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ABSTRACT
This cross-sectional pilot study investigated the clinical characteristics of anti-centromere antibody (ACA)–positive patients 
with below-the-knee arterial disease. Sixteen ACA-positive patients (mean age 69 ± 10 years; 94% women) underwent contrast-
enhanced computed tomography evaluation, with arterial damage scored using the Global Limb Anatomic Staging System. 
Lower extremity arterial disease (LEAD) was defined as a below-the-knee arterial score ≥ 1 or > 50% stenosis in above-the-knee 
lesions. Eight patients were categorized into the LEAD group (below-the-knee arterial damage score 12 ± 6). The LEAD group 
showed significantly higher serum IgG1 levels (1029 ± 484 vs. 531 ± 72 mg/dL, p < 0.001) and a higher prevalence of diastolic dys-
function (62% vs. 0%, p = 0.026) compared to the non-LEAD group. Patients with diastolic dysfunction had significantly higher 
serum IgG1 levels than those without (1190 ± 559 vs. 593 ± 139 mg/dL, p = 0.008). These findings suggest associations between 
elevated serum IgG1 levels, below-the-knee arterial disease, and left ventricular diastolic dysfunction in ACA-positive patients.

1   |   Introduction

Anti-centromere antibodies (ACA) are a specific marker for lim-
ited cutaneous systemic sclerosis (lcSSc) [1]. ACA-positive patients 
are at an increased risk of developing lower extremity arterial dis-
ease (LEAD), even in the absence of skin sclerosis that is typically 
associated with SSc [2]. Early detection of LEAD in ACA-positive 
patients is challenging because the arterial lesions are often limited 
to the below-the-knee regions [3]. Isolated below-the-knee arterial 

disease is characterized by a nonsignificant reduction in the ankle-
brachial index (ABI), which can lead to the development of chronic 
limb-threatening ischemia (CLTI) without preceding intermittent 
claudication [3]. Moreover, ACA-positive patients with CLTI have 
a higher risk of major amputation following endovascular therapy 
for LEAD [4]. This underscores the importance of early assessment 
of LEAD before the onset of CLTI. However, the prevalence and 
clinical characteristics of LEAD in ACA-positive patients remain 
poorly understood. Accordingly, this study aimed to determine 
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the prevalence of below-the-knee arterial disease in ACA-positive 
patients using contrast-enhanced computed tomography (CT) and 
investigate the clinical characteristics of ACA-positive patients 
with LEAD.

2   |   Methods

This cross-sectional pilot study enrolled 16 consecutive ACA-
positive patients. All patients provided informed consent; the 
study protocol adhered to the Declaration of Helsinki and was 
approved by the institutional ethics committee. The diagnosis 
of SSc was based on the American College of Rheumatology/
European League Against Rheumatism (ACR/EULAR) classi-
fication criteria [1].

Patients underwent a comprehensive evaluation, including 
medical examinations, ABI measurements, echocardiography, 
pulmonary function tests, and contrast-enhanced CT. Lower 
extremity arteries were assessed using contrast-enhanced CT. 
Above-the-knee lesions, from iliac to popliteal arteries, with 
> 50% stenosis, were defined as significant. Below-the-knee 
arterial damage was scored using an adapted Global Limb 
Anatomic Staging System for the anterior tibial, peroneal, and 
posterior tibial arteries (Table S1) [5]. Tibioperoneal trunk dam-
age was considered in both peroneal and posterior tibial artery 
scores. LEAD was defined as a below-the-knee arterial score 
≥ 1 or > 50% stenosis in above-the-knee lesions. CT evaluations 
were independently performed by two observers.

Peripheral blood samples were collected for analysis of serum IgG 
subclasses (BioMajesty 8000 GX; JEOL Ltd., Tokyo, Japan) and T 
helper 17 cell-related cytokines (Bio-PlexPro human Th17 cytokine 
assays; Bio-Rad Laboratories Inc., Hercules, CA, USA). The der-
matological assessment included the modified Rodnan skin score 
(mRSS) [6]. Left ventricular diastolic dysfunction was defined 
according to the American Society of Echocardiography guide-
lines, requiring ≥ 50% of the following criteria: septal e′ < 7 cm/s, 
septal E/e′ > 15, left atrium volume index (LAVI) > 34 mL/m2, and 
peak tricuspid regurgitation velocity > 2.8 m/s [7]. Diastolic wall 
strain (DWS) was calculated as follows: DWS = (PWs – PWd)/PWs, 
where PWs and PWd indicate the posterior wall thickness at end-
systole and end-diastole, respectively [8].

Data analysis followed STROBE guidelines. Continuous variables 
are presented as mean ± standard deviation, categorical variables 
as n (%). Mann–Whitney U-test, Fisher's exact test, and Spearman's 
correlation coefficient were used, with significance set at p < 0.05. 
Statistical analyses were conducted using R version 4.1.1.

3   |   Results

Contrast-enhanced CT revealed no cases with > 50% stenosis in 
above-the-knee arteries. Representative three-dimensional an-
giographic images and below-the-knee arterial damage scores 
are shown in Figure  S1. ACA-positive patients were catego-
rized into the LEAD (below-the-knee arterial damage score ≥ 1, 
n = 8) and non-LEAD groups (below-the-knee arterial damage 
score = 0, n = 8). The ABI in the LEAD group was 1.05 ± 0.09 
(right) and 1.07 ± 0.15 (left), compared with 1.12 ± 0.05 (right) 

and 1.13 ± 0.06 (left) in the non-LEAD group. In the LEAD 
group, the mean below-the-knee arterial damage score was 
12 ± 6, with a higher prevalence of occlusion in the anterior 
and posterior tibial arteries compared with the peroneal artery 
(p = 0.006, Table S2).

3.1   |   Demographic and Clinical Characteristics

A comparison of demographic characteristics and examination 
results between the groups is presented in Table 1 and Table S3. 
Among the 16 patients (94% female), 81% met the ACR/EULAR 
classification criteria for lcSSc. The remaining 19% did not meet 
these criteria, but all of them had Raynaud's phenomenon. 
mRSS- and SSc-specific dermatological findings did not differ 
between groups. Anti-Scl-70 antibodies were positive in 13% 
(1/8) of both LEAD and non-LEAD groups, whereas anti-RNA 
polymerase III antibodies were negative in all patients in both 
the LEAD and non-LEAD groups.

3.2   |   Cardiac Function

Echocardiography showed preserved systolic function in both 
groups; however, the prevalence of diastolic dysfunction was 
significantly higher in the LEAD group (62% vs. 0%, p = 0.026). 
The LEAD group had significantly lower e′ value (p = 0.006) and 
greater left ventricular wall thickness. In the LEAD group, the 
below-the-knee arterial damage score strongly correlated with 
the e′ (ρ = −0.83, p = 0.022) and E/e′ (ρ = 0.83, p = 0.021) values, 
indicating elevated left ventricular filling pressure (Table 2).

3.3   |   Serum Immunoglobulin and Cytokine Levels

The LEAD group showed significantly higher serum IgG 
(p < 0.001) and IgA levels (p = 0.005). IgM levels showed no sig-
nificant difference between the groups (p = 0.92). Among IgG 
subclasses, only IgG1 levels were significantly higher in the 
LEAD group (1029 ± 484 mg/dL vs. 531 ± 72 mg/dL, p = 0.001, 
Figure 1A). Patients with left ventricular diastolic dysfunction 
had significantly higher serum IgG1 levels than those without 
(1190 ± 559 mg/dL vs. 593 ± 139 mg/dL, p = 0.008, Figure  1B). 
There was no significant difference in serum ACA levels between 
the LEAD group (497 ± 176 U/mL) and the non-LEAD group 
(411 ± 331 U/mL) (p = 0.60), and no correlation was observed be-
tween IgG1 levels and serum ACA levels (ρ = −0.20, p = 0.47). 
No significant differences were observed in T-cell-related cyto-
kines between groups (Table 1). Other cytokines (interferon-γ, 
interleukin-4, interleukin-6, interleukin-10, interleukin-17F, in-
terleukin-22, interleukin-25, and interleukin-31) were below the 
detection threshold of the assay.

4   |   Discussion

In this cross-sectional pilot study, half of the consecutive ACA-
positive patients had LEAD, predominantly in below-the-knee 
arteries. ACA-positive patients with LEAD had concurrent left 
ventricular diastolic dysfunction. Elevated serum IgG1 levels 
were significantly higher in patients with both conditions.
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Despite normal ABI, contrast-enhanced CT revealed below-the-
knee arterial disease in ACA-positive patients, particularly oc-
clusion in anterior and posterior tibial arteries, consistent with 
previous studies [4]. The below-the-knee arterial damage score 
correlated with the E/e′ and e′ values in echocardiographic 
findings. Left ventricular diastolic dysfunction was observed ex-
clusively in the LEAD group, which is clinically significant as it 
predicts mortality in systemic sclerosis patients [9]. Coronary mi-
crovascular dysfunction, a known contributor to left ventricular 
diastolic dysfunction [10], has been demonstrated in SSc patients 
using stress cardiac magnetic resonance imaging and invasive in-
tracoronary pressure wire studies [11]. The association between 
LEAD and diastolic dysfunction may be explained by endothelial 
dysfunction, known features of systemic sclerosis [12].

Patients with LEAD showed significantly elevated serum IgG and 
IgA levels, aligning with a previous study that reported an associ-
ation between these immunoglobulins and cardiovascular events 
[13]. Notably, only serum IgG1 levels were significantly higher in 
patients with both LEAD and left ventricular diastolic dysfunction. 
Previous research has not explored the relationship between IgG 
subclasses and vascular complications in systemic sclerosis [14]. 
Our findings suggest that serum IgG1 levels may increase specifi-
cally in the presence of LEAD in ACA-positive patients, providing 
new insight into the potential role of IgG1 in SSc-related vascular 
complications, as well as in left ventricular diastolic dysfunction. 
Furthermore, elevated IgG1 levels have been reported in patients 
with left ventricular diastolic dysfunction [15]. These observations 
indicate a possible pathway where increased IgG1 contributes to 
endothelial dysfunction, leading to both LEAD and diastolic dys-
function in ACA-positive patients.

The primary limitation of this study is its small sample size, 
which restricts our ability to draw definitive conclusions and 
perform robust multivariate analyses. The cross-sectional de-
sign limits causal inference between elevated IgG1 levels and 
the development of LEAD and left ventricular dysfunction. 
The lack of a control group limits our ability to determine the 
specificity of our findings to ACA-positive patients. Future 
studies should address these limitations by enrolling more 
participants, incorporating a longitudinal design, directly 
assessing endothelial function, including appropriate control 
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TABLE 2    |    Correlation between below-the-knee arterial damage 
score and clinical characteristics.

ρ p

Age 0.17 0.69

Body mass index −0.02 0.96

Modified Rodnan skin score 0.19 0.65

LVEF −0.08 0.84

e′, cm/s −0.83 0.022

E/e′ 0.83 0.021

LAVI 0.56 0.20

TR velocity −0.61 0.11

Abbreviations: LAVI, left atrial volume index; LVEF, left ventricular ejection 
fraction; mRSS, modified Rodnan skin score; TR, tricuspid regurgitation.
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groups, and performing comprehensive multivariate statisti-
cal analyses.

In conclusion, this cross-sectional pilot study revealed that half 
of consecutive ACA-positive patients developed LEAD, with left 
ventricular diastolic dysfunction significantly prevalent among 
those in the LEAD group. Our findings suggest a possible asso-
ciation between elevated serum IgG1 levels and both below-the-
knee arterial disease and left ventricular diastolic dysfunction in 
ACA-positive patients.
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