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Implication for health policy/practice/research/medical education:
In DKD, renal function can rapidly worsen to ESKD. To develop methods for preventing or delaying disease progression and reducing 
complications, which would improve quality of life and disease outcomes, it is important to identify potential risk factors that might be 
affecting the rapid progression of DKD. It remains uncertain whether histopathological parameters and clinical factors can predict DKD 
progression.
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Introduction: Rapid progression of diabetic kidney disease (DKD) is a significant concern, 
particularly in developing countries. It remains uncertain whether histopathological parameters, in 
addition to clinical factors, can predict DKD progression. 
Objectives: To evaluate renal histopathological and clinical parameters in predicting rapid progression 
to end-stage kidney disease (ESKD) in type 2 diabetes mellitus (Type 2 DM) patients with biopsy-
proven DKD.
Patients and Methods: This was an observational retrospective study that included 49 biopsy-proven 
DKD from January 2018 to December 2022. Those with less than six months of follow-up and 
CKD stage 5 were excluded. The outcomes studied were rapid progression and progression to 
ESKD. Patients were categorized into rapid progressors and non-progressors based on the estimated 
glomerular filtration (eGFR) decline of > or <10 mL/min/1.73 m2/year, respectively. The association 
of histopathological factors and clinical parameters with rapid progression and independent risk 
factors for progression to ESKD were analysed using SPSS 22.
Results: In a median follow-up of 1.6 years, 57% were rapid progressors, and 42.9% were non-
progressors, with a median eGFR decline of 21 mL/min/1.73 m2/year and 5 mL/min/1.73 m2/year, 
respectively. Among histopathological factors, global glomerular sclerosis (class 4) predicted rapid 
progression (P = 0.03), since among clinical factors, hypertension (89.3%) elevated hemoglobin A1c 
(HbA1c) (9.6%), and massive proteinuria (75.1%) were significant parameters associated with rapid 
progression (P < 0.05). In Cox regression analysis, the progression to ESKD was independently 
associated with global glomerular sclerosis (HR 1.1, CI 1.0-1.4, P = 0.04) and massive proteinuria 
(HR 1.6, CI 1.0-2.1, P = 0.01)
Conclusion: In our cohort, hypertension, high HbA1c, severe proteinuria, and global glomerular 
sclerosis (Class 4) were associated with rapid progression. Severe proteinuria and global glomerular 
sclerosis were independent risk factors for progression to ESKD. This highlights the need for large 
prospective studies in identifying the factors predicting rapid progressors in DKD; therefore, timely 
intervention can be considered. 
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Introduction
Diabetic kidney disease (DKD) emerges as a prevalent 
long-term complication that occurs in 20%-40% of 
patients diagnosed with type 2 diabetes mellitus (type 
2 DM) (1). Renal function in individuals with DKD 
typically declines gradually. However, a significant 
number of patients experience rapid progression, leading 
to end-stage kidney disease (ESKD) that requires renal 
replacement therapies (2,3). 

Due to the heterogeneity of estimated glomerular 
filtration (eGFR) decline with the risk of progression, the 
global challenge of identifying rapid progressors persists 
(4). Various risk factors, including clinical and biochemical 
histopathological indicators, can predict the rapid 
progression of DKD. Among these factors, proteinuria is 
considered a widely proven standard indicator.

Although kidney biopsy is rarely conducted to diagnose 
DKD, it can provide substantial structural insights that 
can potentially contribute to the loss of renal function 
(5). Some longitudinal studies have demonstrated the 
association between the severity of pathological changes 
and renal prognosis (6,7). Still, few studies have provided 
the specific histological characteristics that predict 
renal prognosis (8). However, the results of previous 
studies were conflicting, and thus, the predictive value 
of histopathological risk factors contributing to rapid 
progression remains inconclusive. Moreover, there is a 
sparsity of data in developing countries. Thus, to better 
understand the course of rapid progression, we conducted 
a retrospective cohort study in type 2 diabetes patients 
with biopsy-proven DKD to assess the association of 
histological factors in addition to clinical characteristics, 
to predict the rapid progression to ESKD in DKD. 

Objectives
To evaluate renal histopathological and clinical parameters 
in predicting rapid progression to ESKD in type 2 DM 
patients with biopsy-proven DKD.

Patients and Methods
Study population
We conducted a retrospective observational cohort study 
at Kasturba Medical College including T2DM who had 
undergone native kidney biopsy from January 2018 to 
January 2022 and were histologically proven DKD with a 
minimum of six months follow-up. Those with less than 
six months follow-up, chronic kidney disease (CKD) 5, 
and those without clinical information were excluded 
from the study.

Data collection
Data at the time of biopsy were taken as baseline findings, 

and from the date of biopsy until the patient had either 
reached ESKD or lost to follow-up were considered as 
post-biopsy follow-up data. Clinical details including age, 
gender, body mass index (BMI), duration of diabetes and 
hypertension, dyslipidemia, and laboratory data including 
serum creatinine, eGFR based on chronic kidney disease 
epidemiology collaboration (CKD-EPI) equation, 24-
hour urine protein, and hemoglobin A1c (HbA1c) were 
collected as baseline data from electronic medical records.
Histological findings, including glomerular lesions, 
tubular interstitial, and vessel involvement, were studied. 
Four classes of glomerular lesions, including class I 
(mild and non-specific light microscopic changes), class 
II (mesangial expansion), class III (nodular sclerosis), 
and class IV (advanced diabetic glomerulosclerosis) (5), 
were analysed. Similarly, interstitial fibrosis and tubular 
atrophy (IFTA) scores (0- 3), interstitial inflammation (0-
2), arteriolar sclerosis (1-2), and arteriolar hyalinosis were 
also quantified. A single dedicated nephropathologist 
evaluated biopsies.

Based on the post-biopsy eGFR decline, patients were 
grouped into rapid progressors and non-progressors at the 
end of the follow-up. The primary outcomes studied were 
the risk factors for rapid progression and progression to 
ESKD.

Definitions
eGFR and CKD staging: “CKD-EPI equation was used to 
estimate eGFR using the serum creatinine, GFR = 141 
× min (Scr/ κ, 1) α × max (Scr/ κ,1)-1.209 × 0.993Age 
(×1.018(if female) (×1.159 if black), where Scr addressed 
the serum creatinine in 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”. The patients 
were categorized into CKD stages as per KDIGO criteria 
(9, 10).

Proteinuria: Proteinuria was classified into mild (0.5-1 
g/24 h), moderate (1-3 g/24 h), and severe (>3.5 g/24 h). 

Rapid progressors: Sustained decline of >10 mL/min per 
1.73 m2/year in eGFR (11).

Non-progressors: Decline in eGFR <10 mL/min per 1.73 
m2/year 

ESKD: ESKD was defined as the eGFR decline to 
<15ml/min/1.73 m2 or the need for renal replacement 
therapy (12). 

Statistical analysis
The normal distribution of data was tested by the 
Shapiro test. Mean ± SD represents continuous variables, 
whereas median with interquartile range is used for non-
continuous variables. Percentages of categorical variables 
were compared using chi-square or Fisher exact test. We 
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used t-tests and the Mann-Whitney U test to compare the 
mean and median for continuous variables. Spearman’s 
correlation analysis was conducted to find the correlation 
between the eGFR decline, and histological and clinical 
characteristics. Independent risk factors for progression to 
ESKD were identified using Cox regression analysis. We 
analyzed renal survival rates using Kaplan-Meier analysis 
and compared survival rates for histological parameters 
with the log-rank (Mantel-Cox) test, for which histological 
scores and proteinuria classes were reclassified into 
dichotomous variables. A P value of ≤0.05 was considered 
as statistically significant result.

Results
A total of 118 T2DM patients who had undergone renal 
biopsy were screened for the study, and 49 biopsy-proven 
DKD patients were included in the study as shown in 
Figure 1. Patients were followed up for a median period of 
1.6 years (IQR 1.3, 2.2).

Clinical characteristics
Based on the post-biopsy annual eGFR decline, 28/49 
(57%) patients had rapid progression, and 21/49 
(43%) were non-rapid progressors. The baseline clinical 
characteristics are summarized in Table 1. Rapid 
progressors had a significantly higher incidence of 
hypertension (89.3% versus 65.8%, P = 0.001), along with 
severe proteinuria (75.1 versus 28.5, P = 0.001, Figure 2), 
with the median 24-hour proteinuria being 5.5 g/d (IQR 

3.9, 7. 2), and further elevated HbA1c (9.6 versus 6.5, 
P = 0.05) compared to non-progressors. The median serum 
creatinine and eGFR decline within groups were 2.09 mg/
dL versus 1.5 mg/dL and 21 mL/min/1.73 m2/year versus 
5.5 mL/min/1.73 m2/year, respectively (P = 0.01). No 
statistical difference was observed in terms of age, BMI, 
dyslipidemia, duration of diabetes and hypertension, and 
microvascular complications such as diabetic retinopathy, 
diabetic neuropathy, and cardiovascular disease (P >0.05). 
A total of 17.8% were observed with CVD, and the 
majority of patients (18.4%) had ischemic heart disease. 
In the CKD grouping, the majority of rapid progressors 
were at baseline CKD group 3.

Pathological features
We compared the histological characteristics among the 
progressors and non-progressors groups, as shown in 
Table 2. We combined glomerular class 11a and 11b for 
analysis. Arteriolar hyalinosis was not compared because 
all had a score of 2. Among the histological parameters, 
glomerular lesions differed significantly between groups 
(P = 0.03), where the majority of rapid progressors were 
observed with global glomerulosclerosis (57.1%, P = 0.03). 
In comparison, IFTA (0.2), interstitial inflammation 
(0.2), and arteriosclerosis (0.3) did not exhibit statistical 
significance (P > 0.05).

Spearman’s rank correlation coefficients were calculated 
between clinical variables and histological parameters with 
GFR decline (Figure 3), where only proteinuria showed 
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Total study population 49 patients included in the study 

Figure 1. Consort diagram.
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a strong correlation (rho-0.53, P = 0.001) and weak 
correlation with glomerular classes (rho-0.29, P = 0.03).

Clinical and pathological risk factors associated with 
progression to ESKD
Among progressors, 60% (n=17) progressed to ESKD. 
In Kaplan-Meier analysis, a significant difference in renal 
survival was observed between glomerular classes 3 and 4 
(log-rank P = 0.008), as well as between severe and minimal 
proteinuria (log-rank P = 0.02) (Figure 4). Consistent with 
this, Cox proportional hazard analysis severe proteinuria 
(HR1.6, CI: 1.0-2.1, P = 0.001) and global glomerular 
sclerosis (HR 1.1, CI: 1.0-1.4, P = 0.04) were the potential 
risk factors associated with progression to ESKD.

Discussion
A significant proportion of patients with DKD undergo 
rapid progression, which was first identified in 1990 
among Pima Indians with a mean eGFR loss of 16 mL/
min/1.73 m2/year (13), later it has been reported in other 
ethnicities as well (14). In this study, we have chosen a 
cut-off of >10 mL/min/1.73 m2 annual decline, which 
showed 57% of biopsy-proven DKD patients were 
rapid progressors with a median annual GFR slope of 
21 mL/min/1.73 m2. With a similar cut-off, the study 
by Krolewski et al observed that 21% of type 2 diabetes 
had rapid progression (15). Additionally, a South Asian 
cross-sectional study reported that 30% of the study 
population had rapid progression to ESKD within a 

Table 1. Baseline clinical characteristics

Characteristics Overall (n=49) Rapid progressors (n=28) Non-progressors (n=21) P value

Age (years) 67.8±8.2 69.2±8.3 64.2±9.3 0.08

Males, n (%) 41 (83.7) 24 (85.7) 17 (81.7) 0.06

BMI (kg/m2) 25.0 (23.4-29.6) 27.9 (24.6-29.6) 25 (23.3-29.0) 0.5

Hypertension, n (%) 46 (93.9) 32 (89.3) 14 (65.8) 0.01

Duration of diabetes (y) 10 (7-16) 10 (8-16) 10 (6.5-15.5) 0.7

Duration of hypertension (y) 7 (4-14) 7 (3-17) 7 (4-11) 0.7

Dyslipidemia, n (%) 9 (18.6) 4 (16.2) 5 (20.8) 0.58

HbA1c (%) 7.6 (6.8-9.9) 9.6 (6.9-10.4) 6.5 (6.8-7.3) 0.04

Serum creatinine (mg/dL) 1.9 (1.3-2.5) 2.09 (1.5-2.8) 1.5 (1.2-2.1) 0.08

eGFR (mL/min/1.73 m2/year) 39 (27-61) 48.5 (31-67.5) 38 (23.5-48) 0.13

eGFR decline (mL/min/1.73 m2/year) 10.5 (27.0-5.8) 21 (38.7- 14.25) 5.5 (6.8-2.2) 0.001

ESKD 21 (42.8) 17 (60.2) 5 (23.0) 0.01

24-hours protein (g/24 h) 3.7 (2.5-5.9) 5.5 (3.9-7.2) 2.4 (1.5-3.3) 0.001

Mild (0.5-1 g/24 h) 12 (24.4) 3 (10.7) 9 (42.0) 0.03

Moderate (1-3 g/24 h) 10 (20.4) 4 (14.2) 6 (28.3) 0.06

Massive (>3 g/24 h) 27 (55.1) 21 (75.1) 6 (28.5) 0.001

Microvascular complications

Diabetic retinopathy, n (%) 25 (51.0) 15 (53.6) 10 (47.6) 0.509

Diabetic neuropathy, n (%) 6 (12.2) 3 (10.7) 3 (14.2) 0.476

CVD, n (%) 9 (18.3) 5 (17.8) 4 (19.0) 0.48

PVD, n (%) 9 (18.3) 5 (17.8) 4 (19.0) 0.226

CKD stages, n (%)

G1 7 (14.2) 2 (7.14) 5 (23.8) 0.53

G2 5 (10.2) 2 (7.14) 3 (14.2) 0.38

G3 28 (57.1) 18 (64.2) 10 (47.6) 0.04

G4 9 (18.3) 6 (21.3) 3 (14.2) 0.18

BMI, Body mass index; CVD, Cardiovascular disease; PVD, Peripheral vascular disease; CKD, Chronic kidney disease; eGFR, estimated 
glomerular filtration rate.
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mean eGFR loss of 17.5±19.3 mL min/1.73 m2 (14). Two 
studies within the Chinese population have documented 
rapid progression, wherein in the study by Qin et al (2), 
54.2% had rapid GFR decliners, similarly, Wang et al (16) 
found 70% of their population were rapid progressors, 
both demonstrating a median annual GFR fall of -8 mL/
min/1.73 m2 using a simple linear model for eGFR loss 
over time(15). The variability in the incidence of rapid 
progression observed across studies can be attributed to 
the use of diverse criteria for defining annual GFR decline 
and differences in race and demography.

Identifying the patients with a high risk for rapid 
progression can facilitate timely and appropriate 

interventions to delay the disease progression to ESKD 
(14). By analyzing the clinical characteristics, we observed 
the majority of the rapid progressors were elderly, which 
was similar to Zoppini et al (4) and Misra et al (11). 
Inconsistent with these, the mean age of South Asian 
individuals exhibiting rapid progression was reported 
to be younger age (mean age 49±12.7 years), where 
the onset of type 2 diabetes majority was at a younger 
age in their study cohort. Our study group observed a 
significant association between rapid progression and 
poor glycaemic control, characterized by a median HbA1c 
of 9.6% (6.9,10.4), which was consistent with Misra et 
al where they reported a median of 9.0% (6.8,11.8) (11). 
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Figure 2. Trends of proteinuria.
Figure 3. Correlation between GFR decline, histology scores, and 
clinical parameters.
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GFR Decline -0.01 -0.2 -0.03 0.295 0.234 0.12 0.531 

Proteinuria -0.26 -0.11 -0.03 0.011 0.126 0.18  

HbA1c 0.269 -0.08 -0.09 0.017 0.146   

Baseline eGFR 0.079 -0.33 -0.54 -0.42    

Glomerular class -0.18 -0.07      

IFTA -0.02 0.184      
 

Interstitial 
inflammation -0.03       

 

Table 2. Baseline pathological features

Characteristics Overall  (n=49) Rapid progressors (n=28, 57.1%) Non-progressors  (n=21, 42.9%) P value

Glomerular class, n (%) 0.03
Class 2 4 - 4 (19.0)
Class 3 22 (44.8) 12 (42.8) 10 (47.6)
Class 4 23 (46.9) 16 (57.1) 7 (33.3)

Interstitial fibrosis and tubular atrophy score, n (%) 0.245
0 5 (10.2) 4 (14.3) 1 (4.8)
1 16 (32.6) 8 (28.5) 8 (38.6)
2 10 (20.4) 5 (17.8) 5 (23.8)
3 18 (36.7) 11 (39.2) 7 (33.5)

Interstitial inflammation, n (%) 0.258
0 4 (8.2) 3 (10.7) 1 (4.8)
1 41 (83.7) 24 (85.7) 17 (81.0)
2 4 (8.2) 1 (3.6) 3 (14.3)

Arteriolar sclerosis, n (%) 0.34
1 45 (91.8) 26 (92.9) 19 (90.5)
2 4 (8.2) 2 (7.2) 2 (9.5)
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The association between HbA1c and rapid GFR decline 
was further highlighted in both the Joslin kidney study 
(15) and the Japan Diabetes complication study cohort 
(17). Advance trial reported the progression to ESKD 
was reduced to 65% among the good glycaemic control 
group (18). Further, we observed a significant association 
between rapid progression and hypertension, which was 
seen in 89.3% of the population as a comorbid disease. 
These findings align with another South Asian study in 
which 82.6% of rapid progressors were found to have 
coexisting hypertension (14). In line with these, Japanese 
and Caucasian population studies also observed a high 
prevalence of rapid decliners among the hypertensive 
group (4,17). These suggest that effective glycaemic and 
blood pressure control can potentially mitigate further 
progression of DKD.

Severe proteinuria was strongly associated with rapid 
annual GFR decline and a strong predictor for subsequent 
progression to ESKD, with median proteinuria of 5.5 g/24 
h. This was similar to many other studies (18-20). Likewise, 
Wang et al reported the mean GFR decline was 20.65 ml/
min/1.73 m2 within the severe proteinuria group which 
was higher compared to the moderate proteinuria group 
(16). Further, in the Joslin kidney study, 17% to 21% of 
rapid decliners were found in those with proteinuria (15). 
Thus, the nephrotic range of proteinuria is an established 
risk factor for the disease progression (16,21).

Histologically, global glomerular sclerosis was 
predominant in rapid progressors, a pattern that resonated 
with findings from another South Asian study conducted 
by Yaqub et al (14) as well as a case report documented 
by Lim et al (19).While a retrospective study involving 
377 Japanese patients with biopsy-proven DKD found 
that nodular sclerosis was significantly linked to an 
annual eGFR decline of >5 mL/min/1.73m2 (20). In 
risk factor analysis, only advanced glomerular lesions 
were independently associated with the risk of rapid 

progression to ESKD. However, contradicting this 
finding, Misra et al demonstrated that the IFTA score 
was an independent risk factor for ESKD. Okada et al 
reported that only interstitial lesions but not glomerular 
lesions were independent predictors of renal outcomes 
(21). Whereas, Yu et al study identified both glomerular 
and interstitial lesions as predictors of ESKD. In our 
study, we also noted a significant difference in renal 
survival rates between glomerular class 4 and other classes 
(1, 2 and 3), which was consistent with Yu et al (22). 
Histological scores including IFTA, arteriosclerosis, and 
arteriolar hyalinosis were not a strong predictor of rapid 
progression, which was consistent with Misra et al and 
Okada et al findings (11,21) suggesting the pathological 
risk factors vary among study populations. This variation 
can be attributed to several factors, including diversity in 
ethnicity and differences in healthcare practices across the 
population studies. 

Conclusion
We found clinical parameters, including the coexistence 
of hypertension, HbA1c, severe proteinuria, and 
histologically glomerular lesions were more prevalent in 
rapid GFR decliners. Furthermore, severe proteinuria and 
glomerular classes were independently associated with 
rapid progression to ESKD. To validate these findings, 
conducting longer follow-up multicentre studies with 
more diverse patient populations is essential.

Limitations of the study
The study was a retrospective single centred with a small 
cohort. 
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