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Abstract 

Background  Diabetic kidney disease (DKD) stands as the predominant cause of chronic kidney disease and end-
stage kidney disease. Its diverse range of manifestations complicates the treatment approach for patients. Although 
kidney biopsy is considered the gold standard for diagnosis, it lacks precision in predicting the progression of kidney 
dysfunction. Herein, we addressed whether the presence of glomerular crescents is linked to the outcomes in patients 
with biopsy-confirmed type 2 DKD.

Methods  We performed a retrospective evaluation, involving 327 patients diagnosed with biopsy-confirmed DKD 
in the context of type 2 diabetes, excluding cases with other glomerular diseases, from nine tertiary hospitals. Hazard 
ratios (HRs) were calculated using a Cox regression model to assess the risk of kidney disease progression, defined 
as either ≥ 50% decrease in estimated glomerular filtration rates or the development of end-stage kidney disease, 
based on the presence of glomerular crescents.

Results  Out of the 327 patients selected, ten patients had glomerular crescents observed in their biopsied tissues. 
Over the follow-up period (median of 19 months, with a maximum of 18 years), the crescent group exhibited a higher 
risk of kidney disease progression than the no crescent group, with an adjusted HR of 2.82 (1.32–6.06) (P = 0.008). The 
presence of heavy proteinuria was associated with an increased risk of developing glomerular crescents.

Conclusion  The presence of glomerular crescents is indeed linked to the progression of type 2 DKD. Therefore, it 
is important to determine whether there is an additional immune-mediated glomerulonephritis requiring immu-
nomodulation, and it may be prudent to monitor the histology and repeat a biopsy.
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Background
Diabetic kidney disease (DKD) has become the main 
cause of chronic kidney disease (CKD) and end-stage 
kidney disease (ESKD) because of the significant pro-
portion of people with diabetes worldwide [1]. With dia-
betes affecting 10.5% of individuals aged 20 to 79  years 
(approximately over 530 million people) worldwide, its 
association with an approximately twofold risk of CKD 
compared to patients without diabetes highlights the 
importance of addressing DKD [2, 3]. Nonetheless, given 
the multitude of factors influencing the progression 
of DKD, the current diagnostic and treatment options 
remain somewhat limited. This underscores the impor-
tance of exploring novel mechanisms and developing 
more effective approaches for both diagnosis and treat-
ment [4].

The diagnosis of DKD is primarily based on clinical fea-
tures. In certain cases, a kidney biopsy may be required 
to confirm the diagnosis, because there is a possibility of 
kidney disease other than DKD [5–7]. The Renal Pathol-
ogy Society (RPS) classification, introduced in 2010, pro-
vides a histological classification of DKD [8]. This scoring 
system incorporates histological findings, including glo-
merular, tubulointerstitial, and vascular lesions. Several 
studies have shown that specific histological charac-
teristics of DKD are associated with a worse prognosis, 
while other studies have found no significant association 
with kidney prognosis [4, 9, 10]. In a study estimating the 
5-year renal survival rate of enrolled patients, higher RPS 
classification scores were associated with a worse out-
come [9]. Interstitial fibrosis and tubular atrophy, indicat-
ing chronic and irreversible injury, are strong predictors 
of kidney dysfunction and poor prognosis of DKD [10, 
11]. However, in some studies, aspects of glomerular 
lesions, such as mesangial expansion or nodular sclerosis, 
were not significantly associated with diabetic patients 
with overt proteinuria [11]. Another retrospective cohort 
study revealed that the type of diabetic glomerulosclero-
sis, whether diffuse or nodular, did not predict the pro-
gression of kidney disease in diabetic patients [12].

Crescents, which serve as a histological parameter of 
severe glomerular injury involving immune cells, fibrin, 
and complements, are not included in the histological 
classification of DKD, because these are very rare find-
ings [13, 14]. The presence of glomerular crescents is a 
characteristic feature of rapidly progressive glomeru-
lonephritis and can be observed in the severe forms of 
various types of glomerulonephritis, including postin-
fectious glomerulonephritis, membranoproliferative glo-
merulonephritis, lupus nephritis, and immunoglobulin A 
nephropathy [14–16]. While glomerular crescents have 
primarily been identified in the acute form of glomeru-
lonephritis, there have been reports of their occurrence 

in isolated cases of DKD [17–21]. Some single-center 
cohort studies have examined the relationship between 
glomerular crescents and a poorer kidney prognosis in 
patients with type 2 DKD [22–25]. However, there has 
been no multicenter cohort study investigating the asso-
ciation between glomerular crescents and the clinical 
prognosis in type 2 DKD patients. Herein, the present 
study aimed to assess the clinical implication of glomeru-
lar crescents in biopsy-confirmed DKD among type 2 
diabetic patients, along with its risk factors, using data 
from a multicenter cohort conducted in South Korea. 
Furthermore, we sought to enhance our understanding of 
this relationship by pooling previously published data.

Methods
Patient and data collection
A total of 12,755 patients who underwent kidney biopsy 
between 1979 and 2018 were retrospectively reviewed 
from 9 tertiary hospitals in South Korea. Among them, 
patients who had kidney disease other than DKD were 
excluded (n = 12,171). Additionally, patients who had 
concomitant other glomerular disease (n = 43), who were 
under the age of 18 years or over the age of 80 years at 
the time of biopsy (n = 14), who used immunosuppres-
sive agents after biopsy (n = 78), who had an estimated 
glomerular filtration rate (eGFR) of < 15  ml/min/1.73 
m2 (n = 89), who were positive for serum anti-neutro-
phil cytoplasmic or anti-glomerular basement mem-
brane antibodies (n = 5), and whose laboratory data were 
incomplete (n = 119) were excluded. Finally, a total of 327 
patients were included in the analysis (Fig. 1). The study 
protocol was approved by the institutional review board 
of the Seoul National University Hospital (no. H-2209–
012-1355) and was conducted in accordance with the 
ethical standards outlined in the Declaration of Helsinki. 
Written consent was waived of the study by the insti-
tutional review board of the Seoul National University 
Hospital.

Clinical data at the time of biopsy, such as age, sex, 
BMI, and comorbidities (e.g., hypertension, cardiovas-
cular disease, and malignancy) were obtained. Blood 
laboratory data, such as hemoglobin, albumin, total cho-
lesterol, blood urea nitrogen, and creatinine levels, were 
obtained. The estimated glomerular filtration rate (eGFR) 
was calculated using the Chronic Kidney Disease Epide-
miology Collaboration Equation [26]. Proteinuria was 
evaluated using a random urine protein-to-creatinine 
ratio. The values of eGFR were traced until either the 
patient was lost to follow-up or reached the end date of 
the study (February 2019).

The pathological data for this study were sourced 
from pathology reports, as provided by pathologists at 
each participating hospital. The biopsied tissues were 
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evaluated for three compartments: glomeruli, tubu-
lointerstitium, and vessels. Glomerular lesions included 
global glomerulosclerosis and mesangial expansion. 
Regarding the tubulointerstitial compartment, the 
severity of interstitial fibrosis, interstitial inflamma-
tion, and tubular atrophy were assessed and graded 
with light microscopy findings. They were evaluated 
by each pathologist at the centers based on the RPS 
classification as a categorical variable, graded as none 
(0%), mild (> 0% to < 25%), moderate (25% to 50%), or 
severe (> 50%) [8]. Vessel lesions were assessed by the 
presence of arteriosclerosis. Global glomerulosclero-
sis was expressed as a percentage among all glomeruli, 
while the grades for mesangial matrix, interstitial fibro-
sis, interstitial inflammation, and tubular atrophy were 
classified as none, mild, moderate, and severe. Regard-
ing the severity of pathological findings, we classified 
the severity of findings in each specimen by reviewing 
the reports evaluated and written by pathologists based 
on the RPS classification. Arteriosclerosis was indi-
cated as either present or absent. Glomerular crescents 
were characterized by the presence of multiple layers of 
proliferating cells within Bowman’s space. The presence 
of staining for immunoglobulins, complements, fibrin-
ogen, and light chains was detected and graded. The 
degree of immunofluorescence was graded on a scale of 
0–4 by renal pathologists at each center.

Kidney disease progression as an outcome was 
defined as a decrease of > 50% in eGFR from baseline 
or the development of ESKD. Follow-up was censored 
when patients reached the end date of the study or at 
the last available measurement.

Statistical analysis
Patient information was subjected to descriptive sta-
tistical analyses, and the data are expressed as the 
mean ± standard deviation when exhibiting a normal 
distribution and as medians with interquartile ranges 
when lacking a normal distribution for continuous vari-
ables. The Kolmogorov–Smirnov test was employed to 
analyze the normality of distribution. For categorical var-
iables, the data are expressed as a number (%). Categori-
cal variables were compared using the chi-square test or 
Fisher’s exact test, while continuous variables were com-
pared using Student’s t test or the Mann–Whitney U test 
according to their distributions.

The association between the presence of glomerular 
crescents and kidney disease progression was evaluated 
using Kaplan–Meier survival curves with a log-rank test. 
Univariate and multivariate Cox proportional hazard 
analyses were performed to assess the effects of various 
variables on kidney disease progression. Additionally, 
multivariate Cox proportional hazard analyses were con-
ducted to determine hazard ratios (HRs) and confidence 
intervals (CIs) for the outcome.

If one or more glomerular crescents were observed 
in the biopsied tissue, the sample was classified into 
the crescent group. To create Kaplan–Meier survival 
curves and perform Cox proportional hazard analy-
ses, patients were divided into two groups based on 
the presence of glomerular crescents. Stepwise Cox 
proportional hazard analyses were conducted using 
four different models. Model 1 was unadjusted, while 
Model 2 was adjusted for age and sex. Variables with 
P < 0.1 in Table  1 (specifically, serum hemoglobin, 

Fig. 1  Flowchart for patient inclusion and exclusion. eGFR, estimated glomerular filtration rate; ANCA, anti-neutrophil cytoplasmic antibody; GBM, 
glomerular basement membrane
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serum albumin, and random urine protein-to-cre-
atinine ratio) were incorporated into the multivari-
ate Cox proportional Model 3, and Model 4 included 
adjustments for all variables. To pinpoint risk fac-
tors for glomerular crescents, logistic regression with 
backward stepwise selection was used. All statistical 
analyses were performed using the R program (version 
4.2.3) and a P value less than 0.05 was considered to 
indicate a statistically significant difference.

Study selection, data extraction, and statistical analysis 
for meta‑analysis
A meta-analysis was performed with previously 
published data in addition to ours. To identify rel-
evant studies, we searched databases, such as Pub-
Med, Excerpta Medica Database, Cochrane library, 
and Web of Science, on September 2023 with medi-
cal subject heading terms and text words in multiple 
combinations: “diabetic nephropathy”, “diabetic kid-
ney disease”, “crescent”, and “extracapillary hypercel-
lularity.” Accordingly, 4 retrospective cohort studies 
including DKD patients were used because informa-
tion on HRs of the ESKD outcome and the presence 
of glomerular crescents were available [22–25]. The 
pooled effect estimates and associated 95% CIs were 
calculated using a common effect model. This statisti-
cal analysis was also performed using the R program 
(version 4.2.3).

Results
Patient characteristics
The median age of the patients was 51.2 ± 12.1 years old, 
and 63.9% of patients were male. Out of the total, ten 
patients (3.1%) displayed glomerular crescents in their 
biopsied tissues. The median percentage of glomeru-
lar crescents among all glomeruli was 9.9% (interquar-
tile range, 4.3%–12.3%; maximum, 36%). Among the ten 
patient specimens analyzed, the distribution of crescent 
types was as follows: 30% cellular, 20% fibrocellular, and 
30% fibrous. Additionally, there was one instance of com-
bined types and another where the type was unspeci-
fied. In comparison to patients without crescents, those 
with crescents had higher levels of proteinuria and lower 
hemoglobin levels. Other clinical variables were not dif-
ferent between the two groups. Table  1 provides the 
comparison of baseline clinical and laboratory findings 
between these groups.

Comparisons of light microscopy and immunofluo-
rescence findings between the crescent and no crescent 
groups are presented in Tables 2 and 3, respectively. No 
significant disparities were observed between the two 
groups regarding the percentages of global glomerulo-
sclerosis, the grade of mesangial expansion, interstitial 
fibrosis, tubular atrophy, interstitial inflammation, or 
the presence of arteriosclerosis. In the crescent group, 
Kimmelstiel-Wilson nodules, indicative of nodular glo-
merulosclerosis, were identified in 6 out of 10 specimens 
(60%), while in the control cases, nodules were identified 

Table 1  Baseline characteristics of patients

Data are presented as mean ± standard deviation or median (interquartile rage) for continuous variables and the number (%) for categorical variables

eGFR estimated glomerular filtration rate, uPCR random urine protein-to-creatinine ratio

Variables Total
(n = 327)

Crescent
(n = 10)

No crescent
(n = 317)

P

Age (years) 51.2 ± 12.1 49.6 ± 10.3 51.2 ± 12.2 0.672

Male (%) 209 (63.9) 7 (70.0) 202 (63.7) 0.942

Body mass index (kg/m2) 24.3 (22.1–26.9) 26.9 (22.1–27.0) 24.3 (22.1–26.6) 0.448

Comorbidities (%)

  Hypertension 275 (84.1) 8 (80.0) 267 (84.2) 0.999

  Cardiovascular disease 32 (9.8) 1 (10.0) 31 (9.8) 0.999

  Malignancy 30 (9.2) 1 (10.0) 29 (9.1) 0.999

Blood findings

  Hemoglobin (g/dl) 11.1 ± 2.1 9.7 ± 1.0 11.2 ± 2.1 0.001

  Albumin (g/dl) 3.1 ± 0.7 2.7 ± 0.7 3.2 ± 0.7 0.081

  Total cholesterol (mg/dl) 188 (151–233) 184 (117–214) 188 (151–233) 0.485

  Blood urea nitrogen (mg/dl) 23.0 (17.0–31.0) 25.5 (17.0–37.0) 23.0 (17.0–31.0) 0.672

  Creatinine (mg/dl) 1.4 (1.0–2.0) 1.9 (1.4–2.4) 1.4 (1.0–2.0) 0.128

  eGFR (ml/min/1.73 m2) 51.1 (34.2–72.0) 41.8 (24.2–55.2) 51.1 (34.4–73.5) 0.153

  uPCR (g/g) 4.1 (1.9–7.8) 10.5 (7.1–12.8) 4.0 (1.9–7.7) 0.043
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in 120 out of 317 specimens (37.9%). Among the 6 speci-
mens where nodules were identified, 2 were classified as 
cellular, 1 as fibrous, another as fibrous, 1 as combined 
type, and 1 as unspecified. Furthermore, it is noted that 
mesangial expansion and nodular diabetic glomerulo-
sclerosis are delineated as separate entities in the pathol-
ogy reports. In the assessment of immunofluorescence 
findings, significant differences were noted in the inten-
sity of fibrinogen deposition between the two groups.

Kidney outcome according to the presence of glomerular 
crescents
The median duration of follow-up was 19 months (inter-
quartile range, 6–42 months; maximum, 18 years). Over 
this period, kidney disease progression was identified in 
162 (49.5%) patients. Supplementary Table  1 presents 
the clinical and histological parameters that influenced 
kidney disease progression, apart from the presence of 
glomerular crescents. Factors associated with the pro-
gression of kidney disease included young age, hyperten-
sion, hypoalbuminemia, azotemia, proteinuria, global 

glomerulosclerosis, and complement 3 deposition. Out 
of the 327 patients, 10 (3.1%) had glomerular crescents 
in their biopsied tissues. Kaplan–Meier survival analysis 
showed that the crescent group exhibited a worse kidney 
outcome than the no crescent group (P = 0.001) (Fig. 2). 
In the univariate Cox proportional hazard analysis, the 
crescent group had a higher risk of kidney disease pro-
gression than the no crescent group, with an unadjusted 
HR of 2.82 (1.315–6.061) (P = 0.008) (Table 4). In multi-
variate analysis models, the crescent group consistently 
exhibited a higher risk of kidney disease progression than 
the no crescent group.

Factors related to glomerular crescents
Upon applying a multivariable logistic regression model 
with backward stepwise selection, heavy proteinuria was 
associated with the presence of glomerular crescents 

Table 2  Light microscopy findings according to the presence of 
glomerular crescents

Data are presented as the number (%)

Variables Total
(n = 327)

Crescent
(n = 10)

No crescent
(n = 317)

P

Global glomerulosclerosis 0.194

   < 20% 117 (35.8) 2 (20.0) 115 (36.3)

  20%–49% 138 (42.2) 7 (70.0) 131 (41.3)

   ≥ 50% 72 (22.0) 1 (10.0) 71 (22.4)

Mesangial expansion 0.798

  None 102 (31.2) 3 (30.0) 99 (31.2)

  Mild 102 (31.2) 2 (20.0) 100 (31.5)

  Moderate 40 (12.2) 2 (20.0) 38 (12.0)

  Severe 83 (25.4) 3 (30.0) 80 (25.2)

Interstitial fibrosis 0.356

  None 19 (5.8) 1 (10.0) 18 (5.7)

  Mild 117 (35.8) 1 (10.0) 116 (36.6)

  Moderate 107 (32.7) 5 (50.0) 102 (32.2)

  Severe 84 (25.7) 3 (30.0) 81 (25.6)

Tubular atrophy 0.189

  None 12 (3.7) 0 (0.0) 12 (3.8)

  Mild 103 (31.5) 1 (10.0) 102 (32.2)

  Moderate 111 (33.9) 3 (30.0) 108 (34.1)

  Severe 101 (30.9) 6 (60.0) 95 (30.0)

Interstitial inflammation 0.579

  None 45 (13.8) 45 (14.2) 0 (0.0)

  Mild 148 (45.3) 5 (50.0) 143 (45.1)

  Moderate 94 (28.7) 4 (40.0) 90 (28.4)

  Severe 40 (12.2) 1 (10.0) 39 (12.3)

Arteriosclerosis 191 (58.4) 5 (50.0) 186 (58.7) 0.824

Table 3  Immunofluorescence findings according to the presence 
of glomerular crescents

Data are presented as the number (%)

C3 complement 3, C1q complement 1q, C4d complement 4d, IgA 
immunoglobulin A, IgG immunoglobulin G, IgM immunoglobulin M

Variables Total
(n = 327)

Crescent
(n = 10)

No crescent
(n = 317)

P

C3 deposition 0.655

  None or trace 292 (89.3) 8 (80.0) 284 (89.6)

   ≥ 1 +  35 (10.7) 2 (20.0) 33 (10.4)

C1q deposition 0.999

  None or trace 316 (96.6) 10 (100.0) 306 (96.5)

   ≥ 1 +  11 (3.4) 0 (0.0) 11 (3.5)

C4d deposition 0.999

  None or trace 324 (99.1) 10 (100.0) 314 (99.1)

   ≥ 1 +  3 (0.9) 0 (0.0) 3 (0.9)

Fibrinogen deposition 0.016

  None or trace 318 (97.2) 8 (80.0) 310 (97.8)

   ≥ 1 +  9 (2.8) 2 (20.0) 7 (2.2)

IgA deposition 0.999

  None or trace 305 (93.3) 9 (90.0) 296 (93.4)

   ≥ 1 +  22 (6.7) 1 (10.0) 21 (6.6)

IgG deposition 0.165

  None or trace 290 (88.7) 7 (70.0) 283 (89.3)

   ≥ 1 +  37 (11.3) 3 (30.0) 34 (10.7)

IgM deposition 0.243

  None or trace 285 (87.2) 7 (70.0) 278 (87.7)

   ≥ 1 +  42 (12.8) 3 (30.0) 39 (12.3)

κ light chain deposition 0.999

  None or trace 310 (94.8) 9 (90.0) 301 (95.0)

   ≥ 1 +  17 (5.2) 1 (10.0) 16 (5.0)

λ light chain deposition 0.999

  None or trace 307 (93.9) 9 (90.0) 298 (94.0)

   ≥ 1 +  20 (6.1) 1 (10.0) 19 (6.0)
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(Table  5). Other clinical and blood laboratory data did 
not appear to be related to glomerular crescents.

Pooled analysis with previous data
Recognizing that the proportion of patients in the cres-
cent group was relatively low, at 3.1%, we conducted a 
pooled analysis by combining data from other relevant 
literature to enhance the clinical significance of glomer-
ular crescents in DKD as comprehensively as possible. 
Retrospective cohort studies that involved crescent for-
mation in type 2 DKD patients and provided HR values 
for crescents from multivariate Cox proportional haz-
ard analyses were selected. Ultimately, four studies were 
included and the extracted data included first author, 
year of publication, country, sample size, HR value of 

crescents from multivariate Cox proportional hazard 
models, and the corresponding 95% confidence interval 
(Supplementary Table  2). Through a meta-analysis that 
combined 4 previous studies on DKD and the present 
study (n = 984), glomerular crescents were determined 
to be a risk factor for progression to ESKD, with an HR 
of 2.28 (1.62–3.20) (I2 = 33%; P for heterogeneity = 0.203) 
(Fig. 3).

Discussion
Glomerular crescents, a rare finding in DKD, are indica-
tive of severe glomerular injury. In a multicenter cohort 
study involving type 2 diabetic patients with biopsy-
proven DKD, glomerular crescents were found to be asso-
ciated with kidney disease progression. This association 
persisted even after adjusting for multiple clinical and 
histological factors. Heavy proteinuria was identified as a 
risk factor for the development of glomerular crescents. 
Furthermore, according to a meta-analysis, patients with 
crescents were at a higher risk of progression to ESKD 
than those without crescents.

A glomerular crescent is a common finding in patients 
with rapidly progressive glomerulonephritis and serves as 
a prognostic factor for acute or subacute kidney injuries 
[27]. It is characterized by the accumulation of cellular 
or fibrotic materials in Bowman’s space [28]. Glomeru-
lar crescents form as a result of injury to the glomerular 
basement membrane, which triggers complement activa-
tion, inflammation, and the leakage of plasma proteins 
such as fibrinogen into Bowman’s space [29]. This pro-
cess stimulates the proliferation of parietal epithelial cells 
and the infiltration of inflammatory cells, culminating in 
the formation of a crescent-shaped structure that com-
presses the glomerulus and compromises kidney func-
tion [30, 31]. The International Society of Nephrology/
Renal Pathology Society classification for lupus nephri-
tis proposes categorizing crescents as cellular, fibrocel-
lular, or fibrous based on the proportions of cells, fibrin, 
and fibrous matrix [16]. Research indicates that cellular 
crescents arise from parietal epithelial cells on Bowman’s 
capsule and contribute to a decline in the glomerular fil-
tration rate, but certain cases suggest that cellular cres-
cents may be reversible with appropriate treatment [32]. 
The proliferation of parietal epithelial cells can lead to a 
mesenchymal transition to fibrous crescents that results, 
resulting in the release of extracellular matrix. These 
changes are irreversible, indicating that targeting intersti-
tial fibrosis therapeutically does not restore lost nephron 
function [32].

Meanwhile, the complement cascade is known to be 
involved in the pathophysiology of DKD [33–35]. Exuda-
tive lesions or hyaline caps can be identified in the kidney 
of DKD similar to other kidney diseases [36]. In addition 

Fig. 2  Kaplan–Meier curve showing kidney disease progression rates 
according to the presence of glomerular crescents

Table 4  Hazard ratio of kidney outcome in patents with 
crescents compared with those without crescents

Model 1: Unadjusted

Model 2: Adjusted for age and sex

Model 3: Adjusted for variables with P < 0.1 in Table 1, such as serum 
hemoglobin, serum albumin, and random urine protein-to-creatinine ratio

Model 4: Adjusted for all variables

Hazard ratio (95% confidence 
interval)

P

Model 1 2.82 (1.315–6.061) 0.008

Model 2 2.79 (1.292–6.005) 0.009

Model 3 2.37 (1.021–5.485) 0.045

Model 4 4.81 (1.498–15.449) 0.008
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to the rupture of the glomerular basement membrane 
and the subsequent complement cascade mentioned 
earlier, by establishing a physical connection between 
the glomerular tuft and Bowman’s capsule through the 
spreading of podocytes, these bridges may initiate the 
proliferation of parietal epithelial cells, thereby contrib-
uting to crescent formation [37]. Interestingly, unlike 
the crescents observed in chronic glomerulonephri-
tis, which are associated with rupture of the glomerular 
basement membrane, some studies suggest that crescents 
in diabetic glomerulosclerosis are composed of a mix of 
parietal epithelial cells and podocytes. This implies the 
potential transdifferentiation of these cells in response 
to glomerular injury, occurring without glomerular base-
ment membrane rupture [18, 21, 37, 38].

A single Chinese cohort with DKD cases showed a 
positive correlation between crescents and complement 
3 deposition as well as disease progression, suggesting 
that an abnormal complement system may be involved 
in the formation of crescents [22]. In the present 
study, we observed significant differences in fibrinogen 

deposition intensities between the crescent and no-
crescent groups. These findings support the concept 
that fibrinogen plays a significant role in the patho-
genesis of crescentic glomerulonephritis [39]. Diabetic 
nodules may increase the risk of capillary microaneu-
rysms, leading to the formation of crescents [40]. Fur-
ther preclinical and clinical studies investigating the 
mechanism and factors underlying crescent formation 
in DKD are warranted.

Kidney biopsy can hold significant importance in diag-
nosing DKD, providing a definitive confirmation of the 
diagnosis and aiding in the differentiation of DKD from 
other kidney diseases, especially in patients exhibiting 
atypical clinical features [41]. Additionally, it can also 
offer crucial histological information about the severity 
and extent of kidney damage, which can guide personal-
ized treatment plans and prognostic assessments, aiding 
clinicians in monitoring disease progression. The present 
study results may support above issue, although careful 
consideration of the associated risks of biopsy should be 
undertaken.

Table 5  Risk factors related to glomerular crescents

OR odds ratio, CI confidence interval, uPCR random urine protein-to-creatinine ratio
a Adjusted for all variables with backward stepwise selection

Variables Unadjusted OR (95% CI) P Adjusted OR (95% CI)a P

Age (per 1 year) 0.99 (0.939–1.042) 0.672

Male (vs. female) 0.75 (0.191–2.968) 0.684

Body mass index (per 1 kg/m2) 1.08 (0.907–1.288) 0.385

Hypertension (vs. none) 0.75 (0.154–3.632) 0.720

Cardiovascular disease (vs. none) 1.03 (0.126–8.362) 0.982

Malignancy (vs. none) 1.10 (0.135–9.020) 0.927

Hemoglobin (per 1 g/dl) 0.67 (0.466–0.974) 0.036

Albumin (per 1 g/dl) 0.47 (0.198–1.112) 0.086

Cholesterol (per 1 mg/dl) 1.00 (0.987–1.007) 0.561

Blood urea nitrogen (per 1 mg/dl) 1.01 (0.958–1.058) 0.795

Creatinine (per 1 mg/dl) 1.60 (0.836–3.059) 0.156

uPCR (per 1 g/g) 1.13 (1.025–1.245) 0.014 1.19 (1.034–1.358) 0.014

Fig. 3  Forest plot showing the meta-analyzed estimate of the HR for ESKD associated with glomerular crescents. SE, standard error; CI, confidence 
interval
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Several factors, such as older age, high blood pressure, 
and azotemia, serve as risk factors for the progression of 
DKD [4, 42]. Some histological features, such as intersti-
tial fibrosis, tubular atrophy, and interstitial inflammation 
in diabetic kidneys, might be associated with a poor renal 
prognosis [4, 9, 11, 25]. We sought to elucidate the effects 
of crescents on kidney disease progression after correct-
ing of the above clinical and histological parameters. Fur-
thermore, we analyzed risk factors associated with the 
presence of glomerular crescents, which was heavy pro-
teinuria. Thus, it may be recommended that physicians 
monitor patients exhibiting such feature for the potential 
occurrence of glomerular crescents and aggravating kid-
ney dysfunction.

Although this study provides insightful information, it 
presents certain limitations. One of the principal limita-
tions of this study is the small number of patients with 
glomerular crescents. To address this limitation and 
enhance the robustness of our findings, we conducted a 
pooling analysis. This approach was aimed at consolidat-
ing data across multiple studies, thereby attempting to 
mitigate the impact of the limited sample size on our abil-
ity to draw meaningful conclusions. Because this study 
was retrospective in nature, causality with kidney disease 
progression could not be determined. Unmeasured biases 
and confounding factors could have interfered with cor-
relation analyses. Continuous fluctuations in biochemical 
factors and alterations in practice could be related to kid-
ney disease progression but were not considered in the 
study. The influence of acute kidney injury on follow-up 
was not known, which could have affected the results. 
While an ideal approach would involve a uniform review 
of all tissue samples by a single pathologist to ensure 
accuracy and consistency in the pathological assess-
ment, the retrospective nature of our study precluded 
this. Because this study was retrospective and depended 
solely on pathology texts, obtaining tissue slides poses 
a challenge. This limitation hampers further investiga-
tion in areas such as examining the presence of urinary 
space collagen with fibrotic crescents to gauge diabetes-
related injury or determining the location of fibrinogen 
deposition in immunofluorescence and other changes 
(e.g., misdirected filtration and fibrinoid exudation) to 
speculate on the causes of crescent formation [43–45]. 
It is pertinent to note that all biopsies underwent review 
by pathologists at each center, indicating the reliability of 
histological reports. In addition, while we cannot entirely 
rule out the presence of ANCA-negative crescentic glo-
merulonephritis in the crescent group, the predominant 
histological evidence strongly indicates a definitive diag-
nosis of DKD. This finding is crucial for understanding 
the relationship between the presence of glomerular cres-
cents in DKD and kidney outcome. Nevertheless, diligent 

efforts to rule out the possibility of crescentic glomeru-
lonephritis and to initiate timely treatment when such a 
possibility cannot be completely excluded are essential.

The present study did not determine the pathophysiol-
ogy of glomerular crescents, which could further discern 
the association between crescents and kidney disease 
progression. There was a lack of data on the use of treat-
ment agents, such as renin-angiotensin system inhibitors 
and sodium-glucose cotransporter 2 inhibitors, which are 
frequently used in patients with type 2 DKD, as well as 
other important clinical prognostic factors such as the 
duration of diabetes mellitus, microscopic hematuria 
and hemoglobin A1c. It is challenging to establish unified 
guidelines for kidney biopsy in patients with a DKD diag-
nosis in this multicenter retrospective cohort study. It 
would be worthwhile to conduct other studies that adjust 
for the above issues in the future.

In contrast to other forms of glomerulonephritis, the 
precise impact of crescents on the prognosis of type 2 
DKD has not been fully established. We endeavored to 
attain as much statistical significance as possible by uti-
lizing a multicenter dataset that incorporated histologi-
cal information. Accordingly, the presence of glomerular 
crescents in patients with type 2 DKD is indicative of 
poor outcome. Therefore, the identification and monitor-
ing of glomerular crescents should trigger vigilant patient 
management. It is imperative to undertake further large-
scale prospective clinical studies and conduct in-depth 
investigations into the pathophysiology to enhance our 
understanding of ongoing and treatment-resistant DKD.
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