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Introduction: Complement activation plays a central role in the pathogenesis of IgA nephropathy (IgAN); however, not all patients 
exhibit renal C3 deposition. Accumulating evidence suggests that complement activation is closely linked to coagulation activation 
and prothrombotic cellular responses.
Methods: This retrospective study was conducted using clinical and laboratory data obtained from the institutional clinical database 
of the Affiliated Hospital of Guangdong Medical University. This study investigated the association between renal C3 deposition and 
an intraglomerular prothrombotic milieu in 890 biopsy-proven IgAN patients categorized by C3 deposition status. Histological 
glomerular prothrombotic lesions reflecting a prothrombotic milieu were defined by pathological features, including intraglomerular 
erythrocyte aggregation and/or glomerular capillary microthrombus-like lesions. The primary outcome was a composite of a ≥30% 
decline in eGFR from baseline or kidney failure, defined as initiation of maintenance dialysis, kidney transplantation, or eGFR 
≤15 mL/min/1.73 m2. Firth’s penalized logistic regression was used to assess associations with histological glomerular prothrombotic 
lesions, and Cox proportional hazards regression was used to evaluate renal outcomes; cumulative incidence curves were generated 
using the survival and survminer packages in R.
Results: Among 890 patients, 852 (95.7%) exhibited C3 deposition and 38 (4.3%) did not; 324 patients experienced histological 
glomerular prothrombotic lesions indicative of an intraglomerular prothrombotic milieu. In multivariable analyses, glomerular C3 
deposition remained independently associated with histological glomerular prothrombotic lesions (OR 8.22, 95% CI 2.01–75.72, P = 
0.001). During follow-up, 110 patients reached the primary outcome. In unadjusted Cox analysis, renal C3 deposition was associated 
with a lower risk of the composite outcome (HR 0.53, 95% CI 0.28–0.99, P = 0.048); however, this association was attenuated and no 
longer significant after sequential adjustment for clinical variables, pathological lesions, and treatment (fully adjusted HR 0.86, 95% 
CI 0.35–2.11, P = 0.74).
Conclusion: Renal C3 deposition is associated with intraglomerular coagulation abnormalities and a heightened prothrombotic milieu 
in IgAN. Although an apparent association with better renal outcomes was observed in unadjusted analysis, renal C3 deposition was 
not independently associated with long-term renal prognosis after adjustment for potential confounders.
Keywords: IgA nephropathy, complement C3, prothrombotic milieu, prognosis

Introduction
IgAN is the most common primary glomerulonephritis worldwide and is characterized by mesangial IgA deposition with 
heterogeneous clinical presentation and prognosis.1 Several advances in IgAN research have elucidated the underlying 
disease pathogenesis, which is commonly conceptualized as a four-hit model. This model involves the gut microbiota 
exerts an excessive stimulatory effect on mucosal innate immune cells, which in turn hyperactivates mucosal B cells. 
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This excessive activation prompts mucosal B cells to produce substantial quantities of galactose-deficient IgA1 (Gd- 
IgA1), a key pathogenic molecule that subsequently enters the systemic circulation. Within the bone marrow, the immune 
system generates IgG, IgA, and IgM antibodies that target Gd-IgA1, laying the groundwork for subsequent pathogenic 
events. Anti-Gd-IgA1 autoantibodies bind Gd-IgA1 to form immune complexes. These immune complexes are then 
transported through the vascular system to the kidneys. These complexes deposit preferentially in the renal mesangium, 
where Gd-IgA1 immune complex accumulation triggers mesangial cell activation and proliferation, with subsequent 
release of pro-inflammatory and pro-fibrotic cytokines.2,3

Complement activation plays a central role in the pathogenesis of IgAN. C1q is seldom detected in IgAN, involve
ment of the classical complement pathway is considered minimal. In contrast, multiple lines of evidence support 
a prominent role for activation of the alternative and/or lectin complement pathways.4 Despite distinct initiating 
mechanisms, the classical, alternative, and lectin pathways all converge at the proteolytic activation of C3, the most 
abundant complement component in circulation.5 As a result, C3 serves as the central effector of the complement system, 
exerting its diverse functions through distinct binding sites and their corresponding receptors.6 Not all patients with IgA 
nephropathy exhibit C3 deposition, although previous studies have reported its presence in over 90% of cases.7

Growing evidence indicates that complement activation and coagulation are closely interconnected.8 C3 activation 
products can promote platelet activation and fibrin formation, thereby contributing to a prothrombotic microvascular 
environment.9,10 In kidney diseases, terminal complement activation may promote a prothrombotic endothelial environ
ment in membranous nephropathy.11 Histological glomerular prothrombotic lesions may reflect local microcirculatory 
disturbance. Within the glomerular microcirculation, these prothrombotic lesions changes could potentially contribute to 
microvascular obstruction and glomerular injury. However, a critical knowledge gap remains: whether glomerular C3 
deposition is linked to intraglomerular prothrombotic milieu in IgAN has not been systematically explored. Therefore, 
the primary objective of this study was to investigate the association between renal C3 deposition and intraglomerular 
prothrombotic milieu in patients with IgAN.

Methods
Study Population
Clinical and laboratory data were retrospectively obtained from the institutional clinical database. The investigators had 
access to de-identified clinical and laboratory data from the institutional clinical database used to identify eligible patients 
and extract study variables. This study was conducted and reported in accordance with the RECORD (Reporting of 
studies Conducted using Observational Routinely-collected Data) guidelines. A total of 1077 patients with biopsy-proven 
IgAN who underwent renal biopsy at the Department of Nephrology, Affiliated Hospital of Guangdong Medical 
University between January 2009 and June 2025 were retrospectively screened. Exclusion criteria included age <14 
years, eGFR ≤ 30 mL/min/1.73 m2 at the time of biopsy, missing serum creatinine or renal C3 deposition data, and the 
presence of other glomerulonephritis. Based on these criteria, 187 patients were excluded. The selection process is 
illustrated in Figure 1. The remaining patients were classified into a renal C3 deposition-positive group (n = 852) and 
a renal C3 deposition-negative group (n = 38).

This retrospective study was conducted in accordance with the Declaration of Helsinki. The study protocol was 
reviewed and approved by the Ethics Committee of the Affiliated Hospital of Guangdong Medical University (Approval 
Number: PJKT2026-111; Acceptance Number: KT2026-111-01).

Baseline Clinical and Pathological Characteristics
Baseline clinical and laboratory data were retrospectively retrieved from the institutional clinical database at the time of 
renal biopsy. The estimated glomerular filtration rate (eGFR) was calculated using the Chronic Kidney Disease 
Epidemiology Collaboration creatinine equation.12 Renal pathological features were evaluated according to the Oxford 
MEST classification for IgA nephropathy, including mesangial hypercellularity (M), endocapillary hypercellularity (E), 
segmental sclerosis (S), and interstitial fibrosis/tubular atrophy (T), based on renal biopsy findings.13 Analyses of 
individual MEST components were based on available pathological data, and the corresponding denominators are 
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reported in Table 1. The crescent score (C) was not included in the analyses because it was unavailable for a substantial 
proportion of patients, many of whom underwent renal biopsy before the 2017 update of the Oxford MEST-C 
classification.14 Renal complement C3 deposition was evaluated using immunofluorescence analysis on frozen tissue 
sections, and representative histopathological images are shown in Figure 2. Mesangial C3 staining intensity was semi- 
quantitatively graded as negative, weak positive, 1+, 2+, 3+, or 4+ according to routine pathological evaluation. Any 
detectable mesangial C3 staining, including weak positive staining, was classified as C3-positive, whereas the absence of 
detectable mesangial C3 staining was classified as C3-negative. In this study, the classification was based on mesangial 
C3 deposition, and glomerular capillary wall staining patterns were not analyzed separately.

Histological Glomerular Prothrombotic Lesions Evaluation
Histological glomerular prothrombotic lesions of interest were defined as pathological features reflective of 
a prothrombotic milieu, including intraglomerular erythrocyte aggregation and/or glomerular capillary microthrombus- 
like lesions. Glomerular prothrombotic lesions were evaluated independently by two experienced renal pathologists who 
were blinded to clinical information. Intraglomerular erythrocyte aggregation was defined as dense clustering of 
erythrocytes within glomerular capillary lumina involving one or more capillary loops. Microthrombus-like lesions 
were defined as compact intraluminal erythrocyte-rich partial or complete occlusion of glomerular capillary lumina. 
These lesions were distinguished from simple capillary congestion by the presence of dense erythrocyte accumulation 
with luminal narrowing or occlusion, rather than passive capillary engorgement. Cases showing only scattered erythro
cytes within capillary lumina without aggregation or luminal obstruction were not considered positive. Erythrocytes 
located outside the capillary lumina or changes compatible with nonspecific hematuria-related leakage were also not 
classified as glomerular prothrombotic lesions. Potential tissue-processing artifacts were excluded by assessing the 
overall glomerular architecture and excluding lesions associated with section distortion, folding artifacts, or tissue 
disruption. Representative pathological images are presented in Figure 2. Renal C3 deposition was treated as a binary 
variable (positive vs. negative) based on renal biopsy findings. These features were evaluated primarily by light 

Figure 1 Flow charts of the study.
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Table 1 Baseline Characteristics of Patients with Immunoglobulin A Nephropathy Stratified by Renal Complement C3 Deposition

Characteristics Renal C3 Deposition–Negative 
Group (n=38)

Renal C3 Deposition–Positive 
Group (n=852)

P value

Age, years 34.82 ± 15.15 34.80 ± 12.70 0.99

Male, n (%) 18 (47.37%) 415 (48.71%) 0.87

SBP, mmHg 126.0 ± 14.33 131.8 ± 20.17 0.27

DBP, mmHg 79.20 ± 13.36 81.32 ± 13.29 0.54

Hemoglobin, g/L 134.0 ± 25.88 112.6 ± 43.20 0.004

Platelet, ×109/L 259.30 ± 62.86 260.90 ± 68.55 0.88

Serum creatinine, μmol/L 79.81 ± 36.87 90.35 ± 35.33 0.07

eGFR, mL/min/1.73m2 101.0 ± 32.94 90.96 ± 30.11 0.045

Uric acid, μmol/L 344.9 ± 123.9 419.4 ± 117.5 0.21

Glucose, mmol/L 5.89 ± 2.39 5.71 ± 1.77 0.82

PT-INR 1.01 ± 0.16 0.99 ± 0.12 0.47

PT, s 12.14 ± 1.88 12.24 ± 1.45 0.70

TT, s 17.52 ± 2.10 17.60 ± 2.07 0.83

APTT, s 25.32 ± 11.15 30.47 ± 9.50 0.001

Fibrinogen, g/L 4.53 ± 1.99 3.53 ± 1.24 <0.001

Circulating C3, g/L 0.98 ± 0.23 0.90 ± 0.20 0.039

Circulating C4, g/L 0.22 ± 0.07 0.22 ± 0.08 0.73

Triglycerides, mmol/L 2.53 ± 1.76 1.65 ± 1.24 0.0009

Total cholesterol, mmol/L 7.64 ± 3.87 5.55 ± 2.12 <0.001

LDL, mmol/L 5.06 ± 2.94 3.35 ± 1.89 <0.001

HDL, mmol/L 1.59 ± 0.46 1.39 ± 0.46 0.0124

Total protein, g/L 55.23 ± 17.16 65.01 ± 10.60 <0.001

Albumin, g/L 35.49 ± 12.87 42.34 ± 6.78 <0.001

Urinary total protein level <0.001

Negative 3 (7.89%) 94 (11.03%)

± 3 (7.89%) 54 (6.34%)

1+ 9 (23.68%) 262 (30.75%)

2+ 5 (13.16%) 258 (30.28%)

3+ 8 (21.06%) 142 (16.67%)

4+ 10 (26.32%) 42 (4.93%)

(Continued)
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microscopy. All samples were independently reviewed by experienced renal pathologists blinded to clinical information. 
Discrepant cases were resolved by joint review and consensus.

Renal Outcomes
The primary outcome was a composite of a ≥30% decline in eGFR from baseline or kidney failure, defined as initiation 
of maintenance dialysis, kidney transplantation, or eGFR ≤15 mL/min/1.73 m2. Follow-up data were obtained from 
outpatient visits, inpatient records, and laboratory databases. The follow-up period was calculated from the date of renal 
biopsy to the occurrence of the primary composite renal outcome or the last available clinical assessment. Patients 
without an endpoint event were censored at their last recorded follow-up visit. Missing data were handled using 
complete-case analysis because the proportion of missing values was minimal.

Statistical Methods and Analysis
Prior to analysis, the data was screened for completeness and consistency, and data cleaning procedures were performed 
to identify missing values, outliers, and potential data entry errors. Continuous variables are presented as mean (standard 
deviation, SD) or median (interquartile range, IQR), whereas categorical variables are expressed as counts and 
percentages. Differences between groups were assessed using the t test or Mann–Whitney U-test for continuous variables 
and the chi-square test or Fisher’s exact test for categorical variables, as appropriate.

Given the low frequency of histological glomerular prothrombotic lesions, Firth’s penalized logistic regression was 
applied to minimize small-sample bias in the estimation of odds ratios.15 Subgroup analyses were additionally performed 

Table 1 (Continued). 

Characteristics Renal C3 Deposition–Negative 
Group (n=38)

Renal C3 Deposition–Positive 
Group (n=852)

P value

Histological glomerular prothrombotic lesions

Intraglomerular erythrocyte aggregation or 

microthrombus formation, n (%)

1 (2.6%) 323 (37.91%) <0.001

Oxford classification

M 0.41

M0 7 (63.64%) 370 (51.25%)

M1 4 (36.36%) 352 (48.75%)

E 0.012

E0 11 (100%) 459 (63.75%)

E1 0 (0%) 263 (36.43%)

S 0.68

S0 4 (36.36%) 221 (30.61%)

S1 7 (63.64%) 501 (69.39%)

T 0.14

T0 9 (82%) 378 (52%)

T1 1 (9%) 243 (34%)

T2 1 (9%) 101 (14%)

Abbreviations: SBP, systolic blood pressure; DBP, diastolic blood pressure; eGFR, estimated glomerular filtration rate; PT-INR, prothrombin time - international normalized 
ratio; PT, prothrombin time; TT, thrombin time; APTT, activated partial thromboplastin time; LDL, low-density lipoprotein; HDL, high-density lipoprotein; M, mesangial 
hypercellularity; E, endocapillary hypercellularity; S, segmental sclerosis; T, tubular atrophy / interstitial fibrosis.
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to assess potential effect modification, stratified by age, serum albumin, and baseline eGFR. These variables were 
selected a priori based on their clinical relevance and potential influence on coagulation status and renal microvascular 
injury. Time-to-event analyses were performed, and cumulative incidence curves for the composite outcome were 
generated using the survival and survminer packages in R (version 4.3.3). The association between renal C3 deposition 
and the primary composite outcome was further evaluated using Cox proportional hazards regression models. Sequential 
Cox models were constructed, including an unadjusted model, a clinical model adjusted for baseline eGFR, proteinuria, 
systolic blood pressure, and diastolic blood pressure, a clinical plus pathology model additionally adjusted for Oxford 
MEST lesions, and a fully adjusted model additionally adjusted for treatment. Treatment variables included kidney- 
protective therapy, defined as the use of a renin-angiotensin system inhibitor, mineralocorticoid receptor antagonist, or 
sodium-glucose cotransporter 2 inhibitor, as well as corticosteroid or immunosuppressive therapy. All Cox regression 
analyses were performed using the survival package in R (version 4.3.3). All statistical tests were two-sided, and a P 
value < 0.05 was considered statistically significant.

Figure 2 Representative renal pathological features in IgA nephropathy stratified by C3 deposition status. Immunofluorescence images demonstrate glomerular IgA 
deposition (upper panels) in both the renal C3 deposition-negative and C3 deposition-positive groups, whereas glomerular C3 deposition (middle panels) is observed only in 
the C3-positive group. The lower PASM-stained panels show representative erythrocyte-rich microthrombus-like lesions within glomerular capillary loops, as indicated by 
the arrows. The immunofluorescence images were acquired at ×200 magnification (scale bars = 100 μm), whereas the PASM-stained images were acquired at ×400 
magnification (scale bars = 50 μm).
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Results
Baseline Characteristics of the Study Population
A total of 1077 patients with IgAN were identified during the study period. After applying the predefined exclusion 
criteria, 890 patients were included in the final analysis, of whom 852 showed renal complement C3 deposition and 
38 had no evidence of renal C3 deposition (Figure 1). Among the 852 C3-positive patients, staining intensity was weakly 
positive in 29 (3.4%), 1+ in 244 (28.6%), 2+ in 409 (48.0%), 3+ in 154 (18.1%), and 4+ in 16 (1.9%). The mean (SD) 
age of the study population was 3513 years, and the mean (SD) eGFR was 91.39 (30.28) mL/min/1.73 m2. Baseline 
characteristics stratified by renal C3 deposition status are presented in Table 1. Compared with patients without renal C3 
deposition, those with C3 deposition had significantly lower hemoglobin levels and lower eGFR. Furthermore, the C3- 
positive group exhibited prolonged activated partial thromboplastin time (APTT), reduced fibrinogen levels, and lower 
serum C3 concentrations.

Histological Glomerular Prothrombotic Lesions
Histological glomerular prothrombotic lesions were identified in 324 patients overall. The prevalence of histological 
glomerular prothrombotic lesions was significantly higher in patients with C3 deposition than in those without C3 
deposition (37.91% vs. 2.6%, P < 0.0001). In addition, endocapillary hypercellularity was more frequently observed in 
patients with positive renal C3 deposition (36.4%).

Impact of Glomerular C3 Deposition on Histological Glomerular Prothrombotic 
Lesions
Among the 852 patients with positive glomerular C3 deposition, 323 (37.91%) patients presented with glomerular RBC 
aggregation or glomerular capillary microthrombus-like lesions on renal biopsy. In contrast, 1 of the 38 patients (2.6%) 
without glomerular C3 deposition exhibited RBC aggregation or microthrombus in kidney.

Given the low event frequency in the C3 deposition–negative group, Firth’s penalized logistic regression was applied. 
Univariable Firth logistic regression analysis was performed to identify factors associated with histological glomerular 
prothrombotic lesions (Table 2). Glomerular C3 deposition was strongly associated with histological glomerular 
prothrombotic lesions (odds ratio [OR], 15.27; 95% confidence interval [CI], 4.06–136.01; P < 0.001). In addition, 
male sex was associated with a higher risk of histological glomerular prothrombotic lesions (OR, 1.40; 95% CI, 1.07– 
1.84; P = 0.02). Several hematologic and coagulation-related parameters were also significantly associated with 
histological glomerular prothrombotic lesions, including hemoglobin level, platelet count, prothrombin time, activated 
partial thromboplastin time, fibrinogen level, and serum albumin (all P < 0.05).

To further determine whether glomerular C3 deposition was independently associated with histological glomerular 
prothrombotic lesions, a multivariable Firth logistic regression model was constructed adjusting for clinically relevant 
demographic, hematological, and coagulation-related variables (Table 3). In the multivariable analysis, glomerular C3 
deposition remained independently and significantly associated with histological glomerular prothrombotic lesions (OR 
7.07, 95% CI 1.74–64.79, P = 0.003).

Subgroup Analyses
To assess whether the association between glomerular C3 deposition and histological glomerular prothrombotic lesions 
differed across clinical strata, subgroup analyses were performed according to age, serum albumin, and baseline eGFR 
(Figure 3). Glomerular C3 deposition was associated with histological glomerular prothrombotic lesions in both younger (<35 
years, OR 10.42, 95% CI 1.31–1347.11, P = 0.021) and older patients (≥35 years, OR 6.48, 95% CI 1.54–59.90, P = 0.008), 
with no significant interaction by age (P for interaction = 0.786). Similarly, patients with higher albumin levels (≥30 g/L, OR 
9.97, 95% CI 2.52–90.44, P = 0.0002) and those with lower albumin (<30 g/L, OR 4.14, 95% CI 0.38–572.01, P = 0.283) both 
showed associations, with no significant interaction (P = 0.653). Stratification by renal function indicated a stronger 
association in patients with eGFR ≥60 mL/min/1.73 m2 (OR 27.58, 95% CI 3.70–3526.70, P < 0.001) than in those with 
eGFR <60 (OR 1.62, 95% CI 0.25–17.31, P = 0.623), and the interaction was non-significant (P = 0.071).
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The Effect of Glomerular C3 Deposition on the Primary Composite Outcome
During a median follow-up time of 55 months (IQR: 26–85 months), the cohort observed 110 primary composite 
outcome events. Among these, 99 (90%) occurred in the renal C3 deposition positive group, while 11 (10%) were 
observed in the renal C3 deposition negative group (Figures 4 and 5). When the C3 deposition–negative group was used 
as the reference, renal C3 deposition was significantly associated with the primary composite outcome (HR 0.53, 95% 
confidence interval 0.28–0.99, P = 0.048). Consistently, renal C3 deposition was associated with a reduced hazard of 

Table 2 Univariable Firth Logistic Regression Analysis for Histological 
Glomerular Prothrombotic Lesions

Characteristics Odds Ratio 95% CI P value

Renal C3 deposition (positive vs. negative) 15.27 4.06–136.01 <0.001

Age 1.01 0.99–1.02 0.12

Male sex 1.40 1.07–1.84 0.02

Hemoglobin 0.99 0.989–0.996 <0.001

Platelet 1.00 1.001–1.005 0.01

eGFR 0.99 0.99–1.00 0.11

PT 1.16 1.05–1.27 0.002

TT 1.00 0.94–1.07 0.90

APTT 1.08 1.06–1.11 <0.001

Fibrinogen 1.19 1.07–1.34 0.002

Albumin 1.06 1.03–1.10 <0.001

Notes: Odds ratios and 95% confidence intervals were estimated using Firth penalized logistic 
regression. P values < 0.05 are shown in bold. 
Abbreviations: eGFR, estimated glomerular filtration rate; PT, prothrombin time; TT, thrombin time; 
APTT, activated partial thromboplastin time; CI, confidence interval.

Table 3 Multivariable Firth Logistic Regression Analysis for Histological 
Glomerular Prothrombotic Lesions

Characteristics Odds Ratio 95% CI P value

Renal C3 deposition (positive vs. negative) 7.07 1.74–64.79 0.003

Male sex 1.57 1.03–2.39 0.04

Hemoglobin 0.99 0.988–0.997 0.001

Platelet 1.00 0.998–1.004 0.62

PT 1.06 0.91–1.24 0.45

APTT 1.06 1.03–1.10 <0.001

Fibrinogen 1.27 1.07–1.54 0.007

Albumin 1.07 1.03–1.11 <0.001

Notes: Odds ratios and 95% confidence intervals were estimated using multivariable Firth penalized 
logistic regression. P values < 0.05 are shown in bold. 
Abbreviations: PT, prothrombin time; APTT, activated partial thromboplastin time; CI, confidence 
interval.
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Figure 3 Subgroup analysis of the association between glomerular C3 deposition and histological glomerular prothrombotic lesions. Odds ratios (ORs) and 95% confidence 
intervals (CIs) were estimated using Firth’s penalized logistic regression within predefined subgroups according to age, serum albumin (Alb), and baseline estimated 
glomerular filtration rate (eGFR). The vertical dashed line indicates an OR of 1, and the horizontal lines represent the corresponding 95% CIs. ns, P ≥ 0.05; *P < 0.05; **P < 
0.01; ***P < 0.001.

Figure 4 Comparison of renal outcomes between IgAN patients without renal complement C3 deposition group (C3- group) and with renal complement C3 deposition 
group (C3+ group). The forest plot presents the hazard ratios for renal outcomes. Boxes denote the hazard ratios, and horizontal lines represent the corresponding 95% 
confidence intervals.
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≥30% decline in eGFR (HR 0.51, 95% CI 0.27–0.97, P = 0.039). Sensitivity analyses were then performed using 
sequential Cox regression models with increasing levels of adjustment (Table 4). The association was attenuated and 
became non-significant after adjustment for baseline clinical variables (HR 0.85, 95% CI 0.39–1.82, P = 0.67), 
pathological variables including Oxford MEST lesions (HR 0.84, 95% CI 0.34–2.07, P = 0.70), and treatment informa
tion (HR 0.86, 95% CI 0.35–2.11, P = 0.74).

Discussion
In a previous study, we reported that hepatitis B virus (HBV) antigen deposition in the kidney was associated with renal 
prognosis in patients with IgA nephropathy.16 However, that study primarily focused on HBV antigen deposition status. 

Table 4 Sequential Multivariable Cox Regression 
Analyses of the Association Between Renal C3 
Deposition and the Primary Composite 
Outcome

Model HR 95% CI P value

Unadjusted 0.53 0.28–0.99 0.048

Clinical adjusted 0.85 0.39–1.82 0.67

Clinical + pathology 0.84 0.34–2.07 0.70

Fully adjusted 0.86 0.35–2.11 0.74

Notes: Clinical adjusted model: adjusted for baseline eGFR, 
proteinuria, systolic blood pressure, and diastolic blood pres
sure; Clinical + pathology model: additionally adjusted for 
Oxford MEST lesions; Fully adjusted model: additionally 
adjusted for kidney-protective therapy and corticosteroid or 
immunosuppressive therapy. P values < 0.05 are shown in bold.

Figure 5 The cumulative incidence of the primary composite outcome. The median follow-up was 55 months. The hazard ratio for the primary outcome in the C3+ group 
compared to the C3- group was 0.53 (95% CI:0.28–0.99), with a p value of 0.048; C3+ group, IgAN patients with renal complement C3 deposition group; C3- group, IgAN 
patients without renal complement C3 deposition group.
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The present study investigates a distinct biological pathway by examining the relationship between renal complement C3 
deposition, intraglomerular prothrombotic features, and renal outcomes in a larger cohort of biopsy-proven IgAN 
patients. Although both studies were derived from the same institutional database, the research questions and exposures 
examined are different. In this study of patients with biopsy-proven IgA nephropathy, renal C3 deposition was detected in 
95.73% of patients, which is consistent with the prevalence reported in prior literature.17,18 Compared with the renal C3 
deposition–negative group, patients with positive C3 deposition exhibited a markedly higher prevalence of histological 
glomerular prothrombotic lesions. In addition, circulating C3 levels were significantly reduced, accompanied by 
prolonged APTT and decreased fibrinogen levels. In a vivo study, the C3a/C3aR axis on platelet were identified to 
regulate distinct steps of thrombus formation such as platelet adhesion, spreading, and Ca2+ influx.9 Previous studies 
found that C3−/− mice displayed reduced thrombus burden and platelet activation, which indicated that C3 activation 
independently contributes to platelet activation and fibrin formation.10 Collectively, these observations support a potential 
link between renal C3 deposition and histological glomerular prothrombotic lesions, which in this study was defined by 
the presence of intraglomerular erythrocyte aggregation or microthrombus formation on renal pathology.

To further explore the relationship between glomerular C3 deposition and histological glomerular prothrombotic 
lesions, Firth’s penalized logistic regression was applied, which reduces potential small-sample bias associated with low 
event rates. C3 deposition showed the strongest association in univariable analysis and remained significantly associated 
after adjustment for other relevant variables. These findings suggest that glomerular C3 deposition may represent an 
independent factor associated with histological glomerular prothrombotic lesions in IgA nephropathy. To assess whether 
the association between glomerular C3 deposition and histological glomerular prothrombotic lesions differed across 
clinical subgroups, stratified analyses were performed according to age, eGFR, and serum albumin levels. Sex was not 
included in the subgroup analysis because histological glomerular prothrombotic lesions were extremely imbalanced 
between sexes. The association between C3 deposition and histological glomerular prothrombotic lesions was consis
tently observed across all subgroups, suggesting that this relationship was not substantially modified by these clinical 
characteristics. Increasing evidence supports a close interplay between complement activation and thrombosis in kidney 
diseases. In membranous nephropathy, terminal complement activation leads to excessive C5b-9 deposition, which not 
only mediates tissue injury but also promotes a prothrombotic environment by inducing platelet microparticle formation 
and endothelial vesiculation, thereby facilitating prothrombinase assembly.11,19 In parallel, C5b-9–mediated calcium 
influx may further enhance platelet activation and coagulation activity.20 In IgA nephropathy, a previous study reported 
that patients with arteriolar microangiopathic lesions exhibited extensive deposition of complement activation products 
on arterioles, with more than 90% of patients showing C3d and C5b-9 positivity.21 Collectively, these findings support 
the concept that complement C3 deposition may contributes to intraglomerular microvascular injury in IgAN. Consistent 
with this hypothesis, patients with glomerular C3 deposition exhibited a higher proportion of endocapillary hypercellu
larity, a pathological feature indicative of glomerular endothelial activation and injury.22 This finding supports the 
involvement of complement-mediated endothelial dysfunction within the glomerulus. We therefore speculate that 
complement-mediated endothelial activation may promote histological glomerular prothrombotic lesions by facilitating 
intraglomerular thrombotic processes, leading to impaired capillary perfusion, localized ischemia. In this setting, the 
observed prolongation of APTT and reduction in fibrinogen levels are more plausibly interpreted as secondary con
sequences of ongoing coagulation factor consumption, rather than markers of a primary systemic anticoagulant state.

In our study, patients with renal C3 deposition had lower baseline eGFR and reduced circulating C3 levels than those 
without C3 deposition, which is consistent with findings from previous studies.17 The cumulative incidence curve showed an 
apparently lower incidence of the primary composite renal outcome among patients with renal C3 deposition, which was 
consistent with the unadjusted Cox model. This finding appears to differ from previous studies in which mesangial C3 
deposition was associated with worse renal outcomes. However, this apparent discrepancy should be interpreted cautiously. As 
shown in Supplementary Table 1, treatment allocation differed substantially between the two groups. Kidney-protective 
therapy was used in 5 of 16 patients (31.3%) in the C3-negative group and 358 of 577 patients (62.0%) in the C3-positive 
group, while corticosteroid or immunosuppressive therapy was used in 6 of 16 patients (37.5%) and 351 of 577 patients 
(60.8%), respectively. Patients with renal C3 deposition may have been more likely to receive active treatment because of 
greater baseline disease activity, and these treatment differences may have modified subsequent renal outcomes. Consistent 
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with this interpretation, the association between renal C3 deposition and primary composite renal outcome was substantially 
attenuated and became non-significant after adjustment for clinical, pathological, and treatment-related factors.

Several factors may explain the apparent discrepancy between our unadjusted findings and previous reports linking mesangial 
C3 deposition to worse renal outcomes. First, the comparison strategy differed across studies: prior studies stratified patients 
according to the intensity of mesangial C3 deposition, whereas our control group consisted exclusively of patients without renal 
C3 deposition. Second, as shown in Supplementary Table 1, the median follow-up duration was longer in the C3-negative group 
than in the C3-positive group (100 months [IQR, 27.0–134.3] vs 54 months [IQR, 26.0–85.0]), potentially providing a longer 
opportunity to detect renal outcome events. Although follow-up time and censoring were incorporated into the Cox models, only 
16 C3-negative patients had available follow-up data, which may have reduced statistical stability and introduced selection bias. 
Differences in population characteristics and potential geographic heterogeneity may also have contributed. Third, the renal C3 
deposition-negative group was small, which may have increased the instability of unadjusted estimates. Therefore, the prognostic 
significance of renal C3 deposition in IgAN warrants further investigation in larger prospective cohorts.

This study has several limitations, including its retrospective, single-center design, which limits causal inference and 
generalizability. In addition, specific staining for fibrin or platelet-rich thrombi was not routinely available; therefore, 
histological glomerular prothrombotic lesions were identified based on morphological features observed on routine renal 
biopsy sections. The marked imbalance in group size may have introduced selection bias. Moreover, dynamic assessment 
of circulating complement activity was unavailable, and residual confounding cannot be excluded.

Conclusion
In patients with IgA nephropathy, renal C3 deposition is associated with coagulation abnormalities, increased glomerular 
prothrombotic milieu, and distinct biochemical profiles. However, renal C3 deposition is not independently associated 
with long-term renal outcome after adjustment for clinical, pathological, and treatment-related factors. These findings 
highlight the potential importance of complement–coagulation interactions in IgAN and suggest that renal C3 deposition 
may help characterize a complement-related prothrombotic phenotype. Further validation in independent prospective 
cohorts is needed to clarify its prognostic significance.
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