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Abstract

Chronic Kidney Disease and Diabetes are diseases of concern globally including developing countries like India. The delayed 
intervention of non-communicable disease management, the unique socioeconomic condition, etc makes chronic kidney disease 
a potential threat in the future. Diabetes in India plays an important role in developing CKD & its associated complications. To 
treat diabetes, many innovative antidiabetic agents were introduced in the last two decades. Some of these newer anti-diabetic 
medications have established cardio-renal safety in diabetic patients. Many endocrine and cardiovascular societies have 
already adopted these anti-diabetic agents into the respective algorithms. Overall for newer anti-diabetic medication, there 
is no available published guidance in India that has prioritized both renal safety and other parameters related to nephrology 
practice. A group of Indian nephrologists, after analyzing existing published evidence and guidance from different guidelines, 
prepared a simple common algorithm to manage diabetes patients with associated CKD. This new algorithm, having both 
DPP4i and SGLT2i, will surely help Indian health care professionals to manage diabetes in CKD patients, in a more efficient 
way.
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Abbreviations: CREDENCE Trial: Canagliflozin and 
Renal Events in Diabetes with Established Nephropathy 
Clinical Evaluation; DECLARE-TIMI 58: Dapagliflozin Effect 
on Cardiovascular Events–Thrombolysis in Myocardial 
Infarction 58; CANVAS Programme: CANagliflozin 
cardioVascular Assessment Study (CANVAS) Program; 
CARMELINA Trial: Cardiovascular and Renal Microvascular 
Outcome Study With Linagliptin in Patients with Type 
2 Diabetes Mellitus; DAPA-HF: Dapagliflozin on the 
Incidence of Worsening Heart Failure or Cardiovascular 
Death in Patients With Chronic Heart Failure; DAPA-CKD: 
Dapagliflozin on Renal Outcomes and Cardiovascular 
Mortality in Patients With Chronic Kidney Disease; EMPA-
REG Trial: Empagliflozin Cardiovascular Outcome Event 
Trial in Type 2 Diabetes Mellitus Patients–Removing Excess 
Glucose; EMPEROR-Reduced: Empagliflozin Outcome Trial 
in Patients with Chronic Heart Failure with Reduced Ejection 
Fraction; MARLINA-T2D: Efficacy, Safety & Modification 
of Albuminuria in Type 2 Diabetes Subjects With Renal 
Disease With LINAgliptin; SAVOR-TIMI 53: Saxagliptin and 
cardiovascular outcomes in patients with type 2 diabetes 
mellitus; TECOS: Trial Evaluating Cardiovascular Outcomes 
with Sitagliptin; AACE: American Association of Clinical 
Endocrinology; ACE:Angiotensin Converting Enzyme; ADA: 
American Diabetic Association; AKI: Acute Kidney Injury; 
ARB:Angiotensin Receptor Blocker; ASCVD:Atherosclerotic 
Cardiovascular Disease; CCF: Congestive Cardiac Failure; 
CI: Confidence Interval; CKD : Chronic Kidney Disease; 
CV-Cardiovascular; CVOT: Cardiovascular Outcome Trial; 
DKA: Diabetic Ketoacidosis; DPP4i: Dipeptidyl peptidase-4 
inhibitor; eGFR: Estimated Glomerular Filtration Rate; EMA: 
European Medicines Agency.

Introduction

Chronic Kidney Disease & diabetes are two of the 
important & independent causes of increased mortality 
and morbidity globally. Due to the alarming enhancement 
of burden in the last few decades, these two diseases are in 
the focus of public health priority worldwide [1]. The burden 
of both these diseases is very high in developing countries 
like India, with a large number of patients being below the 
poverty line. The lower allocation of gross domestic product 
to the healthcare sector, inadequate & improper distribution 
of health care facilities, less availability of skilled health care 
personnel, etc all contribute to sub-optimal outcomes while 
managing these chronic diseases in India. The challenges of 
managing both these diseases in India is quite different from 
the rest of the world [2,3].

In the last decade, different agents of these newer anti-

diabetic agents- DPP4i and SGLT2i established cardiovascular 
& renal safety in landmark trials. Their use has been endorsed 
by different endocrine and cardiological society globally. But, 
there is no published guideline combining both SGLT2i and 
DPP4i, based on prioritized parameters related to nephology 
segment (e.g. renal protection evidence, infection, and other 
factors related to nephrology). So, there is a felt need for 
consensus document/guideline for Indian CKD patients with 
T2DM updating guidance to use these two innovative class of 
anti-diabetic agents.

Methodology

Clinical trials and review articles published in Pub 
Med, Embase, Google Scholar, and other indexed and peer-
reviewed journals were reviewed to identify publications 
and other key data. The studies related to the subject of 
interest were searched in the search section with terms 
‘CKD DPP4i/ SGLT2i/ Renal safety. Clinical trials and review 
articles published in an indexed and peer-reviewed journal 
till 30th Sep 2020, were reviewed by the Expert Panel to 
identify publications and other key data that would help in 
guideline recommendations. Expert Panel members also 
critically evaluated the currently available recommendations 
available in the public domain. The consensus statement and 
recommendation of the nephrology group were arrived at by 
deliberations based on this evidence.

Evidence of DPP4 Inhibitors in Renal 
Protection

Many studies have demonstrated a reduction in 
albuminuria with DPP4i. Only some of the DPP4i have shown 
renal protection (viz. decrease in Doubling of Sr. Creatinine, 
>50 % reduction of eGFR, the number of patients initiating on 
long term dialysis, etc). Three important randomized clinical 
trials assessed the protective effect of DPP-4 inhibitors 
on renal functions. The first published study, SAVOR-TIMI 
53, the largest CVOT with DPP4i, had patients across CKD 
stages (except dialysis patient at baseline). In this trial, 
UACR reduction was significantly better in Saxagliptin arm 
compared to placebo, irrespective of glycaemic improvement. 
The renal safety endpoints (Composite of doubling of sr. 
creatinine, initiation of dialysis or transplant, sr. creatinine>6 
mg/dl, death) were analysed (post hoc analysis). The trial 
established the renal safety of Saxagliptin in diabetic CKD 
patients [4-6]. Hospitalization of heart failure event was 
inconsistent with saxagliptin in different eGFR categories 
(<30 ml/min, 30-50 ml/min & > 50 ml/min ). Especially in 
low eGFR (<30ml/min) with high-risk category, HHF was 
similar to placebo [7] (Table 1, Table 2 and Figure 1)).
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  Total N (%) Worsened N (%) No Change N (%) Improved N (%) p-value*
eGFR > 50 mL/min/1.73m2(n = 10,621)      

<0.0001Saxagliptin 5,380 (50.7%) 682 (12.7%) 4,139 (76.9%) 559(10.4%)
Placebo 5,241 (49.3%) 790 (15.1%) 4,003 (76.4%) 448(8.5%)

eGFR ≤ 50 mL/min/1.73m2(n = 1739)      

0.041Saxagliptin 885 (50.9%) 151 (17.1%) 623 (70.4%) 111(12.5%)
Placebo 854 (49.1%) 179 (21.0%) 591 (69.2%) 84 (9.8%)

Table 1: Frequency of progressive microalbuminuria by the completion of follow-up according to renal function (SAVOR-TIMI 
53).
Note: The risk of progressive microalbuminuria was defined as a treatment difference in the number and proportion of patients 
with worsening, no change, or improvement in the urinary albumin-to-creatinine ratio (ACR), defined as a shift from baseline 
category (33.9 mg/mmol) throughout follow-up among patients with complete data. *P-values based on chisquare or Fisher’s 
exact test.

Endpoint eGFR > 50 mL/min/1.73m2 eGFR ≤ 50 mL/min/1.73m2 p

Saxagliptin 
5 mg 

(n = 6986)

Placebo 
(n = 

6930)

Hazard 
Ratio 

(95% CI)

Saxaglipti 
n 

2.5 mg 
(n = 1294)

Placebo (n = 
1282)

Hazard Ratio 
(95% CI) (Interaction)

Renal Composite 
Endpoints (Doubling of 

Serum Creatinine, 
Dialysis, Renal 

Transplant, Serum 
Creatinine >6 mg/dL)

1.50% 1.22% 1.10 (0.83-
1.44) 5.80% 6.16% 1.06 (0.78- 

1.44) 0.90

Renal Composite End 
points + Death 5.24% 4.41% 1.10 (0.95-

1.27) 13.90% 13.70% 1.06 (0.86-
1.29) 0.78

Table 2: Renal safety endpoint analysis in SAVOR-TIMI trial.
Note: Abbreviations: CI indicates- confidence interval; HR- hazard ratio; Hosp- hospitalization; eGFRestimated glomerular 
filtration rate. Interaction P-values based on categorical eGFR groups.

Figure 1: UACR categorical changes in the patient on Saxagliptin at baseline and end of the trial.
Note: Reversal of Micro-albuminuria defined as baseline 30 mg/g <UACR<300 mg/g to UACR <30 mg/g at end of trial, and 
Reversal proteinuria defined as UACR >300 mg/g at baseline to UACR <300 mg/g at end of trial. 31.3% reversal in albuminuria 
and 32% reversal in proteinuria in the patient population on saxagliptin.
Urinary albumin and creatinine were measured at the central laboratory in a single voided urine sample.
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Linagliptin established cardiovascular safety in 
CARMELINA Trial in the patient population of type 2 
diabetes with or without CKD patient up to CKD stage 4 
(eGFR > 15 ml/min). Apart from the MARLINA-T2D trial, 
linagliptin also established significant improvement in UACR 
in CARMELINA trial compared to placebo. CARMELINA trial 
also established renal safety based on predefined renal 

safety as a secondary endpoint [8-10] (Table 3, Figures 2 & 
3). Important cardiovascular outcome trials with DPP4i have 
been summarised in supplementary Table 4. Saxagliptin and 
Linagliptin are the only two DPP4i with established renal 
safety (by Renal composite endpoints- Doubling of Serum 
Creatinine, Dialysis, Renal Transplant, etc).

Figure 2: Change in UACR from baseline over time in MARLINA-T2D Trial.
Note: (Figure 2) The adjusted geometric mean ratio of relative change from baseline in UACR over time, FAS- (LOCF) [ FAS=Full 
Analysis Set, LOCF= Last Observation Carried Forward].
No significant difference between linagliptin and placebo in the change in UACR from baseline over time.

Figure 3: Time to the first occurrence of albuminuria progression* (CARMELINA Trial).
Note : Linagliptin event rate 21.36/100 PY Placebo event rate 2.4.54/100 PY.
Treated set, Kaplan-Meier estimate. Hazard ratio and 95% CI based on the Cox regression model with terms for the treatment 
group (p=0.0034) and region (p<0.0001)
*change from normo- to micro- or macroalbuminuria, or from micro- to macroalbuminuria;
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Linagliptin (n=3494) Placebo (n=3485) Incidence rate 
difference 

Linagliptin- 
Placebo(95% 

CI)

Hazard 
Ratio (95% CI)

p- 
value

No (%)

Rate per 
100 

patient 
years

No (%)
Rate per 

100 patient 
years

Sustained SRD, death 
due to Kidney Failure, or 

sustained decrease of 
> 50% in eGFR from 

Baseline

230(6.6) 3.39 227(6.5) 3.42 -0.03(-0.65 to 
0.60) 0.98(0.82-1.18) 0.87

Death due to renal failure 
or sustained ESRD

136(3.9) 1.78 154(4.4) 2.04 -0.26(-0.70 to 
0.18) 0.87(0.69 - 1.10) 0.24

Albuminuria progression 763(35.3) 21.36 819(38.5) 24.54 -3.18(-5.44 to - 
0.92) 0.86(0.78- 0.95) 0.003

Composite microvascular 
end point 785(36.3) 22.14 843(39.6) 25.42 -3.28(-5.59 to - 

0.97) 0.86(0.78- 0.95) 0.003

Table 3: Kidney and Microvascular Outcomes (Carmelina Trial).

SAVOR-TIMI-53(4) EXAMINE (12) TECOS(13) CARMELINA(11)

(n=16,492) (n=5,380) (n=14,671) (n=6,979)

Intervention Saxagliptin/Placebo Alogliptin /placebo Sitagliptin/Placebo Linagliptin/Placebo

Main Inclusion Criteria
Type 2 Diabetes and 
history of or multiple 
risk factors for CVD

Type 2 diabetes and 
ACS within 15-90 days 
before randomization

Type 2 Diabetes 
and preexisting 

CVD

Type 2 Diabetes and 
high 

CV and renal risk

A1C Inclusion Criteria (%) >6.5 6.5-11.0 6.5-8.0 6.5-10.0

Age (Years)** 65.1 61 65.4 65.8

Race(%White) 75.2 72.7 67.9 80.2

Sex (%Male) 66.9 57.9 70.7 62.9

Diabetes Duration 
(Years)** 10.3 7.1 11.6 14.7

Median follow-up period 
(Years) 2.1 1.5 3 2.2

Statin Use (%) 78 91 80 71.8

Metformin Use (%) 70 66 82 54.8

Prior CVD/CHF (%) 78/13 100/28 74/18 57/26.8

Mean Baseline A1C (%) 8 8 7.2 7.9

Mean difference in A1C 
(Between groups at end of 

treatment (%))
-0.3 -0.3 -0.3 -0.36

Year started/reported 2010/2013 2009/2013 2008/2015 2013/2018

Primary Outcome$ 3- Point MACE 1.00 
(0.89-1.12)

3-Point MACE 0.96 
(95% UL <1.16)

4-Point MACE 0.98 
(0.89-1.08)

3-point MACE 1.02 
(0.89 -1.17)
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Key secondary outcome$ Expanded MACE 1.02 
(0.94-1.11)

4-Point MACE 0.95 
(95% UL <1.14)

3-point MACE 0.99 
(0.89-1.12)

Kidney composite 
(ESRD, Sustained > 

40% decrease 
in eGFR, or renal death) 

1.04 (0.89-1.22)

Cardiovascular Death$ 1.03 (0.87-1.22) 0.85 (0.66-1.10) 1.03 (0.89-1.19) 0.96 (0.81-1.14)

MI$ 0.95 (080-1.12) 1.08 (0.88-1.33) 0.95 (0.81-1.11) 1.12(0.09-1.40)

Stroke$ 1.11 (1.07-1.51) 0.91 (0.55-1.50) 0.97 (0.79-1.19) 0.91 (0.67-1.23)

HF Hospitalization$ 1.27 (1.07-1.51) 1.19 (0.90-1.58) 1.00 (0.83-1.20) 0.90 (0.74-1.08)

Unstable Angina 
Hospitalization$ 1.19 (0.89-1.60) 0.90 (0.60-1.37) 0.90 (0.70-1.16) 0.87 (0.57-1.31)

All-cause mortality$ 1.11 (0.96-1.27) 0.88 (0.71-1.09) 1.01 (0.90-1.14) 0.98 (0.84-1.13)

Worsening nephropathy$# 1.08(0.88-1.32) - -

Kidney composite 
(ESRD, Sustained > 

40% decrease 
in eGFR, or renal death) 

1.04 (0.89-1.22)

Table 4: Cardiovascular outcome trials of DPP4 inhibitors.
Note: ACS: Acute Coronary Syndrome; CHF: Congestive Heart Failure; CV: Cardiovascular; CVD: Cardiovascular Disease; DPP4: 
Dipeptidyl Peptidase 4; eGFR: Estimated Glomerular Filtration Rate; ESRD: End-Stage Renal Disease, GLP-1: Glucagon Like 
Peptide 1; HF: Heart Failure; MACE: Major Adverse Cardiac Event; MI: Myocardial Infraction; UL: Upper Limit.

Data from this table was adapted fro Cephalu, et al. in 
the January 2020 issue of Diabetes Care.** Age was reported 
as means in all the trials except EXAMINE, which reported 
medians; diabetes duration was reported as means in all 
trials except SAVOR-Timi 53 and EXAMINE, which reported 
medians. & Outcome reported as hazard ratio (95% CI). 
#Worsening nephropathy is defined as doubling of creatinine 
level, initiation of dialysis, renal transplantation, or creatinine 
>6.0 mg/dl (530 mmol/L) in SAVOR -TIMI 53. Worsening 
nephropathy was a prespecified exploratory adjudicated 
outcome in SAVOR-TIMI 53. A significant difference in A1C 
between groups (p<0.05).

Evidence of SGLT2 Inhibitors in Renal 
Protection

This class of anti-diabetic agents was introduced to treat 
type 2 diabetes mellitus patients in 2012 [11]. They have a 
physiological mode of action in the kidney, by blocking SGLT2 
co-transporter expressed in the proximal convoluted tubule 
of the nephron and reduces glucose reabsorption leading to 
increase glucose elimination by urine [12].

There are five recent major trials of three members 
of the SGLT2i family published, where the renal safety/
renal protection parameters were also evaluated [13,14]. 

Out of all these trials, EMPA-REG trial was the first clinical 
trial examining the effects of empagliflozin compared to 
placebo on cardiovascular morbimortality in patients with 
type 2 diabetes and at high risk for cardiovascular events in 
patients with the standard of care [15,16]. After EMPA-REG, 
CANVAS Program, DECLARE -Timi 58, CREDENCE, Dapa- HF, 
EMPEROR-Reduced and Dapa-CKD trials were published in 
the last five years [15,17-21].

Out of total seven prospective cardiovascular and renal 
outcome trials with three commonly used SGLT2 inhibitors, 
patients who had a moderate renal failure (eGFR <60 ml/
min) ranged from 7.4% in DECLARE TIMI -58 trial to 59.8% 
in CREDENCE trial. Only four of these seven completed 
trials, Dapa-HF , CREDENCE, EMPEROR-Reduced and Dapa 
CKD trials have patients on SGLT2i with eGFR upto 30 ml/
min and even below (<30 ml/min) as per baseline inclusion 
criteria [14,19-21]. In the three prospective cardiovascular 
outcome trials (EMPA-REG, CANVAS Prog, DECLARE-TIMI 
58) majority of patients had low urinary albumin creatinine 
value (UACR) <30 mg/gm) (Range 59.5% to 69.1%). Only two 
trials with SGT2i having primary renal endpoints, CREDENCE 
& Dapa-CKD had UACR >300 mg/g had UACR >200 mg/g as 
inclusion criteria respectively, in terms of albuminuria. In 
the CREDENCE trial, 99.9% of patients and in Dapa CKD 97% 
of patients were treated with RAAS inhibitors (ARB or ACE 
inhibitor) (Tables 5, 6 & 7) [13,22-24].
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  Empa-Reg Canvas Declare

Drug Empagliflozin 10 mg, 
25mg once daily

Canagliflozin 100 mg, 
300 mg once daily Dapagliflozin 10 mg once daily

Total of participants 7,020 10,142 17,160
N (%) with T2D 7,020(100%) 10,142(100%) 17,160 (100%)
N(%) with CVD 7,020 (100%) 6,656(66%) 6,974 (41%)

eGFR criteria for enrolment 
(mL/min/1.73 m2) > 30 > 30 CrCl > 60 mL/min 45% had eGFR 60-90

Mean eGFR at enrolment 
(mL/min/1.73m2) 74 76 85

N (%) with eGFR <60 1,819 (26%) 2,039 (20%) 1,265 (7.4%)

ACR

No criteria. ACR <30 
mg/g in 60%, 30-300 

mg/g in 30%, >300 
mg/g in 10%

No criteria. Median ACR 
12.3 mg/g No criteria

Follow-up (median, yrs) 3.1 2.4 4.2
Primary outcome MACE MACE MACE

CV outcome results

MACE: (HR 0.86 (0.74, 
0.99)); Hospitalization 
for HF (HR 0.65(0.50, 

0.85))

MACE: (HR 0.86 (0.75, 
0.97)); Hospitalization 
for HF (HR 0.67(0.52, 

0.87))

MACE: (HR 0.93 (0.84, 1.03)); 
Hospitalization for HF (HR 0.83(0.73, 

0.95))

Kidney outcome

Incident of worsening 
nephropathy 

(progression of 
severely increased 

albuminuria, doubling 
of SCr, initiation of 

KRT, or Kidney 
Death) and incident 

albuminuria

Composite doubling in 
SCr, ESKD or death from 

kidney causes

>40% decrease in eGFR to <60 ml/
min/1.73 m2, 

ESRD, or death from renal cause

Kidney outcome results

Incident of worsening 
nephropathy; 12.7% vs 
18.8% in empagliflozin 

vs placebo. [HR 
0.61(0.53, 0.70)] 

Incident albuminuria: 
NS

Composite kidney: 1.5 
vs 2.8; 1000 patient 

years in the 
canagliflozin vs placebo; 

[HR 0.53(0.33, 0.84)]

Composite renal-specific outcome [HR 0.53 
(0.43−0.66)]

Table 5: SGLT2 inhibitor landmark trials (Cardiovascular Outcome Trials).
Note: CrCl: Creatinine Clearance; CV: Cardiovascular; CVD: Cardiovascular Disease; eGFR: Estimated Glomerular Filtration Rate; 
ESKD: End Stage Kidney Disease; GFR: Glomerular Filtration Rate; HF: Heart Failure; HfrEF: Heart Failure with Reduced Ejection 
Fraction; HR: Hazard Ratio; KRT: Kidney Replacement Therapy; MACE: Major Adverse Cardiovascular Event; MI: Myocardial 
Infraction; NS: not significant; SCr: Serum Creatinine; SGLT2: Sodium Glucose Co-Transporter 2; T2D: Type 2 Diabetes Mellitus; 
uACR: Urinary
Albumin Creatinine Ratio.
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  Credence Dapa- CKD
Drug Canagliflozin 100 mg once daily Dapagliflozin 10 mg once a day versus placebo

Total of participants 4,401 4,304
N (%) with T2D 4,401(100%) 2,906 (67.5%)
N(%) with CVD 2,220(50%) 1,610 (37.4%)
N(%) on RAASi 4,397 (99.9%) 4,174 (97%)

eGFR criteria for enrolment 
(mL/min/1.73 m2) 30-90 mL/min/1.73 m2ACR 300-5000 mg/g 25-75 mL/min/1.73 m2ACR 200-5000 mg/g

Mean eGFR at enrolment 
(mL/min/1.73m2) 56 43.1

N (%) with eGFR <60 2,631 (59.8%) 3,850 (89.4%)
ACR Median ACR 927 mg/g Median ACR 949.5mg/g

Follow-up (median, yrs) 2.62 2.4

Primary outcome
Composite Endpoint of Doubling of Serum 

Creatinine, End-stage Kidney Disease (ESKD), 
and Renal or Cardiovascular (CV) Death

≥50% sustained decline in eGFR or reaching ESRD or CV 
death or renal death

Kidney outcome results HR 0.70 (0.59,0.82) HR 0.61 (0.51–0.72)

CV outcome results CV death, MI, stroke: (HR 0.80 (0.67,0.95)); 
Hospitalization for HF (HR 0.61(0.47, 0.80))

Composite of death from cardiovascular causes or 
hospitalization for heart failure , (HR 0.71 (0.55, 0.92))

All cause mortality HR 0.83 ( 0.68, 1.02) HR 0.69 (0.53, 0.88)
Table 6: SGLT2 inhibitor landmark trials (Renal Outcome Trials).
Note: CV: Cardiovascular; CVD: Cardiovascular Disease; eGFR: Estimated Glomerular Filtration Rate; ESKD: End Stage Kidney 
Disease; GFR: Glomerular Filtration Rate; HF: Heart Failure; HR: Hazard Ratio; RAASi: Renin-Angiotensin-Aldosterone System 
(RAAS) Inhibitors.

  Dapa-HF EMPEROR-Reduced

Drug Dapagliflozin 10 mg once a day versus 
placebo Empagliflozin 10 mg once a day versus placebo

Total of participants 4,474 3,730
N (%) with T2D 2,139 (45%) 1,856 (49.8%)

eGFR criteria for enrolment 
(mL/min/1.73m2) >30 > 20

Mean eGFR at enrolment (mL/
min/1.73m2) 66 62

N (%) with eGFR <60 1926 (41%) 1799 (48%)
Follow-up (median, yrs) 1.5 1.3

Primary outcome CV death, HF hospitalization, urgent HF CV death, HF hospitalization
CV outcome results Primary: HR (HR 0.74 (0.65, 0.85)); Primary: HR (HR 0.75 (0.65, 0.86));

CV Death HR 0·82 (0·69, 0·98) HR 0·92 (0·75, 1·12)

Kidney outcome
Worsening of Kidney function (identified 

as >50 reductions in eGFR, ESKD or 
Kidney death)

Composite renal endpoint, (defined as time to first 
occurrence of chronic dialysis; renal transplantation; 

sustained reduction of ≥40% in estimated GFR; or 
sustained estimated GFR <15 mL/min/1.73 m2 for 

patients with baseline estimated GFR ≥30 ml/min/1.73 m2 
or <10 mL/min/1.73 m2 for patients with baseline eGFR 

<20 mL/min/1.73 m2

Kidney outcome results HR 0.71 (0.44,1.16) HR 0.50 (0.32 , 0.77)
Table 7: SGLT2 inhibitor landmark trials (Outcome Trials in patient with Heart Failure with Reduced Ejection fraction).
Note: CV: Cardiovascular; CVD: Cardiovascular Disease; eGFR: Estimated Glomerular Filtration Rate; ESKD: End Stage Kidney 
Disease; GFR: Glomerular Filtration Rate; HF: Heart Failure; HfrEF: Heart Failure with Reduced Ejection Fraction; HR: Hazard 
Ratio; SGLT2: Sodium Glucose Co-Transporter 2; T2D: Type 2 Diabetes Mellitus; uACR= Urinary albumin creatinine ratio.
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Evidence from these seven published event-driven 
trials has established that SGLT2 inhibitor can provide 
renal protection, by reducing the risk of dialysis initiation, 
transplantation, or death due to renal cause. Although the 
glycaemic benefit of this class of agents was proportional to 
the glomerular filtration rate, renoprotection was achieved 
across all levels of baseline renal function categories in these 
trials [25,26]. However, in patients with GFR below 30 ml/min 
where currently this class of agents is not yet recommended 
to be initiated, although the reno-protective benefit has been 
established by this class in Diabetes (CREDENCE Trial) and 
both Diabetes and non-diabetes patient (Dapa-CKD Trial) 
[13,14,21,27]. Important cardiovascular outcome trials with 
SGLT2i have been summarized in Tables 5, 6 & 7.

Other Safety Parameters

In the segment of nephrology, specially in the Indian 
context, infection control is one of the important parameters 
in Nephrology [2]. From a nephrologist perspective, beyond 
glycaemic parameters or established cardiovascular or 
renal safety of anti-diabetic agents, the untoward effects 
of electrolyte changes, acute kidney injury, etc. also play an 
important role while choosing an agent. Thus, it is important 
to understand, safety evidence which is available with these 
newer classes of antidiabetic agents.

Safety with DPP4 Inhibitors

DPP4 inhibitors have been available for more than a 
decade in the Indian market. Nephrologists are well aware of 
the safety of this class of agents. Few important parameters 
such as infection, pancreatitis, or pancreatic carcinoma, are 
points of interest.
Infection: There is no increased risk of infection associated 
with the majority of trials with different DPP4 inhibitors, 
other than the initial meta-analysis with sitagliptin. 
Sitagliptin, in the TECOS trial, however, was not associated 
with an increased risk of infection [10,28,29].
Pancreatitis & Pancreatic carcinoma: Across the DPP4i 
class, both increased levels of pancreatic enzymes or 
incidence of pancreatitis have been reported [30-32]. Based 
on these possible safety events, in 2013, MHRA, USFDA, 
and EMA raised additional concerns of pancreatitis and 
precancerous cellular changes with DPP4i (Sitagliptin) 
and GLP1-RA (Exenatide). Following this, all DPP4i class 
has updated their prescribing information on warning of 
pancreatitis [33]. With regards to pancreatic carcinoma, 
the randomized controlled trials did not evidence increased 
incidence with DPP4 inhibitors [4,29,34,35].

Safety with SGLT2 Inhibitors

SGLT2 inhibitors are available in the Indian market for 

the last five years. Still use or adoption of these agents in the 
segment of nephology is limited. Few important parameters 
as infection, fractures, amputation, acute metabolic acidosis 
are points of interest.
Infection: Increased risk of genital mycotic infection has 
been noted with these drugs, multiple factors like patient 
immunity, concomitant medication playing an important 
role. Recently, USFDA has mandated to update the label 
for Fournier’s gangrene, concerning all approved SGLT2i 
agents in US [36-39]. The infections associated with any 
SGLT2 inhibitor were mostly mild to moderate, responsive 
to standard treatments, and usually did not require 
discontinuation of the medication [40].
Amputation: In the CANVAS program, the incidence of lower 
limb amputation associated with canagliflozin treatment 
was significantly higher compared to standard of care ( 
Hazard Ratio 1.97, 95% CI 1.41-2.75) [17]. However, later 
in the CREDENCE trial, there was no increase in the risk of 
amputation with this drug [19]. Dapagliflozin & Empagliflozin 
were not associated with lower limb amputation in the trials 
[18,41].
Fracture: In the CANVAS program, the incidence of fracture 
associated with Canagliflozin treatment was significantly 
higher compared to the standard of care (4% in Canagliflozin 
vs 2.6% in placebo). However, later analyses which included 
58 peer-reviewed studies including 38,670 patients, did not 
show an increased risk of fracture with SGLT2 inhibitors [42].
Electrolyte Imbalance: All three SGLT2 inhibitors, 
Canagliflozin, Dapagliflozin, and Empagliflozin, were 
associated with a statistically significant increase in 
serum magnesium levels. However, dapagliflozin only 
increased serum magnesium levels at the 10 mg dose. 
Both hypernatremia (Empagliflozin) and hyponatremia 
(Canagliflozin) have been observed. Serum phosphate levels 
are slightly increased, while on SGLT2 inhibitors [43-45]. 
The possible beneficial effect of Empagliflozin in reducing 
cardiovascular events in the EMPA-Reg trial may be due to 
increased levels of magnesium and phosphate [15]. However, 
increase phosphate levels can also lead to detrimental 
effects, like reduced bone density or increased incidence of 
fracture, as was seen in the CANVAS program [46]. Between 
Dapa-CKD and CREDENCE trial, K+ level >5.5 mmol/L was 
an exclusion criteria only in CREDENCE Trial not in Dapa 
CKD trial. In Dapa CKD trial, 2.7% patient were on potassium 
binders [19,23].
Diabetic Keto-Acidosis and AKI: Euglycemic DKA has been 
reported in the trials in patients with type 2 diabetes on 
SGLT2 inhibitors [47]. However multiple evidence has found 
no increased risk of DKA for patients taking SGLT2 inhibitors 
compared to standard of care [48,49]. AKI was noted in 
patients with history or state of dehydration, in trials or 
FAERS database analysis [50].
Oncogenic Progression: There is contradictory data with 
regards to oncogenic progression and SGLT2i. A recent meta-
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analysis found a statistically significant increased risk of 
bladder cancer, with empagliflozin (OR 3.87 [95% CI 1.48, 
10.09]). Canagliflozin was associated with a statistically 
significant reduction in the incidence of gastrointestinal 
cancer vs placebo. Another meta-analysis of 27 clinical trials 
found no statistically significant increased risk of any type of 
cancer with SGLT2 inhibitors [51].

DPP4i and SGLT2i in CKD T2DM-
Recommendations

Based on different important guidelines viz AACE, ADA, 

and KDIGO, this panel endorses to prioritize these two newer 
classes of anti-diabetic agents to manage Type 2 Diabetes 
Mellitus patients associated with CKD as appropriate. This 
panel has evaluated available evidence of renal safety, 
cardiovascular safety, baseline cardiovascular risk category, 
baseline renal function, anticipated complications of chronic 
kidney disease, type of dialysis, or not on dialysis as well as 
socioeconomic status, with these newer classes of agents. 
After evaluation, this panel has come to a consensus suitable 
for the Indian scenario. The following algorithm has prepared 
based on the consensus of the panel.

DPP4i and SGLT2i in T2DM and CKD- Algorithm

*: SGLT2i with evidence of cardiovascular safety, can be continued if eGFR <30 ml/min if tolerated or unless development 
of uremic symptoms or other complications of CKD. For ASCVD, Empagliflozin and Canagliflozin can be prioritised , for 
HFrEF <45%, Dapagliflozin & Empagliflozin can be prioritised. SGLT2i to be avoided in patient of recurrent history of UTI 
& GTI/GMI/GI, dehydration status or catabolic status or kidney transplant recipient.
#: GLP1-RA (preferable long acting) with established CV safety evidence, can be continued till eGFR >30 ml/min. For 
GLP1-RA- cost and injectable/parenteral route would make it less preferable over DPP4i.
$: DPP4i with established CV safety evidence can be considered.
€: as applicable.
Note :

•	 SGLT2i & GLP1-RA or SGLT2i & DPP4i- these combination can be prescribed together.
•	 Patient should not be prescribed combination of GLP1-RA and DPP4i.
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¥: Metformin can be continued till eGFR >30 ml/min, should be discontinued eGFR <30 ml/min.
*: SGLT2i with evidence of cardiovascular safety, can be continued eGFR <30 ml/min if tolerated unless development of 
uremic symptoms or other complications of CKD. For ASCVD, Empagliflozin and Canagliflozin can be prioritised, for HFrEF 
<45%, Dapagliflozin & Empagliflozin can be prioritised. For patient with albuminuria, Canagliflozin & Dapagliflozin can 
be prioritized, the rest of SGLT2i can also be considered based on available evidence. Contraindicated in dialysis patient. 
SGLT2i to be avoided in patient of recurrent history of UTI & GTI/GMI/GI, dehydration status or catabolic status or kidney 
transplant recipient.
#: GLP1-RA (preferable long acting) with established CV safety evidence, can be continued till eGFR >30 ml/min. 
Discontinue if eGFR <30 ml/min. For GLP1-RA cost and injectable/parenteral route would make it less preferable over 
DPP4i.
$: DPP4i with established CV safety evidence can be considered. DPP4i with renal safety evidence (Saxagliptin or 
Linagliptin) can be prioritized. Rest of DPP4 inhibitors like Sitagliptin, Alogliptin, Vildagliptin and others can also be 
considered. For Hemodialysis patient, Sitagliptin, Saxagliptin, Alogliptin can be considered. Evidences with Linagliptin 
and Vildagliptin in Dialysis are limited. For peritoneal dialysis patient, evidence with DPP4 inhibitor is currently limited. 
Can be used with caution if use is mandatory.
€: as applicable.
Note :

•	 SGLT2i & GLP1-RA or SGLT2i & DPP4i- these combination can be prescribed together. 
•	 Patient should not be prescribed combination of GLP1-RA and DPP4i.
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Conclusion

In T2DM patients with comorbidities, both SGLT2 
inhibitors and GLP1-RA are safe, well-tolerated, and have 
been extensively studied for efficacy and cardio-renal safety. 
T2DM patients in all stages (excluding Dialysis at baseline) of 
CKD have been included in these studies. Both these classes 
of agents have a low propensity for hypoglycemia.

These two classes of agents can be endorsed in diabetic 
CKD patients, based on favorable profiles, and their ability to 
prevent the progression of CKD.

DPP4 inhibitors have established renal safety, have 
demonstrated cardiovascular neutrality and most of them 
have an anti-proteinuric effect. Hence, this group can be 
considered as OHA in diabetic CKD patients, as an alternative 
to GLP1-RA in developing countries like India given the 
latter’s cost and the need for the parenteral route.

We hope this simple and updated algorithm, updated 
with both SGLT2i & DPP4i based on renal safety evidence, 
will help Indian nephrologists to treat diabetes CKD patients 
more efficiently.
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