysmotility, sclerodactyly and telangiectasia); and SSc.
Patients who did not consent were excluded. All patient medical
records were then reviewed longitudinally, beginning at patient
age 18 years (or date of migration to Olmsted County, Minnesota,
for those who became residents after age 18) and continuing until
death, until relocation out of Olmsted County or loss to follow-up,
or until December 31, 2010.

A rheumatologist (T. G. O.) confirmed the diagnosis of SSc
based on both the criteria established by the American College of
Rheumatology (ACR) from 19802 (“narrow criteria”) and the sub-
sequent criteria by LeRoy et al?? that distinguishes diffuse and
limited cutaneous SSc and includes SSc sine scleroderma (“broad
criteria”).? Two pulmonologists (P. R. B., J. H. R.) confirmed the
diagnosis of ILD, which was defined by the presence of diffuse
parenchymal opacities on chest imaging (high-resolution CT scan
or chest radiograph) not attributable to cardiac disease, infection,
exposures, or other identifiable causes.’ The index date for the
diagnosis of SSc was the date of diagnosis of SSc found in the
medical records. Residency status of Olmsted County was cross-
checked at the time of diagnosis between January 1, 1980, and
December 31, 2010 (incident case); prevalent cases were counted
as the number of cases on December 31, 2010, who were resi-
dents on that date, independently as to whether they were given a
diagnosis of SSc earlier as a resident of Olmsted County.

Outcome variables included deaths, hospital admissions, immu-
nosuppressive therapy, other medications, supplemental oxygen,
and lung transplant. Covariates included age, sex, ILD, PAH, con-
gestive heart failure (CHF), and chronic kidney disease (CKD).
ILD was defined by expert consensus as stated previously. PAH
was defined by mean pulmonary artery pressure > 25 mm Hg at
rest by right-sided cardiac catheterization or estimated right ven-
tricular systolic pressure >50 mm Hg by echocardiogram (in the
absence of right-sided cardiac catheterization). CHF was defined
as either systolic and/or diastolic heart failure. CKD was defined
as an estimated glomerular filtration rate <60 mL/min/1.73 m?
using the Chronic Kidney Disease Epidemiology Collaboration
equation and/or evidence of kidney damage for at least 3 months 225

All variables were collected by chart review. A manual of defi-
nitions was established. The date of an event was defined as the
first time mentioned in the medical record (if present) or the last
time not observed (if absent). Information not available was coded
as missing. To ensure accuracy and reliability, data were reviewed
by two independent extractors (P. R. B., D. N. S.) after specific
training to access the REP database. A separate pulmonologist
(J. H. R.), rheumatologist (T. G. O.), and radiologist (D. L. L.)
reviewed each case independently. In the case of a disagreement,
a consensus was reached. Study data were collected and managed
using REDCap (Research Electronic Data Capture)? tools hosted
at Mayo Clinic.»

Demographics were expressed as median with interquartile
range (IQR) for quantitative data and as number with percentage
for qualitative data. When calculating incidence (from January 1,
1980, to December 31, 2010) and prevalence (on December 31,
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2010), the denominators were obtained using age- and sex-specific
person-years for the population of Olmsted County residents esti-
mated from decennial census data with interpolation between
census years. Incidence rates were directly age and sex adjusted to
the population structure of white people in the United States in
2000.2” Ninety-five percent CIs were calculated assuming a Pois-
son distribution.?® The Fisher exact test was used to compare
small samples among cases with and without ILD. Kaplan-Meier®
and Cox* proportional-hazards regression models were used to
analyze survival in SSec. For the Cox proportional-hazards models,
binary time-dependent covariates were used to assess whether the
development of ILD, PAH, CHF, or CKD was associated with
worse survival. Analyses were performed using SAS software (ver-
sion 9; SAS Institute Inc) (A. C. H., D. R. S.).

RESULTS

Of 331 potential SSc cases identified, 18 patients
(5.4%) declined to have their chart reviewed for
research. Out of the 313 remaining cases, 200 were
localized forms of scleroderma and 31 were prevalent
cases; data were lacking in seven cases (Fig 1). Of the
75 remaining cases, two patients were nonresidents
for census purpose (members of the clergy), and nine
did not meet SSc criteria after independent review by
a rheumatologist (T. G. O.). Median follow-up time
was 8.1 years (IQR, 3.2-13.4 years).

During the 30-year interval, we identified 64 new
cases of SSc that met the predefined criteria. There
were significantly more women than men with SSc
(female to male ratio = 57:7). Other characteristics
of the patients are provided (Tables 1, 2). No asbestos
exposures, drug toxicities, or environmental factors
were noted. The overall incidence rate was 2.43 cases
per 100,000 (95% CI, 1.83-3.02) using broad criteria
and 1.37 per 100,000 (95% CI, 0.92-1.81) using narrow
criteria (Table 3). On December 31, 2010, there were
43 prevalent cases of SSc, which corresponds to a point
prevalence of 39.92 per 100,000 (95% CI, 27.87-51.96)
(Table 3).

ILD occurred in 19 cases, usually after the diagnosis
of SSc (median, 2 years; IQR, 0-10 years). Only three

| 331 (potential) |

| 18 (declined) —+— 200 (localized) |

[ 7 (lack data) ]——[ 31 (preexistent) }
- ]

[2 (non residents) J——[ 9 (lack criteria) }
[ 64 (included) ]

FIGURE 1. Flow diagram showing the number of individuals at
each stage of study. Localized = localized form of scleroderma;
preexistent = systemic sclerosis diagnosed before the study period.
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Table 1—Demographics of Patients With Scleroderma

Demographic Variable
Cases, No. 64
Age at diagnosis, median (IQR), y 49.1 (39.8-67.6)
Sex

Female 57 (89)

Male 7(11)
Ethnicity

Not Hispanic 45 (70)

Unknown 19 (30)
Race

White 55 (86)

Asian 6(9)

Black 1(2)

Unknown 2(3)
Smoking status

Never 36 (56)

Previous 20 (31)

Current 8 (13)
Diagnosis criteria

Not ACR 28 (44)

With ACR 36 (56)
Type of connective tissue disease

Undifferentiated 5(8)

Scleroderma 47 (73)

Mixed 12 (19)
Subset of systemic sclerosis

Limited cutaneous 47 (73)

Diffuse cutaneous 9 (14)

Sine scleroderma 8 (13)

Data are presented as No. (%) unless indicated otherwise. ACR =
American College of Rheumatology?; IQR = interquartile range.

cases occurred 6 to 24 months before the diagnosis
of SSc. PAH occurred in 14 cases. CKD occurred in
21 cases. Systolic CHF was present in five cases, and
some degree of diastolic CHF was noted in 22 cases.
Most patients had a chest radiograph (92%). About
two-thirds had chest CT scan and pulmonary function
testing (Table 4). Three patients had a bronchoscopy,
and one patient underwent surgical lung biopsy show-
ing diffuse alveolar damage. The presence of crackles,
finding of fibrosis on chest radiographs, or typical find-
ings by CT scan were seen more frequently in ILD.
Other pulmonary symptoms (dyspnea, cough, club-
bing) were not discriminative for ILD, nor was pul-
monary function testing when available.

Seventeen patients died during the study period,
with a median survival time after diagnosis of SSc of
22.9 years (Fig 2). SSc was the primary cause of death
in nine cases, a contributing factor in four cases, and
not related in four cases. PAH contributed to death in
seven cases (six cases as primary cause), ILD in one
case, and CKD in one case. There was no difference
in immunosuppressive drugs, supplemental oxygen,
antihypertensive medications, and other medications
aimed at treating PAH or the need for hospitalization
between those with and without ILD (data not shown).
No patient underwent lung transplant. From analyses
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Table 2—Clinical Characteristics of Patients
With Scleroderma

Absent, Present, Missing,
Characteristic No. (%) No. (%) No. (%)
Clinical data
Raynaud phenomenon 0(0) 64 (100) 0(0)
Pitting nail 9 (14) 25 (39) 30 (47)
Skin sclerosis 33 (52) 29 (45) 2(3)
Calcinosis 50 (78) 10 (16) 4(6)
Sclerodactyly 10 (16) 53 (83) 1(2)
Telangiectasia 15 (23) 49 (77) 0(0)
Digital ulcer 31 (48) 31 (48) 2(3)
Heartburn 19 (30) 45 (70) 0(0)
Dysphagia 32 (50) 31 (48) 1(2)
Dysmotility 35 (55) 20 (31) 9 (14)
Diarrhea 44 (69) 16 (25) 4(6)
Myositis 52 (81) 8 (13) 4(6)
Hypertension 29 (45) 35 (55) 0(0)
Laboratory data
ANA 2 (3) 58 (91) 4(6)
Anti-Scl-70 34 (53) 5(8) 25 (39)
ACA 26 (41) 21 (33) 17 (26)
Organ Involvement
CKD 37 (58) 21 (33) 6(9)
CHEF, systolic 48 (75) 5(8) 11 (17)
CHF, diastolic 24 (38) 22 (34) 18 (28)
PAH 34 (53) 14 (22) 16 (25)
ILD 45 (70) 19 (30) 0(0)

ACA = anticentromere antibody; ANA = antinuclear antibody; anti-
Scl-70 = antitopoisomerase I; CHF = congestive heart failure; CKD =
chronic kidney disease; ILD = interstitial lung disease; PAH = pul-
monary arterial hypertension.

that adjusted for age, the presence of ILD, PAH, and
CKD, but not CHF or smoking history, were found to
be associated with an increased risk of death (Table 5).

Survival did not differ between the broad and nar-
row criteria defining SSc, including undifferentiated
and mixed connective tissue disease. However, a trend
toward a reduced median survival time, from 22.9 to
17.6 years (P =.057 by Wilcoxon test), was observed

between the 17 cases of undifferentiated and mixed
connective tissue disease and the 47 pure cases of SSc,
defined either by the broad or the narrow criteria.
Among those 47 cases of SSc were 16 cases of ILD.

Di1scussioN

In this population-based study, the overall incidence
of SSc was 2.43 per 100,000 (95% CI, 1.83-3.02) and
was stable over time. We confirmed the hypothesis that
patients with SSc¢ who develop ILD have increased
morbidity and mortality when compared with patients
with SSc without ILD. The overall incidence of SSc
was higher using the broad criteria (LeRoy et al??) than
the narrow criteria (ACR),? which may have underes-
timated the actual incidence of SSc. When compared
with the literature, incidence and prevalence were
similar to the findings of most recent studies in the
United States*6 but were higher than that reported
previously in the same population from Minnesota.?!32
The apparent increase in incidence is likely due to a
better definition of the disease with the establish-
ment of ACR criteria in 1980. As shown in Table 3,
the incidence remained stable over time after these
criteria were established. The point prevalence on
December 31, 2010, was 39.92 per 100,000 (95% CI,
27.87-51.96), which is similar to studies in the United
States using the same ACR criteria.*¢ Although the
prevalence of SSc was considered to be higher in the
United States than in Japan and Europe,* the results
of this study are close to those of a study in a district
of northern Italy, challenging the concept of a west-
east gradient. The probability of survival was higher
than reported previously,* but similar to a Canadian
study in which the overall 5-year and 10-year survival
rates were 90% and 82%, respectively,3* emphasizing
a trend toward an apparent better outcome of SSc,

Table 3—Incidence Using Broad and Narrow Criteria and Point Prevalence of Scleroderma per 100,000 Adjusted to
the 2000 US White Population

Female Male Overall
T 1 \ 1 \ \

Time Frame Estimate 95% CI Estimate 95% CI Estimate 95% CI
Incidence (broad criteria)

1980-1989 3.27 1.42-5.13 0.00 0.00-0.00 1.69 0.73-2.65

1990-1999 4.89 2.80-6.98 0.26 0.00-0.76 2.65 1.54-3.76

2000-2010 4.21 2.52-5.89 1.12 0.22-2.01 2,71 1.74-3.68

Overall 4.17 3.09-5.25 0.56 0.15-0.98 2.43 1.83-3.02
Incidence (narrow criteria)

1980-1989 2.18 0.67-3.70 0.00 0.00-0.00 1.13 0.35-1.91

1990-1999 1.86 0.57-3.16 0.26 0.00-0.76 1.09 0.38-1.80

2000-2010 2.28 1.04-3.52 1.12 0.22-2.01 1.72 0.95-2.49

Overall 2.12 1.35-2.89 0.56 0.15-0.98 1.37 0.92-1.81
Prevalence (broad criteria)

12/31/2010 62.02 41.65-82.39 13.32 3.38-23.26 39.92 27.87-51.96

Broad criteria defined by LeRoy and al??; narrow criteria defined by ACR.2 See Table 1 legend for expansion of abbreviation.
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Table 4—Pulmonary Features in Patients With Scleroderma

No ILD (n=45) ILD (n=19)
T 1 T 1

Pulmonary Feature No Yes Missing No Yes Missing P Valuer
Symptoms

Dyspnea 19 (42) 22 (49) 4(9) 6 (32) 13 (68) 0(0) .3997
Cough 17 (38) 24 (53) 4(9) 8 (42) 10 (53) 1(5) 1.0000
Clubbing 39 (87) 2 (4) 4(9) 15 (79) 3(16) 1(5) 1604
Crackles 27 (60) 14 (31) 4(9) 2(11) 17 (89) 0(0) 1.0000
CXR 3(7) 40 (89) 2(4) 0(0) 19 (100) 0(0) 5464
Fibrosis 25 (56) 15 (33) 5(11) 6 (32) 13 (68) 0(0) .0494p
CT scan 18 (40) 25 (56) 2(4) 3(16) 15 (79) 1(5) .0790
Ground glass opacities 21 (47) 4(9) 20 (44) 7(37) 8 (42) 4(21) 02970
Reticular opacities 21 (47) 4(9) 20 (44) 3 (16) 12 (63) 4(21) .0001">
Traction bronchiectasis 25 (56) 0(0) 20 (44) 8 (42) 7 (37) 4(21) .0003b
Honeycombing 25 (56) 0(0) 20 (44) 12 (63) 3(16) 4(21) .0461°
PFT 15 (33) 28 (62) 2(4) 3(16) 15 (79) 3(5) 2219
TLC <80% expected 14 (31) 2 (4) 29 (65) 5 (26) 5 (26) 9 (48) .0687
FVC <80% expected 17 (38) 11 (24) 17 (38) 8 (42) 7(37) 4(21) 7497
DLco <60% expected 20 (44) 7(16) 18 (40) 7(37) 7(37) 5(26) 1703
Drco adj <60% expected 6(14) 2 (4) 37 (82) 2 (11) 5 (26) 12 (63) 1319
Bronchoscopy 40 (89) 1(2) 4(9) 15 (78) 2(11) 2(11) 2027

Data are presented as No. (%). CXR = chest radiography; DrLco = diffusing capacity of the lung for carbon monoxide; DLco adj = diffusing
capacity adjusted for hemoglobin (% expected); PFT = pulmonary function testing; TLC = total lung capacity (% expected). See Table 2 legend for

expansion of other abbreviation.
“Fisher exact test, missing data excluded.
bSignificant when P <.05.

possibly explained in part by the use of broader cri-
teria. Among the visceral complications, ILD, PAH,
CHF, and CKD occurred most frequently. When
adjusted for age, the risk of death was not only influ-
enced by the presence of PAH or CKD, but also by
ILD itself. Although ILD is now considered a major
cause of death in SSc,%9 the review of the causes of
death in the current study suggests that ILD is more
a contributing factor than an immediate cause of death
in these patients. In this study, we found that PAH
was the principal cause of poor outcome among those
with SSc. The lengthy time span of our study may be
one reason why PAH was a predominant cause of
death. Of the SSc-related fatalities from the large

1.0

0.0 4+——— 7
5

I I
10 15 20 25
Time to last follow up (years)

FIGURE 2. Survival plot of incident cases of scleroderma (with
95% CI).
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EUSTAR database, 35% were attributed to ILD, 26%
to PAH, and 26% to cardiac causes.® Proteinuria,
PAH by echocardiography, and reduced FVC were
among the independent risk factors for mortality.?
The difference in our study can be explained by a dif-
ferent design (population- vs referral center-based),
and a different time frame (the EUSTAR database was
initiated in 2004). Nevertheless, both studies empha-
size the importance of ILD, PAH, and CKD. Cardiac
causes certainly play a role as well, but could not be
further established in our study because of the limited
number of patients.

This population-based study included only new
cases of SSc diagnosed by a rheumatologist while the
patient was a resident in Olmsted County. It may
have not included some cases that already existed but

Table 5—Risk of Death Among Patients With ILD, PAH,
CHF, or CKD, or Who Smoked

Covariate HR 95% CI P Value
ILD 2.90 1.16-7.26 .023
PAH:? 4.78 1.83-12.49 .002
CHF 1.19 0.44-3.27 733
CKD 2.78 1.21-6.40 016
Smoking® 1.69 0.64-4.50 291

Proportional hazards analysis was used modeling ILD, PAH, CHF,
CKD, and smoking as binary, time-dependent covariates. Each model
was adjusted for age. HR = hazard ratio. See Table 2 legend for
expansion of other abbreviations.

“Not secondary to ILD.

"Smoking is represented as ever vs never smoked.
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were not yet diagnosed. Seven patients lacking suffi-
cient information were excluded. The study was lim-
ited to cases evaluated by a rheumatologist and/or
a pulmonologist at the time when the diagnosis was
considered. Formes fruste or fulminant cases of the
disease may have been missed. The diagnosis of ILD
was designated by consensus of two of the authors
based on their review of medical records and imaging
studies, with the exclusion of those patients whose
lung infiltrates were attributable to other causes. The
diagnosis of PAH in some patients was based on esti-
mated right ventricular systolic pressure obtained by
echocardiography. The relatively low number of patients
with SSc¢ (n = 64) and even lower number of patients
with concomitant ILD (n = 19) limited the analyses
and justify caution in interpreting the results. Olm-
sted County, with a population of 144,248 in 2010,
lies 90 miles southeast of Minneapolis/Saint Paul.
In 2000, the population was 90% white and largely
middle class. Therefore, the results may not be gener-
alizable to locations with higher minority populations
and may be similar only to other white populations in
the United States.

CONCLUSIONS

In conclusion, the incidence of ILD associated with
SSc was relatively low in this population-based cohort.
Not only ILD, but PAH and CKD, were all contribu-
tors to poor outcome. Whether the presence of ILD
justifies a more aggressive management of SSc remains
open to debate.
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