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Dear Editor,

Diabetic kidney disease (DKD), a leading cause of ESKD 
worldwide, is characterized by diverse clinical presentations 
and varying rates of progression. Despite implementation 
of kidney-protective therapies such as renin-angiotensin 
system inhibitors (RASi) and sodium-glucose cotransporter-2 
(SGLT2) inhibitors, kidney function measured as estimated 
glomerular filtration rate (eGFR) slope, continues to decline 
over time, culminating in ESKD.1-3 Clinical trials report an 
annual eGFR decline of 2.8 to 3.5 mL/min/year with these 
treatments1-3 and observational studies suggest a similar 
decline of 2.7 - 4 mL/min/year in DKD patients.4-6 While 
these estimates represent the average eGFR decline, a 
subset of patients with DKD have rapid progression,S1 
defined by Kidney Disease: Improving Global Outcomes 
(KDIGO) as a decrease in eGFR of >5 mL/min/year.S2

Rapid progression is prevalent in DKD with estimates 
ranging from 60% to 80%.S3,S4 Factors such as age, sex, 
hypertension, proteinuria, baseline eGFR, and nephrotoxic 
drug exposure are known to influence eGFR decline.4,S4,S5 
There is limited data from developing countries on the 
determinants of kidney function decline in DKD in the real- 
world context.

This was a single-center retrospective longitudinal study 
that measured mean annual eGFR decline in an Indian 
cohort of patients with type 2 diabetes mellitus and DKD. 
It also identified novel predictors of eGFR decline and 
rapid progression in DKD. We measured DKD progression 
by eGFR slope using linear mixed-effects regression. Rapid 
progression was defined as eGFR-slope <-5 mL/min/year. 
eGFR slope predictors were identified by multivariable 
regression. The methods have been detailed in the 
Supplementary File.S6-S31

This study included 274 patients. The mean age at initial 
diagnosis was 60.04 ± 9.9 years; there were 210 (77%) 
males. The median eGFR at initial DKD diagnosis was 43.8 
(IQR: 31-57) mL/min/1.73 m2. Most patients (59%) initially 
presented with stage III CKD (29% and 30% with stage IIIa 
and stage IIIb, respectively). The mean follow-up from the 
initial diagnosis was 3.3 years. The baseline characteristics 
of the sample at initial diagnosis have been listed in Table 1.

The cohort’s mean eGFR slope was -6.43 (95% CI: -7.02 to 
-5.84) mL/min/year. The unadjusted eGFR slopes in different 
DKD subsets have been presented in Table 2. Patients 
with non-proteinuric DKD showed the least tendency for 
progression (eGFR slope -3.72 mL/min/year). Those with 
heart failure with mildly reduced or preserved ejection 
fraction (HFmrEF/HFpEF) had the greatest propensity for 
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progression (eGFR slope -10.84 mL/min/year). The eGFR-
slope according to baseline CKD stage has been summarized 
in Supplementary Table 1. eGFR-slope exhibited a gradient 
according to the baseline CKD stage, with fastest decline 
observed in stage I (-12.87ml/min/year) and slowest decline 
in stage IV (-4.25 ml/min/year). Supplementary Figure 
1 illustrates the unadjusted eGFR-slope in different DKD 
subsets. Crossover between curves (interaction) implies a 
significant difference in eGFR slope between groups.

Supplementary Table 2 shows univariate and multivariate 
associations between predictors and eGFR slope. 
Multivariate regression revealed that rural dwellers lost 
1.13 mL/min/year eGFR (p = 0.02) more than urban 
residents. Patients with HFmrEF/HFpEF lost an excess 3.26 
mL/min/year eGFR (p < 0.001) than those without heart 
failure. Patients with resistant hypertension lost 1.74 mL/
min/year (p = 0.001) eGFR more than those with well-
controlled hypertension. Intravitreal anti-VEGF exposure 
was linked to a 1.51 mL/min/year (p = 0.01) greater eGFR 
loss than in unexposed individuals. Intercurrent AKI was 
associated with 1.83 mL/min/year (p = 0.002) excess eGFR 
loss. Compared to patients with proteinuric DKD, those 
with non-proteinuric DKD showed a lesser eGFR decline 
(2.73 mL/min/year) (p < 0.001). Age and sex did not 
predict eGFR slope.

About 37% of patients in this cohort received SGLT2 
inhibitor treatment, and 43% received RASi for at least half 
of the follow-up duration [Table 1]. Baseline or intercurrent 
hyperkalemia precluded RASi usage in 37% of patients. 
SGLT2 inhibitor and RASi exposure [Supplementary Table 
2] were associated with 1.44 mL/min/year (p = 0.003) 
and 0.83 mL/min/year (p = 0.09) lesser decline in eGFR, 
respectively. There was no significant interaction between 
RASi or SGLT2 inhibitor treatment and proteinuric DKD 
categories [Supplementary Table 3].

Of 274, 159 (58%) had rapidly progressive DKD. The eGFR 
slopes among rapid (-9.50 mL/min/year) and non-rapid 
progressors (-2.19 mL/min/min) were significantly different 
(p < 0.001). Both groups were systematically different at 
initial diagnosis [Table 1].

Rapid progression predictors in DKD have been shown 
in Supplementary Table 4. After multivariate regression 
analysis, baseline eGFR (odds ratio [OR]- 1.03 per mL of 
baseline eGFR, p = 0.001), HFmrEF/HFpEF (OR 3.46, p = 
0.02), and intercurrent AKI (OR 2.25, p = 0.02) significantly 
increased the odds of rapid progression in DKD. Non-
proteinuric DKD (OR 0.19, p < 0.001) reduced the odds of 
rapid progression. SGLT2 inhibitor exposure (OR 0.56, p = 
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Table 1: Baseline characteristics and intercurrent events in patients with diabetic kidney disease
Parameter Total n = 274 Rapid progressor n = 159 Non-rapid progressor n = 115 P value
Age (years) 60.04 ± 9.9 59.1 ± 10.8 61.3 ± 8.5 0.07
Sex (Male) 210 (76.6%) 126 (79.3%) 84 (73.0%) 0.23
Rural residence 127 (46.4%) 82 (51.6%) 45 (39.1%) 0.04
Low socio-economic status 20 (7.3%) 11 (6.9%) 9 (7.9%) 0.77
Chronic smoking 59 (21.5%) 36 (22.6%) 23 (20.0%) 0.60
Diabetes duration (years) 14.4 ± 8.5 14.4 ± 8.3 14.5 ± 8.7 0.92
Non-proteinuric DKD 97 (35.4%) 32 (20.1%) 65 (56.5%) <0.001
Urine protein creatinine ratio (g/g) 2.9 ± 3.2 3.9 ± 3.5 1.4 ± 1.9 0.002
Baseline eGFR (mL/min/1.73 m2) 45.9 ±19.2 49.6 ± 20.8 40.8 ± 15.4 <0.001
CKD stage I 10 (3.7%) 9 (5.7%) 1 (0.9%) 0.04
CKD stage II 45 (16.4%) 31 (19.5%) 14 (12.2%) 0.10
CKD stage IIIa 79 (28.8%) 44 (27.7 %) 35 (30.4%) 0.61
CKD stage IIIb 83 (30.3%) 53 (33.3%) 30 (26.1%) 0.19
CKD stage IV 57 (20.8%) 22 (13.8%) 35 (30.4%) <0.001
Hypertension 227 (82.8%) 135 (84.9%) 92 (80.0%) 0.29
Hypertension duration (years) 8.3 ± 8.9 7.6 ± 8.6 9.3 ± 9.1 0.17
Resistant hypertension 85 (31.0%) 64 (40.3%) 21 (18.3%) <0.001
Systolic blood pressure (mmHg) 143.3 ± 23.2 148.0 ± 24.6 136.9 ± 19.4 0.002
Diastolic blood pressure (mmHg) 81.9 ± 14.1 82.7 ± 13.6 81.0 ± 14.8 0.35
HFrEF 39 (14.2%) 26 (16.4%) 13 (11.3%) 0.24
HFmrEF/HFpEF 37 (13.5%) 31 (19.5%) 6 (5.2%) 0.001
LVEF 55.0 ± 12.2 55.0 ± 12.6 55.1 ± 11.5 0.93
Diabetic retinopathy 177 (64.6%) 102 (64.1%) 75 (65.2%) 0.85
Intravitreal anti-VEGF 53 (19.3%) 37 (23.3%) 16 (14.0%) 0.05
Coronary artery disease 89 (32.5%) 51 (32.1%) 38 (33.0%) 0.87
Cerebrovascular accident 24 (8.8%) 17 (10.7%) 7 (6.1%) 0.18
Chronic foot ulcer 51 (18.6%) 41 (25.8%) 10 (8.7%) <0.001
Treatment with SGLT2I 101 (36.9%) 55 (34.6%) 46 (40%) 0.36
Treatment with RASI 118 (43.1%) 68 (42.8%) 50 (43.5%) 0.90
Baseline or intercurrent hyperkalemia 101 (36.9%) 62 (39.0%) 39 (33.9%) 0.39
Intercurrent AKI 83 (30.3%) 57 (35.9%) 26 (22.6%) 0.02
Intercurrent hospitalization for sepsis 67 (24.5%) 42 (26.4%) 25 (21.7%) 0.37
Intercurrent ADHF 48 (17.5%) 28 (17.6%) 20 (17.4%) 0.96
ADHF: Acute decompensated heart failure, DKD: Diabetic kidney disease, eGFR: Estimated glomerular filtration rate, HFmrEF: Heart failure 
with mildly reduced ejection fraction, HFpEF: Heart failure with preserved ejection fraction, HFrEF: Heart failure with reduced ejection 
fraction, RASI: Renin angiotensin system inhibitor, SGLT2I: Sodium glucose cotransporter-2 inhibitor, VEGF: Vascular endothelial growth factor

0.06) lowered the odds of rapid progression; however, not 
statistically significantly.

Our study quantitatively assesses multiple eGFR slope 
predictors in the real-world setting of a developing country. 
Social factors are known to influence kidney health.S32,S33 
In this study, rural residence caused significantly faster 
eGFR decline [Supplementary Table 2], likely due to limited 
healthcare access and environmental toxins. Heart failure, 
particularly HFmrEF/HFpEF, has been linked to accelerated 
kidney function decline.S16,S34 Our findings align with these 
studies, as HFmrEF/HFpEF was associated with the most 
significant eGFR decline in DKD [Supplementary Table 2].

There is emerging evidence that intravitreal anti-VEGF 
agents promote rapid DKD progression.S35 In our study, 
patients receiving anti-VEGF treatment experienced 
additional 1.5 mL/min/year eGFR decline [Supplementary 
Table 2], emphasizing this therapy’s long-term impact on 
kidney function.

Baseline eGFR emerged as a strong eGFR slope 
predictor in DKD [Supplementary Table 2]. High baseline 
eGFR translated to rapid eGFR decline, implying that 
interventions intended to retard DKD should target the 
initial vulnerable stage of DKD.

This research also quantifies the impact of recognized 
factors on eGFR slope. Blood pressure control is an 
established strategy for kidney function preservation 
in DKD. In our study, 31% of the cohort had resistant 
hypertension, which led to an excess 1.74 mL/min/year 
eGFR loss. Patients with proteinuric DKD lost more eGFR 
than those with non-proteinuric DKD. These findings 
support blood pressure optimization and proteinuria 
reduction in DKD.

In clinical trials, SGLT2 inhibitor exposure2,3,S36 led to a 1.13 
to 2.26 mL/min/year lesser eGFR decline compared to the 
placebo group. In our study, the real-world benefit of SGLT2 
inhibitor treatment in DKD was evident as 1.44 mL/min/
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year lesser decline in eGFR. The benefit of SGLT2 inhibitor 
treatment persisted across proteinuric DKD categories, 
as there was no significant interaction between the two. 
This finding concurs with a meta-analysis of clinical trials, 
which showed similar benefits of SGLT2 inhibitor therapy 
across varying CKD proteinuria categories.S37 These real-
world findings reinforce the motivation for SGLT2 inhibitor 
prescription in DKD. Considering the myriad factors 
that influence DKD progression, a holistic approach to 
retardation is needed with a special focus on heart failure.
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Table 2: Unadjusted eGFR slope in subsets of diabetic kidney disease  
 Exposure eGFR slope in exposed,  

mL/min/yr (95% CI)
eGFR slope in unexposed, 

mL/min/yr (95% CI)
Difference in eGFR slope 

(95% CI)
P value

Sex (Male) -6.52 (-7.21, -5.83) -6.14 (-7.29, -4.99) -0.38 (-1.77, 0.01) 0.59
Rural residence -7.44 (-8.36, -6.51) -5.56 (-6.29, -4.83) -1.87(-3.03, -0.70) 0.002
Low socio-economic status -8.90 (-12.31, -5.47) -6.24 (-6.81, -5.66) -2.66 (-4.90, -0.41) 0.02
Chronic smoking -7.15 (-8.49, -5.79) -6.24 (-6.89, -5.58) -0.91 (-2.34, 0.52) 0.21
Heart failure (any) -9.13 (-10.54,-7.72) -5.47 (-6.04, -4.89) -3.66 (-4.92, -2.39) <0.001
HFrEF -7.32 (-9.37, -5.27) -5.47 (-6.04, -4.89) -1.85 (-3.51, -0.19) 0.03
HFmrEF/HFpEF -10.84 (-12.69, -8.97) -5.47 (-6.04, -4.89) -5. 37 (-6.99, -3.74) <0.001
Resistant hypertension -8.88 (-10.11, -7.65) -5.33 (-5.92, -4.73) -3.55 (- 4.75, -2.35) 0.001
Non-proteinuric DKD -3.72 (-4.43, -2.99) -7.92 (-8.65, -7.18) 4.20 (3.07, 5.33) <0.001
SGLT2I therapy -5.82 (-6.74, -4.91) -6.78 (-7.55, -6.01) 0.96 (-0.26, 2.17) 0.12
RASI therapy -6.28 (-7.15, -5.40) -6.54 (-7.34, -5.74) 0.26 (-0.93, 1.45) 0.66
Diabetic retinopathy -6.93 (-7.71, -6.15)  -5.51 (-6.35,  -4.68) -1.42 (-2.64, -0.19) 0.02
Anti-VEGF therapy -8.48 (-9.97, -6.98) -5.94 (-6.56, -5.31) -2.54 (-4.00, -1.07) 0.001
Chronic foot ulcer  -8.86 (-10.40, -7.31)  -5.88 (-6.49, -5.26) -2.98 (-4.45, -1.50) <0.001
Coronary artery disease -6.52 (-7.58, -5.47) -6.38 (-7.10, -5.66) -0.14 (-1.40, 1.11) 0.82
Cerebrovascular accident  -8.56 (-11.18, -5.94) -6.23 (-6.82, -5.63) -2.33 (-4.40, -0.26) 0.03
Intercurrent hospitalization for sepsis -7.41 (-8.64, -6.18) -6.11 (-6.78, -5.44) -1.30 (-2.66, 0.06) 0.06
Intercurrent AKI -7.48 (-8.56, -6.39) -5.98 (-6.67, -5.28) -1.50 (-2.77, -0.22) 0.02
Intercurrent ADHF -7.32 (-8.96, -5.69) -6.24 (-6.87, -5.61) -1.08 (-2.63, 0.046) 0.17
ADHF: Acute decompensated heart failure, DKD: Diabetic kidney disease, eGFR: estimated glomerular filtration rate, HFmrEF: Heart failure 
with mildly reduced ejection fraction, HFpEF: Heart failure with preserved ejection fraction, HFrEF: Heart failure with reduced ejection 
fraction, RASI: Renin angiotensin system inhibitor, SGLT2I: Sodium glucose cotransporter-2 inhibitor, VEGF: Vascular endothelial growth 
factor, CI: Confidence interval
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