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Background and Objectives: Loss of immunoglobulin G (IgG) is accompanied with proteinuria, especially macroproteinuria. The 
complement system participates kidney disease resulting in proteinuria. Whether the ratio of complement and IgG is associated with 
macroproteinuria remains unknown.
Design, Setting, Participants and Measurements: A total of 1013 non-dialysis chronic kidney disease (CKD) patients were 
recruited according to the electrical case records system with 268 patients who endured kidney biopsy. Patients were grouped via the 
estimated glomerular filtration rate or the levels of proteinuria determination. Biomarkers in different CKD groups or proteinuria 
groups were compared by one-way ANOVA or independent samples t-test. Pearson or spearman analysis was employed to analyze 
correlation between clinical indexes. Further, influence factor of macroproteinuria was studied by using binary logistic regression. The 
ROC curve was performed to explore probable predictive biomarker for macroproteinuria.
Results: No significant difference of complement C3 and C4 among CKD1 to CKD5 stages, while higher level of complement C4 in 
patients with macroproteinuria. Further, C4 had a positive correlation with proteinuria (r=0.255, p=0.006). After adjusted for age, IgA, 
IgM, triglyceride and HDL, a binary logistic regression model showed lnC4/IgG (OR=3.561, 95% CI 2.196–5.773, p<0.01), gender 
(OR=1.737, 95% CI 1.116–2.702, p=0.014), age (OR=0.983, 95% CI 0.969–0.997, p=0.014), and history of diabetes (OR=0.405, 95% 
CI 0.235–0.699, p<0.01) were independent influence factors of macroproteinuria. The area under the ROC curve was 0.77 (95% CI: 
0.75–0.82, p<0.001) for C4/IgG. The analysis of ROC curves revealed a best cut-off for complement C4 was 0.024 and yielded 
a sensitivity of 71% and a specificity of 71%. The area under the ROC curve was 0.841 (95% CI: 0.735–0.946, p < 0.001) for C4/IgG 
in IgA nephropathy patients. The analysis of ROC curves revealed a best cut-off for complement C4/IgG was 0.026 and yielded 
a sensitivity of 75% and a specificity of 81.2%. The area under the ROC curve for C4/IgG in CKD1-5 stages were 0.772, 0.811, 0.785, 
0.835, 0.674.
Conclusion: Complement C4/IgG could be used to predict macroproteinuria.
Keywords: complement C4, immunoglobulin G, macroproteinuria, chronic kidney disease, kidney biopsy

Introduction
Chronic kidney disease (CKD) is a global disease giving a big economic burden to humans. An epidemiological survey from 
China in 2012 showed 10.8% in prevalence.1 No data to date are available about the cure methods of CKD. However, many 
effective regimes which control risk factors are used to reduce the progression of CKD. As is known, proteinuria, especially 
macroproteinuria, is an independent risk factors of CKD.2–5 The occurrence of macroproteinuria is attributed to glomerular 
injury which is induced by membrane attack complex (MAC), glycated end products or other pathogenesis.

Membrane attack complex (MAC) is a resultant of activated complement system consists of classical complement 
pathway, lectin complement pathway and alternative complement pathway. Serum complement C3 is in the central role 
of complement system and has been proved to be deposited in kidney tissues in many kinds of glomerular nephritis. 
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However, whether serum complement C3 is associated with proteinuria remains unknown. Another complement 
component, serum C4 plays a pivotal role in both the classical and lectin complement pathways which is mainly 
produced in the liver with a mean concentration of 600mg/mL in serum. Activated by the enzymes C1s or MASP-2, C4’s 
internal thioester is exposed, thereby enabling interaction with receptor. After that, C4 is cleaved into C4a and C4b which 
participates in creation of a C3 convertase and cleavage of C3, resulting in complement-mediated opsonization and 
activation of the terminal complement pathway.6 A number of studies have proved C4 participated in different 
nephropathy, including IgA nephropathy,7 anti-neutrophil cytoplasmic antibody-associated vasculitis,8 lupus nephritis.9 

However, few studies have shown the deposition of C4 in the kidney. In 2016, Sethi and his fellows have reported 3 cases 
C4 glomerulopathy cases with bright C4d staining and dense deposits along glomerular basement membranes named C4 
dense deposit disease and bright C4d staining and many mesangial electron dense deposits, with or without rare 
intramembranous electron-dense deposits defined as C4 glomerulonephritis.10 Nevertheless, few studies have focused 
on the relationship between serum complement C4 and proteinuria, especially macroproteinura.

In light of this background, this study was aimed to explore the possible role of complement C3 or C4 as a candidate 
biomarker to predict macroproteinuria in CKD patients. Our study result provided a novelty relationship of complement 
C4/IgG and macroproteinuria which could be used to assess the probability of macroproteinuria in CKD patients. The 
levels of complement C4/IgG could be used to alert physicians to give active treatment for kidney disease to avoid 
macroproteinuria.

Materials and Methods
A total of 926 non-dialysis patients hospitalized with CKD and 87 non-CKD controls from August 2008 to 
December 2020 were registered via electronic case records system from Nanjing first hospital. We excluded subjects 
who were younger than 18 years old, had fever, women who were pregnant and patients with acute kidney injury.

Laboratory Measure
Blood urea nitrogen (BUN), Serum creatinine (sCr), uric acid, serum albumin, serum lipid and proteinuria were measured 
by OLYMPUS AU5400 automatic biochemical analyzer (Olympus Corporation, Mishima, Japan). The calibrators for the 
enzymatic method were traceable to an isotope dilution mass spectrometric method for sCr using standard reference 
methods NIST SRM 967.11 Hemoglobin (Hb) was detected by Sysmex XT-1800i Automated Hematology System 
(Shanghai, China). Glycated hemoglobin (HbA1c) was determined using the BioRad VARIANT II HPLC analyser 
(Biorad, Hemel Hempstead, UK). The values of serum immunoglobulin (Ig) and complements were measured by single 
immunodiffusion.

Definition of CKD
1. CKD stages were defined in accordance with KDIGO guideline.12 The Chronic Kidney Disease Epidemiology 
Collaboration (CKD-EPI) four-level race equation was used to calculate estimated glomerular filtration rate (eGFR)13 

and the last sCr value before discharge was selected as the baseline level.
2. Macroproteinuria is defined as proteinuria more than 3.5g/24 hours. If proteinuria is less than 3.5g/24-hour, they 

were assigned into non-macroproteinuria group.

Statistical Analysis
Statistics analysis was performed by PASW 18.0 statistical software (SPSS Inc., Chicago, IL, USA). Data were expressed 
as mean ± SD. Student’s T-test and One-way ANOVA were used to compare means for continuous variables. Fisher’s 
exact test was used to compare prevalence for dichotomic variables. The pearson and Spearman correlation analysis were 
employed. In addition, the binary logistic regression was employed to explore influence factors for macroproteinuria. 
p value < 0.05 was considered to be statistically significant. Receiver operating characteristic (ROC) curve was built to 
evaluate the predictivity of significant variables on the likelihood of having macroproteinuria. The best cut off for ROC 
curve was calculated with the Youden’s index.
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Results
Clinical Characteristics of CKD Patients
A total of 1013 CKD patients were recruited in our study. In patients who endured kidney biopsy, a total of 268 records 
were collected. IgA nephropathy 89 cases, diabetic nephropathy 32 cases, membrane nephropathy 68 cases, minimal 
change disease 16 cases, focal segmental glomerulus sclerosis 9 cases, mesangial hyperplasia 11 cases, lupus nephritis 8 
cases, purpura nephritis 7 cases, other pathology 28 cases (Figure 1).

Age in CKD1 stage were significantly lower than that in other groups. Hemoglobin was lower in CKD2-CKD5 stages than 
that in control and CKD1 stage. Lower levels of albumin were observed in CKD1-5 stages compared with control group. Levels 
of uric acid and proteinuria were lowest in control group compared with CKD patients. High levels of BUN, Scr, IgA were 
observed in CKD2-5 stages. Levels of total cholesterol (TC) and low-density lipoprotein (LDL) were higher in CKD1-3 stages 
than those in control group. No significant differences were observed between groups in levels of IgM and HbA1c. Higher levels 
of C3 in CKD1&4 group and increased levels of C4 in CKD4&5 groups compared with control group. Moreover, frequencies of 
male, type 2 diabetes (T2DM) and hypertension(HP) were different between groups. (Tables 1 and 2)

Clinical Differences Between Macroproteinuria and Non-Macroproteinuria Groups
Macroproteinuria patients showed younger than non-macroproteinuria patients (p<0.001) with similar levels of Hb, uric 
acid, HbA1c, IgA and complement C3. BUN and sCr were higher in macroproteinuria group than those in non- 
macroproteinuria group (p<0.01). Additionally, lower albumin and higher serum lipid in macroproteinuria group 
which is common in nephrotic syndrome (p<0.05). Moreover, IgG was lower while IgM higher in macroproteinuria 
group (p<0.05). Levels of C4 and C4/IgG were also higher in macroproteinuria group (p<0.001) (Table 3).

Figure 1 Pathology types in biopsy patients. 
Notes: IgA nephropathy 89 cases, membrane nephropathy 68 cases, diabetic nephropathy 32 cases, minimal change disease 16 cases, mesangial hyperplasia 11 cases, focal 
segmental glomerulus sclerosis 9 cases, lupus nephritis 8 cases, purpura nephritis 7 cases, other pathology 28 cases.
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Correlations Between Macroproteinuria and Clinical Indexes
No significant correlation between macroproteinuria and complement C3, gender, age, Hb, diabetic history, hypertension 
history, triglyceride, HDL, HbA1c and IgA. Markedly positive correlation was observed between macroproteinuria and 
C4 (r=0.209, p<0.001), total cholesterol (r=0.358, p<0.001), LDL (r=0.325, p<0.001), uric acid (r=0.07, p=0.026), BUN 
(r=0.119, p<0.001) and Scr (r=0.16, p<0.001). Meanwhile, eGFR (r=−0.097, p=0.002), albumin (r=−0.413, p<0.001) and 
IgG (r=- 0.348, p<0.001) exhibited negatively correlated with macroproteinuria (Table 4). As complement C3 revealed 
no significant correlation with macroproteinuria, we further asked whether C4 was associated with proteinuria and other 
indexes. Further, after adjusted for age, history of hypertension, IgA, IgM, HbA1c, total cholesterol, triglyceride, LDL 
and HDL, a binary logistic regression model showed lnC4/IgG (OR=3.561, 95% CI 2.196–5.773, p<0.01), gender 
(OR=1.737, 95% CI 1.116–2.702, p=0.014), age (OR=0.983, 95% CI 0.969–0.997, p=0.014), history of diabetes 
(OR=0.405, 95% CI 0.235–0.699, p<0.01) (Table 5). Further, we performed binary logistic regression to observe 
correlation of lnC4/IgG and macroproteinuria in different CKD stage and the results showed lnC4/IgG was an 
independent influence factor of macroproteinuria in CKD2, CKD3 and CKD4 stages with OR= 2.553, 14.946 and 

Table 1 Clinical Characteristics of Patients

Control N=87 CKD1 N=257 CKD2 N=171 CKD3 N=245 CKD4 N=142 CKD5 N=111

Age, years 62.78±15.6 46.44±15.8a 61.08±16.8 66.61±15.4 69.62±14.4 66.14±16.2
Hb, g/l 129.0±16.0 132.2±20.5 126.4±19.7b 118.0±20.0c 101.7±18.9d 88.5±23.2e

BUN, mol/L 5.42±1.67 5.95±1.46 6.62±2.15b 9.30±3.28c 14.53±4.96d 22.67±8.10e

Scr, umol/l 61.8±16.7 61.6±14.6 88.4±16.1b 133.2±29.7c 236.3±53.7d 514±219e

Uric acid, umol/l 288±97 333±108a 364±108b 444±128c 471±138d 470±160e

TC, mmol/l 4.07±1.27 5.66±2.31a 5.50±2.25b 4.74±1.49c 4.50±1.26 4.20±1.20

TG, mmol/l 1.54±1.21 2.07±1.83a 1.88±1.15 1.77±1.15 1.72±1.17 1.55±1.25
HDL, mmol/l 1.09±0.33 1.25±0.47a 1.14±0.35 1.06±0.35 1.05±0.36 1.00±0.34

LDL, mmol/l 2.39±0.88 3.43±1.73a 3.48±1.70b 2.91±1.21c 2.69±0.99 2.49±0.83
Albumin, g/l 38.88±4.81 31.97±9.18a 31.76±9.68b 32.10±7.48c 27.47±9.22d 32.49±6.61e

HbA1c, % 6.06±0.78 6.03±1.55 6.18±1.08 6.27±1.37 6.16±1.14 5.96±1.16

IgA, mg/l 2.06±1.08 2.30±1.08 2.56±1.12b 2.47±1.14c 2.61±1.35d 2.53±2.05e

IgG, mg/l 10.57±2.70 9.78±3.70 10.88±4.22 11.61±7.22 12.00±3.45d 11.56±4.14

IgM, mg/l 0.94±0.54 1.10±0.53 1.05±0.53 0.94±0.54 1.05±1.79 1.05±1.49

C3, mg/l 0.82±0.21 0.96±0.28a 0.92±0.25b 0.87±0.24 0.94±0.86d 0.77±0.20
C4, mg/l 0.21±0.06 0.23±0.08 0.22±0.08 0.22±0.07 0.23±0.07d 0.23±0.07e

Proteinuria, g/24h 0.08±0.04 2.28±2.69a 2.44±2.87b 2.25±2.82c 2.35±2.96d 3.10±2.66e

Notes: a,b,c,d,eP<0.05, vs control group. 
Abbreviations: CKD, chronic kidney disease; Hb, hemoglobin; BUN, blood urea nitrogen; TC, total cholesterol; TG, triglyceride; HDL, high-density 
lipoprotein; LDL, low-density lipoprotein; IgA, immunoglobulin A; IgG, immunoglobulin G; IgM, immunoglobulin M.

Table 2 Characteristics of Categorical Variables

Gender (Male/Female) T2DM HP

Control 31/56 19(21.8%) 53(60.9%)
CKD1 123/134 47(18.4%) 108(42.2%)

CKD2 87/84 63(36.8%) 116(67.8%)

CKD3 138/107 94(38.5%) 182(74.6%)
CKD4 77/65 62(43.7%) 120(84.5%)

CKD5 54/57 46(41.4%) 88(79.3%)

Kappa-value 12.677 150.520 374.63
p 0.027* 0.00* 0.00*

Note: *P<0.05. 
Abbreviations: CKD, chronic kidney disease; T2DM, type 2 diabetes mellitus; HP, 
hypertension.
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Table 3 Comparison of Clinical Characteristics of Macroproteinuria and Non- 
Macroproteinuria Groups

Macroproteinuria Non-Macroproteinuria t p

Age, years 54.5±18.0 62.3.6±17.8 5.801 0.000#

eGFR, mL/min*1.73m2 58.56±39.1 67.96±40.0 3.111 0.002#

Hb, g/l 117.0±27.1 118.8±23.8 0.920 0.358
BUN, mol/L 11.2±7.5 9.50±10.4 −2.24 0.025*

sCr, umol/l 207±207 143±138 −4.27 0.000#

Uric acid, umol/l 404±112 393±145 −1.30 0.193
TC, mmol/l 6.51±2.59 4.59±1.46 −9.85 0.000#

TG, mmol/l 2.24±1.45 1.72±1.35 −4.47 0.000#

HDL, mmol/l 1.21±0.47 1.10±0.37 −3.41 0.003#

LDL, mmol/l 4.14±2.09 2.75±1.05 −8.90 0.000#

Albumin, g/l 27.52±9.42 35.63±7.18 7.734 0.000#

HbA1c,% 6.12±1.42 6.14±1.25 0.235 0.83

IgA, mg/l 2.34±1.11 2.46±1.33 1.17 0.243

IgG, mg/l 8.41±3.88 11.70±4.89 9.25 0.000#

IgM, mg/l 1.16±1.47 0.90±0.43 −2.39 0.017*

C3, mg/l 0.87±0.24 0.90±0.43 1.25 0.212

C4, mg/l 0.25±0.08 0.22±0.07 −6.21 0.000#

C4/IgG 0.041±0.05 0.022±0.02 4.18 0.000#

Note: *P<0.05, #P<0.01. 
Abbreviations: eGFR, estimated glomerular filtration rate; BMI, body mass index; Hb, hemoglobin; BUN, 
blood urea nitrogen; sCr, serum creatinine; TC, total cholesterol; TG, triglyceride; HDL, high-density lipopro-
tein; LDL, low-density lipoprotein; IgA, immunoglobulin A; IgG, immunoglobulin G; IgM, immunoglobulin M.

Table 4 Correlation Between Macroproteinuria and Clinical Index

eGFR Ab BUN Scr UA TC LDL IgG C4

r −0.097 −0.413 0.119 0.16 0.07 0.358 0.325 −0.348 0.209

p 0.002# 0.000# 0.000# 0.000# 0.026* 0.000# 0.000# 0.000# 0.000#

Note: *P<0.05, #P<0.01. 
Abbreviations: eGFR, estimated glomerular filtration rate; Ab, albumin; BUN, blood urea nitrogen; Scr, 
serum creatinine; UA, uric acid; TC, total cholesterol; LDL, low-density lipoprotein; IgG, immunoglobulin 
G; C4, complement C4.

Table 5 Influence Factors of Macroproteinuria

OR 95% CI P

Gender 1.737 1.116–2.702 0.014*

Age 0.983 0.969–0.997 0.014*
Hypertension 0.886 0.553–1.474 0.886

Diabetes 0.405 0.235–0.699 0.001#

IgA 1.024 0.856–1.225 0.796
IgM 1.34 0.934–1.922 0.112

Tg 1.022 0.797–1.31 0.863

TC 1.185 0.697–2.015 0.53
HDL 1.009 0.42–2.424 0.984

C4/IgG 3.561 2.196–5.773 0.000#

HbA1c 0.834 0.68–2.289 0.081
LDL 1.255 0.688–2.289 0.458

Note: *P<0.05, #P<0.01. 
Abbreviations: IgA, immunoglobulin A; IgM, immunoglo-
bulin M; TG, triglyceride; TC, total cholesterol; IgG, 
immunoglobulin G; C4, complement C4; HDL, high- 
density lipoprotein; LDL, low-density lipoprotein.
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533.548 respectively (Supplemental Table 1). Moreover, we analyzed subgroup of IgA nephropathy with 89 patients, we 
also observed lnC4 (OR=38.092, 95% CI 1.752–828.162, p=0.021), IgG (OR=0.54, 95% CI 0.364–0.802, p=0.002) were 
independent influence factors of macroproteinuria (Supplemental Table 2).

The Predictive Ability of C4/IgG for Macroproteinuria
According to the above analysis, ROC curve was employed to evaluate the prediction efficiency of complement C4/IgG on 
the likelihood of being diagnosed with macroproteinuria. The area under the ROC curve was 0.77 (95% CI: 0.75–0.82, p < 
0.001) for C4/IgG. The analysis of ROC curves revealed a best cut-off for complement C4/IgG was 0.024 and yielded 
a sensitivity of 71% and a specificity of 71% (Figure 2A). On top of that, we performed ROC analysis in subgroup of IgA 
nephropathy patients. The area under the ROC curve was 0.841 (95% CI: 0.735–0.946, p < 0.001) for C4/IgG. The best cut- 
off for complement C4/IgG was 0.026mg/l and yielded a sensitivity of 75% and a specificity of 81.2% (Figure 2B). 
However, C4/IgG was not a good biomarker for predicting macroproteinuria in membrane nephropathy patients with 0.635 
of ROC curve (Figure 2C). Further, we analyzed the predictive ability of C4/IgG in different CKD stages. The area under 
the ROC curve was 0.772 (95% CI: 0.699–0.845, p < 0.001) for C4/IgG in CKD1 stage. The best cut-off for complement 
C4/IgG was 0.024mg/l and yielded a sensitivity of 81.5% and a specificity of 65% (Figure 3A). The area under the ROC 
curve was 0.811 (95% CI: 0.731–0.892, p < 0.001) for C4/IgG in CKD2 stage. The best cut-off for complement C4/IgG was 
0.024mg/l and yielded a sensitivity of 70.8% and a specificity of 81.5% (Figure 3B). The area under the ROC curve was 
0.785 (95% CI: 0.707–0.863, p < 0.001) for C4/IgG in CKD3 stage. The best cut-off for complement C4/IgG was 0.024mg/l 
and yielded a sensitivity of 66.7% and a specificity of 74% (Figure 3C). The area under the ROC curve was 0.835 (95% CI: 
0.741–0.93, p < 0.001) for C4/IgG in CKD4 stage. The best cut-off for complement C4/IgG was 0.024mg/l and yielded 
a sensitivity of 73.5% and a specificity of 83.3% (Figure 3D). The area under the ROC curve was 0.674 (95% CI: 0.741– 
0.93, p < 0.001) for C4/IgG in CKD5 stage. The best cut-off for complement C4/IgG was 0.024mg/l and yielded 
a sensitivity of 51.3% and a specificity of 68.1% (Figure 3E).

Discussion
The present study focused on the relationship between serum complement C4/IgG and macroproteinuria. Most patients in 
our study were characterized by normal levels of C4. However, a significant difference was observed after dividing 
patients into macroproteinuria and non-macroproteinuria groups. Further, correlation analysis revealed remarkable 
positive correlation between macroproteinuria and complement C4. In addition, the logistic regression revealed lnC4, 
IgG, LDL and gender were independent influence factors of macroproteinuria. Additionally, ROC curve was performed 

Figure 2 ROC curves for C4/IgG in predicting macroproteinuria. 
Notes: The area under the ROC curve was 0.77 (95% CI: 0.75–0.82, p < 0.001) for C4/IgG. The analysis of ROC curves revealed a best cut-off for complement C4/IgG was 
0.024 and yielded a sensitivity of 71% and a specificity of 71% (A). The area under the ROC curve was 0.841 (95% CI: 0.735–0.946, p < 0.001) for C4/IgG in IgA nephropathy 
patients. The analysis of ROC curves revealed a best cut-off for complement C4/IgG was 0.026 and yielded a sensitivity of 75% and a specificity of 81.2% (B). The area under 
the ROC curve was 0.635 (95% CI: 0.735–0.946, p < 0.001) for C4/IgG in membrane nephropathy patients (C).
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to justify the predicting function of C4/IgG and the result showed sensitivity of 71% and a specificity of 71% to predict 
macroproteinuria with best cut-off value of 0.024mg/l. The above results between C4/IgG and macroproteinuria was 
further validated in subgroup of IgA nephropathy patients. However, the predictive ability of C4/IgG for macroprotei-
nuria was not good enough in membrane nephropathy patients. Nevertheless, C4/IgG in different CKD stages revealed 
good ability to predict macroproteinuria.

Complement C4 is usually activated via classical and lectin pathways resulting in C4b and further C4c and C4d. 
Deposition of C4 in kidney tissue is uncommon which may be responsible for normal level of serum complement 
C4 in most CKD patients. To date, there are some reports about the deposition of C4d in kidney tissues. C4d is an 
activation-derived fragment of the classical pathway of the complement component C4, which is a 44.5-kD peptide 
that contains the thiol ester site and remains covalently bound to endothelial surfaces and the basement membranes. 
C4d deposition in the renal peritubular capillaries (PTC) has been found to be a sensitive and specific marker of 
antibody-mediated rejection in kidney allografts.14–17 In addition, patients with PTC C4d positive showed higher 
SLEDAI score and higher frequency of hypocomplementemia as compared to C4d negative. The prevalence of 
ANA, anti-dsDNA, anti-Sm and ACA were higher in C4d positive group, and most of these patients showed the 
diffuse proliferative glomerular lesion.18 Different with lupus nephritis, the plasma levels of C4d were significantly 

Figure 3 ROC curves for C4/IgG in predicting macroproteinuria in different CKD stages. 
Notes: The area under the ROC curve was 0.772 (95% CI: 0.699–0.845, p < 0.001) for C4/IgG in CKD1 stage. The best cut-off for complement C4/IgG was 0.024mg/l and 
yielded a sensitivity of 81.5% and a specificity of 65% (A). The area under the ROC curve was 0.811 (95% CI: 0.731–0.892, p < 0.001) for C4/IgG in CKD2 stage. The best 
cut-off for complement C4/IgG was 0.024mg/l and yielded a sensitivity of 70.8% and a specificity of 81.5% (B). The area under the ROC curve was 0.785 (95% CI: 0.707– 
0.863, p < 0.001) for C4/IgG in CKD3 stage. The best cut-off for complement C4/IgG was 0.024mg/l and yielded a sensitivity of 66.7% and a specificity of 74% (C). The area 
under the ROC curve was 0.835 (95% CI: 0.741–0.93, p < 0.001) for C4/IgG in CKD4 stage. The best cut-off for complement C4/IgG was 0.024mg/l and yielded a sensitivity 
of 73.5% and a specificity of 83.3% (D). The area under the ROC curve was 0.674 (95% CI: 0.741–0.93, p < 0.001) for C4/IgG in CKD5 stage. The best cut-off for 
complement C4/IgG was 0.024mg/l and yielded a sensitivity of 51.3% and a specificity of 68.1% (E).
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higher in patients with AAV with active disease compared with patients with lupus nephritis and normal controls. 
The plasma level of C4d in AAV patients in remission was significantly higher than that in normal controls.19 Renal 
survival at 10 years was 43.9% in C4d-positive patients versus 90.9% in C4d-negative patients from IgA nephro-
pathy study.20 Recently, a number of case reports describe a novel diagnosis of C4 glomerulopathy manifesting as 
C4d deposition in mesangial and glomerular basement membranes.10,21

The above studies have revealed a direct or indirect correlation between complement C4 and CKD. However, little is 
known about whether the serum complement C4 has a relationship with CKD. A IgA nephropathy study showed serum C4 
levels correlated significantly with clinical prognostic factors. Serum C4 levels correlated positively with urinary protein 
excretion, and negatively correlated with estimated glomerular filtration rate. Furthermore, serum C4 levels increased with 
aggravation of tubulointerstitial injury, crescents and ratios of global sclerosis.22 Another study also showed an increase in 
serum C4, as well as a decrease in C3, was an important outcome determinant for patients with IgAN.23 In our study, we also 
showed C4 was associated with proteinuria, especially macroproteinuria which is an important risk factor of CKD progres-
sion. Further, C4 was also an independent influence factor of macroproteinuria. Nevertheless, no data to date are about the 
correlation between C4 and macroproteinuria. As loss of IgG is accompanied with proteinuria which was also proved in our 
study, therefore, we analyzed whether C4/IgG could predict macroproteinuria. The ROC result revealed a good prediction 
effect of C4/IgG on macroproteinuria which attracted our attention to the level of C4/IgG in CKD patients. Our study not only 
revealed correlation of C4/IgG and macroproteinuria in general CKD patients, but also in IgA nephropathy, membrane 
nephropathy and different CKD stages supplying a good biomarker for predicting macroproteinuria in CKD patients.

There are some limitations in our study. Firstly, we did not give the follow-up results. Therefore, the correlation of C4/IgG 
and survive of CKD may not be elucidated. Our study revealed C4/IgG had positive relationship with macroproteinuria which 
suggesting elevated C4/IgG has an indirect aggravation of kidney function. Secondly, only 268 patients received kidney 
biopsy in our study which limited the analysis efficiency to differentiate the role of C4 in variable pathology of CKD.

Taken together, our study revealed different levels of serum complement C4 in macroproteinuria and non- 
macroproteinuria patients. C4/IgG had a pretty good predicting effect on the occurrence of macroproteinuria. Therefore, 
C4/IgG could be used clinically to help clinicians to assess the probability of macroproteinuria in CKD patients. Also, it could 
be used as a biomarker to determine whether the treatment regimes are enough for proteinuria in CKD patients.
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