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Serum syndecan1 has the potential 
to reflect activity at diagnosis and predict 
death during follow-up in patients with ANCA-
associated vasculitis
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Abstract 

Objectives This study investigated whether serum syndecan1 at diagnosis reflects activity at diagnosis and predicts 
poor outcomes during follow‑up in patients with antineutrophil cytoplasmic antibody (ANCA)‑associated vasculitis 
(AAV).

Methods The study included 79 patients with AAV from the cohort of Korean patients diagnosed with AAV. AAV‑
specific indices, including the Birmingham vasculitis activity score (BVAS), five‑factor score (FFS), 36‑item short‑form 
survey (SF‑36) physical and mental component summary (PCS and MCS), and vasculitis damage index (VDI), were 
assessed. Laboratory data including erythrocyte sedimentation rate (ESR) and C‑reactive protein (CRP) levels were 
also collected. The highest tertile and upper half of the BVAS were tentatively defined as having high AAV activity. 
Serum syndecan1 levels were measured in sera stored at diagnosis.

Results Serum syndecan1 at diagnosis was significantly correlated with AAV activity and functional status, 
as assessed by BVAS, FFS, SF‑36 PCS, MCS, and acute‑phase reactants, including ESR and CRP. Patients with serum syn‑
decan1 ≥ 76.1 ng/mL at diagnosis, and those with serum syndecan1 ≥ 60.0 ng/mL at diagnosis showed significantly 
higher risks for the highest tertile and the upper half of BVAS at diagnosis than those without, respectively. Patients 
with serum syndecan1 ≥ 120.1 ng/mL at diagnosis had a significantly higher risk for all‑cause mortality during follow‑
up than those without, and further, exhibited a significantly lower cumulative patients’ survival rate than those 
without.

Conclusion Serum syndecan1 at diagnosis may not only reflect AAV activity at diagnosis but may also be associated 
with all‑cause mortality during follow‑up.
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Background
Syndecans are proteins that constitute a family of hep-
aran sulphate proteoglycans comprising four mem-
bers: syndecan1, 2, 3, and 4, of which syndecan1 and 3 
carry chondroitin sulphate. All four syndecans contain 
three domains: an ectodomain (N-terminal extracellu-
lar domain), a transmembrane domain, and a cytoplas-
mic domain (C-terminal intracellular domain) [1]. Of 
the four syndecans, syndecan1 is highly expressed in 
fibroblastic and epithelial cells compared to endothe-
lial cells, and its expression is known to be increased in 
the skin, liver, kidney, and lung tissues [2]. Syndecan1 
can be released from cells expressing syndecan1 on the 
surface via cleavage by proteinases such as trypsin. Cir-
culating syndecan1 may bind to a proliferation-induc-
ing ligand (APRIL) and aggregate, leading to enhanced 
binding affinity to the transmembrane activator, cal-
cium-modulator, and cyclophilin ligand interactor 
(TACI) or B-cell maturation antigen (BCMA) of B cells. 
Consequently, circulating syndecan1 may increase B 
cell survival and accelerate their differentiation into 
antibody-producing plasma cells. Therefore, circulat-
ing syndecan1 may not only have the potential to aggra-
vate autoantibody-associated diseases, such as systemic 
lupus erythematosus and monoclonal gammopathy, but 
also act as a biomarker reflecting activity and predict-
ing prognosis in each disease [3, 4]. Another study has 
also shown that serum syndecan-1 levels may reflect 
vascular endothelium injury and mucosal damage in 
IgA vasculitis [5].

Antineutrophil cytoplasmic antibody (ANCA)-asso-
ciated vasculitis (AAV) is a group of small-vessel vas-
culitis with few or no immune deposits [6, 7] and has 
three subtypes according to the typical manifestations 
of microscopic polyangiitis (MPA), granulomatosis with 
polyangiitis (GPA), and eosinophilic GPA (EGPA) [8–10]. 
ANCA is an autoantibody that recognises cytoplasmic 
autoantigens released by primed neutrophils, myelop-
eroxidase (MPO), and proteinase 3 (PR3). Circulating 
ANCA may bind to primed neutrophils, mostly form-
ing neutrophil dimers and initiating ANCA-mediated 
neutrophil activation [11]. Given the role of circulating 
autoreactive ANCA in the pathogenesis of AAV and the 
effect of circulating syndecan1 on B cell activation, it can 
be reasonably speculated that circulating syndecan1 may 
be positively correlated with cross-sectional activity and 
significantly associated with fatal complications during 
the disease course of AAV. However, till date, the clini-
cal importance of serum syndecan1 in AAV has not been 
investigated. Hence, in the present study, we investigated 
whether serum syndecan1 at diagnosis could reflect 
activity at diagnosis and predict poor outcomes during 
follow-up in patients with AAV.

Materials and methods
Patients
In the present study, 80 patients were randomly selected 
from a cohort of Korean patients with AAV. This was a 
prospective and observational cohort study of AAV initi-
ated and conducted in this hospital. The inclusion criteria 
were (i) the first classification of AAV at the Division of 
Rheumatology, Department of Internal Medicine, Yonsei 
University College of Medicine, from 2016 to 2023; (ii) 
the fulfilment of the following criteria and definitions: 
the algorithm for AAV proposed by the European Medi-
cine Agency in 2007 (the 2007 EMA algorithm), and the 
revised International Chapel Hill Consensus Conference 
Nomenclature of Vasculitides suggested in 2012 (the 
2012 CHCC definition) [6, 7]; (iii) the reclassification of 
AAV according to the new classification criteria for MPA, 
GPA, and EGPA, proposed by the American College of 
Rheumatology and European Alliance of Associations 
for Rheumatology in 2022 (the 2022 ACR/EULAR crite-
ria) [8–10]; (iv) the equipped medical records containing 
clinical and laboratory data sufficient for classifying AAV, 
assessing activity, and identifying poor prognosis from 
the diagnosis to the last visit; (v) the follow-up dura-
tion for at least six months or greater; (vi) the presence 
of the consent form for providing clinical data as well 
as blood samples at diagnosis; (vii) the presence of the 
36-item short-form survey (SF-36) physical and mental 
component summary (PCS and MCS) completed by the 
patients [12]; (viii) the absence of serious medical condi-
tions mimicking AAV at diagnosis such as severe infec-
tious and cancerous diseases [8–10]; (ix) the absence of 
medical or drug history affecting ANCA positive such as 
primary sclerosing cholangitis or propylthiouracil [13, 
14]; and (x) the absence of exposure to moderate to high 
doses of glucocorticoids or immunosuppressive drugs for 
AAV treatment within four weeks before diagnosis. Of 
the 80 patients, one was excluded because the condition 
of the stored serum was not available, and 79 were finally 
analysed in this study.

Clinical and laboratory data
In terms of variables at the time of AAV diagnosis, age, 
sex, ex-smoker status, and body mass index were col-
lected as demographic data. Positive results of not only 
MPO-ANCA and PR3-ANCA measure by an immuno-
assay but also perinuclear (P)-ANCA and cytoplasmic 
(C)-ANCA detected by an indirect immunofluorescence 
assay were considered ANCA positive in this study 
according to the 2022 ACR/EULAR criteria for AAV 
[8–10, 15]. AAV-specific indices included the Birming-
ham vasculitis activity score (BVAS), the five-factor score 
(FFS), SF-36 PCS and MCS, and the vasculitis damage 
index (VDI) were assessed [12, 16–18]. Type 2 diabetes 
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mellitus, hypertension, and dyslipidaemia were reviewed 
as comorbidities [19]. Laboratory data including eryth-
rocyte sedimentation rate (ESR) and C-reactive protein 
(CRP) levels were also collected. Poor outcomes of AAV 
and medications, including glucocorticoids and immuno-
suppressive drugs, were evaluated during follow-up.

Poor outcomes
Poor AAV outcomes were defined as all-cause mortality 
and end-stage kidney disease after AAV diagnosis. The 
follow-up duration based on each poor outcome was 
defined as the period from diagnosis to its occurrence 
in patients with a corresponding poor outcome, whereas 
the duration from diagnosis to the last visit was defined 
for those without.

High activity of AAV
In this study, the highest tertile and upper half of the 
BVAS were tentatively defined as having high AAV activ-
ity and were subjected to statistical analyses.

Blood sampling
On the day AAV was classified and AAV-specific indi-
ces regarding activity, function, and major organ damage 
were assessed, whole blood was obtained from patients 
with AAV. Sera was immediately isolated from whole 
blood and stored at -80℃.

Measurement of serum syndecan1
Serum syndecan1 levels were measured using enzyme-
linked immunosorbent assay kits (Abcam, Cambridge, 
UK) from collected and stored sera at diagnosis.

Statistical analyses
All statistical analyses were performed using IBM SPSS 
Statistics for Windows version 26 (IBM Corp., Armonk, 
NY, USA). Continuous and categorical variables were 
expressed as medians (25 − 75 percentiles) and numbers 
(percentages). The correlation coefficient (r) between the 
two variables was obtained using Pearson and Spearman 
correlation analysis. The significant area under the curve 
(AUC) was confirmed by receiver operator characteristic 
(ROC) curve analysis. The optimal cutoff was extrapo-
lated by performing ROC curve analysis and selected as 
that with the maximum sum of sensitivity and specificity. 
The relative risk (RR) of the cutoff for all-cause mortality 
was analysed using contingency tables and the chi-square 
test. The cumulative survival rates between the two 
groups were compared using Kaplan-Meier survival anal-
ysis with the log-rank test. The multivariate Cox hazard 
model using variables with statistical significance in the 
univariate Cox hazard model was used to obtain hazard 

ratios (HRs) during a considerable follow-up duration. 
Statistical significance was set at P < 0.05.

Results
Characteristics of patients
In terms of variables at diagnosis, the median age of the 
79 patients was 64.0 years, and 40.5% and 59.5% of the 
patients were men and women, respectively. Thirty-eight, 
24, and 17 patients were diagnosed with MPA, GPA, or 
EGPA, respectively. MPO-ANCA (or P-ANCA) and PR3-
ANCA (or C-ANCA) were positive in 44 (55.7%) and 12 
(15.2%) patients, respectively. The median BVAS, FFS, 
SF-36 PCS and MCS, and VDI were 5.0. 0, 52.5, 54.9, 
and 3.0, respectively. Among the organ involvements, 
the most common were lung involvement with 50 cases 
(63.3%), ear/nose/throat involvement with 41 cases 
(51.9%), and kidney involvement with 38 cases (48.1%). 
Of the 79 patients, 17, 25, and 14 had type 2 diabetes 
mellitus, hypertension, and dyslipidaemia, respectively. 
The median ESR and CRP were 21.0 mm/h and 3.6 mg/L, 
and serum syndecan1 was measured at 52.2 ng/mL as a 
median value. In terms of variables during follow-up, 
of the 79 patients, six (7.6%) died and 18 (22.8%) expe-
rienced progression to ESKD for the median follow-up 
durations based on each poor outcome of 26.7, and 26.3 
months, respectively.

Of the 79 patients, 78 received glucocorticoids, and 
the most commonly administered immunosuppressive 
drug was cyclophosphamide, followed by azathioprine 
(Table 1).

Serum syndecan1 levels for all patients with MPA, 
GPA, and EGPA are presented in the Supplementary 
Fig. 1. The range of syndecan1 levels was from 14.97 to 
1504 ng/mL.

Correlation of variables with serum syndecan1 at diagnosis
Serum syndecan1 at diagnosis was significantly cor-
related with BVAS (r = 0.364), FFS (r = 0.400), all-cause 
mortality (r = 0.291), ESR (r = 0.505), CRP (r = 0.286), 
white blood cell count (r = 0.353), blood urea nitro-
gen (r = 0.467), and serum creatinine (r = 0.397). Mean-
while, serum syndecan1 at diagnosis was inversely 
correlated with SF-36 PCS (r = − 0.373), SF-36 MCS 
(r = − 0.330), haemoglobin (r = − 0.405), and serum albu-
min (r = − 0.451) at diagnosis (Table 2).

Relative risks of cut‑off of serum syndecan1 for high 
activity of AAV at diagnosis
Receiver operating tertile of BVAS, ROC) curve analysis 
revealed that the area under the curve (AUC of serum 
syndecan1 at diagnosis for the highest tertile of BVAS 
at diagnosis was statistically significant (0.864, 95% 
confidence interval 0.775, 0.953). The optimal cut-off 
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of serum syndecan1 at diagnosis was calculated as the 
maximised summation of the sensitivity (70.4%) and 
specificity (90.4%) and was set as 76.1 ng/mL. When 
the patients were divided into two groups according 
to this cut-off, the highest tertile of BVAS at diagnosis 
was identified more often in patients with serum syn-
decan1 ≥ 76.1 ng/mL at diagnosis than those without 
(79.2% vs. 14.5%, P < 0.001). Furthermore, patients with 
serum syndecan1 ≥ 76.1 ng/mL at diagnosis showed a 
significantly higher risk for the highest tertile of BVAS 
at diagnosis than those without (RR 22.325, 95% CI 
6.474, 76.985) (Fig. 1A).

Next, as for the upper half of BVAS, the optimal cut-
off of serum syndecan1 was determined as 60.0 ng/mL 
(sensitivity, 64.4%; specificity, 79.4%) using the ROC 
curve analysis (AUC 0.752, 95% CI 0.647, 0.858). When 
the patients were divided into two groups according to 
this cut-off, patients with serum syndecan1 ≥ 60.0 ng/
mL at diagnosis exhibited the upper half of BVAS at 
diagnosis more frequently than those without (80.6% 
vs. 37.2%, P < 0.001). Additionally, those with serum 
syndecan1 ≥ 60.0 ng/mL at diagnosis also showed a 
significantly higher risk for the upper half of BVAS at 

Table 1 Characteristics of patients with AAV at diagnosis and 
during follow‑up (N = 79)

Variables Values

At the time of diagnosis
Demographic data
    Age (years) 64.0 (52.0 − 74.0)

    Male sex (N, (%)) 32 (40.5)

    Female sex (N, (%)) 47 (59.5)

    Ex‑smoker (N, (%)) 3 (3.8)

    Body mass index (kg/m2) 22.4 (20.8 − 24.7)

AAV subtype (N, (%))
    MPA 38 (48.1)

    GPA 24 (30.4)

    EGPA 17 (21.5)

ANCA type and positivity (N, (%))
    MPO‑ANCA (or P‑ANCA) positive 44 (55.7)

    PR3‑ANCA (or C‑ANCA) positive 12 (15.2)

AAV‑specific indices
    BVAS 5.0 (3.0 − 17.0)

    FFS 0 (0 − 1.0)

    SF‑36 PCS 52.5 (34.4 − 67.8)

    SF‑36 MCS 54.9 (39.7 − 71.9)

    VDI 3.0 (2.0 − 4.0)

Organ involvement
    Constitutional symptoms 17 (21.5)

    Skin 12 (15.2)

    Eyes/mucosal 7 (8.9)

    Ear/nose/throat 41 (51.9)

    Lung 50 (63.3)

    Nervous 27 (34.2)

    Cardiovascular 9 (11.4)

    Abdominal 0 (0)

    Kidney 38 (48.1)

    Renal biopsy 31 (39.2)

Comorbidities (N, (%))
    Type 2 diabetes mellitus 17 (21.5)

    Hypertension 25 (31.6)

    Dyslipidaemia 14 (17.7)

Acute‑phase reactants
    ESR (mm/hr) 21.0 (7.0 − 74.8)

    CRP (mg/L) 3.6 (0.9 − 28.6)

Laboratory results
    White blood cell count (/mm3) 7,610.0 (5,960.0 − 10,560.0)

    Haemoglobin (g/dL) 12.4 (10.2 − 13.6)

    Platelet count (x1,000/mm3) 247.0 (192.3 − 362.0)

    Blood urea nitrogen (mg/dL) 19.2 (13.8 − 28.7)

    Serum creatinine (mg/dL) 0.8 (0.6 − 1.6)

    Total serum protein (g/dL) 6.8 (6.3 − 7.3)

    Serum albumin (g/dL) 4.2 (3.6 − 4.4)

    C3 (mg/dL) 113.5 (97.5 − 126.3)

    C4 (mg/dL) 25.4 (20.2 − 31.0)

Serum syndecan1 (ng/mL) 52.2 (29.3 − 85.5)

Table 1 (continued)

Variables Values

During follow‑up
Poor outcome (N, (%)
    All‑cause mortality 6 (7.6)

    ESKD 18 (22.8)

Follow‑up duration based on each poor outcome (months)
    All‑cause mortality 26.7 (12.1 − 45.7)

    ESKD 26.3 (9.0 − 45.7)

Medications
    Glucocorticoids 78 (98.7)

Induction therapy
    Cyclophosphamide 52 (65.8)

    Rituximab 16 (20.3)

Maintenance therapy
    Rituximab 5 (6.3)

    Mycophenolate mofetil 20 (25.3)

    Azathioprine 47 (59.5)

    Tacrolimus 7 (8.9)

    Methotrexate 3 (3.8)

Values are expressed as a median (25 − 75 percentile) or N (%)

ANCA antineutrophil cytoplasmic antibody, AAV ANCA-associated vasculitis, 
MPA microscopic polyangiitis, GPA granulomatosis with polyangiitis, 
MPO myeloperoxidase, P perinuclear, PR3 proteinase 3, C cytoplasmic, BVAS the 
Birmingham vasculitis activity score, FFS the five-factor score, SF36 36-item 
short form survey, PCS physical component summary, MCS mental component 
summary, VDI vasculitis damage index, ESR erythrocyte sedimentation rate, 
CRP C-reactive protein, C3 complement 3, C4 complement 4, ESKD end-stage 
kidney disease
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diagnosis than those without (RR 6.991, 95% CI 2.493, 
19.608) (Fig. 1B).

Relative risks of cut‑off of serum syndecan1 at diagnosis 
for all‑cause mortality during follow‑up
On the other hand, among the two poor outcomes of 
AAV during follow-up, the ROC curve analysis unveiled 
that the AUC of serum syndecan1 at diagnosis for all-
cause mortality during follow-up was significant (AUC 
0.817, 95% CI 0.628, 1.000). When the optimal cutoff 
of serum syndecan1 at diagnosis for all-cause mortality 
during follow-up was set at 120.1 ng/mL, the sensitivity 
and specificity were 83.3% and 87.7%, respectively. When 
patients were divided into two groups according to this 
cut-off, all-cause mortality during follow-up was found 
more often in patients with serum syndecan1 ≥ 120.1 
ng/mL at diagnosis than those without (35.7% vs. 

1.5%, P < 0.001). Moreover, patients with serum syn-
decan1 ≥ 120.1 ng/mL at diagnosis had a significantly 
higher risk for death than those without (RR 35.556, 95% 
CI 3.719, 339.904) (Fig. 2).

Cumulative survival rate
Patients with serum syndecan1 ≥ 120.1 ng/mL at diag-
nosis exhibited a significantly lower cumulative patient 
survival rate during follow-up than those with serum 
syndecan1 < 120.1 ng/mL at diagnosis (P < 0.001) (Fig. 3).

Cox analyses
In the univariate Cox proportional analysis, the BVAS at 
diagnosis was not significantly associated with all-cause 
mortality during follow-up. Meanwhile, serum synde-
cans1 ≥ 120.1 ng/mL at diagnosis (HR 42.273), along 
with SF-36 PCS (HR 0.943), VDI (HR 1.591), dyslipi-
daemia (HR 11.068), white blood cell count (HR 1.130), 
haemoglobin (HR 0.604), and serum albumin (HR 0.152) 
at diagnosis were significantly associated with all-cause 
mortality during follow-up. However, in the multivariable 
Cox analysis of variables with statistical significance in 
the univariate analysis, none were independently associ-
ated with all-cause mortality during follow-up. Neverthe-
less, both dyslipidaemia (HR 9.928, 95% CI 1.000, 98.552, 
P = 0.005) and serum syndecans-1 ≥ 120.1 ng/mL (HR 
59.822, 95% CI 0.611, 5,860.343, P = 0.080) at diagnosis 
exhibited the possibility of the independent association 
with all-cause mortality during follow-up in patients with 
AAV (Table 3).

Discussion
In the present study, we investigated whether serum syn-
decan1 at diagnosis could reflect activity at diagnosis and 
predict poor outcomes during follow-up in patients with 
AAV and obtained several interesting findings. Firstly, 
serum syndecan1 at diagnosis exhibited significant corre-
lations with AAV activity and functional status at diagno-
sis, as assessed by the BVAS, FFS, SF-36 PCS and MCS, 
and acute-phase reactants at di0agnosis, including ESR 
and CRP. Secondly, the ROC curve showed the signifi-
cant AUCs of serum syndecan1 for the two concepts of 
high AAV activity at diagnosis: patients with serum syn-
decan1 ≥ 76.1 ng/mL at diagnosis, and those with serum 
syndecan1 ≥ 60.0 ng/mL at diagnosis showed significantly 
higher risks for the highest tertile and the upper half 
of BVAS at diagnosis than those without, respectively. 
Thirdly, patients with serum syndecan1 ≥ 120.1 ng/mL 
at diagnosis had a significantly higher risk for all-cause 
mortality during follow-up than those without, and fur-
ther, exhibited a significantly lower cumulative patients’ 
survival rate than those without. Therefore, we conclude 
that in patients with AAV, serum syndecan1 at diagnosis 

Table 2 Correlation analysis of continuous variables for serum 
syndecan1 levels at diagnosis in patients with AAV (N = 79)

ANCA antineutrophil cytoplasmic antibody, AAV ANCA-associated vasculitis, 
CI confidence interval, BVAS the Birmingham vasculitis activity score, FFS the 
five-factor score, SF36 36-item short form survey, PCS physical component 
summary, MCS mental component summary, VDI vasculitis damage index, 
ESR erythrocyte sedimentation rate, CRP C-reactive protein, C3 complement 3, 
C4 complement 4

Variables Univariable

Beta P value

Demographic data
    Age (years) 0.119 0.298

    Body mass index (kg/m2) −0.008 0.942

AAV‑specific indices
    BVAS 0.364 0.001

    FFS 0.400 < 0.001

    SF‑36 PCS −0.373 0.001

    SF‑36 MCS −0.330 0.003

    VDI 0.149 0.197

Poor outcome
    All‑cause mortality 0.291 0.009

    ESKD 0.173 0.127

Acute‑phase reactants
    ESR (mm/hr) 0.505 < 0.001

    CRP (mg/L) 0.286 0.013

Laboratory results
    White blood cell count (/mm3) 0.353 0.001

    Haemoglobin (g/dL) −0.405 < 0.001

    Platelet count (x1,000/mm3) −0.066 0.563

    Blood urea nitrogen (mg/dL) 0.467 < 0.001

    Serum creatinine (mg/dL) 0.397 < 0.001

    Total serum protein (g/dL) 0.045 0.701

    Serum albumin (g/dL) −0.451 < 0.001

    C3 (mg/dL) 0.118 0.314

    C4 (mg/dL) 0.061 0.601
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may not only reflect AAV activity at diagnosis but may 
also be partially independently associated with all-cause 
mortality during follow-up.

Clinically, the most relevant immunological func-
tion of serum syndecan-1 in AAV pathogenesis likely 
involves its role in B cell differentiation and activa-
tion. This assumption appears to be supported by the 
role of circulating syndecan1 demonstrated in sys-
temic lupus erythematosus and monoclonal gammopa-
thy [3, 4]. The first assumption was that there may be 

a positive correlation between serum syndecan1 and 
B cell counts. To confirm this, we could follow the 
approach used in other studies by counting the acti-
vated B cells or total B cells using the fluorescence-acti-
vated cell sorting method and evaluated their alteration 
according to the circulating levels of syndecan1 [20]. 
Since our study is a retrospective analysis, we investi-
gated the correlation between serum syndecan1 and 
lymphocyte count, however, found no significant cor-
relation between them (r = − 0.127, P = 0.269) despite 

Fig. 1 Optimal cut‑off and relative risks of serum syndecan1 for high BVAS. BVAS, Birmingham vasculitis activity score; CI, confidence interval; RR, 
relative risk

Fig. 2 Optimal cut‑off and relative risks of serum syndecan1 for all‑cause mortality.  CI: confidence interval; RR: relative risk
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Fig. 3 Comparison of cumulative survival rates

Table 3 Cox hazards model analyses of variables at diagnosis for all‑cause mortality during follow‑up in AAV patients

SF-36 short form 36 health survey, PCS physical component summary, AAV ANCA-associated vasculitis, ANCA antineutrophil cytoplasmic antibody, BMI body mass 
index, MPO myeloperoxidase, P perinuclear, PR3 proteinase 3, C cytoplasmic, BVAS Birmingham vasculitis activity score, FFS five-factor score, T2DM type 2 diabetes 
mellitus, ESR erythrocyte sedimentation rate, CRP C-reactive protein

Variables Univariable Multivariable

HR 95% CI P value HR 95% CI P value

Age (years) 1.097 0.997, 1.207 0.057

Male sex (N, (%)) 2.933 0.537, 16.015 0.214

Ex‑smoker (N, (%)) 0.047 0.000, 17,394,810.00 0.762

BMI (kg/m2) 1.177 0.955, 1.450 0.126

MPO‑ANCA (or P‑ANCA) positivity 4.573 0.533, 39.232 0.166

PR3‑ANCA (or C‑ANCA) positivity 0.038 0.000, 552.366 0.504

BVAS 1.076 0.994, 1.165 0.070

FFS 2.178 0.842, 5.634 0.108

SF‑36 PCS 0.943 0.900, 0.988 0.013 0.998 0.933, 1.069 0.965

SF‑36 MCS 0.972 0.935, 1.010 0.141

VDI 1.591 1.069, 2.369 0.022 1.208 0.652, 2.239 0.548

T2DM 4.036 0.814, 20.008 0.088

Hypertension 1.149 0.210, 6.273 0.873

Dyslipidaemia 11.068 2.022, 60.570 0.006 9.928 1.000, 98.552 0.050

ESR (mm/hr) 1.017 0.995, 1.039 0.123

CRP (mg/L) 1.016 1.000, 1.033 0.052

White blood cell count (/mm3) 1.130 1.021, 1.250 0.018 1.228 0.919, 1.641 0.166

Haemoglobin (g/dL) 0.604 0.389, 0.939 0.025 1.287 0.467, 3.548 0.626

Platelet count (× 1000/mm3) 1.002 0.998, 1.006 0.376

Blood urea nitrogen (mg/dL) 1.023 0.987, 1.061 0.210

Serum creatinine (mg/dL) 1.258 0.847, 1.867 0.255

Total protein (g/dL) 0.389 0.150, 1.011 0.053

Serum albumin (g/dL) 0.152 0.047, 0.490 0.002 1.869 0.092, 38.111 0.684

C3 (mg/dL) 1.014 0.978, 1.052 0.448

C4 (mg/dL) 0.957 0.845, 1.082 0.481

Serum syndecans‑1 ≥ 120.1 ng/mL 42.273 4.845, 368.842 0.001 59.822 0.611, 5,860.343 0.080
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a positive correlation between serum syndecan1 and 
white blood cell count (r = 0.353, P = 0.001).

Secondly, a positive correlation may occur between 
serum syndecan1 and the total gamma globulin fraction. 
We indirectly evaluated the serum levels of paraproteins 
using the gamma gap which is defined as the difference 
between total serum protein and serum albumin (total 
serum protein – serum albumin) [21]. Serum syndecan1 
was positively correlated with the gamma gap (r = 0.589, 
P < 0.001) along with serum albumin (r = − 0.451, 
P < 0.001), and further, the slope of the gamma gap was 
higher than that of serum albumin. In principle, patients 
with malignancies, including monoclonal gammopathy, 
were excluded from this AAV cohort at the time of enrol-
ment, and the gamma gap indicated only a non-cancer-
ous gamma-globulin fraction.

The third hypothesis is that there may be a positive cor-
relation between serum syndecan1 and ANCA titres. We 
found that serum syndecan1 was significantly correlated 
with MPO-ANCA titres (r = 0.431, P < 0.001) among 
79 patients though not with PR3-ANCA (r = − 0.039, 
P = 0.731). Additionally, we found that patients with 
MPO-ANCA (or P-ANCA) positive exhibited a signifi-
cantly higher serum syndecan1 than those without (63.2 
ng/mL vs. 41.8 ng/mL, P = 0.015). Collectively, although 
the correlation between serum syndecan1 and the level 
of B cell activation has not been clearly identified, the 
following hypothesis can be proposed: serum synde-
can1 could indicate the serum levels of gamma-globulin 
production in B cells and further estimate MPO-ANCA 
titres at diagnosis. Therefore, this hypothesis suggests 
that serum syndecan1 may have the potential to reflect 
AAV activity at diagnosis by associating with MPO-
ANCA (or P-ANCA)-specific clinical manifestations of 
BVAS.

The relative risk and cumulative survival rate of serum 
syndecan1 at diagnosis showed the possibility of an 
independent association with all-cause mortality during 
follow-up in patients with AAV. Additionally, in the uni-
variate Cox analysis, the BVAS at diagnosis also tended 
to be associated with all-cause mortality (Table  3). 
Deceased patients had a significantly higher median 
serum syndecan1 than that of surviving patients (157.1 
ng/mL vs. 48.2 ng/mL, P = 0.010). Serum syndecan1 may 
affect the occurrence of initial chest and renal manifesta-
tions of AAV, which may contribute to an increased rate 
of all-cause mortality in patients with AAV [22]. When 
comparing the total scores of the nine systemic items 
of the BVAS between surviving and deceased patients, 
deceased patients had a significantly higher median total 
score for chest manifestations than that of the surviving 
patients (4.0 vs. 2.0, P = 0.023). Furthermore, deceased 
patients showed a tendency for an increased median total 

score of renal manifestations compared with surviving 
patients (12.0 vs. 0, P = 0.060).

Additionally, we speculated whether serum syndecan1 
at diagnosis might be associated with all-cause mortal-
ity during follow-up by enhancing the production of 
gamma-globulin in B cells at diagnosis. Several studies 
have reported a link between gamma gap and increased 
mortality risk in various populations [23, 24]. No signifi-
cant difference was observed in the gamma gap between 
deceased and surviving patients (2.9  g/dL vs. 2.6  g/dL, 
P = 0.251), and further, the gamma gap at diagnosis was 
not significantly associated with all-cause mortality dur-
ing follow-up in the univariable Cox analysis (HR 1.638, 
95% CI 0.720, 3.729). Therefore, the association of serum 
syndecan1 at diagnosis with all-cause mortality during 
follow-up may not be due to alterations in the production 
of gamma globulin in B cells.

The strength of the present study is that it is the first to 
demonstrate the clinical implications of serum syndecan1 
measured at diagnosis in patients with AAV in estimat-
ing vasculitis activity at diagnosis and has the potential to 
predict all-cause mortality during follow-up.

Critical limitations of this study are the small number 
of patients and the retrospective study design, despite 
the use of clinical data from a prospective observational 
cohort of AAV. Furthermore, due to the small group 
size, it is challenging to conduct separate analyses for 
MPO-ANCA-associated and PR3-ANCA-associated vas-
culitis. This study was unable to show dynamic changes 
in the correlation between serum syndecan1 and vari-
ous variables simultaneously because of the limitations 
of being a cross-sectional study that did not include con-
tinuous clinical data. In addition, because of the limited 
availability of peripheral blood mononuclear cells, it was 
not possible to evaluate activated B cells or the entire B 
cell population; therefore, only indirect evidence for this 
mechanism is presented. Nevertheless, we believe that 
this study has clinical importance as a pilot study investi-
gating the role of serum syndecan1 in patients with AAV. 
We also expect that future prospective studies with more 
patients and serial clinical data, including the measure-
ment of serum syndecan1 levels during treatment, dis-
ease relapse, and remission, will provide more dynamic 
and reliable information on the clinical implications of 
serum syndecan1 in AAV.

Conclusion
This study is the first to demonstrate that serum synde-
can1 at diagnosis may not only reflect AAV activity at 
diagnosis but may also be associated with all-cause mor-
tality during follow-up.
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