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Objective. To characterize the endoscopic features of upper gastrointestinal tract in patients with systemic sclerosis (SSc) com-
pared with those in the healthy controls. Methods. Data on esophagogastroduodenoscopy (EGD) in 180 patients with SSc (SSc 
group) were compared with that from the 181 age- and sex-matched healthy control who underwent EGD for routine check-up 
(control group). Clinical data of participants at the time of EGD (defined as baseline) were collected from electric medical 
record. Endoscopic findings were evaluated by two experts with blinded to their clinical features. Primary outcome of the study 
was prevalence of each endoscopic lesion between the two groups. Results. The mean±standard deviation age and disease du-
ration in the SSc group at baseline were 55.3±11.8 and 2.9±3.7 years, respectively. Compared to the control group, SSc group 
more frequently showed reflux esophagitis (32.8% vs. 9.4%, p＜0.001). In contrast, prevalence of atrophic gastritis was sig-
nificantly lower in the SSc group (8.3% vs. 29.3%, p＜0.001). This result was consistent in the multivariable analysis where pa-
tients’ age and concomitant proton pump inhibitor use were adjusted. There was no case of gastric antral vascular ectasia 
(GAVE) in both groups. However, 29 (16.1%) patients in SSc group showed a clinically significant anemia (hemoglobin ＜10 
mg/dL), with none of the endoscopic features showed significant associations with the outcome. Conclusion. Patients with SSc 
showed significantly lower prevalence of atrophic gastritis. There was no case of GAVE, which suggests that clinical phenotype 
of the SSc could be different according to the ethnicity or geographic region. (J Rheum Dis 2019;26:66-73)
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INTRODUCTION

Systemic sclerosis (SSc) is a chronic autoimmune dis-
ease characterized by proliferative vascular lesions and 
fibrosis in skin and various internal organs [1]. Gastroin-
testinal tract is the second most commonly involved or-
gan, present in approximately 75%∼90% of the SSc pa-
tients [2]. Gastrointestinal involvement is also the lead-
ing cause of morbidity and third most common cause of 
the mortality in SSc [3,4]. 
Among various parts of gastrointestinal tract, esoph-

agus is the most commonly involved organ. Esophageal 

reflux is one of the most common manifestation in SSc 
and its pathophysiology and related complication had 
been thoroughly investigated [5,6]. In contrast, there has 
been only a few studies focused on the gastric involve-
ment of SSc, despite the prevalent use of esophagogas-
troduodenoscopy (EGD). Previous studies suggested that 
the gastric involvement in patients with SSc includes se-
vere gastrointestinal bleeding or iron-deficiency anemia 
due to gastric antral vascular ectasia (GAVE) [7,8]. It is an 
endoscopic finding characterized by dilated submucosal 
vessels which radiate from the pylorus to the antrum. The 
exact prevalence of GAVE remains uncertain and were 
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highly variable among studies (from approximately 1% to 
22.3%), suggesting that ethnicity and geographic region 
could influence on its pathophysiology [9-11]. However, 
there have been no studies which investigated the preva-
lence of GAVE in patients with SSc in Korea. Furthermore, 
endoscopic features of stomach other than GAVE in pa-
tients with SSc also remained unknown.
In the present study, therefore, we investigated the up-

per endoscopic findings of patients with SSc in South 
Korea and compared them with those from the matched 
healthy population. 

MATERIALS AND METHODS

Subjects 
This is a cross-sectional study using electric database of 

medical records of a tertiary referral center located in 
South Korea. We collected the endoscopic data performed 
in patients who were diagnosed with SSc between January 
2004 and August 2017. All included patients fulfilled the 
2013 American College of Rheumatology (ACR)/European 
League Against Rheumatism (EULAR) classification cri-
teria for SSc at the time of diagnosis [12]. If a patient had 
multiple times of EGD, the data of the nearest date from 
the diagnosis was collected. The subtype of SSc was de-
fined according to the previous report by LeRoy et al. [13]. 
Data on endoscopic examinations performed in the 

healthy population for the routine check-up in 2016 were 
used as the controls. In a total of 1,511 evaluations per-
formed in this period, we selected the endoscopic data 
from age and sex-matched population using propensity 
score matching with a matching ratio of 1:1. Among 
them, one endoscopic data from a patient with SSc was 
excluded because of the limited evaluation due to severe 
esophageal stricture. Finally, one-hundred eighty pa-
tients with SSc (SSc group) and 181 general population 
(control group) were analyzed in this study. 
The study was approved by the local Institutional 

Review Board (IRB no. 1708-092-878) and was con-
ducted in accordance with the principles of the Declaration 
of Helsinki and Good Clinical Practice guidelines. Patient 
consent was waived by the IRB due to the retrospective 
character of the study.

Clinical data
Baseline date was defined as the date of endoscopic 

examination. Disease duration was defined as the time 
interval between the date of diagnosis of SSc and the base-

line date. Demographic features, concomitant medi-
cations and other clinical and laboratory features at base-
line were collected from patients’ medical records. Data 
regarding the onset of Raynaud’s phenomenon and 
non-Raynaud’s phenomenon symptom were also 
collected. All included patients performed complete 
blood count (CBC) test within one month from the 
baseline. Anemia was defined when hemoglobin level 
was less than 12 g/dL. If a baseline hemoglobin level less 
than 10 g/dL (defined as a significant anemia), we col-
lected data on additional evaluation for anemia such as 
serum ferritin, iron, total iron binding capacity (TIBC), 
folate and vitamin B12 within 6 months from baseline. 
Iron deficiency anemia (IDA) was defined when serum 
ferritin ＜15 mg/dL and serum iron ＜50 mcg/dL. If a pa-
tient had normal or decreased level of TIBC, he or she was 
regarded as having anemia of chronic disease (ACD).

Evaluation of endoscopic findings 
All endoscopic images were taken in accordance with 

specific guidelines for standardized image documentation 
in upper gastrointestinal endoscopy [14-16]. These 
guidelines recommend the acquisition of more than 8 im-
ages of particular GI landmarks including 2 esophageal, 4 
gastric, and 2 duodenal standard images. In the case of ab-
normal findings, additional complementary images were 
taken. Endoscopic images were managed and saved by 
picture archiving and communication systems (PACS) in 
real time with endoscopic evaluation. All endoscopic data 
in PACS were independently evaluated by two experi-
enced gastroenterologists with blinded to all clinical data 
of the patients. Abnormal endoscopic findings were de-
fined only when both readers give the same evaluation for 
the lesion. 
Reflux esophagitis was defined as mucosal breaks of 

esophagus and was graded by Los Angeles classification 
of reflux esophagitis. Gastritis and intestinal metaplasia 
were diagnosed based on the characteristic endoscopic 
findings such as vascular pattern of gastric mucosa and 
nodular mucosal pattern, respectively. The diagnosis of 
GAVE was confirmed by characteristic endoscopic find-
ing of erythematous, longitudinal stripes involving an-
trum and pylorus. Delayed gastric emptying, which can be 
a sign of gastroparesis, was considered present if food was 
remained in the stomach after the overnight fast before 
the examination.
Primary outcome of the study was prevalence of endo-

scopic lesions including GAVE between the two groups. 



Jun Won Park et al.

68 J Rheum Dis Vol. 26, No. 1, January, 2019

Table 1. Clinical features of the included patients with systemic
sclerosis (n=180)

Clinical feature Value

Age (yr) 53.3±11.8
Male sex   23 (12.8)
Time from the onset of Raynaud phenomenon (yr)   5.6±6.6
Time from the onset of non-Raynaud 

phenomenon symptom (yr) 
  3.4±4.0

Disease duration (yr), (n=179)   2.9±3.7
Disease duration less than 5 years (n=179) 140 (77.8)
Ever-smokers   15 (8.3)
Diffuse subtype   88 (48.9)
Limited subtype   92 (51.1)
Anti-scl70 antibody positive (n=171)   72 (48.0)
Anti-centromere antibody positive (n=171)   38 (25.3)
Anti-U1RNP antibody positive (n=154)   23 (16.9)
Telangiectasia (n=145)   32 (22.1)
Interstitial lung disease 110 (61.1)
GI manifestations
     Dysphasia   44 (24.4)
     Reflux   72 (40.0)
     Early satiety   45 (25.0)
     Vomiting   10 (5.6)
     Diarrhea   29 (16.1)
     Constipation   13 (7.2)
     Abdominal pain   26 (14.4)
     Melena     1 (0.6)
Anemia*   73 (40.6)
Significant anemia†   29 (19.1)
NSAID use at baseline (n=179)   27 (15.1)
Steroid use at baseline (n=179)   59 (33.0)
PPI use at baseline (n=170) 101 (56.1)
ESR (mm/hr) 34.0±26.1

Values are presented as mean±standard deviation or number 
(%). GI: gastrointestinal, PPI: Proton-pump inhibitor, ESR: 
erythrocyte sedimentation rate. *Anemia was defined as the 
hemoglobin level less than 12 g/dL. †Significant anemia was 
defined as the hemoglobin level less than 10 g/dL.

Secondary outcomes included the prevalence of sig-
nificant anemia and its associated clinical/endoscopic 
features.

Statistical analysis 
Continuous variables were presented as mean±stand-

ard deviation±SD. The prevalence of endoscopic lesions 
between the two groups were compared using Chi-square 
test. Binary logistic regression was used to investigate the 
effect of clinical factors associated with the endoscopic 
lesion. If a variable showed a relevant association (p＜ 

0.1) with the outcome in the univariable model, it was in-
cluded in the multivariable model as a covariate. If a co-
variate showed the completely separation of the outcome, 
Firth’s penalized maximum likelihood was introduced to 
reduce the statistical bias [17]. All statistical analysis was 
performed using the R 3.3.1 (R Development Core Team, 
2013; http://www.r-project.org). A p-value of ＜0.05 was 
considered statistically significant. 

RESULTS

Baseline clinical features of the patients 
Baseline characteristics of the patients were presented 

in Table 1. Briefly, mean±SD age in the SSc group was 
53.3±11.8 and 157 (87.2%) patients were female. 
Eighty-nine (48.9%) patients had diffuse subtype. Mean 
disease duration of the patients were 2.9±3.7 years and 
78.2% of the patients performed the esophagogas-
troduodenoscopy (EGD) within 5 years from the diag-
nosis of SSc. Most patients (123/179, 69.3%) had at least 
one gastrointestinal symptom at baseline. Esophageal re-
flux (40.2%), followed by early satiety (25.0%) and dys-
phagia (24.4%). In SSc group, 101 (56.1%) patients re-
ceived proton-pump inhibitor (PPI) at baseline whereas 
only 4 patients were treated with PPI in the control group 
for the treatment of gastroesophageal reflux disease 
(GERD). 

Prevalence of endoscopic abnormalities 
The reliability of endoscopic evaluation between the two 

readers was excellent in all endoscopic lesions and com-
pletely identical in case of peptic ulcer disease and GAVE 
(Supplementary Table 1). Prevalence of each endoscopic 
lesion between the two groups were presented in Table 2. 
In the SSc group, reflux esophagitis was the most com-
mon endoscopic lesion, which was significantly more fre-
quent than the control group (32.8% vs. 9.4%, p＜0.001). 

High-grade esophagitis (defined as LA-C or D) was also 
frequently detected in the SSc group but not in the control 
group (25.0% vs. 0.0%). Interestingly, in patients with 
SSc and reflux esophagitis, 44.8% (26/58) had no reflux 
symptoms at baseline. Prevalence of Barrett esophagus 
was also numerically higher in the SSc group (1.7% vs. 
0.0%, p=0.081). 
Erosive and chronic atrophic gastritis were the two most 

common endoscopic lesions in the control group. They 
were detected in 21.0% and 29.3% in this group, re-
spectively, but most patients had no related symptoms. In 
contrast, they were significantly less prevalent in the SSc 
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Table 2. Prevalence of endoscopic lesion between the two groups 

Endoscopic lesions Control group (n=181) SSc group (n=180) p-value

Reflux esophagitis 17 (9.4) 59 (32.8) ＜0.001
   Low grade (LA-A or B) 17 (100.0) 45 (75.0)
   High grade (LA-C or D) 0 (0.0) 15 (25.0)
Barrett esophagus 0 (0.0) 3 (1.7) 0.081
Esophageal stricture 0 (0.0) 3 (1.7) 0.081
Chronic superficial gastritis 42 (23.2) 31 (17.2) 0.157
Erosive gastritis 38 (21.0) 21 (11.7) 0.017
Atrophic gastritis 53 (29.3) 15 (8.3) ＜0.001
Intestinal metaplasia 8 (4.4) 2 (1.1) 0.055
GAVE 0 (0.0) 0 (0.0) NA
Gastric ulcer 0 (0.0) 4 (2.2) 0.044
Duodenal ulcer 3 (1.7) 5 (2.8) 0.470
Hyperplastic polyp 5 (2.8) 9 (5.0) 0.271
Adenomatous polyp 1 (0.6) 2 (1.1) 0.559
Early gastric cancer 1 (0.6) 1 (0.6) 0.997

Values are presented as number (%). SSc: systemic sclerosis, LA: Los Angeles classification criteria for reflux esophagitis, GAVE:
gastric antral vascular ectasia, NA: non-applicable. 

Figure 1. Prevalence of reflux esophagitis, atrophic gastritis 
and their advanced lesions between the systemic sclerosis 
(SSc) and the control groups.

group. Of note, atrophic gastritis was present only in 17 
(9.3%) patients in the SSc group (Figure 1). This result 
was not changed in the multivariable analysis where pa-
tient’s age and concomitant PPI use were included as co-
variates (adjusted odds ratio [OR]=0.17, 95% confidence 
interval [CI] 0.07 to 0.38, p＜0.001) (Table 3). Intestinal 
metaplasia was also less common in the SSc group al-
though it was not statistically significant (1.1% vs. 4.4%, 
p=0.055). Suspicious early gastric cancer was incidentally 
found in 2 patients (one in each group) and biopsy in this 
lesion confirmed the diagnosis. There was no GAVE in 
both groups. 
When patients with SSc were stratified according to the 

disease duration, Barrett esophagus, esophageal stricture 
and retained food in stomach were more frequently 
shown in patients with longer disease duration (＞5 
years). Prevalence of all endoscopic lesions was not differ-
ent according to the subtype of SSc.

Association between endoscopic lesion and anemia 
At the baseline, 73 (40.6%) patients in the SSc group 

had an anemia and 29 (16.1%) of them showed a sig-
nificant anemia. Among them, IDA was detected in 14 
(48.3%) patients and 19 (65.5%) patients showed the 
features of ACD. Patients with significant anemia were all 
female, were older (58.9±12.3 vs. 52.2±11.5 years, 
p=0.005) and showed higher Erythrocyte sedimentation 
rate (ESR) level (58.9±31.9 vs. 29.3±21.9 mm/hr, p＜ 

0.001) than the other patients. In addition, prevalence of 
pulmonary hypertension was also significantly higher in 
this subgroup (40.0% vs. 19.1%, p=0.022). Multivariable 
analysis showed that only high ESR level at baseline was 
significantly associated with the outcome (adjusted 
OR=1.04, 95% CI 1.02 to 1.06, p＜0.001) (Table 4). By 
contrast, no specific endoscopic lesion was associated 
with the presence of significant anemia. Correlation co-
efficient between ESR and hemoglobin levels in this anal-
ysis (r=–0.524, p＜0.001) was prominently greater than 
previously reported value (Supplementary Figure 1) [18].

Sensitivity analysis 
Because lower prevalence of atrophic gastritis in the SSc 



Jun Won Park et al.

70 J Rheum Dis Vol. 26, No. 1, January, 2019

Table 3. Clinical features associated with atrophic gastritis on baseline EGD 

Variable
Univariable analysis Multivariable analysis*

OR (95% CI) p-value Adjusted OR (95% CI) p-value

Age 1.06 (1.03 to 1.09) ＜0.001 1.06 (1.04 to 1.09) ＜0.001
Male sex 1.05 (0.48 to 2.31) 0.892 †

Disease duration 0.95 (0.81 to 1.12) 0.532 †

Ever-smokers 0.31 (0.27 to 2.44) 0.707 †

PPI use at baseline 0.35 (0.17 to 0.72) ＜0.001 1.23 (0.46 to 3.26) 0.681
Systemic sclerosis (vs. normal control) 0.22 (0.12 to 0.410 ＜0.001 0.17 (0.07 to 0.38) ＜0.001

EGD: esophagogastroduodenoscopy, OR: odds ratio, CI: confidence interval, PPI: proton pump inhibitor. *Clinical factors with a 
significant association (p＜0.1) were included in the multivariable model. †Does not included in the multivariable model as a 
covariate.

Table 4. Clinical features associated with significant anemia at baseline 

Variable
Univariable analysis Multivariable analysis*,‡

OR (95% CI) p-value Adjusted OR (95% CI) p-value

Age 1.05 (1.02 to 1.09) 0.006 1.02 (0.98 to 1.07) 0.351
Female sex‡ 10.78 (1.42 to 1,384.20) 0.014 5.59 (0.531 to 781.39) 0.179
Disease duration 1.09 (0.99 to 1.20) 0.098 1.11 (0.98 to 1.26) 0.084
Ever-smokers‡ 0.15 (0.001 to 1.17) 0.076 0.76 (0.01 to 11.69) 0.866
ESR 1.04 (1.02 to 1.06) ＜0.001 1.04 (1.02 to 1.06) ＜0.001
PPI use at baseline 0.58 (0.26 to 1.30) 0.184 †

Reflux esophagitis 1.10 (0.47 to 2.53) 0.831 †

Barrett esophagus 2.66 (0.23 to 30.35) 0.431 †

Chronic superficial gastritis 0.31 (0.07 to 1.39) 0.126 †

Erosive gastritis 0.85 (0.23 to 3.11) 0.809 †

Atrophic gastritis 0.79 (0.17 to 3.69) 0.760 †

Intestinal metaplasia‡ 1.01 (0.01 to 12.88) 0.993 †

Retained food in stomach 2.66 (0.23 to 30.35) 0.431 †

Gastric ulcer‡ 0.56 (0.004 to 5.43) 0.673 †

Duodenal ulcer‡ 0.45 (0.003 to 4.16) 0.553 †

OR: odds ratio, CI: confidence interval, ESR: erythrocyte sedimentation rate, PPI: proton pump inhibitor. *Clinical factors with a 
significant association (p＜0.1) were included in the multivariable model. †Does not included in the multivariable model as a 
covariate. ‡Firth penalized maximum likelihood was used due to complete separation of outcome.

group could be attributed to therapeutic effect of PPI, we 
repeated the same comparison after excluding those re-
ceiving this agent at baseline. The result was consistent 
with that performed in the whole-population; the preva-
lence of atrophic gastritis was 7.6% in the SSc group com-
pared with 29.9% in the control group (p＜0.001) 
(Supplementary Table 2). In addition, it is possible that 
lower resolution of PACS image taken in the early 2000s 
could decrease the detection rate of atrophic gastritis and 
intestinal metaplasia, we compared the prevalence of en-
doscopic lesions between the two groups after excluding 
22 EGD PACS data taken before the 2007. In this sensi-
tivity analysis, SSc group showed significantly lower prev-

alence of atrophic gastritis than the control group 
(Supplementary Table 3). 

DISCUSSION

Gastrointestinal involvement commonly occurs in pa-
tients with SSc, resulting in various symptoms and im-
pairment of quality of life [19]. Although SSc can involve 
the any site in gastrointestinal tract, there have been few 
studies that investigated its gastric involvement. Further-
more, prevalence of peptic ulcer disease and gastric can-
cer in South Korea is significantly higher than that in the 
western countries, which suggests that clinical features of 
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stomach involvement in SSc could be different according 
to the ethnic or environmental factors [20-22]. To our 
knowledge, this is the first study performed in Asian 
countries that investigated the endoscopic features of up-
per gastrointestinal tract in patients with SSc compared 
with those in general population. 
In accordance with the previous studies, patients with 

SSc showed significantly higher prevalence of reflux 
esophagitis than healthy controls. However, nearly half of 
them (44.8%) showed no reflux symptoms, which em-
phasizes the importance of meticulous surveillance of 
esophageal involvement even in patients without reflux 
symptom [23,24]. In this study, Barrett esophagus was 
detected in only 3 (1.7%) patients and all of them had lon-
ger disease duration. Although the preventive effect of 
PPI on esophageal adenocarcinoma in patients with SSc is 
still uncertain, many previous reports suggested that 
proper management of reflux esophagitis using PPI could 
reduce its progression to Barrett esophagus [25,26]. 
It is very interesting that the prevalence of atrophic gas-

tritis, known precancerous lesion of gastric ad-
enocarcinoma, was significantly lower in the SSc group. 
Furthermore, this result was not changed after adjust-
ment for the PPI use or after excluding PPI-users. This re-
sult suggests that patients with SSc could have some pro-
tective factors for gastric atrophy and potentially, gastric 
adenocarcinoma. There has been few studies which in-
vestigated the prevalence of atrophic gastritis in patients 
with autoimmune diseases. However, Ebert and Hagspiel 
[27] reported that 62.5% of gastric biopsy specimens 
from the patients with rheumatoid arthritis showed 
chronic atrophic gastritis. This suggests that the less fre-
quent atrophic gastritis could be a characteristic endo-
scopic feature of SSc rather than general finding in the au-
toimmune diseases. It was also supported by some cohort 
studies which reported that SSc patients had a lower in-
cidence of gastrointestinal cancer as compared with the 
general population [28-30]. In addition, prevalence of 
atrophic gastritis in the control group was also com-
parable to that in the large, multicenter study performed 
in South Korea [31]. Therefore, it is less likely that our re-
sult could be attributed to the lower detection rate of the 
lesion. Contrary to our study, Thonhofer et al. [32] re-
ported the endoscopic gastritis was present in 92% (31% 
erosive gastritis) of patients with early SSc although the 
number of included patients in this study was so small 
and prevalence of atrophic gastritis was not clarified. 
Furthermore, the underlying mechanism to explain this 

phenomenon is also uncertain. Therefore, the result from 
this study should be confirmed in future large-scale study 
to broaden our understanding the relationship between 
SSc and pathogenesis of gastric adenocarcinoma.
It is also interesting that there was no case of GAVE in 

this study. Most previous studies regarding a gastric in-
volvement of SSc have focused on the GAVE, which is 
known to be an important cause of chronic bleeding and 
iron deficiency anemia in SSc. However, most of the pre-
vious studies regarding GAVE were from European or 
American countries whereas there have been only two 
case reports of GAVE which occurred in Asian patients 
with SSc [33,34]. This result suggests that there could be 
significant difference in clinical phenotype of SSc accord-
ing to the ethnicity or geographic region. Of note, 16.1% 
of the patients showed significant anemia at baseline 
without evidence of gastrointestinal bleeding and about 
half of them showed laboratory features of iron deficiency 
anemia. There have been few studies which investigated 
the cause of iron deficiency in SSc other than GAVE but 
decreased iron absorption due to gastrointestinal involve-
ment of SSc, occult bleeding in small intestine or frequent 
use of PPI might play a role [35]. Interestingly, high ESR 
level was closely associated with the significant anemia. 
Although ESR is normally elevated with decreasing he-
moglobin level, the degree of correlation was greater than 
previously reported one [18]. This suggests that in-
flammation could be an important factor in the patho-
genesis of anemia in patients with SSc. 
This study has some limitations to be considered. First, 

since it is a cross-sectional study, the result could be influ-
enced by previous medications and co-morbidities. 
Although we thoroughly reviewed the participants’ medi-
cal records, unmeasured confounders such as use of 
over-the-counter medicine could not be fully adjusted in 
this study. Second, although the diagnosis of gastritis was 
performed under the evaluation of two expert gastro-
enterologists to minimize the bias, gold-standard of diag-
nosis in gastritis is a pathological evaluation. Furthermore, 
evaluation for H. pylori infection, an important patho-
genesis of atrophic gastritis, was not addressed in this 
study because rapid urease test in patients with gastritis 
is not routinely performed in South Korea. Finally, be-
cause the data in this study were collected from a sin-
gle-center registry, this result should be replicated in larg-
er, multicenter study for generalizability. 
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CONCLUSION

In conclusion, we show here that patient with SSc in 
South Korea showed significantly higher prevalence of re-
flux esophagitis but lower prevalence of atrophic gastritis 
than healthy controls. We also showed that anemia and 
iron deficiency was relatively common features despite 
the absence of GAVE. Although this result should be con-
firmed in future studies, it can be an important basis to 
characterize the clinical features of SSc patients in South 
Korea. 
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Supplementary Table 1. Reliability of endoscopic evaluation 
between the two readers 

Endoscopic lesions Kappa (95% CI)

Reflux esophagitis 0.92 (0.87 to 1.00)
Barrett esophagus 0.66 (0.30 to 1.00)
Esophageal stricture 0.80 (0.52 to 1.00)
Chronic superficial gastritis 0.92 (0.87 to 0.97)
Erosive gastritis 0.96 (0.92 to 1.00)
Atrophic gastritis 0.97 (0.94 to 1.00)
Intestinal metaplasia 0.87 (0.71 to 1.00)
GAVE 1.00
Gastric ulcer 1.00
Duodenal ulcer 1.00
Hyperplastic polyp 0.96 (0.89 to 1.00)
Adenomatous polyp 0.75 (0.41 to 1.00)
Early gastric cancer 1.00

CI: confidence interval, GAVE: gastric antral vascular ectasia.
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Supplementary Table 2. Prevalence of endoscopic lesion between the two groups in the subgroup of the patients without PPI 

Endoscopic lesions Control group (n=174) SSc group (n=79) p-value

Reflux esophagitis 16 (9.2) 18 (22.8) 0.003
   Low grade (LA-A or B) 16 (100.0) 11 (51.1)
   High grade (LA-C or D) 0 (0.0) 7 (38.9)
Barrett esophagus 0 (0.0) 1 (1.3) 0.137
Esophageal stricture 0 (0.0) 3 (3.8) 0.010
Chronic superficial gastritis 40 (23.0) 17 (21.5) 0.795
Erosive gastritis 38 (21.8) 8 (10.1) 0.025
Atrophic gastritis 52 (29.9) 6 (7.6) ＜0.001
Intestinal metaplasia 8 (4.6) 1 (1.3) 0.185
GAVE 0 (0.0) 0 (0.0) NA
Gastric ulcer 0 (0.0) 1 (1.3) 0.137
Duodenal ulcer 3 (1.7) 3 (3.8) 0.315
Hyperplastic polyp 5 (2.9) 1 (1.3) 0.436
Adenomatous polyp 1 (0.6) 2 (2.5) 0.183
Early gastric cancer 1 (0.7) 0 (0.0) 0.500

Values are presented as number (%). PPI: proton pump inhibitor, SSc: systemic sclerosis, LA: Los Angeles classification criteria for
reflux esophagitis, GAVE: gastric antral vascular ectasia, NA: non-applicable.
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Supplementary Figure 1. Scatter plot indicating the degree of 
relationship between the ESR and hemoglobin levels. ESR: er-
ythrocyte sedimentation rate, HB: hemoglobin.
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Supplementary Table 3. Prevalence of endoscopic lesion between the two groups after excluding the PACS data with low 
resolution which was taken before 2007

Endoscopic lesions Control group (n=181) SSc group (n=158) p-value

Atrophic gastritis 53 (29.3) 15 (9.3) ＜0.001
Intestinal metaplasia 8 (4.4) 2 (1.3) 0.087

Values are presented as number (%). PACS: picture archiving and communication system, SSc: systemic sclerosis.


