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Objective: The rate of kidney function decline in patients with diabetic kidney disease (DKD) is known to differ. This study analyzed 
the clinicopathologic features and related risk factors affecting long-term renal survival in Chinese type 2 diabetic patients with rapid 
estimated glomerular filtration rate (eGFR) decline.
Methods: In this retrospective descriptive study, 191 DKD patients were first classified as rapid eGFR decliners and slow eGFR 
decliners on the basis of the median eGFR slope value (−8.0 mL/min/1.73 m2/year). In total, 96 patients with rapid eGFR decline were 
included in the analyses and subsequently allocated to end-stage renal disease (ESRD) and non-ESRD groups. Baseline clinicopatho-
logical data of rapid eGFR decliners were collected. Cox proportional hazard analysis was performed to calculate the hazard ratios 
(HRs) for progression to ESRD.
Results: During a median follow-up of 25 months, 52 (54.2%) rapid eGFR decliners progressed to ESRD. These 52 rapid eGFR 
decliners had poorer renal function, lower hemoglobin and albumin concentrations, higher total cholesterol and baseline proteinuria 
levels, and more severe interstitial inflammation than those who did not progress to ESRD. After adjustment for age, gender, baseline 
eGFR, proteinuria, hemoglobin level, serum albumin concentration, and histopathologic parameters, multivariate Cox proportional 
hazard analysis revealed that eGFR (HR 0.973, 95% CI 0.956–0.989) and proteinuria (HR 1.125, 95% CI 1.030–1.228) were 
associated with the increased risk of progression to ESRD.
Conclusion: Higher proteinuria and lower eGFR were independent risk factors for renal progression in Chinese patients with type 2 
diabetes and rapid eGFR decline.
Keywords: diabetic kidney disease, rapid eGFR decline, clinical, pathological, type 2 diabetes

Introduction
Diabetic kidney disease (DKD) is the main cause of end-stage renal disease (ESRD) and a global socioeconomic burden.1 

DKD can coexist with other renal pathologies, such as IgA nephropathy and membranous nephropathy. At present, the 
gold standard for DKD diagnosis is the pathological examination of renal biopsies.

The characteristic histopathologic changes in DKD include glomerular basement membrane thickening, podocyte 
foot-process effacement, mesangial matrix expansion, and formation of Kimmelstiel–Wilson nodules, ultimately leading 
to interstitial fibrosis and tubular atrophy (IFTA), and diffuse glomerulosclerosis.2 The clinical onset of DKD typically 
involves diagnosis of microalbuminuria or a reduction in the glomerular filtration rate (GFR). However, DKD is 
a complex disease with a high degree of heterogeneity, and various clinical manifestations may be observed. For 
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example, a recent analysis of autopsies revealed that some patients with DKD never develop microalbuminuria.3 

Conversely, a progressive decline in GFR precedes ESRD, which has recently been established as the predominant 
clinical feature of DKD.4–6 In general, renal function in DKD patients declines gradually, although some DKD patients 
can experience a sudden decline and quickly reach ESRD. DKD patients who experience a rapid decline in renal function 
frequently demonstrate an increased risk of cardiovascular disease and higher all-cause mortality.7,8 Notably, in a cohort 
of French patients with type 2 diabetes, the annual GFR decline was more pronounced in individuals with major 
cardiovascular events than in those without (−3.0 vs −1.7 mL/min/1.73 m2/year).7 These results suggest that physicians 
should pay more attention to the rate of GFR decline, and the risk factors affecting renal disease progression and 
prognosis in DKD patients.

In a recent study involving Japanese DKD patients, the clinicopathological features of fast estimated glomerular 
filtration rate (eGFR) decliners were evaluated.9 However, the risk factors for progression to ESRD in rapid eGFR 
decliners were not analyzed. Moreover, no comparable studies have been conducted in China. Therefore, to better 
understand the course of DKD in Chinese patients, we conducted a retrospective study of type 2 diabetes patients with 
biopsy-proven DKD and rapid eGFR decline. A major aim was to identify independent risk factors affecting renal 
prognosis.

Materials and Methods
Patient Selection
A total of 523 patients with type 2 diabetes mellitus (T2DM) who underwent renal biopsies at West China Hospital, 
Sichuan University, between January 2010 and January 2019 were analyzed. The indications for renal biopsy in this 
study were T2DM patients with renal damage who lacked absolute contraindications, especially patients without diabetic 
retinopathy (DR) or with obvious glomerular hematuria and/or short diabetic duration, and patients with sudden onset 
overt proteinuria. The diagnostic criteria for T2DM were based on the recommendations of the American Diabetes 
Association.10 DKD was diagnosed by at least two renal pathologists and/ or nephrologists based on the Renal Pathology 
Society (RPS) classification.11 The trajectories of eGFR decline were evaluated using a simple linear model. Using the 
median eGFR slope value (−8.0 mL/min/1.73 m2/year) from the present study, patients with T2DM and DKD with an 
eGFR of ≤−8.0 mL/min/1.73 m2/year were defined as rapid eGFR decliners. The exclusion criteria were as follows: (1) 
coexisting nondiabetic renal disease; (2) serum creatinine levels measured less than three times during follow-up; (3) 
eGFR < 15 mL/min/1.73 m2; (4) follow-up time < 1 year; (5) eGFR slope > −8.0 mL/min/1.73 m2/year. Overall, 191 
DKD patients were classified into rapid eGFR decliners and slow eGFR decliners using the median eGFR slope value 
(−8.0 mL/min/1.73 m2/year). A total of 96 patients with rapid eGFR decline were included in the analyses and 
subsequently allocated to ESRD and non-ESRD groups (Figure 1).

Written informed consent was obtained from all patients before kidney biopsy for study participation. The study 
protocol was reviewed and approved by the Ethics Committee of West China Hospital. The study protocol conformed to 
the principles of the Declaration of Helsinki.

Clinical and Renal Pathologic Data
Clinical data were collected from the electronic records system of our hospital. Data on demographic parameters and 
clinical variables were collected at or close to the time of renal biopsy. These included age, gender, body mass index, 
systolic/diastolic blood pressure, duration of diabetes, presence of DR, presence of hypertension, fasting blood glucose, 
glycosylated hemoglobin, serum albumin, 24-h urinary protein, blood urea nitrogen, serum creatinine, hemoglobin, uric 
acid, low-density lipoprotein cholesterol, high-density lipoprotein cholesterol, total cholesterol, and eGFR, which was 
calculated using the Chronic Kidney Disease (CKD) Epidemiology Collaboration creatinine equation.12 DR was diagnosed 
through optical coherence tomography and fundus color photography and was defined as present if any of the following 
lesions were detected: microaneurysms, retinal hemorrhages, soft exudates, hard exudates, or vitreous hemorrhage.13 The 
renal biopsy specimens were processed for light microscopy, immunofluorescence, and electron microscopy. For the light 
microscopy studies, hematoxylin and eosin, periodic acid Schiff’s, periodic Schiff-methenamine, and Masson’s trichrome 
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stainings were performed. Immunofluorescence staining was performed to detect IgA, IgG, IgM, C3, C4, C1q, Fib, and κ/λ 
light chains. At least two pathologists independently graded the lesions based on the criteria of the Renal Pathology Society 
for glomerular alterations, interstitial inflammation, IFTA, and arteriolar hyalinosis.11

Renal Outcome
Renal outcome was defined as progression to ESRD with eGFR < 15 mL/min/1.73 m2 or the commencement of renal 
replacement therapy. All patients enrolled between 2010 and 2019 were followed until December 2019.

Statistical Analysis
Statistical analysis was performed using SPSS software, version 22.0 (IBM Inc., Armonk, NY, USA). Quantitative 
variables with a normal distribution are expressed as the mean ± standard deviation (SD). Data with a skewed distribution 
are expressed as the median (range), and categorical data are presented as frequencies (n) and percentages (%). 
Differences between continuous variables were assessed using the t-test or the Wilcoxon test, whereas categorical 
variables were analyzed using the chi-square test or Fisher’s exact test. Kaplan–Meier analysis was used for renal 
survival analysis, and survival rates were compared with the Log rank test. Univariable and multivariable logistic 
regressions were performed to assess the association between risk factors and a rapid decline in eGFR. Univariate and 
multivariable Cox proportional hazard models were used to evaluate hazard ratios (HRs) and 95% confidence intervals 
(CI) for ESRD.

Results
Baseline Clinical and Laboratory Characteristics
The baseline characteristics of 191 DKD patients and slow eGFR decliners are shown in Supplemental Tables 1 and 2, 
respectively. The baseline clinical characteristics of the 96 rapid eGFR decliners are shown in Table 1. Briefly, 68.8% 
(66/96) of the patients were men, and the mean age was 48.6 ± 10.6 years. At the time of biopsy, median eGFR and 
proteinuria were 58 (43, 90) mL/min/1.73 m2 and 4.8 (2.6, 8.4) g/24 h, respectively. Compared with patients who did not 
progress to ESRD, patients who progressed to ESRD had lower baseline eGFR (49 [35, 65] vs 79 [57, 99] mL/min/ 
1.73 m2, P < 0.001), lower serum albumin (31.1 ± 7.0 vs 35.4 ± 6.9 g/L, P = 0.003), and lower hemoglobin levels (106 ± 

Figure 1 Flowchart of study participants.
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20 vs 125 ± 27 g/L, P < 0.001), but higher proteinuria (6.1 [3.6, 9.6] vs 2.9 [1.8, 6.8] g/24 h, P = 0.002) and total 
cholesterol levels (5.63 ± 1.82 vs 5 ± 1.20 mmol/L, P = 0.046). The proportion of patients in early stages (stage 1 and 2) 
of CKD who did not progress to ESRD was higher than the proportion who did (68.2 vs 26.9%). No differences were 
observed in terms of gender, age distribution, body mass index, systolic/diastolic blood pressure, duration of diabetes, or 
baseline fasting blood glucose levels between the two groups. Moreover, no significant differences were observed in the 
use of medications between the two groups. Notably, the proportion of patients treated with RAAS inhibitors who did not 
progress to ESRD was higher than the proportion who did (88.6 vs 73.1%, P = 0.057, although with borderline 
significance).

Histopathological Features
All patients included in this study underwent renal biopsy. The baseline histopathological characteristics of DKD patients 
and slow eGFR decliners are shown in Supplemental Tables 3 and 4, respectively. Based on the 2010 pathological 
classification of DKD, the rapid eGFR decliners included here were distributed as follows: class I with glomerular 
basement membrane thickening alone, 3 (3.1%); class II with mesangial expansion, 28 (29.2%); class III with nodular 
sclerosis, 45 (46.9%); and class IV with advanced diabetic glomerulosclerosis, 20 (20.8%). Hence, the glomerular 

Table 1 Baseline Clinical Features of Rapid eGFR Decliners Overall and Divided into Non-ESRD and ESRD Groups

Variables All (n = 96) Non-ESRD (n = 44) ESRD (n = 52) p-value

Male gender, n (%) 66 (68.8) 30 (68.2) 36 (69.2) 0.912
Age (years) 48.6 ± 10.6 47.4 ± 11.7 49.6 ± 9.4 0.3

Body mass index (kg/m2) 25.72 ± 4.15 26.15 ± 4.21 25.36 ± 4.13 0.446

Current Smoker, n (%) 44 (45.8) 18 (40.9) 26 (50.0) 0.468
Hypertension, n (%) 85 (88.5) 38 (86.4) 47 (90.4) 0.538

Systolic blood pressure (mmHg) 145 ± 25 145 ± 24 145 ± 26 0.96

Diastolic blood pressure (mmHg) 86 ± 13 87 ± 12 85 ± 14 0.583
Diabetic duration (months) 108 [53, 144] 108 [60, 153] 114 [36, 141] 0.632

Diabetic retinopathy, n (%) 53 (55.2) 20 (45.5) 33 (63.5) 0.077
Fasting blood glucose (mmol/L) 7.4 [5.4, 9.7] 7.6 [5.5, 9.4] 7.0 [5.3, 9.7] 0.62

Serum albumin (g/L) 33.1 ± 7.2 35.4 ± 6.9 31.1 ± 7.0 0.003

Glycosylated hemoglobin(%) 7.0 [5.7, 8.4] 7.3 [6.0, 8.5] 6.8 [5.6, 8.3] 0.588
Cystatin-C (mg//L) 1.56 [1.21, 1.94] 1.32 [1.08, 1.66] 1.77 [1.46, 2.15] <0.001

Serum creatinine (μmol/L) 119 [86, 158] 98 [69, 121] 145 [109, 174] <0.001

eGFR (mL/min/1.73 m2) 58 [43, 90] 79 [57, 99] 49 [35, 65] <0.001
Albumin to creatinine ratio 2648 [1227, 4956] 2130 [744, 3473] 3675 [1822, 5453] 0.015

(mg/g) (n=53) (n=25) (n=28)

Proteinuria (g/24 h) 4.8 [2.6, 8.4] 2.9 [1.8, 6.8] 6.1 [3.6, 9.6] 0.002
Proteinuria subgroups, n (%) 0.011

0–3.5 35 (36.5) 22 (50) 13 (25)

>3.5 61 (63.5) 22 (50) 39 (75)
Triglyceride (mmol/L) 1.80 [1.24, 2.26] 1.92 [1.21, 2.25] 1.76 [1.24, 2.37] 0.686

Total cholesterol (mmol/L) 5.34 ± 1.59 5 ± 1.20 5.63 ± 1.82 0.046

HDL-C (mmol/L) 1.3 [1.01, 1.62] 1.17 [1.01, 1.44] 1.35 [1.02, 2.03] 0.079
LDL-C(mmol/L) 3.07 [2.26, 4.05] 2.98 [2.28, 3.63] 3.15 [2.22, 4.22] 0.396

Uric acid (mmol/L) 378 ± 80 382 ± 90 374 ± 72 0.31

Hemoglobin (g/L) 114 ± 26 125 ± 27 106 ± 20 <0.001
Stage 1, 2, 3, 4 CKD (KDIGO), n 24/20/41/11 16/14/13/1 8/6/28/10 <0.001

Use of RAAS inhibitors, n (%) 77 (80.2) 39 (88.6) 38 (73.1) 0.057

Insulin use, n (%) 79 (82.3) 36 (81.8) 43 (82.7) 0.911
Statins use, n (%) 55 (57.3) 24 (54.5) 31 (59.6) 0.617

Notes: Data are presented as a mean ± SD, or median [IQR], or count (percentage). A two-tailed p< 0.05 was considered statistically significant. 
Abbreviations: ESRD, end-stage renal disease; eGFR, estimated glomerular filtration rate; HDL-C, high-density lipoprotein-cholesterol; LDL-C, low- 
density lipoprotein-cholesterol; RAAS, renin-angiotensin-aldosterone system.
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histopathologic class III was the most common type. Additional factors, including IFTA and interstitial inflammation and 
arteriolar hyalinosis scores, are also reported in Table 2. Overall, patients with ESRD exhibited more severe interstitial 
inflammation (P = 0.023) than those without ESRD. However, no significant differences in IFTA or arteriolar hyalinosis 
scores were observed between the two groups. Moreover, immunofluorescence analysis revealed no significant difference 
between the ESRD and non-ESRD groups.

Risk Factors Associated with Rapid eGFR Decline
As shown in Table 3, the univariate logistic regression demonstrated that age [odds ratio (OR) 0.962, 95% CI 0.935– 
0.991, P = 0.01], proteinuria (OR 1.143, 95% CI 1.055–1.239, P = 0.001), and interstitial inflammation (OR 1.773, 95% 
CI 1.015–3.096, P = 0.044) were associated with a rapid decline in eGFR. Furthermore, the multivariable logistic 
regression indicated that higher degree of proteinuria (OR 1.151, 95% CI 1.054–1.256, P = 0.002) was independently 
associated with a rapid decline in eGFR.

Clinical and Pathological Risk Factors for ESRD
During a median follow-up period of 25 months, 52 patients (54.2%) with rapid eGFR decline progressed to ESRD. The 
overall 3-year and 5-year renal survival rates were estimated to be 44.4% and 10.8%, respectively. Kaplan–Meier curves 
demonstrated that baseline proteinuria was significant for ESRD in rapid eGFR decliners (Figure 2). Univariable Cox 
proportional hazard analysis revealed that baseline eGFR (HR 0.960, 95% CI 0.946–0.974, P < 0.001), proteinuria (HR 
1.140, 95% CI 1.078–1.204, P < 0.001), hemoglobin level (HR 0.974, 95% CI 0.963–0.984, P < 0.001), serum albumin 
concentration (HR 0.928, 95% CI 0.893–0.964, P < 0.001), glomerular lesion (HR 2.211, 95% CI 1.129–4.332, P = 0.021), 

Table 2 Baseline Pathological Features of Rapid eGFR Decliners

Variables All (n = 96) Non-ESRD (n = 44) ESRD (n = 52) p-value

Glomerular class, n (%) 0.084

I 3 (3.1) 3 (6.8) 0 (0)
IIa 17 (17.7) 10 (22.7) 7 (13.5)

IIb 11 (11.5) 7 (15.9) 4 (7.7)

III 45 (46.9) 16 (36.4) 29 (55.8)
IV 20 (20.8) 8 (18.2) 12 (23.1)

IFTA, n (%) 0.475

0 2 (2.1) 2 (4.5) 0 (0)
1 39 (40.6) 19 (43.2) 20 (38.5)

2 40 (41.7) 16 (36.4) 24 (46.2)

3 15 (15.6) 7 (15.9) 8 (15.4)
Interstitial inflammation, n (%) 0.023

0 5 (5.2) 5 (11.4) 0 (0)

1 65 (67.7) 30 (68.2) 35 (67.3)
2 26 (27.1) 9 (20.5) 17 (32.7)

Arteriolar hyalinosis, n (%) 0.402

0 9 (9.4) 5 (11.4) 4 (7.7)
1 54 (56.3) 27 (61.4) 27 (51.9)

2 33 (34.4) 12 (27.3) 21 (40.4)

Immunofluorescence features, n (%)
IgM 14 (14.6) 5 (11.4) 9 (17.3) 0.411

IgA 8 (8.3) 2 (4.5) 6 (11.5) 0.282

IgG 14 (14.6) 6 (13.6) 8 (15.4) 0.809
C1q 7 (7.3) 2 (4.5) 5 (9.6) 0.447

C3 13 (13.5) 4 (9.1) 9 (17.3) 0.241

C4 8 (8.3) 2 (4.5) 6 (11.5) 0.282

Notes: Data are presented as percentages for categorical variables. A two-tailed p< 0.05 was considered statistically significant. 
Abbreviations: IFTA, interstitial fibrosis and tubular atrophy; C3, complement 3; C4, complement 4.
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and interstitial inflammation (HR 2.228, 95% CI 1.234–4.022, P = 0.008) were associated with ESRD in rapid eGFR 
decliners. After adjustment for age, gender, baseline eGFR, proteinuria, hemoglobin level, serum albumin concentration, 
and histopathological parameters, baseline eGFR (HR 0.973, 95% CI 0.956–0.989, P = 0.001) and proteinuria (HR 1.125, 
95% CI 1.030–1.228, P = 0.009) were found to be independent risk factors for progression to ESRD in rapid eGFR decliners 
(Table 4). In addition, multivariate Cox proportional hazard analysis revealed that interstitial inflammation (HR 4.598, 95% CI 
1.470–14.378, P = 0.009) was an independent risk factor for progression to ESRD in slow eGFR decliners (Supplemental 
Table 5).

Discussion
In the present study, we analyzed the clinicopathologic features and independent risk factors associated with poor renal 
prognosis in rapid eGFR decliners diagnosed with type 2 diabetes and biopsy-proven DKD. Rapid eGFR decliners who 
progressed to ESRD demonstrated poorer baseline renal function, higher proteinuria, and more severe interstitial 

Table 3 Logistic Regression Analyses of Patients with Diabetic Kidney Disease

Variables Univariate Multivariable

Odds Ratio 95% CI p value Odds Ratio 95% CI p value

Age 0.962 0.935–0.991 0.01 0.969 0.938–1.002 0.063

Male 1.088 0.587–2.016 0.79 0.822 0.408–1.655 0.582
eGFR 1.001 0.991–1.010 0.917 1.012 0.998–1.026 0.097

Proteinuria 1.143 1.055–1.239 0.001 1.151 1.054–1.256 0.002

Glomerular class 1.319 0.940–1.852 0.11 1.314 0.819–2.108 0.257
IFTA 1.265 0.861–1.859 0.231 1.184 0.660–2.126 0.571

Interstitial inflammation 1.773 1.015–3.096 0.044 1.421 0.661–3.053 0.368

Arteriosclerosis 1.132 0.724–1.769 0.587 1.013 0.592–1.734 0.963

Note: A two-tailed p< 0.05 was considered statistically significant. 
Abbreviations: eGFR, estimated glomerular filtration rate; IFTA, interstitial fibrosis and tubular atrophy; CI, confidence interval.

Figure 2 Renal survival curves for end-stage renal disease according to proteinuria subgroups. Proteinuria ≤ 3.5g/24 h (n = 35) and Proteinuria > 3.5 g/24 h (n = 61).
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inflammation than patients who did not progress. Baseline eGFR and proteinuria were independently associated with 
progression to ESRD in rapid eGFR decliners.

Although renal function deteriorates gradually in most patients with T2DM, certain patients exhibit a rapid decline in 
renal function. Importantly, a rapid decline in renal function is associated with a poor prognosis, and, in some cases, 
ESRD may be reached within months.14 Because early initiation of intensive therapy in patients at a risk of rapid renal 
deterioration is associated with a better outcome,15 prompt identification of rapid eGFR decliners is important. The 
presence and severity of proteinuria were shown to be associated with rapid renal function decline.16 A clinical model 
incorporating proteinuria was previously reported to exhibit the largest area under the curve, suggesting that proteinuria 
is the best clinical predictor of a rapid decrease in GFR.17 In our study, logistic regression analyses show that proteinuria 
as an independent risk factor was associated with rapid eGFR decline, which is consistent with the results of previous 
studies. Proteinuria is also a well-established risk factor for poor renal outcome in DKD.18 In the present study, 
proteinuria, especially nephrotic-range proteinuria, remains the main independent risk factor for rapid eGFR decliners 
reaching ESRD. According to previous studies, high proteinuria may accelerate the deterioration of renal function in 
patients, possibly by inducing tubular chemokine expression and complement activation.19 Hence, an effective reduction 
in proteinuria may help prevent progression to ESRD in Chinese patients with DKD.

GFR is a key marker for the early detection of DKD, and in a steady state, reflects the degree of established CKD. In 
our study, rapid eGFR decliners had a considerably higher baseline eGFR than those in Japan (58 vs 46.1 mL/min/ 
1.73 m2).17 Approximately a quarter of rapid eGFR decliners, although still in the early stages (stages 1 and 2) of CKD, 
were at a high risk of rapid progression to ESRD, suggesting that timely detection and treatment are important. Notably, 
in our study, the mean rate of loss in rapid eGFR decliners at 17.1 mL/min/1.73 m2/year was considerably higher than the 
rate of loss reported in other studies.17 This was likely due to the heterogeneity of the populations studied. In addition, 
most patients in our hospital were referred from other hospitals or lower-level hospitals, and their condition might be 
much more serious.

DR has been viewed as a non-invasive predictor of DKD in patients with T2DM.13 DR was significantly associated 
with ESRD in patients with T2DM and biopsy-confirmed DKD.20 In our study, rapid eGFR decliners who progressed to 
ESRD had a higher prevalence of DR than those who did not progress (63.5% vs 45.5%). This difference, although it 
does not slightly reach statistical significance (P = 0.07) due to the low sample size, expresses the close correlation 

Table 4 Univariable and Multivariable Cox Proportional Hazard Analyses for the Prediction of ESRD in Rapid eGFR 
Decliners

Variables Univariate HR (95% CI) p value Multivariable HR (95% CI) p value

Age 1.013 (0.985, 1.041) 0.370 0.998 (0.967, 1.030) 0.916

Male 1.209 (0.669, 2.184) 0.530 0.606 (0.276, 1.333) 0.213

eGFR 0.960 (0.946, 0.974) <0.001 0.973 (0.956, 0.989) 0.001
Proteinuria 1.140 (1.078, 1.204) <0.001 1.125 (1.030, 1.228) 0.009

Serum albumin 0.928 (0.893, 0.964) <0.001 1.004 (0.946, 1.065) 0.899

Hemoglobin 0.974 (0.963, 0.986) <0.001 0.987 (0.969, 1.005) 0.166
Hypertension 1.352 (0.537, 3.405) 0.522

Glycosylated hemoglobin 0.893 (0.781, 1.020) 0.096
Total cholesterol 1.107 (0.927, 1.323) 0.261

LDL-C 1.088 (0.866, 1.366) 0.470

Pathology characteristics
Glomerular class 2.211 (1.129, 4.332) 0.021 1.446 (0.605, 3.458) 0.407

IFTA 1.374 (0.784, 2.410) 0.267 0.747 (0.363, 1.537) 0.428

Interstitial inflammation 2.228 (1.234, 4.022) 0.008 0.953 (0.444, 2.045) 0.901
Arteriosclerosis 1.543 (0.884, 2.692) 0.127 1.419 (0.707, 2.847) 0.324

Note: Multivariable model was adjusted for age, sex, eGFR, proteinuria, serum albumin, hemoglobin, and all pathological parameters. 
Abbreviations: HR, hazard ratio; eGFR, estimated glomerular filtration rate; LDL-C, low-density lipoprotein-cholesterol; IFTA, interstitial fibrosis and 
tubular atrophy.
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between the two forms of diabetic microangiopathy. Thus, screening for retinopathy may be helpful in identifying high- 
risk patients. The early diagnosis of DR is of great importance. The possibility of studying fondus oculi through 
telemedicine is certainly to be considered, especially as a screening method, and in particular, during the current 
COVID-19 pandemic.21,22

Notably, RAAS inhibitors reduce proteinuria and have a renal protective effect in DKD patients independent of their 
blood pressure-lowering effect.18,23 Although 80.2% of rapid eGFR decliners in our study received RAAS inhibitors, 
these medications did not seem to delay the onset of rapid GFR decline. However, the use of RAAS inhibitors in the 
ESRD group was slightly lower than the use of RAAS inhibitors in the non-ESRD group (73.1 vs 88.6%), which is 
consistent with the notion that RAAS inhibitors contribute to reducing proteinuria and improving renal outcome in rapid 
eGFR decliners. To the best of our knowledge, this is the first clinical study to emphasize and determine the risk factors 
associated with poor long-term renal prognosis in rapid eGFR decliners. Because the limited sample size may affect the 
final statistical analysis, we will continue to observe the characteristics of rapid eGFR decliners in future clinical work. 
Sodium-glucose cotransporter 2 inhibitors (SGLT2is) have recently been shown to exert a protective effect against DKD 
progression, reducing proteinuria24 and preventing GFR decline.25,26 A consensus report by the American Diabetes 
Association and the European Association for the Study of Diabetes recommended the use of SGLT2is in patients with 
type 2 diabetes and CKD.27 Indeed, SGLT2is are promising medications that may address many unmet needs, ultimately 
preventing DKD development and progression. However, because SGLT2is have only recently become widely available 
in China, their use was not observed in our cohort.

Regarding our histopathological findings, glomerular basement thickening, glomerular extracellular matrix accumula-
tion, tubulointerstitial inflammation/fibrosis, and vascular lesions were the main histopathological changes in DKD. 
However, few studies have investigated the histopathological features of rapid eGFR decliners diagnosed with DKD. 
A multicenter retrospective study reported that nodular lesions and mesangiolysis were characteristic histopathological 
features of rapid eGFR decliners in Japan.9 Our previous biopsy-based study revealed that glomerular class was higher in 
rapid eGFR decliners.28 Mise et al17 also reported that rapid eGFR decliners had more severe histopathological lesions 
than slow eGFR decliners. In addition, significantly more rapid eGFR decliners had exudative lesions. Consistent with 
these previous studies, 46.9% of rapid eGFR decliners in our cohort were diagnosed with class III lesions, implying that 
class III may be a threshold for rapid GFR decline in DKD patients. Therefore, clinicians should pay more attention to 
DKD patients with severe histopathological lesions, including KW nodules, because a very rapid decline in their GFR 
may occur imminently.

The presence of glomerular lesions is considered to be the main factor associated with DKD progression.29,30 

However, Okada et al31 provided evidence that interstitial lesions (not glomerular and vascular lesions) were significant 
predictors of renal prognosis in DKD patients. In our study, interstitial inflammation was an independent risk factor for 
progression to ESRD in slow eGFR decliners. In rapid eGFR decliners, both glomerular classification and interstitial 
inflammation were not associated with ESRD, although the glomerular class and interstitial inflammation score were 
higher in patients who progressed to ESRD than in those who did not progress. These results suggest that inflammatory 
mechanisms play a crucial role in the pathophysiology of Chinese patients with DKD, especially those with slow eGFR 
decline.

We acknowledge several limitations of our study. First, because we only analyzed DKD patients in a West China 
Hospital, sampling bias may be present. However, selection bias is inevitable in any biopsy-based study. This was an 
observational study and the sample size was relatively small. Therefore, the information on causality could not be 
obtained. Second, we used eGFR to assess renal function, and the conclusions might differ if measured GFR was used. 
Some other variables were not assessed in the present study, including history of acute kidney injury, diet, and genetic 
factors, which might affect DKD prognosis. Third, due to the long enrollment period, changes in treatment plan may have 
an impact on the prognosis of patients. Finally, the participants were followed only for a median of 2.1 years, potentially 
limiting the magnitude of the observed effect. Further studies with a larger sample size and longer follow-up time should 
be conducted to confirm our findings, and further multicenter validation in China is required.

In summary, proteinuria and eGFR were independent risk factors for renal progression in rapid eGFR decliners. 
Understanding the mechanisms by which proteinuria leads to renal deterioration in rapid eGFR decliners is necessary to 
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prevent this undesirable outcome. Moreover, in order to have a positive impact on the quality of life in rapid eGFR 
decliners, DR should be detected as early as possible and treated together.
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