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Background: Abnormal liver function tests (LFTs) can indicate cirrhosis or liver cancer leading to mortality among systemic 
sclerosis (SSc) patients. No recent studies have investigated the clinical predictors of an abnormal LFT in SSc. We aimed to determine 
the incidence of abnormal LFT (including from hepatitis and cholestasis) and to identify its clinical predictors in SSc patients.
Methods: An historical cohort was conducted on 674 adult SSc patients who attended the Scleroderma Clinic, Khon Kaen University, 
between January 2012 and November 2019 and who underwent routine screening for LFT. A Cox regression was used to analyze the 
clinical predictors of abnormal LFT.
Results: Four hundred and thirty cases, representing 4190 person-years, had abnormal LFTs (viz, from hepatitis, cholestasis, and 
cholestatic hepatitis) for an incidence rate of 10.2 per 100 person-years. The respective incidence of hepatitis, cholestasis, and 
cholestatic hepatitis was 20.5, 12.9, and 20.4 per 100 person-years. The respective median first-time detection of hepatitis, cholestasis, 
and cholestatic hepatitis was 3.0, 5.9, and 2.8 years, and none had signs or symptoms suggestive of liver disease. According to the Cox 
regression analysis, the predictors of an abnormal LFT in SSc were elderly onset of SSc (hazard ratio (HR) 1.02), alcoholic drinking 
(HR 1.74), high modified Rodnan Skin Score (mRSS) (HR 1.03), edematous skin (HR 2.94), Raynaud’s phenomenon (HR 1.39), 
hyperCKaemia (HR 1.88), and methotrexate use (HR 1.55). In contrast, current sildenafil treatment (HR 0.63) and high serum albumin 
(HR 0.70) were protective factors.
Conclusion: Occult hepatitis, cholestasis, and cholestatic hepatitis can be detected in SSc patients using LFT screening, especially in 
cases of early disease onset. The long-term outcome is uncertain, and more longitudinal research is required.
Keywords: systemic sclerosis, scleroderma, scleroderma and related disorders, hepatitis, cholestasis, cholestatic hepatitis, abnormal 
liver function test, liver, cohort study

Introduction
Systemic sclerosis (SSc) is an immune system disorder that can include complications of liver disease with or without 
symptoms. Previous clinical studies reported abnormal liver function tests (LFTs) in SSc patients ranging from 1% to 
37%,1,2 with cholestasis being the most common, followed by hepatitis.3 Long-lasting drug-induced liver injury, active 
organ involvement, and fatty liver2 can induce liver fibrosis and cirrhosis.2,4 In most cases, cholestasis or hepatitis in 
scleroderma do not progress to the point of requiring a liver transplant or death.5

Abnormal liver function tests have been reported among SSc patients since 1934, and primary biliary cholangitis 
(PBC) is a leading cause of liver disease in SSc.6 Primary sclerosing cholangitis (PSC) and autoimmune hepatitis (AIH) 
have also been reported in SSc, but their prevalence is relatively rare.7–14 Owing to the various causes of abnormal LFT, 
the etiologies of abnormal LFT other than those related to autoimmune diseases like SSc—like alcohol consumption and 
hepatotoxic agents—should be ruled out.8,15–18 Once hepatitis or cholestasis has developed, cirrhosis and its 
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complications (liver cancer) can ensue.19 Previous reports revealed that the prevalence of liver cancer among SSc 
patients was higher than in the normal population. The respective standardized incidence ratio of liver cancer in female 
and male SSc patients was 20 and 16 times greater than the general population without any association with specific 
autoantibodies of SSc (viz., the anti-U1 RNP, anti-Scl70, or anti-centromere antibodies).5 Proper screening of LFT might 
be beneficial for the early detection of liver cancer, particularly in SSc patients at high risk of developing liver cancer. 
Currently, there is a lack of research on (a) how often LFT screening should be performed in SSc patients and (b) the risk 
association or predictors (ie, disease duration, disease severity, and concomitant medications) for hepatitis or cholestasis 
in SSc patients. We thus aimed to (a) determine the incidence of hepatitis and/or cholestasis and (b) identify the 
predictors of the abnormal LFT among SSc patients.

Methods
A historical cohort of adult SSc patients who attended the Scleroderma Clinic of Khon Kaen University was conducted 
between January 2012 and November 2019. We reviewed the clinical data from the medical records and the SSc registry 
database. We included all patients 18 and older diagnosed with SSc either by the 1980 American College of 
Rheumatology (ACR)20 or 2013 American College of Rheumatology/European League Against Rheumatism (ACR/ 
EULAR) Classification Criteria for Scleroderma.21 The SSc subset was classified as diffuse cutaneous SSc (dcSSc) or 
limited cutaneous SSc (lcSSc), according to LeRoy et al.22 We excluded all patients with incomplete liver function data.

Clinical data included age, sex, alcohol consumption, duration of disease, SSc subset, organ involvements, skin 
tightness assessed by the modified Rodnan skin score (mRSS), concomitant medications, and body mass index (BMI). 
Routine laboratory data included hemoglobin, ALT, AST, alkaline phosphatase (ALP), and serum creatine phosphokinase 
(CPK). Other information evaluated included hepatitis B surface antigen (HBsAg), anti-hepatitis C virus (anti-HCV), 
serology (anti-nuclear antibody (ANA), ACA, ATA, anti-mitochondrial antibody (AMA), anti-smooth muscle antibody 
(ASMA), immunoglobulin G (IgG) level, liver ultrasound, computer tomography, magnetic resonance imaging, liver 
histology.

SSc was diagnosed by either the 1980 ACR20 or 2013 ACR/EULAR classification.21 The SSc subset was classified 
according to LeRoy et al.22 The date of onset was the date of the first non-Raynaud’s phenomenon SSc symptoms as 
reported by the patients. Disease duration was calculated by the visit date and the onset date.

Hepatitis was defined by the increase in serum alanine aminotransferase (ALT) above the normal range (>33 U/L in 
males and >25 U/L in females). Cholestasis was defined by an increase in serum alkaline phosphatase (ALP) above the 
normal range (>121 U/L).23 Abnormal LFT was defined if hepatitis or cholestasis were detected.

Edematous skin was defined when physicians documented puffy fingers and/or feet.
mRSS was based on a skin tightness assessment from 17 body sites, including the face, chest, abdomen, arms, 

forearms, hands, fingers, thighs, legs, and feet. The assessment score was 0 for normal skin tightness, 1 for mild skin 
tightness, 2 for moderate skin tightness, and 3 for severe skin tightness with the inability to make skin folds between two 
fingers. The score was calculated by summing the rating from all 17 areas (range, 0–51).24,25

Pulmonary involvement was defined by findings of pulmonary fibrosis, ground-glass opacity, or traction bronchiec-
tasis performed by high-resolution and computed tomography (HRCT) of the chest.

Pulmonary arterial hypertension (PAH) was diagnosed when the mean pulmonary arterial pressure (mPAP) was > 20 
mmHg at rest with a pulmonary artery wedge pressure of ≤ 15mmHg and a pulmonary vascular resistance of ≥ 3 Wood 
units, as confirmed by right heart catheterization.26

Scleroderma renal crisis (SRC) included (a) recent onset of severe hypertension (systolic blood pressure (SBP) ≥ 140 
mmHg; diastolic blood pressure (DBP) ≥ 90 mmHg; a rise in SBP ≥ 30 mmHg and/or a rise in DBP ≥ 20 mmHg); (b) 
a rapid increase in serum creatinine (≥ 50% over baseline or serum creatinine > 120% of the upper limit of normal for 
local laboratory); and, (c) microangiopathic hemolytic anemia.27

Gastrointestinal involvement was defined when the patients had SSc esophageal symptoms (ie, esophageal dysphagia, 
heartburn, or reflux symptoms), stomach symptoms (ie, dyspepsia, early satiety, and bloating), or intestinal symptoms (ie, 
diarrhea, bloating, malabsorption, constipation, and/or ileus or pseudo-intestinal obstruction).28,29
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Statistical Analysis
Descriptive data were reported as proportions or percentages for categorical data and median (interquartile range; IQR) 
for continuous data. The respective incidence rate of abnormal LFT, hepatitis, cholestasis, and cholestatic hepatitis with 
their 95% confidence interval (95% CI) was calculated. Using the Cox proportional hazards model, the secondary 
outcomes were analyzed on a time-to-first event basis (abnormal LFT). The hazard ratio (HR) was calculated for 
identifying the predictors of abnormal LFT. The hazard ratios that accounted for p-value <0.10 were entered into a Cox 
regression model. The clinical difference in the abnormal LFT pattern was evaluated using the Chi-square test for 
categorical data and the one-way ANOVA or Kruskal Wallis test for continuous data. A P-value less than 0.05 was 
considered statistically significant. All statistical analyses were performed with STATA version 16.0.

Results
Seven hundred and twelve SSc patients from among 7818 visits were reviewed, of whom 38 were excluded due to lack of 
LFT data. A total of 674 patients were included in the analysis. Most of the patients were female (427 cases; 63.4%) and 
the dcSSc subset (468 cases; 69.5%). The respective mean age and median duration of disease duration was 56.7±11.4 
years and 4.4 years (IQR 1.5–9.4).

Four hundred and thirty cases (comprising 4190 person-years) had an abnormal LFT (hepatitis, cholestasis, and 
cholestatic hepatitis), resulting in an incidence of abnormal LFT of 10.2 per 100 person-years. The median time to the 
first detection of abnormal LFT was 7.0 years (95% CI 5.9–7.9). According to the characteristics of abnormal LFT, 
hepatitis had the highest incidence, followed by cholestasis and cholestatic hepatitis. The respective number of patients 
with hepatitis, cholestasis, and cholestatic hepatitis was 323, 70, and 37 cases for a 100-person-year incidence rate of 
20.5, 12.9, and 20.4. The respective median time to the first detection of hepatitis, cholestasis, and cholestatic hepatitis 
was 3.0, 5.9, and 2.9 years. The patient flow diagram is presented in Figure 1.

According to the Cox analysis, the risks of an abnormal LFT in SSc included elderly age at onset, alcohol consumption, 
extensive skin involvement assessment by mRSS, Raynaud’s phenomenon, edematous skin, tendon friction rub, arthritis, 
gastrointestinal involvement, hyperCKaemia, current methotrexate, and ATA positive. Meanwhile, protective factors 
against an abnormal LFT were pulmonary hypertension, current sildenafil use, ACA positive, and high serum albumin 
level (Table 1). The clinical difference between patients with a normal and an abnormal LFT is presented in Table 1.

According to the Cox regression analysis, the respective risk of an abnormal LFT increased with (a) every 1-year 
increase in age at onset, (b) alcohol consumption, (c) every 1-point increase in mRSS, (d) having edematous skin, (e) 
Raynaud’s phenomenon, (f) hyperCKaemia, (g) current methotrexate use with respective adjusted HR by 1.02, 1.74, 
1.03, 2.94, 1.40, 1.88, and 1.55. By contrast, the respective adjusted HR of the protective factors (a) current sildenafil 
treatment and (b) every 1 g/dL increase of serum albumin was 0.63 and 0.70 (Table 2).

Figure 1 Patient flow diagram.
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Table 1 Clinical Difference Between Patients with Normal and Abnormal LFT

Clinical Data Normal LFT Abnormal LFT Hazard Ratio (95% CI) P-value
N = 244 N = 430

Male sex, n (%) 94 (38.5) 153 (35.6) 1.20 (0.98–1.46) 0.08

Age at onset (years), mean±SD 50.1±15.4 50.4±12.2 1.03 (1.02–1.04) 0.001*

Alcohol consumption, n (%) 18 (7.4) 33 (7.7) 2.57 (1.78–3.70) <0.001*

BMI (kg/m2), median (IQR) 20.9±3.6 21.4±3.9 1.01 (1.97–1.06) 0.47

Clinical characteristics of SSc

mRSS (points), median (IQR) 2 (0–8) 6 (2–15) 1.05 (1.04–1.06) <0.001*

dcSSc subset, n (%) 161 (66.0) 307 (71.6) 1.15 (0.93–1.42) 0.19

Raynaud’s phenomenon, n (%) 118 of 242 (48.8) 251 of 427 (58.8) 1.35 (1.11–1.64) 0.002*

Digital ulcer, n (%) 48 of 242 (19.8) 96 of 426 (22.5) 1.05 (0.84–1.32) 0.68

Edematous skin, n (%) 21 of 242 (8.7) 99 of 426 (23.2) 4.60 (3.62–5.85) <0.001*

Tendon friction rub, n (%) 23 of 242 (9.5) 59 of 426 (13.9) 1.68 (1.27–2.21) <0.001*

Arthritis, n (%) 11 of 242 (4.6) 26 of 426 (8.5) 2.21 (1.57–3.13) 0.01*

Gastrointestinal involvement, n (%) 124 (50.8) 251 (58.4) 1.28 (1.06–1.56) 0.01*

Pulmonary hypertension, n (%) 38 of 243 (15.6) 35 of 429 (8.2) 0.55 (0.39–0.78) 0.001*

Pulmonary fibrosis, n (%) 128 (52.5) 219 (50.9) 1.02 (0.85–1.24) 0.80

HyperCKaemia, n (%) 30 of 214 (14.0) 125 of 355 (35.2) 2.85 (2.29–3.56) <0.001*

Renal crisis, n (%) 3 (1.2) 8 (1.9) 1.51 (0.75–3.04) 0.25

Medication

Methotrexate, n (%) 12 (4.9) 36 (8.4) 2.34 (1.66–3.32) <0.001*

MMF, n (%) 18 (7.4) 9 (2.1) 0.64 (0.33–1.24) 0.18

Sildenafil, n (%) 44 (18.0) 38 (8.8) 0.47 (0.34–0.66) <0.001*

Laboratory parameters

ATA positive, n (%) 16 of 20 (80.0) 84 of 100 (84.0) 2.07 (1.19–3.59) 0.01*

ACA positive, n (%) 5 of 15 (33.3) 7 of 68 (10.3) 0.19 (0.08–0.47) <0.001*

ESR (mm/h), mean±SD 49.4±26.4 45.4±26.5 1.00 (0.99–1.01) 0.53

CRP (g/dL), median (IQR) 12.5 (3.7–45.5) 8.8 (1.5–20.1) 0.98 (0.96–1.00) 0.08

Albumin (g/d), mean±SD 4.0±0.5 3.8±0.7 0.63 (0.53–0.75) <0.001*

ALT (U/L), median (IQR) 13 (10–17) 35 (28–50) - -

ALP (U/L), mean±SD 74.4±18.5 101.2±62.5 - -

Note: *Statistical significant. 
Abbreviations: LFT, liver function test; mRSS, modified Rodnan Skin Score; BMI, body mass index; dcSSc, diffuse cutaneous systemic sclerosis; 
NA, data not available due to no event in the interested group; MMF, mycophenolate mofetil; ATA, anti-topoisomerase I antibody; ACA, anti- 
centromere antibody; ALT, alanine aminotransferase; ALP, alkaline phosphatase.
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When comparing the characteristics of abnormal LFT, the patients with hepatitis and cholestatic hepatitis vs other 
groups had (a) a longer duration of the disease during abnormal LFT detection, (b) a more extensive skin thickness, (c) 
a more frequent tendon friction rub, and (d) greater hyperCKaemia. In addition, the patients with hepatitis vs other 
groups experienced more frequent edematous skin but less ACA-positive and pulmonary hypertension. The patients who 
received MMF or sildenafil developed hepatitis, cholestasis, and cholestatic hepatitis less frequently than those who did 
not receive the medications. The clinical differences between each characteristic associated with abnormal LFT are 
presented in Table 3.

Around 20% of patients with hepatitis and 29.7% of those with cholestatic hepatitis had an ALT level two times 
higher than the normal limit (Figure 2). The ALP was three times higher than the normal upper limit in 7% and 8% of 
patients with cholestasis and cholestatic hepatitis, respectively (Figure 3). One patient with cholestatic hepatitis was 
positive for HBsAg. A liver ultrasound was performed on ten patients and fatty liver was present—five patients with 
hepatitis and one with cholestatic hepatitis. None of the patients with an abnormal LFT underwent a liver biopsy due to 
lack of clinical symptoms, physician unawareness, and patient refusal.

The Kaplan-Meier graph of each characteristic of abnormal LFT is presented in Figure 4.

Discussion
The current study included 674 SSc patients in a large historical cohort of liver function assessments. There have been no 
studies on the incidence or factors associated with abnormal LFT in SSc patients. Our objective was to investigate the 
prevalence of, and factors associated with, abnormal LFT in SSc. The prevalence of hepatitis in the non-obese or lean 
population is between 7.6 and 53%.30–37 In the normal Thai population, the prevalence of an abnormal LFT is between 

Table 2 Cox Regression Analysis of the Predictors of Abnormal LFT

Clinical Data Crude HR (95% CI) Adjusted HR (95% CI) P-value

Male sex 1.20 (0.98–1.46) 1.01 (0.6–1.32) 0.97

Age at onset (every 1 year increasing) 1.03 (1.02–1.04) 1.02 (1.01–1.03) 0.001*

Alcohol consumption 2.57 (1.78–3.70) 1.75 (1.21–2.53) 0.003*

mRSS (every 1 point increasing) 1.05 (1.04–1.06) 1.03 (1.02–1.05) <0.001*

Raynaud’s phenomenon 1.35 (1.11–1.64) 1.40 (1.08–1.81) 0.01*

Edematous skin 4.60 (3.62–5.85) 2.94 (2.13–4.07) <0.001*

Tendon friction rub 1.68 (1.27–2.21) 0.87 (0.60–1.26) 0.46

Arthritis 2.21 (1.57–3.13) 1.06 (0.68–1.64) 0.81

Gastrointestinal involvement 1.28 (1.06–1.56) 1.02 (0.79–1.32) 0.85

Pulmonary hypertension 0.55 (0.39–0.78) 0.85 (0.55–1.31) 0.46

HyperCKaemia 2.85 (2.29–3.56) 1.88 (1.41–2.51) <0.001*

Methotrexate 2.34 (1.66–3.32) 1.55 (1.02–2.36) 0.04*

Sildenafil 0.47 (0.34–0.66) 0.63 (0.41–0.96) 0.03*

ATA positive 1.45 (1.04–2.01) NA NA

ACA positive 0.19 (0.08–0.47) NA NA

Albumin (every 1 g/d increasing) 0.63 (0.53–0.75) 0.70 (0.57–0.86) 0.001*

Notes: *Statistical significant, NA data not available due to statistical limitation. 
Abbreviations: LFT, liver function test; mRSS, modified Rodnan Skin Score; BMI, body mass index; dcSSc, diffuse cutaneous systemic 
sclerosis; NA, data not available due to no event in the interested group; MMF, mycophenolate mofetil; ALT, alanine aminotransferase; 
ALP, alkaline phosphatase.
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Table 3 Clinical Differences Between the Patients with Hepatitis, Cholestasis, and Cholestatic Hepatitis

Clinical data Normal LFT Hepatitis Cholestasis Cholestatic Hepatitis P-value
N = 244 N =323 N =70 N =37

Male sex, n (%) 94 (38.5) 113 (35.0) 25 (35.7) 15 (40.5) 0.80

Age at onset (years), mean±SD 51.0±13.8 49.9±11.2 49.9±12.0 52.8±13.5 0.47

Alcohol consumption, n (%) 18 (7.4) 27 (8.4) 5 (6.9) 1 (2.8) 0.67

BMI (kg/m2), mean±SD 20.9±3.6 21.4±3.7 21.8±5.1 20.8±3.7 0.65

Clinical characteristics of SSc

Duration of disease (years), median (IQR) 5.9 (2.7–11.2) 3.0 (0.9–7.3) 5.8 (2.8–10.3) 2.8 (0.7–7.3) <0.001*a 

0.38b 

<0.001*c 

<0.001*d 

0.32e 

0.002*f

mRSS (points), median (IQR) 2 (0–8) 6 (2–15) 4 (1–12) 6 (3–22) <0.001*a 

0.06b 

<0.001*c 

0.12d 

0.13e 

0.043*f

dcSSc subset, n (%) 161 (66.0) 229 (70.9) 51 (73.9) 27 (73.0) 0.46

Raynaud’s phenomenon, n (%) 118 of 242 (48.8) 191 of 321 (59.8) 38 of 69 (55.1) 21 (58.3) 0.08

Digital ulcer, n (%) 48 of 242 (19.8) 68 of 320 (21.6) 19 of 69 (27.5) 8 (21.6) 0.60

Edematous skin, n (%) 21 of 242 (8.7) 84 of 320 (26.3) 9 of 69 (13.0) 6 (16.2) <0.001*

Tendon friction rub, n (%) 23 of 242 (9.5) 42 of 320 (13.1) 7 of 69 (10.1) 10 (27.0) 0.02*

Arthritis, n (%) 11 of 242 (4.6) 29 of 320 (9.1) 5 of 69 (7.3) 2 (5.4) 0.22

Gastrointestinal involvement, n (%) 124 (50.8) 194 (60.3) 38 (52.8) 19 (52.8) 0.14

Pulmonary hypertension, n (%) 38 of 243 (15.6) 24 (7.4) 6 of 69 (8.7) 5 (13.5) 0.02*

Pulmonary fibrosis, n (%) 128 (52.5) 164 (50.8) 37 (52.9) 18 (48.7) 0.95

HyperCKaemia, n (%) 30 of 214 (14.0) 108 of 272 (39.7) 4 of 54 (7.4) 13 of 29 (44.8) <0.001*

Renal crisis, n (%) 3 (1.2) 5 (1.6) 3 (4.3) 0 0.27

Medication

Methotrexate, n (%) 12 (4.9) 26 (8.4) 6 (8.6) 3 (8.1) 0.38

MMF, n (%) 18 (7.4) 2 (2.2) 2 (2.9) 0 0.01*

Sildenafil, n (%) 44 (18.0) 28 (8.7) 7 (10.0) 3 (8.1) 0.01*

Laboratory parameters

ATA positive, n (%) 16 of 20 (80.0) 68 of 80 (85.0) 8 of 9 (88.9) 8 of 11 (72.7) 0.70

ACA positive, n (%) 5 of 15 (33.3) 4 of 57 (7.0) 1 of 6 (16.7) 2 of 5 (40.0) 0.02*

ESR (mm/h), mean±SD 49.4±26.4 42.2 ±25.2 54±27.2 65.2±31.9 0.09

(Continued)
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0.03 and 6.9%—the most common cause is drug or herb-induced abnormal LFT,38 followed by hepatitis B39 and C.40 

Liver involvement in SSc is between 0.04 and 18%.6,41 Liver abnormalities included primary biliary cirrhosis (PBC),6,41 

primary sclerosing cholangitis (PSC),9 and gallbladder dysmotility.42 Salem et al3 reported ALP increasing by 30% and 

Table 3 (Continued). 

Clinical data Normal LFT Hepatitis Cholestasis Cholestatic Hepatitis P-value
N = 244 N =323 N =70 N =37

CRP (g/dL), median (IQR) 12.5 (3.7–45.5) 7.45 (1.4–19.3) 12.6 (1.8–26) NA 0.27

Serum albumin (g/d), median (IQR) 4.0±0.5 3.9±0.8 3.9±0.6 3.6±0.6 0.12*a 

0.51b 

0.01*c 

0.99d 

0.25e 

0.72*f

ALT (U/L), median (IQR) 13 (10–17) 39 (31–53) 16.5 (12–22) 45 (36–63) <0.001*a 

0.01*b 

<0.001*c 

<0.001d 

0.15*e 

<0.001*f

ALP (U/L), mean±SD 74.4±18.5 73.9±21.0 156.0±65.2 184.1±97.3 0.99a 

<0.001*b 

<0.001*c 

<0.001d 

<0.001*e 

0.002*f

Notes: *Statistical significant. aCompare between normal liver function and hepatitis. bCompare between normal liver function and cholestasis. cCompare between normal 
liver function and cholestatic hepatitis. dCompare between hepatitis and cholestasis. eCompare between hepatitis and cholestatic hepatitis. fCompare between cholestasis 
and cholestatic hepatitis. 
Abbreviations: LFT, liver function test; mRSS, modified Rodnan Skin Score; BMI, body mass index; dcSSc, diffuse cutaneous systemic sclerosis; NA, data not available due to 
no event in the interested group; MMF, mycophenolate mofetil; ATA, anti-topoisomerase I antibody; ACA, anti-centromere antibody; ALT, alanine aminotransferase; ALP, 
alkaline phosphatase.

Figure 2 Proportion of patients having ALT 2 times above the normal limit.
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ALT increasing above reference values by 17.5% in SSc patients compared to controls. Salem et al3 also found that 
gamma-glutamyl transferase (GGT) trended to be higher in patients with SSc. Our study revealed many patients with 
abnormal LFT by routine screening during follow-up (430 of 674 SSc cases), which seemed higher than in previous 
reports, although a direct comparison is not possible.6,41 The incidence of an abnormal LFT in SSc patients was around 
10 per 100 person-years based on 4190 person-years. The abnormality was commonly detected in early-onset disease 
even without clinical symptoms suggestive of liver disease, and the abnormal LFT gradually increased during the follow- 
up period.

Edematous skin was a predictor of abnormal LFT in SSc. In general, edematous skin is an early presentation of SSc. 
According to our results, abnormal LFT was also found by routine screening in early-onset disease (in the first seven 
years), indicating that the liver presents occult organ involvement in early-onset disease. Unfortunately, no liver 

Figure 3 Proportion of patients having ALP 3 times above the normal limit.

Figure 4 Kaplan-Meier graph of each characteristic of abnormal LFT.
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pathology was obtained, so we cannot conclude the nature of the abnormality—whether it was a vasculopathy, fibrosis, or 
immune-induced inflammation process, inherent in SSc pathogenesis.43

High serum albumin was a protective factor against abnormal LFT in SSc. On the other hand, low serum albumin is 
a marker of chronic liver disease,44 although it can also result from inflammation or malnutrition (inadequate protein 
intake).45 Our analysis did not show an association between abnormal LFT and inflammatory markers (ESR, CRP) or 
nutritional status (BMI), so the low serum albumin in our cohort could be directly associated with liver disease. However, 
the long-term outcome of liver disease in patients with low serum albumin and with abnormal LFT is unclear, so follow- 
up is suggested on the clinical course of liver disease and outcomes in those with low serum albumin in combination with 
abnormal LFT.

Abnormal LFT was less common in patients who received sildenafil treatment than in those who did not. Sildenafil is 
used as a vasodilator for PAH46,47 and vasculopathy treatment48 for SSc patients. The protective mechanism against the 
development of abnormal LFT in those who received sildenafil remains unclear. We thus hypothesize that vasculopathy 
could be the result of liver abnormality in SSc; however, further vascular studies and/or histopathological confirmations 
are needed. We do not have data on vasodilators other than sildenafil because it was the only cost-effective one approved 
by the Thai Food and Drug Administration for the treatment of PAH and vasculopathy of SSc. Analysis of the effect of 
other vasodilators on liver disease might help to demonstrate our hypothesis.

According to the Cox regression analysis, disease severity—particularly extensive skin thickness as evaluated by 
mRSS—was a risk for abnormal LFT among patients with SSc. Lee et al49 studied liver stiffness using transient 
elastography examination, and 7.4 kPa was adopted as the cut-off value for significant liver fibrosis in non-viral and non- 
heavy alcoholic consumption in Korean SSc patients. Lee et al49 also found a correlation between Medsger’s severity 
score and liver stiffness. Medsger et al50 showed that the SSc severity score, including mRSS, can be used to predict 
reduced survival. We demonstrated the association between abnormal LFT and disease severity (mRSS). The abnormal 
LFT might thus indicate a poor prognosis of the disease.

Methotrexate is a predictor of abnormal LFT in SSc. The finding is within expectations and is not a new finding. We 
know that a serious adverse drug reaction to methotrexate is hepatitis, so it is not surprising to find that methotrexate 
poses a risk of abnormal LFT in SSc. Methotrexate is the standard medical treatment for controlling arthritis symptoms, 
particularly rheumatoid arthritis (RA) and psoriatic arthritis (PsA). The prevalence of methotrexate-induced hepatotoxi-
city is higher in patients with PsA than in those with RA (14.5% and 7.5%, respectively).51 However, no recent data on 
the incidence or prevalence of methotrexate-induced hepatotoxicity in SSc are available. Our findings provide prelimin-
ary data on the risk of methotrexate-induced hepatitis among SSc patients. We suggest that SSc patients who receive 
methotrexate should be regularly tested for LFT, as with other rheumatic diseases.

PBC and PSC are liver diseases that result in elevation of ALP. PBC is a common liver disease in SSc, and it was 
commonly revealed in the lcSSc subset6,41 and in those who were positive for the anti-centromere antibody.52 While PSC 
overlap SSc is rare,53 the lcSSc subset tends to be a risk factor for cholestasis among Thais with SSc who might have 
either PBC or PSC overlap SSc. However, none of our patients had symptoms of PBC or PSC during follow-up, and 
dcSSc is a more common SSc subset in Thais than lcSSc.29 The low incidence of cholestasis and cholestatic hepatitis 
could be explained by the low prevalence of lcSSc in Thais. AMA is a specific antibody used to diagnose PBC; however, 
AMA and cholangiographic imaging were only tested in a small proportion of our patients due to limited resources; 
therefore, PBC or PSC could not be identified as the definitive cause of cholestasis.

AST, a liver enzyme, is also known as an isoenzyme of muscle. Once muscle injury occurs from any cause, AST can 
be elevated, so we did not include AST as a liver function test in this study in order to avoid confounding the 
interpretation. ALT is a liver enzyme that can increase due to muscle injury but less frequently than AST.54,55 We 
found that hyperCKaemia was associated with hepatitis in SSc; however, we cannot conclude whether ALT elevation in 
SSc patients was related to increased isoenzymes from muscle injury or directly due to liver disease. Due to the 
uncommon elevation of ALT in muscle injury, we assumed that the increased ALT in our study could represent liver 
disease rather than a muscle disease.

The highest incidence of abnormal LFT in SSc from our cohort was hepatitis, followed by cholestatic hepatitis and 
cholestasis. Liver injury—indicated by a rising ALT or hepatitis—was a more common characteristic of abnormal 
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LFT than excretory dysfunction as evaluated by increased ALP or cholestasis. Most patients with an abnormal LFT 
had no clinical symptoms associated with hepatobiliary diseases and any abnormalities were mild, so ALT and ALP 
levels rose less than 2–3 times above normal upper limits. Special tests, such as imaging and serology, were only 
performed on a small number of our patients to assess the cause of the abnormality. Furthermore, the number of 
patients with ALT or ALP 2–3 times greater than the normal limit was too low to analyze the association of factors. 
As no test was performed for all patients with an abnormal LFT, we cannot conclude what caused the abnormal LFT 
in all those patients. However, we included the possible common causes of abnormal LFT in our analysis, thus 
ensuring that we had included the warrant parameters (ie, alcohol, drug, and BMI), which adequately explain the 
nature of an abnormal LFT. We plan to do a longitudinal analysis of patients with abnormal LFT to determine whether 
the finding persists.

The strengths of our historical cohort study include (a) the inclusion of a large number of SSc subjects who had given 
informed consent, ensuring confidence in the power of analysis; (b) the inclusion of the clinical characteristics of SSc and 
the possible causes associated with abnormal LFT, ensuring a complete set of data for the analysis; (c) the screening of 
most of our patients for LFT and inclusion of the factors that predict abnormal LFT detection for the first-time. 
Limitations include (a) some missing data in particular serology tests for SSc, so we cannot confirm or deny whether 
those serologies are predictors of abnormal LFT; (b) some investigations could not be performed as patients refused the 
invasive liver biopsy, and some tests were unavailable due to budget limitations (ie, computed tomography, fibroscan, 
specific serology for autoimmune liver diseases), so we cannot more completely categorize the etiology of liver disease 
among SSc patients; (c) a single-center study, so the results cannot be generalized; and, (d) a lack of detail of the course 
of liver disease and any changes in LFT (ie, whether persistent or transient abnormal) because these were not our 
objectives of the current study. The course of liver disease and changes in LFT will be further analyzed in a separate 
report.

Conclusion
By LFT screening, occult hepatitis, cholestasis, and cholestatic hepatitis can be detected in patients with SSc. Elderly age 
at onset, alcohol consumption, extensive skin tightness, active organs, and immunosuppressive use were predictors of 
abnormal LFT. However, the long-term outcome is questionable and needs further longitudinal analysis.
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