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Abstract 

Background: Diabetic nephropathy (DN) has been associated with 

increased renal expression of complement factors C3, C4, and C9, as 

well as increased expression of C1q, C1s, and C1r, which suggest a 

role for the classical complement pathway. 

Objective: To investigate serum C4d as a biomarker for diabetic 

nephropathy in T2 diabetes. 

Materials and methods: we enrolled 120 patients with Type 2 

diabetes, along with 60 healthy control subjects. Kidney function tests, 

albumin/creatinine ratio, serum HbA1c& serum C4d were measured in 

all candidates. 

Results: Creatinine was significantly higher and eGFR was 

significantly lower in the group with diabetes as compared to controls 

(P <0.001), Serum C4d was significantly higher in the group with 

diabetes.There was a significant positive correlation between C4d on 

one hand, and HbA1c, creatinine, albuminuria, and progression of 

DKD stage on the other hand.Multivariable regression showed that 

age, HbA1c and C4d level were independent predictors of DKD and 

its stages. C4d, at a cut off value > 1 predicted DM with 80% 

specificity and 38% sensitivity(P 0.02). 

Conclusion: The complement fragment C4d level is strongly 

associated with diabetic nephropathy and its stages. C4d is 

significantly higher in patients with diabetic nephropathy, and it is 

positively correlated with creatinine, decline of GFR and proteinuria. 

Also, its level increases with the progression of DKD stage. C4d is a 

specific rather than sensitive tool for early detection of DKD. 
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INTRODUCTION 

Diabetes has a significant influence on one's health and is associated with significant individual 

and social consequences. (1,2) 

More than 1 million deaths were attributed to diabetes and its complications.(3) 

The UK Prospective Diabetes Study (UKPDS) of 1998 and the Steno-2 Study are both notable 

research endeavors in the field of diabetes. (4)Research has shown that persistent hyperglycemia 

is a contributor to complications in diabetes. The extent of tissue damage in individuals with 

diabetes is influenced by both genetic susceptibility factors and accelerating variables such as 

hypertension and dyslipidemia.  

An expanding body of clinical and experimental evidence indicates an association between the 

complement system, complement regulatory proteins and the pathophysiology of diabetes 

complications. (5,6)New findings suggest that the complement system plays a role in various 

aspects of cardiometabolic sequalae.This involves disturbances in the metabolism of adipose 

tissue, subtle localized inflammation, increased activity of adhesion molecules and the presence of 

proinflammatory cytokines within endothelial cells, resulting in both endothelial dysfunction as 

well as insulin resistance. (7,8)Previous studies have established that people with diabetic 

nephropathy had significantly higher urine C4blevels than subjects without the condition, which 

may be a factor in delaying the progression of DN to end-stagerenal disease (ESRD). As per these 

findings, C4b may be used as a non-intrusive biomarker for the early diagnosis of DN(9). 

It's been proven that by the time microalbuminuria presents clinically, severe structural 

abnormalities in the glomerular basement membrane may already have occurred. (10). 

Microalbuminuria, when considered as a whole, may be more of a diagnostic sign than a tool for 

predicting DN. As a result, as per our work and other published studies, using the measurement of 

C4d in bloodshould be considered among alternative biomarkers for the early prediction of DN. 

The goal of this study is to look at the role of complement activation using plasma C4d in the early 

detection of DN in people with type 2 diabetes. 

 

PATIENTS AND METHODS 

We recruited 120 patients diagnosed with T2DM from internal medicine wards or internal 

medicine & endocrinology clinics, and 60 healthy control subjects of the same age and gender 

to conduct a cohort study. 

Any patient who was having type 2 diabetes was eligible for inclusion in the current study, while 

patients with non-diabetic kidney disease, autoimmune disease, malignancy and chronic infectious 

disease were excluded. 

 

All participants signed an informed consentafter explaining the study procedure, presumed risks 

& benefits. All patients were subjected to complete history taking, systematic clinical examination, 

blood pressure measurement (hypertension was diagnosed in our study if it is ≥ 140/90 according 

to ADA 2020), waist circumference and pinprick testing for peripheral neuropathy.Pin prick 

testing was done by a pin applied proximally to the big toenail, (0 if normal, 1 if peculiar). A 

Fundus examination was done to screen for diabetic retinopathy. 

 

Laboratory tests as HbA1C, AST, ALT and fasting lipid profile.As regards HbA1c, it was done 

using the immunoturbidmetry technique, and normal level is considered below 5.7% percent, 

prediabetes ranges from 5.7% to 6.4% and diabetes from 6.5% and above (11).Dyslipidemia is 
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considered if serum cholesterol is above 200 mg/dL, triglycerides above 150 mg/dL (HDL) 

cholesterol below 60 mg/dL and (LDL) cholesterol above 100 mg/dL (12). 

 

Albumin creatinine ratio was measured by dividing urinary albumin in mg/L by 

urinary creatinine in gm/L in spot urine sample,where normo-albuminuria with ACR: < 30 mg/ 

gm creatinine, moderately increased albuminuria with ACR 30 mg-300 mg/gm creatinine and 

severely increased albuminuria (macro-albuminuria) with ACR>300 mg/ gm creatinine were 

defined (13). 

 

Estimated GFR was calculated using the CKD-EPI creatinine equation  

(14) 

GFR = 141 x min (Scr/κ,1) α x max (Scr/κ, 1)-1.209 x 0.993Age x 1.018 [if  

female] x 1.159 [if black] 

Scr is serum creatinine (mg/dL), κ is 0.7 for females and 0.9 for males, α is - 

0.329 for females and -0.411 for males, min indicates the minimum of Scr/κ or  

1, and max indicates the maximum of Scr/κ or 1(15). Estimated GFR CKD-EPI was measured by 

mobile application. 

 

Complement fragment 4d: 

Serum human complement fragment (C4d) testing was done to all subjects. The kit uses enzyme-

linked immunosorbent assay (ELISA) to assay the level of Human Complement Fragment 4d. 

 

Ethical approval and consent to participate: study protocol and informed consent were 

submitted for Institutional Review Board and Ethical Committee at the internal medicine 

department of XXX and approval was granted on 19.2.2019. 

 

Statistical analysis: 

The analysis was conducted utilizing MedCalc Statistical Software version 19.2 (MedCalc 

Software Ltd, Ostend, Belgium; https://www.medcalc.org; 2020). The assessment of normal 

distribution for continuous data was carried out through the D'Agostino-Pearson test. It was observed 

that normal distribution was not evident in all variables except for age, consequently leading to the 

application of non-parametric tests.For comparison, the Mann-Whitney test was utilised. Ordinal data 

was subjected to the Chi-squared test. 

 

RESULTS 

 

A full set analysis was formed of 120 diabetic patients along with 60 gender matched healthy 

controls. Creatinine was significantly higher and eGFR was significantly lower in the group with 

diabetes as compared to controls (P <0.0001).C4d was significantly higher in the group with 

diabetes with (P < 0.009) table 1. 

 

Table 1: Comparison of Laboratory Results between the study group and the control group  
Diabetes Group Control Group 

 

 
Range Mean ± SD Range Mean ± SD P value 

Age  41 to 82 58.9 ± 8.6 21 to 71 43.1 ± 12.4 <0.001’ 

Females (n, %) 73  60.8% 44 73.3% 0.097* 



Shaimaa A. Fathy/Afr.J.Bio.Sc. 6(Si3) (2024)                                            Page 1253 to 10 

Creatinine (mg/dL) 0.55 to 9 1.82 ± 1.76 0.45 to 

1.0 

0.76 ± 0.11 <0.000

1 

eGFR (mL/min/1.73 m2) 4.34 to 

134.9 

70.8 ± 28.2 90 to 120 106 ± 10.39 <0.000

1 

C4d 0.4 to 19.5 1.673 ± 

2.94 

0.3 to 1.8 0.75 ± 

0.311 

0.009 

HbA1c (Normally: 4-

5.6%) 

6 to 15.3 8.7 ± 1.81 . . NA 

Albuminuria 0 to 1477 145 ± 253.4 . . NA 

‘ independent T-test, Mann Whitney U test, *Chi2 test. 
   

 

Ninety seven patients were diagnosed with DKD, 60 of which had both albuminuria greater than 

30 by albumin creatinine ratio and decreased eGFR < 90. Eleven of the DKD patients, however, 

had a normal eGFR with albuminuria and 26 had no albuminuria but had decline of eGFR. In the 

diabetic group the number of patients with decreased eGFR is 86 (71%). Sixteen patients (13.3% 

of the study group) had macroalbuminuria and 55 patients (45.8% of the study group) had 

microalbuminuria.  

 
Figure 1: counts of patients included regarding albuminuria: Sixteen patients (13.3% of the 

study group) had macroalbuminuria and 55 patients (45.8% of the study group) had 

microalbuminuria.  
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Figure 2: frequency of DKD stages in patients with diabetes 

 

Univariate Regression analysis showed that there is positive relationship between C4d, creatinine, 

albuminuria, stage of DN, HbA1c, and duration of diabetes. While C4d was negatively correlated 

to eGFR. Table 2. 

Table 2: univariate linear regression model showing relationship of C4d versus various 

variables among diabetic patients. 

Variable Coefficient Std. Error 95% CI t P 

Albuminuria 0.004 0.001 0.0023 to 0.0062 4.336 <0.0001 

Creatinine  0.556 0.111 0.3360 to 0.7758 5.005 <0.0001 

DKD stage  0.745 0.106 0.5346 to 0.9555 7.010 <0.0001 

eGFR -0.017 0.004 0.009715 to 0.02453 4.577 <0.0001 

HbA1c 0.183 0.030 0.1229 to 0.2423 6.055 <0.0001 

Duration of DM  0.133 0.027 0.07986 to 0.1870 4.932 <0.0001 

 

All potiential variables that can affect diabetic kidney disease which are age, gender, Hba1c, 

dyslipidemia, elevated liver enzymes, retinopathy, neuropathy and duration of diabetes, were 

entered together with the C4d level into a multiple regression model as independent predictors of 

DKD. DKD was expressed in terms of the 5 DKD stages. Multivariable regression analysis showed 

that age, serum C4d level, and HbA1c were independent predictors of DKD and progression to 

ESRD. Table 3. 

 

Table 3: Multivariable linear regression model showing significant variables, that are 

independent predictors of DKD progression through the 5 stages. 

Independent variables Coefficient Std. Error t P value 

Age 0.04689 0.007577 6.189 <0.0001 

C4d 0.06272 0.02825 2.22 0.028 
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HbA1c 0.09005 0.04531 1.988 0.049 

 

Reciever Operating Characteristic (ROC) curve analysis showed that C4d can significantly predict 

GFR <90 ml/kg/min, and nephropathy using cutoff point >1 with sensitivity 38.37 %, specificity 

79.79 % and sensitivity 37.11 %, specificity 80.72% respectively. It was NOT significant as a 

predictor of proteinuria.    

 

Table 4: ROC curve analysis testing of C4d against various outcomes 

Variables Cut toff Sensitivity % Specificity % AUC P value 

Proteinuria >1.5 22.54 94.5 0.525 0.5763 

GFR decline >1 38.37 79.79 0.599 0.0184 

Nephropathy >1 37.11 80.72 0.597 0.0213 

 

 
Figure 3 Receiver Operating Characteristic (ROC) curve analysis of C4d as a marker of 

nephropathy(proteinuria and/or GFR decline). 
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DISCUSSION 

 

Diabetic kidney disease (DKD) normally progresses over period of time and eventually results in 

end-stage kidney disease. A developing pathogenesis of inception as well as also progression of 

DKD is complement system activation. We steered a cross section analytical study to assess the 

complement activation using plasma C4d in early recognition of DN in type 2 diabetics. To the 

best of our understanding, this study represents the initial identification of an association between 

serum C4d levels and the extent of decline in renal function. 

 

In the current study we found that renal functions were significantly impaired among diabetics 

compared to heathy population. The incidence of decreased eGFR, microalbuminuria, and 

macroalbuminuria among the included diabetics were 71%, 45.8%, and 13.3% correspondingly.  

 

These findings were higher than the rates reported by Kene et al., and Nata et al., 43% and 39.2% 

respectively. We believe that this difference was principally due to the larger sample size of later 

mentioned studies (16, 17). 

 

We found that serum C4d was significantly higher in the group with diabetes versus healthy 

participants. It was significantly correlated with albuminuria, and stage of DKD. Our findings are 

coherent with Pascal et al., who discovered that subjects with diabetes had much higher rates of 

Figure 4 Receiver Operating Characteristic (ROC) curve analysis of C4d as a marker of 

GFR decline. 
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C4d deposits in the glomeruli than did the non-diabetic cases. C4d deposits were found in 38%, 

48%, and 22% of the cases, respectively, in the glomeruli and glomerular hili, as well as arterioles 

(18). 

 

Li, et al., asserted 7 distinct complement components (C1q, MBL, Bb, C4d, C3a, C5a, and sC5b-

9) were measured in blood plasma and urine to demonstrate complement activation in diabetic 

nephropathy. Patients with DKD had considerably greater levels of these components than DM 

patients without renal involvement (19). 

 

Our results support the findings reported by Wlazlo et al., who found that baseline levels of C3 

were originally associated with incident T2DM. as well, plasma C3 levels were originally linked 

to estimated insulin resistance in muscle, liver, and adipocytes, and glucose tolerance (20). 

 

Urinary complement component levels and proteinuria (sC5b-9, C4a, factor Bb, MASP-1, and 

C1q) in diabetic patients were found to be significantly correlated by Pelletier et al. Additionally, 

an association was discovered between complement activation and the loss in renal function as 

well as a strong correspondence with the control of diabetes (21). 

Our data showed that C4d can pointedly predict eGFR <90 ml/kg/min, and nephropathy using 

cutoff point >1 with sensitivity 38.37 %, specificity 79.79 % and sensitivity 37.11 %, specificity 

80.72% respectively. Our study results signify that serum C4d is higher along with the progression 

of nephropathy. Therefore it functions as one of the biomarkers that can detect early diabetic 

nephropathy changes. 

C4d as a marker failed to predict proteinuria per se, but it was specific for GFR decline, and 

progression through DKD stages. This correlation with proteinuria stands in opposition with Duan 

et al , who found that serum C4 levels showed positive associations with proteinuria, the rate of 

the progression to ESRD and doubling serum creatinine (22).  

The main strength of the current study is the innovation of measuring serum C4d compared to 

other studies that assessed Cd4 deposits in renal tissues and urinary complements. We faced few 

restraints in terms of relatively small sample size compared to above mentioned cross section 

studies, being a single institutional study, which limits the generalizability of the study results. 

Further studies are still commanded to evaluate the role of serum C4d as a predictor for diabetic 

nephropathy. 

Accordingly, our conclusion is: The complement fragment C4d level is associated with diabetic 

nephropathy and its stages. C4d is significantly higher in patients with diabetic nephropathy, and 

it positively shows a relationship with creatinine, decline of GFR and proteinuria. Also, its level 

increases with the progression of DKD stage. C4d is a specific rather than sensitive tool for early 

detection of DKD. 

 

CONCLUSION 

The complement fragment C4d level is strongly associated with diabetic nephropathy and its 

stages. C4d is significantly higher in patients with diabetic nephropathy, and it is positively 

correlated with creatinine, decline of GFR and proteinuria. Also, its level increases with the 

progression of DKD stage. C4d is a specific rather than sensitive tool for early detection of DKD. 

 

 

Acknowledgments: 



Shaimaa A. Fathy/Afr.J.Bio.Sc. 6(Si3) (2024)                                            Page 1258 to 10 

We would like to acknowledge our great Kasr Al Ainy Hospital and its workers, nurses 

and staff members for all the support and help in this study and throughout our careers. 

 

Authors’ contribution:  

AA and AH analyzed and interpreted the patient’s data. AA collected the data. UA wrote 

the statistics of the manuscript. SF was a major contributor in writing the manuscript. AE and AS 

suggested the objective of the work, supervised the work and revised the results and manuscript. 

All authors read and approved the final manuscript. 

 

Funding: 

Authors received no funding for this study. 

 

Declarations: 

Ethical approval and consent to participate: study protocol and informed consent were 

submitted for Institutional Review Board and Ethical Committee at the internal medicine 

department of Cairo University and approval was granted on 19.2.2019. 

Consent for publication: 

Oral and written informed consents were obtained from the patients or from the eligible relatives. 

Competing interest: 

The authors declare that they have no competing interests. 

 

REFERENCES 

1. Flyvbjerg A. The role of the complement system in diabetic nephropathy. Nat Rev Nephrol. 

2017;13:311–318. 

2. Saeedi P, Petersohn I, Salpea P, Malanda B, Karuranga S, Unwin N, et al. Global and 

regional diabetes prevalence estimates for 2019 and projections for 2030 and 2045: Results from 

the International Diabetes Federation Diabetes Atlas, 9th edition. Diabetes Research and Clinical 

Practice. 2019;157:107843. 

3. Khan MAB, Hashim MJ, King JK, Govender RD, Mustafa H, Al Kaabi J. Epidemiology 

of Type 2 Diabetes - Global Burden of Disease and Forecasted Trends. Journal Epidemiol 

GlobHealth. 2020;10(1):107-11. 

4. King P, Peacock I, Donnelly R. The UK prospective diabetes study (UKPDS): clinical and 

therapeutic implications for type 2 diabetes. Br J Clin Pharmacol. 1999 Nov;48(5):643-8. doi: 

10.1046/j.1365-2125.1999.00092.x. PMID: 10594464; PMCID: PMC2014359. 

5. Acosta J, Hettinga J, Flückiger R, et al. Molecular basis for a link between complement 

and the vascular complications of diabetes. Proc Natl Acad Sci USA. (2000) 97:5450–5. 

6. Gerl VB, Bohl J, Pitz S, et al. Extensive deposits of complement C3d and C5b-9 in the 

choriocapillaris of eyes of patients with diabetic retinopathy. Invest Ophthalmol Vis Sci. 

2002;43:1104–1108 

7. Ghosh P, Sahoo R, Vaidya A, et al. Role of complement and complement regulatory 

proteins in the complications of diabetes. Endocr Rev. 2015;36(3):272-88. 

8.  Hertle E, Stehouwer CD, van Greevenbroek MM. The complement system in human 

cardiometabolic disease. Mol Immunol. 2014;61:135–148 

9. Kim K-S, Lee J-S, Park J-H, Lee E-Y, Moon J-S, Lee S-K, et al. Identification of novel 

biomarker for early detection of diabetic nephropathy. Biomedicines. 2021;9(5):457 



Shaimaa A. Fathy/Afr.J.Bio.Sc. 6(Si3) (2024)                                            Page 1259 to 10 

10. Perkins BA, Ficociello LH, Roshan B, et al. In patients with type 1 diabetes and new-onset 

microalbuminuria the development of advanced chronic kidney disease may not require 

progression to proteinuria. Kidney Int. 2010;77:57–64. 

11.  Diabetes Care 2023;46(Supplement_1):S19–S40 

12.        Lee, Y., & Siddiqui, W. J. (2021). Cholesterol levels. In StatPearls [Internet]. StatPearls 

Publishing. 

13. De Boer IH, Rue TC, Hall YN, et al. Temporal trends in the prevalence of diabetic kidney 

disease in the United States. JAMA 2011;305:2532–2539 

14. Matsushita K, Mahmoodi BK, Woodward M, et al. Comparison of risk prediction using the 

CKD-EPI equation and the MDRD study equation for estimated glomerular filtration rate. JAMA. 

2012 May 9;307(18):1941–1951. 

 

15. Levey AS, Stevens LA, Schmid CH, et al. A new equation to estimate glomerular filtration 

rate. Ann Intern Med. 2009;150:604–612. 

16. Nata N, Rangsin R, Supasyndh O, Satirapoj B. Impaired glomerular filtration rate in type 

2 diabetes mellitus subjects: a nationwide cross-sectional study in Thailand. J.Diabetes Res. 

2020;2020. 

17. Kene K, Wondimnew T, Welde M, Mateos T, Adugna T, Gerema U, et al. Prevalence and 

determinants of Impaired Serum Creatinine and Urea among type 2 diabetic patients of jimma 

medical center, Jimma, Southwestern Ethiopia, 2019. Endocrine and Metabolic Science. 

2021;3:100096. 

18. Bus P, Chua JS, Klessens CQF, Zandbergen M, Wolterbeek R, van Kooten C, et al. 

Complement Activation in Patients With Diabetic Nephropathy. Kidney Int Rep. 2018;3(2):302-

13. 

19. Li XQ, Chang DY, Chen M, Zhao MH. Complement activation in patients with diabetic 

nephropathy. Diabetes & Metabolism. 2019;45(3):248-53. 

20. Wlazlo N, Van Greevenbroek MMJ, Ferreira I, Feskens EJM, Van Der Kallen CJH, 

Schalkwijk CG, et al. Complement factor 3 is associated with insulin resistance and with incident 

type 2 diabetes over a 7-year follow-up period: the CODAM Study. Diabetes care. 

2014;37(7):1900-9. 

21. Pelletier K, Bonnefoy A, Chapdelaine H, Pichette V, Lejars M, Madore F, et al. Clinical 

value of complement activation biomarkers in overt diabetic nephropathy. Kidney International 

Reports. 2019;4(6):797-805. 

22. Duan S, Sun L, Nie G, Chen J, Zhang C, Zhu H, Huang Z, Qian J, Zhao X, Xing C, Zhang B 

and Yuan Y (2020) Association of Glomerular Complement C4c Deposition With the Progression 

of Diabetic Kidney Disease in Patients With Type 2 Diabetes. Front. Immunol. 11:2073. doi: 

10.3389/fimmu.2020.02073 

 


