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Abstract
Background: Systemic sclerosis (SSc) is a heterogeneous disease that frequently
co-occurs with Sjögren’s syndrome (SS). As some symptoms of SSc patients
resemble those of SS, SS is prone to be missed during clinical diagnosis and
treatment.

Objective: To investigate the clinical and laboratory characteristics and risk
factors for co-occurring SS in SSc patients.

Methods: SSc patients hospitalized at Li Huili Hospital of Ningbo Medical
Center from 2019 to 2023 were retrospectively enrolled. Baseline data and
laboratory test results were collected. Patients were divided into an SSc group
(n=91) and an SSc with SS group (n=36) based on the presence of co-occurring
SS. Multivariate logistic regression analysis was used to explore the risk factors
for SSc with SS.

Results: The SSc with SS group exhibited higher proportions of females, longer
disease duration, hematological involvement, limited cutaneous SSc (lcSSc), and
autoimmune liver disease, but lower proportions of pulmonary involvement and
cyclophosphamide use compared to the SSc group (P<0.05). The SSc with SS
group also showed lower platelet distribution width, complement C4, and de-
tection rate of anti-scleroderma 70 antibody, while demonstrating higher alka-
line phosphatase, gamma-glutamyl transferase, immunoglobulin M (IgM), anti-
centromere protein B antibody (anti-CENP-B antibody), anti-Sjögren’s syn-
drome A/Ro52 antibody (anti-SSA/Ro52 antibody), anti-Sjögren’s syndrome
A/Ro60 antibody (anti-SSA/Ro60 antibody), anti-Sjögren’s syndrome B anti-
body (anti-SSB antibody), and anti-mitochondrial M2 antibody (anti-AMA-M2
antibody) detection rates compared to the SSc group. Multivariate logistic re-
gression analysis revealed that elevated IgM (OR=3.796, 95%CI=1.021~14.115),
positive anti-SSA/Ro52 antibody (OR=15.099, 95%CI=1.750~130.264), and
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positive anti-CENP-B antibody (OR=11.681, 95%CI=1.662~82.097) were in-
dependent risk factors for SSc with SS (P<0.05).

Conclusion: Patients with SSc and SS exhibit characteristics of both condi-
tions. When SSc patients present with elevated IgM, positive anti-Sjögren’s
syndrome A antibodies, positive anti-CENP-B antibodies, and corresponding
clinical symptoms, systematic and comprehensive examinations such as labial
salivary gland biopsy should be performed to prevent missed diagnosis.
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Abstract

Background: Systemic sclerosis (SSc) is a heterogeneous disease often accom-
panied by Sjögren’s syndrome (SS). Some symptoms of SSc patients are similar
to those of SS, leading to frequent missed diagnoses of SS in clinical practice.

Objective: To explore the clinical and laboratory characteristics of SSc com-
bined with SS and identify risk factors for their co-occurrence.

Methods: We retrospectively enrolled SSc patients hospitalized at Ningbo
Medical Center Lihuili Hospital from 2019 to 2023. Baseline data and laboratory
test results were collected. Patients were divided into two groups based on the
presence or absence of SS: the SSc group (n=91) and the SSc with SS group
(n=36). Multivariate logistic regression analysis was used to identify risk factors
for SSc combined with SS.

Results: The SSc with SS group had higher proportions of female patients,
longer disease duration, blood involvement, limited cutaneous systemic sclero-
sis (lcSSc), and autoimmune liver disease compared to the SSc group, while
the proportions of lung involvement and cyclophosphamide use were lower
(P<0.05). The SSc with SS group also showed lower platelet distribution
width, complement C4, and anti-Scl-70 antibody detection rates, but higher
alkaline phosphatase, gamma-glutamyl transferase, immunoglobulin M (IgM),
anti-centromere protein B antibodies (anti-CENP-B antibodies), anti-Sjögren’
s syndrome A/Ro52 antibodies (anti-SSA/Ro52 antibodies), anti-Sjögren’s
syndrome A/Ro60 antibodies (anti-SSA/Ro60 antibodies), anti-Sjögren’s
syndrome B antibodies (anti-SSB antibodies), and anti-mitochondrial M2
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antibodies (anti-AMA-M2 antibodies) compared to the SSc group. Multi-
variate logistic regression analysis revealed that elevated IgM (OR=3.796,
95%CI=1.021-14.115), positive anti-SSA/Ro52 antibodies (OR=15.099,
95%CI=1.750-130.264), and positive anti-CENP-B antibodies (OR=11.681,
95%CI=1.662-82.097) were independent risk factors for SSc combined with SS
(P<0.05).

Conclusion: Patients with SSc combined with SS exhibit characteristics of
both diseases. When SSc patients present with elevated IgM, positive anti-
SSA and anti-CENP-B antibodies along with corresponding clinical symptoms,
comprehensive examinations such as labial gland biopsy should be performed
to prevent missed diagnosis.

Keywords: Scleroderma, systemic; Systemic sclerosis; Sjögren’s syndrome;
Clinical characteristics; Laboratory characteristics; Risk factors

1. Introduction
Systemic sclerosis (SSc) is an autoimmune disease characterized by limited or
diffuse skin thickening and fibrosis that can affect various organs. Epidemiolog-
ical studies show that the global incidence of SSc is 0.6-5.6 per 100,000, with
a prevalence of 7.2-44.3 per 100,000. The average age at diagnosis is 33.5-59.8
years, and patients are predominantly female with a male-to-female ratio of ap-
proximately 1:15 to 1:3.8. SSc has the highest mortality among connective tissue
diseases, with a 5-year survival rate of 84% for diffuse cutaneous systemic sclero-
sis (dcSSc) and 93%-96% for limited cutaneous systemic sclerosis (lcSSc). SSc
frequently coexists with other autoimmune diseases, with approximately one-
third of SSc patients also developing Sjögren’s syndrome (SS). Among patients
with overlapping syndromes, lcSSc accounts for 17%-29% of cases. Dryness
symptoms such as xerostomia and xerophthalmia are common in SSc patients,
and exocrine gland dysfunction is typically associated with glandular fibrosis,
though some studies suggest it may result from the combined effects of SSc and
SS. This retrospective study of SSc patients examines the clinical symptoms
and laboratory findings in SSc combined with SS and analyzes the risk factors
to assist clinicians in diagnosis and treatment.

1.1 Study Subjects

We retrospectively enrolled SSc patients hospitalized at Ningbo Medical Cen-
ter Lihuili Hospital from 2019 to 2023. Inclusion criteria were: (1) meeting
the 2013 American College of Rheumatology (ACR)/European League Against
Rheumatism (EULAR) classification criteria for SSc, with SSc combined with
SS patients also meeting the 2017 ACR/EULAR classification criteria for SS;
and (2) age >18 years. Exclusion criteria included history of head and neck
radiation therapy, hepatitis C virus infection, sarcoidosis, amyloidosis, AIDS,
graft-versus-host disease, and immunoglobulin G4-related disease. A total of
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127 patients were ultimately included. Patients were divided into two groups
based on the presence or absence of SS: the SSc group (n=91) and the SSc
with SS group (n=36). This study was approved by the Ethics Committee of
Ningbo Medical Center Lihuili Hospital (Ethics approval number: Lihuili Hos-
pital Ethics Review 2024 Research No. 058), and informed consent was waived.

1.2 Data Collection and Diagnostic Criteria

Patient data were extracted from the electronic medical record system of Ningbo
Medical Center Lihuili Hospital, including sex, age, age at disease onset, dis-
ease duration, hypertension, diabetes, smoking history, alcohol consumption
history, medication history, clinical manifestations, and comorbid autoimmune
diseases. Hypertension was defined as systolic blood pressure $�$140 mmHg (1
mmHg=0.133 kPa) and/or diastolic blood pressure $�$90 mmHg, or previously
diagnosed hypertension or current use of antihypertensive medication. Diabetes
was defined as fasting blood glucose $�$7 mmol/L and/or 2-hour postprandial
blood glucose $�$11.1 mmol/L, or self-reported diabetes history or current use
of hypoglycemic medication. Smoking history was defined as smoking $�$1
cigarette daily for over one year. Alcohol consumption history was defined
as drinking at least once per month on average. lcSSc was diagnosed when
skin involvement was limited to areas distal to the elbows/knees but could in-
volve the face and neck. Joint involvement included arthralgia, joint swelling,
or joint deformity. Neurological involvement indicated nerve damage shown
by electromyography. Pulmonary involvement referred to pulmonary fibrosis
or interstitial lung disease. Gastrointestinal involvement included esophageal
dysmotility, abnormal esophageal manometry, or gastroesophageal reflux. Pul-
monary arterial hypertension was defined as pulmonary artery systolic pressure
$�$38 mmHg. Cardiac involvement included conduction abnormalities and ar-
rhythmias due to myocardial fibrosis, pericardial effusion, or left ventricular
systolic/diastolic dysfunction shown by echocardiography. Hematological in-
volvement referred to anemia or reduced platelet and white blood cell counts
after excluding drug effects or other diseases. Muscle involvement included my-
opathy or myalgia with elevated muscle enzymes.

1.3 Laboratory Examinations

Fasting venous blood samples were collected in the morning. Anticoagulated
whole blood and serum/plasma obtained after centrifugation were used for
various tests. Autoantibody detection was performed using immunoblot assay
kits (Shenzhen Yhlo Biotech Co., Ltd.). Autoantibodies included anti-nuclear
ribonucleoprotein (nRNP) antibodies, anti-Smith (Sm) antibodies, anti-Sjögren’
s syndrome A/Ro60 (SSA/Ro60) antibodies, anti-Sjögren’s syndrome A/Ro52
(SSA/Ro52) antibodies, anti-Sjögren’s syndrome B (SSB) antibodies, anti-
scleroderma-70 (Scl-70) antibodies, anti-polymyositis-scleroderma (PM-Scl)
antibodies, anti-histidyl-tRNA synthetase (Jo-1) antibodies, anti-proliferating
cell nuclear antigen (PCNA) antibodies, anti-double-stranded DNA (dsDNA)
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antibodies, anti-nucleosome antibodies (AnuA), anti-histone antibodies (AHA),
anti-ribosomal P protein antibodies (ARPA), anti-centromere protein B
(CENP-B) antibodies, and anti-mitochondrial M2 antibodies (AMA-M2).
Results were read using Yhlo’s fully automated immunoanalyzer. Quan-
titative detection of IgG (reference range: 7.51-15.60 g/L), IgM (reference
range: 0.46-3.04 g/L), IgA (reference range: 0.82-4.53 g/L), complement
C3 (reference range: 79.0-152.0 mg/dL), complement C4 (reference range:
16.0-38.0 mg/dL), and rheumatoid factor (RF) (reference range: <20.0 U/mL)
was performed using test kits from Haier Biomedical Co., Ltd. (immunotur-
bidimetry). Complete blood count was performed using a Sysmex automated
hematology analyzer to obtain white blood cell count (WBC) (reference
range: 3.5$×10{9}/𝐿 − 9.5×10{9}/𝐿), 𝑟𝑒𝑑𝑏𝑙𝑜𝑜𝑑𝑐𝑒𝑙𝑙𝑐𝑜𝑢𝑛𝑡(𝑅𝐵𝐶)(𝑟𝑒𝑓𝑒𝑟𝑒𝑛𝑐𝑒𝑟𝑎𝑛𝑔𝑒 ∶
𝑚𝑎𝑙𝑒4.30×10{12}/𝐿 − 5.80×10{12}/𝐿, 𝑓𝑒𝑚𝑎𝑙𝑒3.80×10{12}/𝐿 − 5.10×10{12}/𝐿), ℎ𝑒𝑚𝑜𝑔𝑙𝑜𝑏𝑖𝑛(𝐻𝑏)(𝑟𝑒𝑓𝑒𝑟𝑒𝑛𝑐𝑒𝑟𝑎𝑛𝑔𝑒 ∶
𝑚𝑎𝑙𝑒130−175𝑔/𝐿, 𝑓𝑒𝑚𝑎𝑙𝑒115−150𝑔/𝐿), 𝑟𝑒𝑑𝑏𝑙𝑜𝑜𝑑𝑐𝑒𝑙𝑙𝑑𝑖𝑠𝑡𝑟𝑖𝑏𝑢𝑡𝑖𝑜𝑛𝑤𝑖𝑑𝑡ℎ(𝑅𝐷𝑊)(𝑟𝑒𝑓𝑒𝑟𝑒𝑛𝑐𝑒𝑟𝑎𝑛𝑔𝑒 ∶
12.2×10{9}/𝐿 − 350×10{9}$/L), and platelet distribution width (PDW) (reference
range: 10.0%-17.5%). Biochemical parameters included total protein (TP)
(reference range: 65.0-85.0 g/L), albumin (Alb) (reference range: 40.0-55.0
g/L), alanine aminotransferase (ALT) (reference range: male 9-50 U/L, female
7-40 U/L), aspartate aminotransferase (AST) (reference range: male 15-40 U/L,
female 13-35 U/L), alkaline phosphatase (ALP) (reference range: male 45-125
U/L, female 35-135 U/L), gamma-glutamyl transferase (GGT) (reference
range: male 10-60 U/L, female 7-45 U/L), lactate dehydrogenase (LDH)
(reference range: 120-250 U/L), and creatine kinase (CK) (reference range:
male 50-310 U/L, female 40-200 U/L), measured using standard biochemical
methods recommended by the International Federation of Clinical Chemistry
and Laboratory Medicine.

1.4 Statistical Methods

SPSS 21.0 software was used for data analysis. Normally distributed contin-
uous variables were expressed as mean ± standard deviation and compared
between groups using independent samples t-test. Non-normally distributed
continuous variables were expressed as median (P25, P75) and compared using
non-parametric tests. Categorical variables were expressed as frequencies and
compared using �2 test or Fisher’s exact test. Variables with statistical sig-
nificance in univariate analysis were included in multivariate logistic regression
analysis to explore risk factors for SSc combined with SS. P<0.05 was considered
statistically significant.

2. Results
2.1 Comparison of Clinical Data Between Groups

The SSc with SS group had significantly higher proportions of female patients,
longer disease duration, blood involvement, lcSSc, and autoimmune liver
disease compared to the SSc group, while the proportions of lung involvement
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and cyclophosphamide use were significantly lower (P<0.05). There were no sig-
nificant differences between groups in age, age at onset, hypertension, diabetes,
smoking history, alcohol consumption history, Raynaud’s phenomenon, skin
rash, digital ulcers, joint involvement, neurological involvement, gastrointesti-
nal involvement, pulmonary arterial hypertension, cardiac involvement, muscle
involvement, or in the use of glucocorticoids, hydroxychloroquine, tacrolimus,
methotrexate, mycophenolate mofetil, Tripterygium wilfordii, anti-fibrotic
drugs, biologics and targeted therapies, or in the proportions of autoimmune
inflammatory myopathy and rheumatoid arthritis (P>0.05) .

2.2 Comparison of Laboratory Results Between Groups

The SSc with SS group had significantly lower RDW, complement C4, and
anti-Scl-70 antibody detection rates, but significantly higher ALP, GGT, IgM,
anti-CENP-B antibodies, anti-SSA/Ro52 antibodies, anti-SSA/Ro60 antibodies,
anti-SSB antibodies, and anti-AMA-M2 antibodies compared to the SSc group
(P<0.05). There were no significant differences between groups in WBC, RBC,
Hb, PLT, PDW, TP, Alb, ALT, AST, LDH, CK, IgA, IgG, complement C3,
proportion of RF>20 U/mL, anti-nRNP antibodies, or anti-PM-Scl antibodies
(P>0.05) .

2.3 Multivariate Logistic Regression Analysis of Risk Factors for SSc
Combined with SS

Using the presence or absence of SS in SSc patients (assignment: no=0, yes=1)
as the dependent variable, variables showing statistical significance in univariate
analysis were included as independent variables in multivariate logistic regres-
sion. Categorical variable assignments are shown in , while other variables
(disease duration, RDW, ALP, GGT, IgM, complement C4) were assigned as
actual measured values. Multivariate logistic regression analysis showed that ele-
vated IgM (OR=3.796, 95%CI=1.021-14.115), positive anti-SSA/Ro52 antibod-
ies (OR=15.099, 95%CI=1.750-130.264), and positive anti-CENP-B antibodies
(OR=11.681, 95%CI=1.662-82.097) were independent risk factors for SSc com-
bined with SS (P<0.05) . The Hosmer-Lemeshow test indicated good model
fit.

3. Discussion
SSc is a complex autoimmune disease that frequently occurs with other
rheumatic diseases, including SS, systemic lupus erythematosus, rheumatoid
arthritis, and inflammatory myopathy. Dryness symptoms are common in SSc
(68%), but only about 14% of SSc patients meet the diagnostic criteria for SS.
The main feature of SS is lymphocytic infiltration of salivary glands, while
approximately half of SSc patients have salivary gland fibrosis. SSc patients
with concurrent SS may experience more severe disease progression and higher
mortality rates. Therefore, earlier diagnosis and appropriate symptomatic
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treatment are crucial.

CENP-B is one of the earliest discovered centromere proteins. From a sero-
logical perspective, both SSc and SS patients have very high positive rates of
anti-CENP-B antibodies. Previous studies have shown that approximately 10%
of SS patients present with scleroderma-pattern nailfold capillaroscopy. Our
results demonstrate that patients in the SSc with SS group predominantly had
the lcSSc skin phenotype, consistent with the findings of BALDINI et al. In
SS patients, anti-CENP-B antibodies may be present for several years before
the onset of SSc. Our univariate analysis showed that the positive rate of anti-
CENP-B antibodies in the SSc with SS group was significantly higher than in
the SSc group, and logistic regression analysis identified anti-CENP-B antibod-
ies as an independent risk factor for SSc combined with SS, suggesting that
anti-CENP-B antibodies may play a crucial role in the pathogenesis of both
SSc and SS. MENG et al. reported that primary SS patients positive for anti-
CENP-B antibodies have distinct clinical and immunological features, including
relatively low disease activity, elevated liver function indices, and susceptibility
to autoimmune liver disease. RAMIREZ et al. demonstrated that approximately
30% of patients with autoimmune liver disease have elevated IgM levels. Our
univariate analysis showed that the SSc with SS group had a higher prevalence
of concurrent autoimmune liver disease, with significantly higher liver function
parameters (ALP and GGT), IgM levels, and anti-AMA-M2 antibody positivity
compared to the SSc group. Logistic regression results indicated that IgM is an
independent risk factor for SSc combined with SS, suggesting that the target or-
gan of anti-CENP-B antibodies may be the liver and that IgM may be involved
in the pathological process.

Retrospective studies have shown that SS patients positive for anti-SSA/Ro52
antibodies have higher disease activity and more frequent manifestations such
as anemia and leukopenia compared to antibody-negative patients. Our results
demonstrated that the SSc with SS group had significantly higher positive rates
of anti-SSA antibodies than the SSc group, and logistic regression identified
anti-SSA/Ro52 antibodies as an independent risk factor for SSc combined with
SS. However, the higher anti-SSA antibody positivity rate did not significantly
increase organ involvement beyond the hematological system. Interstitial lung
disease is the leading cause of death in SSc patients, and clinicians typically use
immunosuppressants such as cyclophosphamide and mycophenolate mofetil to
inhibit disease progression. Our univariate analysis also showed that the SSc
group had significantly higher rates of lung involvement and cyclophosphamide
use compared to the SSc with SS group. COTTIN et al. reported that dcSSc
patients, Scl-70-positive patients, and patients without anti-centromere antibod-
ies have a higher risk of developing interstitial lung disease. Our results showed
that the SSc with SS group had a high positive rate of anti-CENP-B antibodies
(77.8%) but a 0% positive rate of anti-Scl-70 antibodies, with lower rates of lung
involvement compared to the SSc group. This suggests that CENP-B antibody-
positive SSc may represent a distinct subtype that, while prone to concurrent
SS, has relatively slower disease progression compared to other autoantibody-
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positive SSc subtypes.

This study has several limitations. First, the number of enrolled patients was
relatively small, and some patients may have received prior treatment at local
hospitals, which could have altered their clinical symptoms and laboratory re-
sults. Additionally, as this was a retrospective analysis relying on medical record
data, despite repeated verification and consistency checks, incomplete or inac-
curate information may have introduced various biases and confounding factors,
potentially affecting the results. Therefore, the conclusions require validation
through larger prospective multicenter studies.

In summary, patients with SSc combined with SS are predominantly female,
have longer disease duration, predominantly lcSSc clinical classification, com-
mon hematological involvement, and frequent concurrent autoimmune liver dis-
ease. These patients show decreased complement C4 levels, high positive rates
of anti-SSA, anti-CENP-B, and anti-AMA-M2 antibodies, and elevated IgM
and liver function parameters. Therefore, we recommend that clinicians per-
form comprehensive examinations such as labial gland biopsy when managing
CENP-B antibody-positive SSc patients with dry mouth, dry eyes, decreased
complement C4, and elevated IgM to prevent missed diagnosis.
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