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Objectives

• • Identify differences in Microvascular 
versus Macrovascular complications of 
Type 2 Diabetes (T2DM)

• • Discuss and identify how to monitor 
and evaluate for Microvascular 
complication of Nephropathy

• •Epidemiology of Chronic Kidney 
Disease (CKD)

• • Diabetic Nephropathy Medication 
Interventions:
• SGLT2i: discuss trials of SGLT2i  inclusionary 

criteria and primary endpoints, and results

• Mineralocorticoid Receptor Antagonists: 
trial((s), inclusionary criteria, primary and 
secondary endpoints, results

• MOA of SGLT2i and Mineralocorticoid Receptor 
Antagonist

• Dosing, safety of above medications



Background

• Microvascular Complications of T2DM:

• Retinopathy

• Neuropathy

•NEPHROPATHY

• Diabetic Kidney Disease (DKD) can progress to CKD and accounts for 50% of 
cases of end stage renal failure



CKD in Diabetes

• Diagnosis: most often made by eGFR 
OR by testing urine for presence of 
albumin or protein OR a combination 
of both.

• To differentiate CKD from acute 
kidney injury, the standard definition 
includes a “chronicity criterion”, i.e., 
that the low eGFR or elevated 
albumin should be detectable for at 
least 90 days, requiring multiple 
measurements over time (Kovesky, 
2022)

• American Diabetes Association 
(ADA) 2023 Standards of Care in 
Diabetes:
• “CKD screening: measure urinary 

albumin(spot urinary albumin-to-
creatinine ratio) AND eGFR should be 
assessed in all patients with Type 1 
Diabetes (T1DM) >5 years and in all 
patients with Type 2 Diabetes (T2DM) 
regardless of treatment.”

• “in people with established diabetic 
kidney disease, urinary albumin and 
eGFR should be monitored 1-4x yearly 
depending on stage of disease”



Epidemiology of 
CKD in Diabetes



Epidemiology and Diagnosis of Diabetic 
Kidney Disease

Diabetic CKD is a 
clinical diagnosis 

based on 
presence of 
albuminuria 

and/or reduced 
eGFR in absence 
of other causes of 

primary renal 
disease

Typically develops after DM 
diagnosis of 10+ years in 

patients with T1DM but may be 
present even at diagnosis of 

patients with T2DM

CKD is leading 
cause of ESRD

CKD markedly increases CV risk 
(Diabetes Care, 2023)

• Typical presentation of Diabetic 
Kidney Disease (DKD)includes:
• Long standing diabetes
• Retinopathy
• Albuminuria without hematuria
• Gradual loss of Egfr
• Remember: is it rare for a patient 

with T1DM to develop DKD 
without retinopathy. However, in 
patients with T2DM, retinopathy 
is moderately sensitive and 
specific for DKD



Definition and 
Diagnosis of CKD

•Diagnosis in T1 and T2DM:
• Diagnosis in T1DM:  persistent, moderate  or severe 

albuminuria OR a persistent reduction in eGFR occurring 
>5 years after diagnosis. In 95% of cases, patient will also 
have retinopathy

• Diagnosis in T2DM: two + urine microalbumin screens at 
least 90 days apart OR two eGFR <60 at least 90 days 
apart.
• Longer duration of T2DM and retinopathy are good pointers of CKD 

but unlike patients with T1DM, retinopathy is not a specific indicator 
of CKD

(SELBY, 2019)

Clinical syndrome characterized by 
persistent albuminuria and progressive 
decline in renal fuction, ie, decrease of 
eGFR <60

Renal biopsy is gold standard but, in 
many cases, CKD is a clinical diagnosis. 

If eGFR or + albuminuria, this should be 
confirmed on repeat testing in 3-6 
month. Two elevated urine albumin tests 
or two eGFR <60 at least 90 days apart 
=+CKD



Factors Affecting the Rate of DKD 
Onset and Progression

• Nonmodifiable:
• Age at diagnosis

• Family history

• Level of formal education

• Male sex

• Type 1 versus Type 2 DM



Factors Affecting the 
Rate of DKD Onset 
and Progression

• Potentially Modifiable:
• ETOH use

• Hyperglycemia

• Hyperlipidemia

• HTN

• Obesity

• Physical activity

• Social network at baseline



Primary Prevention CKD

•1.GLUCOSE 
CONTROL

•2.BLOOD 
PRESSURE 
CONTROL



Interventions

Glucose goals Blood pressure goals

Patient JNC-8 ACC/AHA ADA

Target BP 
for 
patients 
with DM

<140/90 mm 
HG

<130/80 mm 
HG

<140/90 
mm HG

Target BP 
for 
patients 
with CKD 
stage 3 or 
beyond

<140/90 mm 
HG

<130/80 mm 
HG

Not 
specified

Special 
Population
s

Patients >65 
YO with CKD 
should still 
have goal 
<140/90 mm 
HG

Shared 
decision 
making for 
patients >65 
YO with 
multimorbidit
y; risks of 
intensive 
control may 
outweigh the 
benefits

Patient 
with 
multiple 
risks 
factors 
may 
benefit 
from more 
intensive 
control 
with goal 
<130/80 
or even 
<120/80 
mm HG



Medication 
Intervention(s)
~a word on Metformin….



Sodium-Glucose 
Co-transporter 2 
Inhibitor(SGLT2i)

Mechanism of Action for End-Organ Protection (not mediated by 
glycosuria):

1. Lowers  systolic b/p by 3-6mm HG and diastolic b/p by 1-
2mm HG.  This leads to a reduction in arterial stiffness, 
plasma contraction, and improvement of endothelial 
function

2. In patients with T2DM,  SLT2is are thought to be 
nephroprotective by resulting in afferent vasocontriction and 
reduction of intraglomemerular pressure. The marker of this 
reduction in intraglomerular pressure is a reduction in 
albuminuria.

• slow GFR loss by reducing oxidative stress thru a reduction in 
inflammatory mediators such as interleukin-6, nuclear factor-
kB (Yau et al 2022)

• Finally, SGLT2i attenuate renal hypoxia by off loading glucose 
and sodium

 (Diabetes Care 2023)

Background: SGLT2i proteins are 
expressed in the proximal convoluted 
tubule of the kidneys. These proteins are 
responsible for 90% of glucose 
reabsorption in the kidneys. (Grove, 2017)

Mechanism of Action of glycosuria: reduce 
tubular re-absorption of glucose without 
stimulating insulin. These medications “off-
load” glucose from bloodstream to the 
urine.

Lowers a1c 0.6-1% in patients with 
preserved renal function.

Glucose lowering in patient with renal 
insufficiency is lessened when Egfr is <60 
and minimal, at best, when egfr is <30



• Consequences of inhibition of SGLT2 on 
glucose, salt and water excretion, as well as its 
potential metabolic impact on kidney, liver 
and heart function

Wanner and Marx (2018) Diabetologia DOI 10.1007/s00125-018-4678-z 



Clinical Trials

• Outcomes are variables which are monitored during the study 
to document the impact of the intervention.
• Primary outcome is the variable most relevant to answer the research 

question

• Secondary outcomes help interpret primary outcomes OR provide 
preliminary data for a larger study



Clinical Trials: SGLT2i

Trials with Renal effects as 
secondary outcomes (CVOT)

• EMPA-REG OUTCOME: Empagliflozin: 
compared with placebo, it reduced 
nephropathy or worsening nephropathy 
by 39% and the risk of doubling of 
serum creatinine (scr) accompanied by 
eGFR <45 by 44%

• CANVAS: canagliflozen reduced the risk 
of progression of albuminuria by 27% 
and the risk of reduction in eGFR, ESRD 
OR death from ESRD by 40%

CVOT trials: 2015 and 2017



CREDENCE Trial
Primary Outcome 
Canagliflozen and Renal Events In Diabetes 
with Established Nephropathy 2019

Inclusion: 4,401 adults with T2DM, UACR 
>300-5,000mg/g creatinine, and eGFR 
range 30-90 with mean of 56

Primary endpoint: ESRD , doubling of 
serum creatinine or renal or CV death.

Stopped early due to positive efficacy

Showed 32% risk reduction for 
development of ESRD vs placebo.

Development of chronic dialysis, renal 
transplantation, or eGFR<15, doubling of 
creatinine or renal death was reduced by 
30%.



DAPA-CKD: 
Primary Outcome
Dapagliflozen and Prevention of 
Adverse Outcomes in Chronic Kidney 
Disease study

Included 4,304 participants with mean 
egfr at baseline of 43, median URCR of 
949

67.% had T2DM and CKD

33% HAD CKD without T2DM 

Primary endpoint: time to first 
occurrence of >50% decline of eGFR, 
ESRD or CV or renal death. 



Dosing SGLT2i Recommendations CKD
eGFR Empagliflozen Canagliflozen Dapagliflozen Ertugliflozen

>60 10mg 100mg 10mg 15mg

45-60 10mg 100mg 10mg 15mg

30-45 Initiation not 
recommended

100mg 10mg Not indicated

<30 Contraindicated 
(CL)

Initiation not 
recommended 
but may continue 
if uacr >300mg/g

Initiation not 
recommended 
(<25ml/min/1.73
m2)

Not indicated

DIALYSIS CL CL CL CL



Potential Adverse Effects & Interventions

A/E
1.Genital Mycotic infections and UTI

2.Ketoacidosis

3.Hypotension/syncope

4. LDL cholesterol

5. Fournier’s gangrene

Interventions
1.If female and has tendency to have genital mycotic infections: 
use OTC topical vaginal antifungal cream, use peri-bottle, use 
unscented wipes to remove all urine from skin after voiding. UTI: 
hydration and voiding on regular basis. Urinary probiotic.

2. Hold pre-op or in times of illness or if prolonged fasting.

3. Consider decrease of other diuretics when starting SGLT2i

4. Monitor lipids

5. Monitor any complaints of redness, soreness, pain or tenderness 
in genital area



Key Takeaways 
for SGLT2i:
CKD with 
Albuminuria

Sgkt2i with Primary 
evidence of  DECREASE 

of CKD progression:

Canagliflozin

Dapagliflozin

SGLT2i with evidence of 
decrease of CKD 

protection in CVOTs

Empagliflozin (off label)



Mineralocorticoid Receptor 
Antagonists(MRAs)



MRAs approved by FDA

Spironolactone

FDA approval 
2001

Eplerenone

FDA approval 
2002

Finerenone

FDA approval 
2021



What is FINERENONE?

Highly selective non-
steroidal 

mineralocorticoid 
receptor antagonist

Higher selectivity and 
higher affinity to MR 

compared to 
spironolactone and 
eplereone which are 

steroidal MRAs

Equal tendency to heart 
and kidney compared to 

steroidal MRAs



MOA
Inhibits the effects of aldosterone and 
cortisol (and activation of the MR 
receptor) thereby inhibiting  and pro-
inflammatory and pro-fibrotic factors = 
decrease of renal tissue damage

Eplerenone and Spironolactone have 
limited use in CKD associated with 
T2DM due to s/e hyperkalemia and 
gynecomastia, etc

Spironolact
one

Eplerenone Finerenome

Structural 
properties

Flat 
(steroidal)

Flat 
(steroidal)

Bulky (non-
steroidal

Selectivity to 
MR

+ ++ +++

Half-life >20h 4-6h 2-3h

Sexual side 
effects

++ + -

Effects on 
b/p

+++ ++ +



Studies: Finerenone

• 2020, two trials : FINERENONE In Reducing Kidney Failure and 
Disease Progression in Diabetic Kidney Disease: FIDELIO-DKD

• Finerenone in REDUCING Cardiovascular Mortality in Diabetic 
Kidney Disease: FIGARO-DKD



Fidelio-DKD/Figaro DKD
• Primary renal outcome:

v ESRD

v Sustained eGFR decrease of 40%

v Renal death

 Also had primary CV endpoint of MACE:  CV 
death, non-fatal MI, CVA, or hospitalization for HF

N=13,000

99% on ACE/ARB

~7% on sglt2i and ~8 initiated during study

52% eGFR 25-45

87% UACR >300mg/g

Trial lasted ~2.6 yrs

Result:

31% greater reduction in UACR from 
baseline to month 4 was sustained 
throughout study

Hyperkalemia incidence was 18.3%

Hyperkalemia leading to d/c was 2.3%

Conclusion:

• Benefits of finerenone compared with placebo on 
cardiorenal outcomes in patients with CKD and type 2 
diabetes were observed irrespective of SGLT2i use.



Finerenone Indication

• “Kerendia is a non-steroidal mineralocorticoid receptor 
antagonist (MRA) indicated to reduce the risk of sustained 
eGFR decline, end stage kidney disease, cardiovascular death, 
non-fatal myocardial infarction, and hospitalization for heart 
failure in adult patients with chronic kidney disease (CKD) 
associated with type 2 diabetes (T2D)”



Dosing of 
Finerenone
Starting doses:

 eGFR >60: 20mg 
once daily

 eGFR >25-<60: 
10mg once daily

 eGFR <25; not 
recommended



K+ Monitoring

• K+: if k+ is >5mEq/L, do not 
start

• Check k+ four weeks after 
starting or sooner if K+ is 4.8-
5.0 mEq/L

• Monitor throughout treatment 
and adjust dose as needed

• eGFR below 30%, maintain 
10mg dose

Finerenone 
10mg

Finerenone 
20mg

K+ <4.8, increase 
to 20mg

<4.8 maintain 
at 20mg

K+ >4.8-5.5
Maintain 
10mg dose

>4.8-5.5 
maintain at 
20mg

K+ >5.5 HOLD
May restart 
when <5.0

>5.5 HOLD 
May restart 
when <5



Key Takeaways: 
finerenone

Consider use in patients with T2DM at 
high risk for CKD and CV disease with 
micro or macroalbuminuria/ decrease of 
e GFR

Monitor K+ levels at initiation in 4 weeks 
then as appropriate depending on 
patient



Case study cont



When to refer to Nephrology

• Clinical findings inconsistent with typical DKD

• Massive proteinuria

• Rapidly declining Egfr

• Advanced CKD 

• https://diabetesjournals.org/care/article/45/Supplement_1/S1
75/138914/11-Chronic-Kidney-Disease-and-Risk-
Management



Date of Download:  8/31/2023 Copyright © 2023 American Diabetes Association. All rights reserved.

From: 11. Chronic Kidney Disease and Risk Management: Standards of Care 
in Diabetes—2023 

Diabetes Care. 2022;46(Supplement_1):S191-S202. doi:10.2337/dc23-S011

Risk of chronic kidney disease (CKD) progression, frequency of visits, and referral to a nephrologist according to glomerular filtration rate (GFR) 
and albuminuria. The GFR and albuminuria grid depicts the risk of progression, morbidity, and mortality by color, from best to worst (green, 
yellow, orange, red, dark red). The numbers in the boxes are a guide to the frequency of visits (number of times per year). Green can reflect 
CKD with normal estimated GFR and albumin-to-creatinine ratio only in the presence of other markers of kidney damage, such as imaging 
showing polycystic kidney disease or kidney biopsy abnormalities, with follow-up measurements annually; yellow requires caution and 
measurements at least once per year; orange requires measurements twice per year; red requires measurements dark red requires 
measurements four times per year. These are general parameters only, based on expert opinion, and underlying comorbid conditions and 
disease state, as well as the likelihood of impacting a change in management for any individual patient, must be taken into account. “Refer” 
indicates that nephrology services are recommended. *Referring clinicians may wish to discuss with their nephrology service, depending on 

Figure Legend:



Review
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