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Abstract
Purpose It has been proven that fibrinogen deposition exists in IgA nephropathy (IgAN), but its clinical significance has 
not been identified. We aim to investigate the clinical implication of fibrinogen deposition in evaluating the activity and 
prognosis of IgA nephropathy.
Methods In this cohort, 935 adult IgAN patients were divided into 3 groups according to the intensity of glomerular fibrino-
gen deposition. Primary outcome refers to a composite event of either a ≥ 50% reduction in eGFR or ESRD (eGFR < 15 ml/
min/1.73m2, dialysis, or renal transplantation). Factors associated with fibrinogen deposition and prognosis were identified.
Results The results showed that the intensity of fibrinogen deposition was positively correlated with eGFR (P < 0.001), 
serum albumin (P = 0.041), and hemoglobin levels (P < 0.05), but negatively correlated with age (P = 0.04), serum fibrinogen 
levels (P < 0.001), serum C4 (P = 0.023), the proportion of patients with hypertension (P = 0.003), and the percentage of 
glomeruli sclerosis (P < 0.001). The prognostic analyses identified that fibrinogen deposition was an independent predictor 
for the progression of IgAN (P = 0.033).
Conclusion Our study indicated that the deposition of renal fibrinogen can predict the prognosis of IgAN with high reliability.
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Introduction

IgA nephropathy (IgAN) is the most common form of pri-
mary glomerulonephritis throughout the world [1, 2]. IgAN 
is a mesangial proliferative glomerulonephritis, character-
ized by the predominant deposition of IgA (mainly galac-
tose-deficient IgA1) in mesangium. The clinical and his-
tological manifestations of IgAN are highly variable, and 
the prognosis is diverse correspondingly. About one-third 
of IgAN patients develop end-stage renal disease within 
20–30 years after the initial diagnosis [3]. The previous stud-
ies have identified some risk factors for the progression of 
IgAN, but it is still challenging on this issue [4].

Fibrinogen is a soluble 340-kD plasma glycoprotein pre-
dominantly synthesized in the liver by hepatocytes with the 
chief function of hemostasis. It is mainly involved in blood 
coagulation and considered as a key regulator of inflam-
mation in disease [5, 6]. In the recent years, fibrinogen had 
attracted attention for its unique role in the pathogenesis of 
kidney disease, mainly on the podocytes [7–10]. Published 
studies showed that the levels of urinary fibrinogen were 
elevated in some chronic kidney diseases and acute kidney 
injuries [11, 12]. Recently, the significance of the deposi-
tion of fibrinogen in IgAN has attracted much attention [13]. 
However, the predictive value of the deposition of fibrinogen 
has been unclear until now. In the present study, we explored 
the role of the renal deposition of fibrinogen for evaluating 
the activity and predicting the prognosis of IgAN with the 
data of a large cohort.
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Materials and methods

Study population and data extraction

The patients were recruited consecutively according to the 
following criteria: (1) the diagnosis of IgAN was based 
on renal biopsy in our department from January 2013 to 
December 2017, which showed mesangial expansion or 
proliferation on light microscopy and significant deposi-
tion of IgA in mesangium by immunofluorescence; (2) all 
the patients were adults older than 14; (3) IgAN was not 
secondary, such as Henoch–Schonlein purpura, systemic 
lupus erythematosus, liver disease, ankylosing spondylitis, 
psoriasis, etc.; (4) no corticosteroids and immunosuppres-
sants were treated before the start of the present study, 
which was defined as the day of renal biopsy. The data of 
follow-up were collected until December 2019.

Besides, we gathered the following clinical data before 
renal biopsy: sex, age, history of hypertension, serum 
levels of fibrinogen, C3, C4, IgA, IgM, IgG, creatinine, 
and uric acid, 24-h urinary protein excretion (UPE), red 
blood cell counts of each high power field in urine, etc. 
In the period of follow-up, serum creatinine, 24-h UPE, 
blood pressure, and therapeutic regiments were collected. 
The Chronic Kidney Disease Epidemiology Collaboration 
(CKD-EPI) formula was used for calculating the estimated 
glomerular filtration rates (eGFRs) [14].

Renal pathological evaluation and detection 
of renal deposition of fibrinogen

Adequate renal tissue was obtained by renal biopsy to 
evaluate renal pathological lesions (eight glomeruli or 
more in light microscopy, immunohistology, and electron 
microscopy examination). Two pathologists evaluated 
the pathological manifestations separately according to 
Oxford classifications [15, 16], including mesangial pro-
liferation, segmental glomerulosclerosis, endocapillary 
hypercellularity, tubular atrophy/interstitial fibrosis and 
crescents (cellular or fibrocellular crescents). Besides, we 
calculated the ratios of global sclerosis.

The location of renal fibrinogen deposition was inves-
tigated by immunofluorescent staining. The polyclonal 
rabbit anti-human fibronectin antibodies (Dako, Den-
mark) diluted 1:50 in PBS were applied to the slides and 
incubated at 37℃ for 1 h. Then the slides were washed in 
PBS three times. Renal deposition of fibronectin by immu-
nofluorescence was detected using an Olympus BX51 
microscope.

The grades of fluorescence intensity were defined 
according to the following criteria: negative, no 

fluorescence under a low-power lens, little fluorescence 
under a high-power lens; 1 + , little fluorescence under a 
low-power lens, some under a high-power lens; 2 + , some 
fluorescence under a low-power lens, clear under a high-
power lens.

Treatment protocol

The patients were treated according to the following items 
[17]. The patients with hematuria and/or UPE < 1 g/24 h 
with normal renal function were administrated with non-
immunosuppressive therapeutic regimen, including angi-
otensin-converting enzyme inhibitors (ACEIs) or angio-
tensin II receptor blockers (ARBs), fish oil, statins, and 
anti-platelets. The patients with proteinuria of  ≥ 1.0 g/24 h 
and pathological manifestations of cellular/fibrocellular 
crescents, moderate to severe mesangial proliferation and/
or interstitial cell infiltration were treated with immunosup-
pressive regimens, including corticosteroids, cyclophospha-
mide, mycophenolate mofetil, leflunomide or tripterygium 
glycosides alone or in combination, and non-immunosup-
pressive therapy were also administrated in these patients 
if necessary.

Endpoints and definitions

The present study specified a composite event of either 
a ≥ 50% reduction in eGFR or ESRD (eGFR < 15  ml/
min/1.73  m2, dialysis, or renal transplantation) as the pri-
mary outcome [17]. Hypertension was defined if arterial 
blood pressures were at or above 140/90 mmHg twice or 
more on different days, or if the target levels of less than 
140/90 mmHg were reached with the control of anti-hyper-
tensive medications [17].

Statistical analyses

As we described in the previous study [17]. Normally dis-
tributed continuous variables were expressed as mean with 
standard deviation (SD) and compared with the T test or the 
analysis of variance, whereas skewed distributed continuous 
variables were expressed as median with quartile range and 
compared with the nonparametric test. The categorical vari-
ables were expressed with absolute frequencies and percent-
ages and analyzed with the Chi-square test. To identify the 
independent prognostic value of renal fibrinogen deposition, 
a Cox proportional hazards regression model was applied 
for univariable and multivariable analyses by the “Enter” 
method. The Kaplan–Meier survival analysis was applied 
to estimate the predictive significance of renal fibrinogen 
deposition for the prognosis. Two-tailed P values less than 
0.05 was considered statistically significant. SPSS version 
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22.0 (SPSS, Inc., Chicago, IL, USA) was used for all the 
analytic procedures.

Results

Baseline characteristics of the study population

There were 935 adult patients with IgAN included (447males 
and 488 females). The age was 37.96 ± 12.71 years old. 
The mean values for eGFR and proteinuria level were 
82.85 ± 33.93 ml/min/1.73  m2 and 2.04 ± 2.24 g/day, sepa-
rately. The percentages of the patients with chronic tonsilli-
tis, hypertension, and hyperuricemia at study initiation were 
32.3%. 39.8%, and 43.2% separately. The immunosuppres-
sants were not administered before study initiation. Finally, 
861patients (92.09%) had complete follow-up information. 
On average, the follow-up lasted 47 ± 15 months. Finally, 
115 patients (13.36%) were exposed to the composite events, 
of which 67 patients (7.78%) progressed toward ESRD, and 
48 patients (5.57%) developed a ≥ 50% reduction in eGFR.

Correlations between fibrinogen deposition 
and clinical parameters

Immunofluorescent staining with renal tissue showed no 
fibrinogen deposition in 482 patients, glomerular fibrinogen 

deposition with an intensity of “1 + ” in 328 patients, and an 
intensity of “2 + ” in 125 patients. The baseline clinical char-
acteristics grouped by F0, F1, and F2 are shown in Table 1.

The intensity of fibrinogen deposition was positively 
correlated with eGFR [F0, 82.39, IQR (50.34–109.48); 
F1, 94.04, IQR (59.28–114.26); F2, 102.39, IQR 
(77.80–121.69); P < 0.001], serum albumin [F0, 37.20, 
IQR (33.60–40.30); F1, 37.80, IQR (34.50–40.60); F2, 
38.40, IQR (35.13–41.20); P = 0.041], and the levels of 
hemoglobin [F0, 129.82 ± 20.29; F1, 133.38 ± 19.79; F2, 
137.23 ± 21.74; P01 = 0.015, P12 = 0.073, P02 < 0.001], but 
negatively correlated with age [F0, 37, IQR (29–47); F1, 35, 
IQR (28–46); F2, 34, IQR (26–44); P = 0.04], the levels of 
serum fibrinogen [F0, 3.77, IQR (3.13–4.56); F1, 3.65, IQR 
(3.08–4.28); F2, 3.33, IQR (2.93–3.93); P < 0.001], serum 
C4 [F0, 0.24, IQR (0.20–0.29); F1, 0.24, IQR (0.20–0.28); 
F2, 0.22, IQR (0.18–0.27); P = 0.023], and the ratios of 
patients with hypertension (F0, 54.79%; F1, 50.46%; F2, 
39.52%, P = 0.003) (Fig. 1).

In addition, the levels of serum IgA increased in parallel 
to the intensity of fibrinogen deposition, but without sta-
tistical significance [F0, 3.23, IQR (2.48–4.08); F1, 3.24, 
IQR (2.46–4.12); F2, 3.31, IQR (2.55–4.13), P = 0.863]. The 
levels of urinary protein excretion in the patients with fibrin-
ogen deposition were lower than those without fibrinogen 
deposition, but with no statistical significance [F0, 1.37, IQR 
(0.58–2.78); F1 & F2, 1.31, IQR (0.59–2.54), P = 0.449].

Table 1  Baseline characteristics of the patients grouped by F0, F1, and F2

UPE urinary protein excretion, eGFR estimated glomerular filtration rate

F0 F1 F2 P value

Number 482 328 125 –
Sex (male %) 47.10 48.78 48.00 0.894
Age 37 (29–47) 35 (28–46) 34 (26–44) 0.04
Hypertension (%) 54.79 50.46 39.52 0.003
Urinary protein excretion (g/d) 1.37 (0.58–2.78) 1.42 (0.63–2.63) 1.06 (0.55, 2.15) 0.079
eGFR (ml/min/1.73m2) 82.39 (50.34–109.48) 94.04 (59.28–114.26) 102.39 (77.80–121.69) 0.041
Hemoglobin (g/L) 129.82 ± 20.29 133.38 ± 19.79 137.23 ± 21.74  < 0.05
Serum fibrinogen (g/L) 3.77 (3.13–4.56) 3.65 (3.08–4.28) 3.33 (2.93–3.93)  < 0.001
Serum IgA (g/L) 3.23 (2.48–4.08) 3.24 (2.46–4.12) 3.31 (2.55–4.13) 0.863
Serum IgG (g/L) 11.10 (9.09–13.2) 11.00 (9.04–12.95) 11.3 (9.32–13.35) 0.828
Serum IgM (g/L) 1.05 (0.75–1.45) 1.08 (0.78–1.52) 1.05 (0.74–1.35) 0.897
Serum C3 (g/L) 1.00 (0.87–1.14) 1.01 (0.86–1.18) 0.98 (0.84–1.12) 0.967
Serum C4 (g/L) 0.24 (0.20–0.29) 0.24 (0.20–0.28) 0.22 (0.18–0.27) 0.023
Serum albumin (g/L) 37.20 (33.60–40.30) 37.80 (34.50–40.60) 38.40 (35.13–41.20) 0.041
M1(%) 80.08 86.89 75.20 0.006
E1(%) 22.20 23.17 29.60 0.217
S1(%) 67.43 64.94 66.40 0.763
T1 and T2 (%) 47.10 40.85 29.60 0.001
C1 and C2 (%) 47.30 47.56 45.60 0.929
Glomeruli with global sclerosis (%) 0.19 (0.06–0.42) 0.15 (0.06–0.31) 0.09 (0–0.24)  < 0.001



1860 International Urology and Nephrology (2023) 55:1857–1864

1 3

Fig. 1  Comparison of clinical 
parameters among the patients 
with different degrees of 
fibrinogen deposition



1861International Urology and Nephrology (2023) 55:1857–1864 

1 3

However, the condition of fibrinogen deposition showed 
no statistically significant correlation with serum levels of 
uric acid, IgG, IgM, and C3.

Correlations between fibrinogen deposition 
and pathological parameters

The baseline pathological characteristics grouped by F0, 
F1, and F2 are shown in Table 1. The degree of fibrino-
gen deposition showed a significant negative relation to the 
percentage of glomeruli with global sclerosis [F0, 0.19, 
IQR (0.06–0.42); F1, 0.15, IQR (0.06–0.31); F2, 0.09, IQR 
(0–0.24); P < 0.001] (Fig. 2). The percentage of fibrinogen 
deposition decreased with the aggravation of tubulo-inter-
stitial injury (54.01% vs 46.77% vs 32.37, P < 0.001). On the 
other hand, the fibrinogen deposition showed no statistically 
significant correlation with mesangial hypercellularity score 
(M), endocapillary hypercellularity (E), segmental sclerosis 
(S), and crescent formation (C).

Correlation between renal fibrinogen deposition 
and prognosis

The patients followed up for more than 1 year were included 
for investigating the association of renal fibrinogen deposi-
tion with the prognosis.

Seventy-four patients (7.91%) were lost, and the mean 
follow-up period was 47 ± 15 months. Finally, 115 patients 
(13.36%) developed the study endpoint.

The incidence rates of the composite endpoints decreased 
significantly with the increase of renal fibrinogen deposi-
tion (20.69% vs 7.42% vs 1.72%, P < 0.001). According to 
the univariable analysis, the following clinicopathological 
variables were identified as potential prognostic factors: sex, 
age, hypertension, proteinuria, renal function (i.e., eGFR), 
serum uric acid, IgA, C3, C4, and fibrinogen, administration 
with RASI, deposition of fibrinogen, M, S, T, C, and ratios 

of global sclerosis (Table 2). The multivariable analysis veri-
fied that glomerular deposition of fibrinogen was an inde-
pendent predictor for the progression of IgAN (P = 0.033) 
(Table 2). The Kaplan–Meier survival curves showed no 
cross, indicating that the PH assumption was not violated, 
and revealed that glomerular deposition of fibrinogen well 
differentiated the prognosis in IgAN (Fig. 3). 

Discussion

The present study with 935 IgAN patients showed that the 
deposition of fibrinogen in the mesangium was an important 
prognostic factor for IgAN. First, the intensity of fibrinogen 
deposition positively correlated with eGFR, serum albumin, 
and the levels of hemoglobin, but negatively correlated with 
age, the levels of serum fibrinogen, serum C4, and the ratios 
of patients with hypertension. Second, the degree of fibrino-
gen deposition showed a significant negative relation to the 
percentage of glomeruli with global sclerosis. Fibrinogen 
deposition decreased with the aggravation of tubulo-intersti-
tial injury. Finally, fibrinogen deposition was identified as an 
independent predictor of IgAN progression in the prognostic 
analyses.

Accumulating evidence indicated that fibrinogen plays a 
critical role in acute inflammatory conditions. Some previ-
ous studies showed that serum fibrinogen levels increased in 
proinflammatory status and vascular inflammatory diseases 
[5, 18]. Another study put forward that renal fibrinogen 
deposition was associated with clinicopathological param-
eters [13]. However, no current study has investigated the 
prognostic value of renal fibrinogen deposition for IgAN. 
Younger patients, with less glomerulosclerosis and tubulo-
interstitial injury, preserved their eGFR better, and lower 
proteinuria had a better outcome. Consequently, the facts in 
the present study identified the beneficial fibrinogen impact 
on the progression of glomerulosclerosis and IgAN-caused 
CKD. As a routine item in renal pathology, fibrinogen depo-
sition is expected to be a convenient and effective predictor 
for IgAN.

According to our data, the deposition of fibrinogen was 
negatively correlated with the levels of serum fibrinogen. 
The discrepancy between them may originate from the 
fibrinogen captured by kidneys from serum. Besides, the 
mechanism of the good prediction of renal fibrinogen depo-
sition in IgAN remains unclear. Some predictive mecha-
nisms may start up after the fibrinogen deposited on the 
kidneys, which need to be investigated in future research.

In recent years, investigating useful predictors for the 
prognosis of IgAN has been a hot issue, particularly the 
biomarkers correlated with the pathogenesis [4, 19, 20]. On 
the basis of the useful biomarkers, some predictive models 
have been built [17, 21–23], which supply more accurate 

Fig. 2  Comparison of the percentage of glomerulosclerosis among 
the patients with different degrees of fibrinogen deposition
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Table 2  Univariate and multivariable Cox proportional hazards regression analysis of the data from the development cohort (the composite end-
point)

UPE urinary protein excretion, eGFR estimated glomerular filtration rate, RASI renin–angiotensin system inhibitors, RBC red blood cell, HPF 
high power field

Predictors Univariable analysis Multivariable analysis

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

Sex 0.016 0.702
 Male 1.000 1.000
 Female 0.630 0.432, 0.919 0.914 0.576, 1.449 0.702

Age 1.028 1.014, 1.042  < 0.001 1.011 0.993, 1.030 0.231
Hypertension 0.001 0.243
 No 1.000 1.000
 Yes 1.936 1.329, 2.819 0.746 0.456, 1.220 0.243

Urinary protein excretion (g/d) 1.214 1.158, 1.273  < 0.001 1.051 0.962, 1.148 0.270
eGFR (ml/min/1.73  m2) 0.933 0.923, 0.943  < 0.001 0.960 0.945, 0.975  < 0.001
Serum fibrinogen (g/L) 1.480 1.318, 1.661  < 0.001 1.102 0.907, 1.338 0.328
Serum IgA (g/L) 0.879 0.749, 1.033 0.117 – – –
Serum C3 (g/L) 0.905 0.368, 2.228 0.828 – – –
Serum C4 (g/L) 200.597 31.263, 1287.098  < 0.001 6.059 0.442, 83.134 0.178
Serum uric acid (umol/L) 1.007 1.005, 1.008  < 0.001 1.001 0.999, 1.003 0.307
Urinary RBC (/HPF) 1.000 0.999, 1.001 0.979 – – –
Immunosuppressants 0.121 – – –
 No 1.000
 Yes 1.393 0.917, 2.118

RASI  < 0.001 0.019
 No 1.000 1.000
 Yes 0.122 0.076, 0.197  < 0.001 0.482 0.262, 0.887 0.019

Mesangial hypercellularity 0.001 0.777
 M0 1.000 1.000
 M1 3.543 1.722, 7.293 0.001 0.892 0.406, 1.960 0.777

Endocapillary hypercellularity 0.267 – – –
 E0 1.000
 E1 0.768 0.482, 1.224 0.267

Segmental sclerosis  < 0.001 0.803
 S0 1.000 1.000
 S1 2.575 1.616, 4.104  < 0.001 0.933 0.544, 1.602 0.803

Tubular atrophy/interstitial fibrosis  < 0.001 0.042
 T0 1.000 1.000
 T1 61.328 8.229, 457.032  < 0.001 12.655 1.645, 97.377 0.015
 T2 371.493 51.764, 2666.079  < 0.001 14.382 1.808, 114.393 0.012

Crescents  < 0.001 – – –
 C0 1.000 0.469
 C1 0.878 0.594, 1.300 0.517
 C2 1.320 0.694, 2.514 0.397

Fibrinogen deposition  < 0.001 0.033
 F0 1.000 1.000
 F1 0.295 0.186, 0.466  < 0.001 0.539 0.328, 0.885 0.015
 F2 0.071 0.017, 0.287  < 0.001 0.439 0.104, 1.857 0.263

Glomerulosclerosis 275.621 134.802, 563.543  < 0.001 8.065 3.107, 20.933  < 0.001
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information on the prognosis of IgAN. The present study 
investigated the predictive value of the deposition of fibrino-
gen for IgAN, which may provide more clues for building 
the predictive models. Interestingly, most of the identified 
biomarkers are risk factors, which can usually predict the 
poor prognosis of IgAN. However, our study identified a 
predictive biomarker, which may indicate a good prognosis 
of IgAN.

The present study had some limitations. First, as a retro-
spective single-center study, our study could not exclude the 
limits of races, regions, or selection; and its external valid-
ity may be limited. Second, the discrepancy in therapeutic 
regimens may affect our conclusions. Last, we had not inves-
tigated the protective mechanisms of fibrinogen deposition 
for IgAN progression. Glomerulosclerosis may affect the 
deposition of fibrinogen, but we considered that it would not 
have an influence on the predictive significance of fibrinogen 
deposition in IgAN. We hope that we can explore the protec-
tive mechanisms of fibrinogen deposition in further research.

Conclusion

The present study identified the deposition of fibrinogen as 
an independent predictor of the progression of IgAN. The 
deposition of fibrinogen was significantly correlated with 
the well-acknowledged clinicopathological prognostic fac-
tors, which indicated that it could be a good predictor of the 

prognosis of IgAN patients. However, further research is 
needed to investigate whether the deposition of fibrinogen 
can trigger some predictive mechanisms of IgAN.
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