Oesophageal disease in systemic sclerosis:
does heritability play a role?
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ABSTRACT

Objective. In systemic sclerosis (SSc)
the most common gastrointestinal tract
(GIT) complaint is gastroesophageal
reflux disease (GERD), which may con-
tribute to oesophagitis, stricture, Bar-
rett’s oesophagus, and oesophageal ad-
enocarcinoma. We used a genealogical
resource the Utah Population Database
(UPDB) to analyse SSc pedigrees for
hereditability of oesophageal disease.
Methods. SSc, GERD, oesophagitis,
stricture, Barrett’s, and oesophageal
adenocarcinoma were defined by ICD
Ninth and Tenth Revision codes. Fa-
milial aggregation, relative risk (RR)
of the GIT disease in SSc proband and
their relatives was estimated by Cox
regression model. The model (adjusted
for sex and birth year) was used to
evaluate the effects of having or being
related to, a case or control for SSc, on
GIT diseases.

Results. We identified 2,227 unique SSc
patients and 11,136 randomly selected
controls matched by birth year, gender,
and whether born in Utah, in an ap-
proximately 1:5 ratio. A SSc proband
had a significant high risk of GERD
(RR: 3.28), dysphagia (RR 5.58), oe-
sophageal stricture (RR: 5.16), oe-
sophagitis (RR: 4.86), and Barrett’s
(RR: 4.52) all with significant p-values
<2e-16. First-degree relatives of a SSc
proband were at elevated risk of GERD
(RR: 1.14, p=6.85¢-05), dysphagia
(RR: 1.22 p=0.002), and oesophagitis
(RR: 1.37, p=2.10e-06). First cousins
(RR: 1.09, p=0.03) and spouses (RR;
1.37, p=0.02) were at increased risk of
oesophagitis and dysphagia.
Conclusion. These data suggest that
independent of GERD, oesophagitis
in SSc patients and their relatives may
have both a hereditable and environ-
mental aetiology. There does not seem
to be a heritable component to Bar-
rett’s oesophagus.

Introduction

Gastrointestinal tract (GIT) problems
are the presenting disease feature in
10% of, occurs during disease course
in up to 95% of, and is responsi-
ble in 6-12% of mortality in SSc pa-
tients (1). The oesophagus is the most
common visceral organ involved in
SSc and is associated with quality of
life and mortality in large cohorts of
early, diffuse SSc (2, 3). The aetiol-
ogy of oesophageal involvement and
symptomatic gastroesophageal reflux
disease (GERD) in SSc is unknown,
however autoimmunity, vasculopathy,
and fibrosis are suspected to result in
progressive  oesophageal structural
change (4). Management of oesopha-
geal involvement in SSc is guided by
whether there are features of serious
disease and empiric management of
suspected (GERD) is started prior to
diagnostic studies in this patient popu-
lation (2). Eosinophilic oesophagitis,
which is requires oesophagogastrodu-
odenoscopy (EGD) for diagnosis, can
result in chronic oesophagitis, has a
higher occurrence in SSc patients,
and has a familial association (5-7).
The role of hereditability of oesopha-
geal symptoms (such as dysphagia and
heartburn), and oesophageal diseases
(such as oesophagitis, stricture, Bar-
rett’s oesophagus, and oesophageal
adenocarcinoma) are unknown in SSc
patients.

The purpose of this study was to deter-
mine heritable risk of gastrointestinal
tract disease within SSc subjects and
their extended family members to iden-
tify possible shared genetic aetiology
of oesophageal symptoms in SSc fami-
lies. We anticipate that identification of
diseases with shared genetic aetiology
may improve risk stratification of oe-
sophageal symptoms and facilitate a
targeted use of diagnostic testing and
screening in SSc patients.
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Methods

Utah Population Database

The Utah Population Database (UPDB)
offers a unique opportunity to study in
individual medical records linked to ge-
nealogical data from collected in Utah
since the 1840s. The UPDB is a shared
research resource between the Pedigree
and Population Resource of the Hunts-
man Cancer Institute and the Univer-
sity of Utah. The UPDB resource links
inpatient and outpatient electronic
medical records from 1995 to the pre-
sent drawn from the University of Utah
Health Sciences Center and Intermoun-
tain Healthcare and statewide medical
data collected by the Utah Department
of Health linked to 1.6 million geneal-
ogy records of early Utah immigrants
provided by the Genealogical Society
of Utah. This resource has successfully
created SSc pedigrees for analysis of
possible hereditable aspects of disease
pathogenesis (8, 9). This study was ap-
proved by the University of Utah in-
stitutional review board and the Utah
Resource for Genetic Epidemiological
Research, which oversees the usage of
UPDB. All of the data involved in this
project were de-identified, and waivers
of informed consent were granted by
the institutional review board.

Study subjects

All SSc probands were identified by
International Classification of Diseases
Ninth and Tenth Revision codes (ICD-
9 710.1 and ICD-10 M34.0, M34.1,
and M34.9). In the SSc pedigrees, each
family member was assessed for diag-
nostic codes for SSc, GERD (ICD-9
530.1 and ICD-10 K21.9), dysphagia
(ICD-9 787.20), oesophageal stricture
(ICD-9 530.3 and ICD-10 K 22.2), Bar-
rett’s oesophagus (ICD-9 530.85 and
ICD-10 K22.7), and oesophageal ade-
nocarcinoma (ICD-9 150.9 and ICD-10
C15.9). Five matched controls were se-
lected randomly from the UPDB popu-
lation database without replacement.
The controls were matched on gender,
birth year, and whether they were born
in Utah.

Statistical analysis

Using kinship analysis tools (KAT), a
statistical software developed by the

Clinical and Experimental Rheumatology 2017

Table I. Diagnosis code sources from the Utah Population Database.

Diagnosis UUHSC IHC Inpatient
SSc 1252 1435 1182
GERD 89678 276307 NA
Dysphagia 15472 41036 42040
Stricture 42040 36485 NA
Barrett’s Oesophagus 2827 9416 13081
Oesophageal adenocarcinoma NA NA 180

NA: not applicable (data code not found).

UPDB the magnitude of familial risk
for GIT in SSc patients was estimated.
A Cox regression model was used to
estimate the relative risk of GIT dis-
ease in SSc proband and their relatives.
Time at risk was measured from birth to
the age of diagnosis, or death, or at the
age of the end of the study, whichever
occurred first. The model was adjusted
for sex, birth year and used to evaluate
the effects of being, or being related to,
a case or control for SSc, on other GIT
diseases. In order to accommodate the
dependence of the data, a cluster was
defined, which consists of all the rela-
tives of the case or controls. High risk
pedigrees were defined by having the
familial standardised incidence rate
(FSIR) >2 with p-value <0.05.

Results

The data distribution from the individ-
ual data sets for SSc pedigrees is shown
in Table I. A total of 2,227 unique SSc
patients and 11,136 controls were iden-
tified.

Using the KAT we identified numbers
of high risk SSc pedigrees with at least
4 SSc patients in the pedigree, FSIR
>2 with p-value <0.05. The number of
descendants of the high risk pedigrees
ranged from 1,804 to 80,787. We ex-
tended our selection by taking into ac-
count the high number of GIT patients
in these pedigrees. The population at-
tributable risk analysis result indicated
that approximately 15% of the SSc cas-
es were familial. The family with the
highest number of both SSc and reflux
had 22 affected members and 78,992
descendants. Thus, the absolute risk
was 0.028%.

The RR of each gastrointestinal tract
symptom or disease in shown in Ta-
ble II. Cox proportional hazard analy-
sis result shows SSc proband had a

significant high risk of oesophageal
diagnoses: GERD (RR: 3.28), dyspha-
gia (RR 5.58), oesophageal stricture
(RR: 5.16), oesophagitis (RR: 4.86),
and Barrett’s (RR: 4.52 (all p<2e-16).
First-degree relative of a SSc proband
were at elevated risk of GERD (RR:
1.14, p=6.85e-05), dysphagia (RR:
1.22 p=0.002), and oesophagitis (RR:
1.37, p=2.10e-06). First cousins (RR:
1.09, p=0.03) and spouses (RR; 1.37,
p=0.02) were also at increased risk
of oesophagitis and dysphagia. There
were no significant findings of any of
these GIT codes among second degree
relative of SSc proband. These results
suggested that both genetics, as indi-
cated by increased risk in relatives, and
similar exposures, as indicated by in-
creased risk of spouses, may play a role
in pathogenesis. Oesophageal stricture
and Barrett’s oesophagus do not appear
to be hereditable and were also not
seen in spouses. None of the SSc cases
had oesophageal adenocarcinoma.

Discussion

While SSc has a well-recognised her-
itable component to its pathogenesis
(10), the aetiology of gastrointestinal
disease in this disease is unknown.
Nonetheless, gastrointestinal disease
is an important aspect of SSc morbid-
ity and a critical focus for research (11,
12). The UPDB, which is linked to over
7 million medical records, allowed us
to study the pedigrees of 2,276 unique
SSc patients. In our study, the SSc
proband had a significant presence of
oesophageal symptoms of GERD and
dysphagia, as well oesophageal disease
oesophageal stricture, oesophagitis,
and Barrett’s, which supports the con-
cept of the importance of assessing for
oesophageal involvement in this pa-
tient population.
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Table II. Oesophageal hereditability in systemic sclerosis pedigrees.

Relationship Gastroesophageal Dysphagia Oesophageal Oesophagitis Barrett’s
reflux disease stricture oesophagus

Proband 3.28 (3.05-3.53)" 5.58 (4.9-6.35) 5.16 (4.35-6.12) 4.86 (4.21-5.62) 4.52 (3.41-6)
p<2e-16* p<2e-16* p<2e-16* p<2e-16* p<2e-16

1** degree 1.14 (1.07-1.21) 1.22 (1.07-1.39) 1.09 (0.93-1.28) 1.37 (1.2-1.56) 1.19 (0.92-1.53)
p=6.85e-05* p=0.002* p=0.284 p=2.10e-06 p=0.18

2n degree 1.04 (0.99-1.09) 1.09 (0.98-1.21) 0.91 (0.81-1.03) 1.12 (1-1.25) 1.22 (0.97-1.53)
p=0.17 p=0.10 p=0.15 p=0.048"* p=0.08

3 degree 1.03 (0.99-1.07) 1.09 (1.01-1.18) 1.01 (0.92-1.1) 1.09 (1-1.19) 1.11 (0.94-1.3)
p=0.18 p=0.031* p=0.89 p=0.04" p=0.21

Spouse 1.09 (0.97-1.23 1.37 (1.05-1.8) 1.14 (0.83-1.56) 1.57 (1.19-2.09) 1.2 (0.73-1.97)
p=0.15 p=0.019"* p=0.42 p=0.002* p=047

Relative risk (confidence interval); *Statistical significant.

Progressive oesophageal involvement
in SSc results in smooth muscle atro-
phy of the inner circular layer of the
muscularis propria and fibrosis of the
distal two thirds of the oesophagus (2,
13).Previous pathological sample anal-
ysis reveal inconsistent ischaemic or
inflammatory processes, thus the cause
of the patulous oesophagus remains
unknown (13). Nonetheless, the im-
portance of understanding oesophageal
disease in SSc is underscored by the
higher incidence of Barrett’s and oe-
sophageal adenocarcinoma that is seen
in this patient population (14). Proper
characterisation of risk in the popula-
tion can guide treatment and diagnostic
considerations. In our study we did not
find oesophageal stricture or Barrett’s
oesophoagus to be hereditable. Howev-
er, none of our SSc cases had oesopha-
geal adenocarcinoma.

We also found that oesophagitis and
dysphagia are statistically significant
in first degree relatives and first cousins
as well as in spouses. This result may
suggest that both genetics and envi-
ronment (possibly similar diets) may
play a role in pathophysiology of SSc
oesophageal symptoms. As such, life-
style modifications, such as not eating a
certain number of hours before repose,
head of bed elevation, and avoidance
of exacerbating food groups in order
to reduce symptomatology is likely im-
portant advice to give all patients with
GERD symptoms. The proper dura-
tion of empiric reflux medications and
appropriate timing of diagnostic tests
for oesophageal complaints becomes
somewhat more challenging in this pa-
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tient population, however our data sug-
gests due to the familial component of
oesophagitis and dysphagia, that EGD
should be considered in all patients
with persistent GERD.

In conclusion, this study supports that
the aetiology of reflux in SSc is likely
multi-factorial with both heritable and
exposures playing a role in pathogen-
esis. The UPDB is a robust research
tool that allows comparable heredit-
ability in SSc pedigrees to be studies in
detail. Future studies of SSc pedigrees
may help better delineate whether SSc
clustering of unrelated probands can
better identify environmental influenc-
es on the gastrointestinal aspect of this
disease.
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