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Diabetes and Cardiorenal Risk

HF

T2DM

ASCVDCKD

More than 34 million Americans have 
diabetes – 95% of whom have Type 2 

Diabetes Mellitus (T2DM). 

Adults with T2DM are twice as 
likely to have heart disease, a 

stroke, or heart failure. 

Patients with diabetes and heart failure 
have a 50% 5-year mortality rate. 

Diabetes and CVD are the main 
causes of chronic kidney disease 

(CKD). 

The presence of diabetes and 
CVD in adults with CKD 

increases the risk of morbidity 
and mortality. 
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National Institute of Diabetes and Digestive and Kidney Diseases. Kidney Disease Statistics for the United States [Internet]. NIH [cited 20 Sep 2020]. 
Available from: https://www.niddk.nih.gov/health-information/health-statistics/kidney-disease

https://www.cdc.gov/diabetes/basics/type2.html
https://www.niddk.nih.gov/health-information/health-statistics/kidney-disease


Brenner et al. N Engl J Med. 2001; 345:861-869.

Risk reduction, 16%

P = 0.02

RENAAL

Risk reduction, 20%

P = 0.02

Lewis et al. N Eng J Med. 2001; 345:851-860.

IDNT
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Multifactorial approach to reduction in 
risk of diabetes complications
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Cefalu WT et al. Cardiovascular Outcomes Trials in Type 2 Diabetes: Where Do We Go From Here? Reflections From a Diabetes Care Editors’ Expert Forum. Diabetes Care 2018;41:14–31.  

DIABETES 
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EMPA-REG

Zinman B et al. N Engl J Med. 2015;373(22):2117-28. 

7,020 people with T2DM, 100% with established CVD  

Empa 10 or 25 mg vs placebo (all +SOC); Median observation time of 3.1 years

Primary Endpoint: Composite of CV death, non-fatal MI and non-fatal stroke (3-pt 

MACE)



Zinman B et al. N Engl J Med. 2015;373(22):2117-28. 

14% RRR 38% RRR

32% RRR 35% RRR



9,340 people with T2DM at high risk of MACE  

Primary Endpoint: Composite of CV death, non-fatal MI 
and non-fatal stroke: 13% reduction 

Secondary Endpoint: 22% reduction of CV mortality
15% decrease in overall mortality



 Primary Endpoint: 

9,340 patients with T2DM at high risk of MACE (81% with CVD)
Liraglutide 1.8 mg; Median 3.8 yrs f/u                        
Primary Endpoint: Composite of CV death, non-fatal MI and non-fatal stroke



Marso SP et al. N Engl J Med. 
2016 Jul 28;375:311-22.

13% RRR
22% RRR

NS NS



Sept 16, 2016.

26% reduction of MACE



Sept 16, 2016.

3,297 patients with T2DM at high risk of MACE (83% with CVD and/or CKD)
Semaglutide 0.5 or 1 mg; Median 2.1 yrs f/u                        
Primary Endpoint: 3-point MACE



Marso SP. N Engl J Med. 2016; 375: 311-22.

26% RRR

39% RRR

NS

NS



Renal Protection







Brenner et al. N Engl J Med. 2001; 345:861-869.

Risk reduction, 16%

P = 0.02

RENAAL

Risk reduction, 20%

P = 0.02

Lewis et al. N Eng J Med. 2001; 345:851-860.

IDNT
Doubling of serum creatinine, ESKD, or death

Proven Renoprotection in T2DM: 
RENAAL & IDNT



4401 patients with T2DM, eGFR 30-90 ml/min with macro albuminuria (300-5000 mg/g)                                                            
Cana 100 mg mg; receiving SOC therapy, Median 2.6 yrs f/u                        
Primary Endpoint: composite of ESRD, a doubling of the SCr level, or renal or CV death 



Perkovik V et al.  N Engl J 
Med, 2019;380:2295-306.

RRR 30% RRR 34%

RRR 32% RRR 28%



4304 patients with CKD (eGFR 25-75 ml/min and urinary Alb:Cr 200-5000 mg/g)
On stable renal protection therapy; Dapa 10 mg; Median 2.4 yrs f/u; 2/3’s with T2DM                        
Primary Endpoint: composite of a sustained decline in the eGFR of at least 50%, ESRD, 
or death from renal or cardiovascular causes



Heerspink HJL et al. NEJM 2020; 
DOI: 10.1056/NEJMoa2024816

RRR 39%

RRR 29%

RRR 44%

RRR 31%



Heerspink HJL et al. NEJM 2020; 
DOI: 10.1056/NEJMoa2024816



N Engl J Med 2023;388:117-27.



Progression of Kidney Disease or Death from CV 
Causes

N Engl J Med 2023;388:117-27.



Primary Outcome in Key Prespecified 
Subgroups

N Engl J Med 2023;388:117-27.



Change from Baseline in the Estimated 
GFR

N Engl J Med 2023;388:117-27.



Giugliano et al. Diabetes Obesity Metabolism 2021; Om-line 12 March 

Effect of SGLTs on Renal Endpoints



Postulated SGLT2i tubuloglomerular
feedback (TGF) mechanisms 

Cherney DZI et al. Circulation. 2014;129:587-97.







Finerenone (Kerendia)
 Anti-mineralocorticoid agent approved 7/9/21 for slowing the progression 

of chronic kidney disease in type 2 diabetes patients. 

 Indicated to reduce the risk of sustained eGFR decline, ESKD, CV death, 
non-fatal MI, and hospitalization for heart failure in patients with T2DM 
CKD. 

 FIDELIO-DKD, a phase III trial of over 5,600 participants with type 2 
diabetes. 17.8% of patients on finerenone experienced a primary outcome 
event -- kidney failure, a sustained decrease of at least 40% in eGFR 
from baseline, or death from renal causes -- versus 21.1% of those 
assigned to placebo (HR 0.82, 95% CI 0.73-0.93, P=0.001).









Residual risk

0 6 12 18 24 30 36 42 48 54
Months of follow-up

Residual risk Residual risk

Residual risk despite available
treatment options

MRA, mineralocorticoid receptor antagonist; RAS, renin–angiotensin–aldosterone system; SGLT2, sodium–glucose cotransporter-2.
1. Brenner BM et al. N Engl J Med 2001;345:861–869; 2. Lewis EJ et al. N Engl J Med 2001;345:851–860; 3. Bakris GL et al. N Engl J Med 2020;383:2219–2229;
4. Perkovic V et al. N Engl J Med 2019;380:2295–2306; 5. Heerspink HJL et al. N Engl J Med 2020;383:1436–1446; 6. The EMPA-KIDNEY Collaborative Group. N Engl J Med
2023;388:117–127.
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Non-steroidal MRAs



Despite improvements in 
kidney-related outcomes with
available treatment, the risk of kidney 
failure, and CVD in people with CKD 
and T2D remains high1,2

GLP-1RAs in CVOTs, including 
semaglutide, have suggested possible 
positive effects on kidney-related 
outcomes in people with T2D3

FLOW is the first 
dedicated kidney 
outcomes trial with a 
GLP-1RA to evaluate 
kidney and CV 
outcomes and mortality 
with once-weekly 
semaglutide in people 
with T2D and CKD4

CKD, chronic kidney disease; CVOT, cardiovascular outcomes trial; CVD, cardiovascular disease; GLP-1RA, glucagon-like peptide-1 receptor agonist; T2D, type 2 diabetes.
1. Perkovic V et al. N Engl J Med 2019;380:2295–2306; 2. Heerspink HJL et al. N Engl J Med 2020;383:1436–1446;
3. Rossing P et al. Cardiovasc Diabetol 2023;22:220; 4. Rossing P et al. Nephrol Dial Transplant 2023;38:2041–2051.





Study Overview
 Meta-analysis of 11 GLP-1 RA clinical trials
 Inclusion Criteria

 Included at least 500 participants with type 2 diabetes,
 Compared a GLP-1 receptor agonist with placebo with at least 12 months 

of follow-up 
 Reported a primary clinical kidney or cardiovascular outcome.

 Primary Study Outcomes
 Renal: composite of kidney failure (kidney replacement therapy or a 

persistent estimated glomerular filtration rate [eGFR] <15 mL/min per 
1·73 m2), a sustained reduction in eGFR by at least 50% or the nearest 
equivalent, or death from kidney failure. 

 Cardiovascular: MACE, consisting of cardiovascular death, non-fatal 
myocardial infarction, or non-fatal stroke. 

Badve SV et al. Lancet Diabetes Endocrinol Nov 25, 2024. 
https://doi.org/10.1016/S2213-8587(24)00271-7 



Badve SV et al. Lancet Diabetes Endocrinol Nov 25, 2024. 
https://doi.org/10.1016/S2213-8587(24)00271-7 



Badve SV et al. Lancet Diabetes Endocrinol Nov 25, 2024. 
https://doi.org/10.1016/S2213-8587(24)00271-7 



Badve SV et al. Lancet Diabetes Endocrinol Nov 25, 2024. 
https://doi.org/10.1016/S2213-8587(24)00271-7 



Badve SV et al. Lancet Diabetes Endocrinol Nov 25, 2024. 
https://doi.org/10.1016/S2213-8587(24)00271-7 



Badve SV et al. Lancet Diabetes Endocrinol Nov 25, 2024. 
https://doi.org/10.1016/S2213-8587(24)00271-7 



Badve SV et al. Lancet Diabetes Endocrinol Nov 25, 2024. 
https://doi.org/10.1016/S2213-8587(24)00271-7 



Pooled estimates for adverse events

Badve SV et al. Lancet Diabetes Endocrinol Nov 25, 2024. 
https://doi.org/10.1016/S2213-8587(24)00271-7 



Study Conclusions
 GLP-1 receptor agonists significantly reduced the risk of kidney 

outcomes, major adverse cardiovascular events, and all-cause death, 
without increasing the risk of serious adverse events such as 
hypoglycemia and acute pancreatitis.

 Study findings support the use of GLP-1 receptor agonists to improve 
cardiovascular, kidney, metabolic, and mortality outcomes among 
eligible individuals.

Badve SV et al. Lancet Diabetes Endocrinol Nov 25, 2024. 
https://doi.org/10.1016/S2213-8587(24)00271-7 



kidney
outcomes trial

The First Dedicated Kidney Outcome Trial with 
a GLP-1 Receptor Agonist—Once-Weekly 
Semaglutide and the FLOW Trial Results



A global kidney outcomes trial

Numbers in diagram represent number of participants.

Europe: 963
Canada: 159

USA: 706

Brazil: 124

Argentina: 128
Australia: 59

South Africa: 101

India: 231

Japan: 256

28
countries

387
sites

3533
participants

3.4
years' median

follow-up

Israel: 61

Malaysia: 82

Mexico: 82
China: 30

Thailand: 109

Turkey: 84

Ukraine: 88

Russian Federation: 270

Perkovic V et al. N Engl J Med 2024; doi: 10.1056/NEJMoa2403347.



Key eligibility criteria

• Adults with T2D, HbA1c ≤10%

• RAS inhibitor

• eGFR ≥50 and ≤75 mL/min/1.73 m2 

and UACR >300 and <5000 mg/g 
OR
eGFR ≥25 and <50 mL/min/1.73 m2

and UACR >100 and <5000 mg/g

N=3533

Once-weekly s.c. semaglutide 1 mg +
standard of care

Placebo + standard of care

5 weeks

R 
1:1

A multinational, randomized controlled clinical trial

Trial
design

Perkovic V et al. N Engl J Med 2024; doi: 10.1056/NEJMoa2403347.

eGFR was calculated using the CKD-EPI formula.

CKD-EPI, Chronic Kidney Disease Epidemiology Collaboration; eGFR, estimated glomerular filtration rate; HbA1c, glycated hemoglobin; R, randomization; 
RAS, renin–angiotensin–aldosterone system; s.c., subcutaneous; T2D, type 2 diabetes; UACR, urinary albumin:creatinine ratio.

Early trial cessation was recommended at
a preEv-sepnte-cdirfiiveedn itnretaetrmimentapnearliyodsis for eFofflliocwac-uyp
(≥854 first primata~ry5o7u0tcoemveeenvtesnts)



Time to first occurrence of major 
kidney outcomes consisting of:

• Onset of persistent ≥50% reduction
in eGFR compared with baseline

• Kidney failure:

• Onset of persistent
eGFR <15 mL/min/1.73 m2

• Initiation of chronic kidney 
replacement therapy (dialysis 
or kidney transplantation)

• Kidney death

• CV death

eGFR was calculated using the CKD-EPI formula. CV death includes undetermined cause of death.
BP, blood pressure; CKD-EPI, Chronic Kidney Disease Epidemiology Collaboration; CV, cardiovascular; eGFR, estimated glomerular filtration rate; HbA1c, glycated hemoglobin;

Primary and secondary outcomes other than eGFR assessments derived from the central
laboratory were adjudicated in a blinded fashion by an Event Adjudication Committee

• Annual rate of change in eGFR 
(total eGFR slope)

• Time to first occurrence of a 
composite MACE outcome consisting 
of CV death, non-fatal MI,
or non-fatal stroke

• Time to occurrence of 
all-cause death

• Time to occurrence of each of the 
individual components of the primary 
composite outcome, and of the 
confirmatory secondary MACE outcome

• Time to first occurrence of composite of 
acute limb ischemia hospitalization or 
chronic limb ischemia hospitalization

• Change in eGFR, UACR, body weight, 
HbA1c, BP

Primary
outcome

MACE, major adverse cardiovascular event; MI, myocardial infarction; UACR, urinary albumin:creatinine ratio. 
Perkovic V et al. N Engl J Med 2024; doi: 10.1056/NEJMoa2403347.

Confirmatory
secondary outcomes

Other supportive
secondary outcomes



Hierarchical testing
strategy

eGFR was calculated using the CKD-EPI formula. CV death includes undetermined cause of death.
†Limit determined by the Lan–DeMets alpha spending function, approximating the O'Brien-Fleming stopping boundaries accounting for the group sequential design (interim analysis). 
CKD-EPI, Chronic Kidney Disease Epidemiology Collaboration; CV, cardiovascular; eGFR, estimated glomerular filtration rate; MACE, major adverse cardiovascular event;

Composite kidney outcome

Total eGFR slope

MACE (CV death, non-fatal MI, or non-fatal stroke)

All-cause death

Superiority if 
two-sided p value

<0.0322†

Primary outcome

Confirmatory 

secondary 

outcome

MI, myocardial infarction.
Perkovic V et al. N Engl J Med 2024; doi: 10.1056/NEJMoa2403347.



Demographics

†Includes participants whose race was reported as “American Indian or Alaska Native”, “Native Hawaiian or Other Pacific Islander”, or “Not reported”.

Semaglutide

(n=1767)

Placebo

(n=1766)

Race, n (%)

1168 (66.1)White 1155 (65.4)

Asian 439 (24.8) 407 (23.0)

Black or African American 78 (4.4) 82 (4.6)

Other† 95 (5.4) 109 (6.2)

Ethnicity, n (%)

Hispanic or Latino 273 (15.4) 283 (16.0)

Not Hispanic or Latino 1421 (80.4) 1411 (79.9)

Not reported 73 (4.1) 72 (4.1)

Age, mean (SD), years

Sex, n (%) 

Female

Region, n (%)

Asia

Semaglutide

(n=1767)

66.6 (9.0)

519 (29.4)

478 (27.1)

Placebo

(n=1766)

66.7 (9.0)

550 (31.1)

434 (24.6)

Europe 472 (26.7) 491 (27.8)

North America 423 (23.9) 442 (25.0)

Other 394 (22.3) 399 (22.6)

SD, standard deviation.
Perkovic V et al. N Engl J Med 2024; doi: 10.1056/NEJMoa2403347.



Baseline characteristics

BMI, body mass index; BP, blood pressure; HbA1c, glycated hemoglobin; HF, heart failure; MI, myocardial infarction; SD, standard deviation. 
Perkovic V et al. N Engl J Med 2024; doi: 10.1056/NEJMoa2403347.

†Smoking is defined as smoking at least one cigarette or equivalent daily.

Semaglutide

(n=1767)

Placebo

(n=1766)

Diabetes duration, 

years, n (%)

753 (42.6)<15 774 (43.8)

≥15 992 (56.1) 1,013 (57.4)

Prior MI or stroke, n (%) 405 (22.9) 403 (22.8)

Chronic HF, n (%) 342 (19.4) 336 (19.0)

Tobacco use,† n (%)

Current smoker 223 (12.6) 206 (11.7)

Never smoked 883 (50.0) 864 (48.9)

Previous smoker 661 (37.4) 696 (39.4)

Semaglutide

(n=1767)

Placebo

(n=1766)

HbA1c, mean (SD), % 7.8 (1.3) 7.8 (1.3)

BMI, mean (SD), kg/m2 31.9 (6.1) 32.0 (6.5)

Body weight, mean (SD), kg 89.5 (19.8) 89.8 (21.2)

Systolic BP, mean (SD), mmHg 138.9 (16.1) 138.4 (15.4)

Diastolic BP, mean (SD), 

mmHg 76.8 (10.0) 76.1 (10.0)



Baseline kidney function

For eGFR, baseline assessment was defined as the mean of the two assessments from the randomization visit and the screening visit. Albuminuria categories are based on UACR, 
and baseline assessment was defined as the mean of the two assessments from the randomization visit. If only one of the assessments for either UACR or eGFR is available, this 
is used as the baseline assessment. The kidney function categories are based on the eGFR as per CKD-EPI.
CKD-EPI, Chronic Kidney Disease Epidemiology Collaboration; eGFR, estimated glomerular filtration rate; SD, standard deviation; UACR, urinary albumin:creatinine ratio. 
Perkovic V et al. N Engl J Med 2024; doi: 10.1056/NEJMoa2403347.



Baseline kidney function
Key kidney function 

eligibility criteria

eGFR ≥50 and
≤75 mL/min/1.73 m2 and 

UACR >300 and
<5000 mg/g

OR

eGFR ≥25 and
<50 mL/min/1.73 m2 and 

UACR >100 and
<5000 mg/g

<30 ≥30–<300 ≥300

≥90 1 (<0.1) 7 (0.2) 23 (0.6)

≥60–<90 24 (0.7) 173 (4.9) 491 (13.9)

≥45–<60 37 (1.0) 324 (9.2) 694 (19.6)

≥30–<45 40 (1.1) 414 (11.7) 905 (25.6)

≥15–<30 7 (0.2) 87 (2.5) 306 (8.6)

UACR categories (mg/g)
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KDIGO risk categories among FLOW participants, n (%)

Low risk 
(n=25)

Moderate risk 
(n=217)

High risk 
(n=878)

Very high risk 
(n=2413)

eGFR was calculated using the CKD-EPI formula.

CKD, chronic kidney disease; CKD-EPI, Chronic Kidney Disease Epidemiology Collaboration; eGFR, estimated glomerular filtration rate; 
KDIGO, Kidney Disease: Improving Global Outcomes; UACR, urinary albumin:creatinine ratio.
Rossing P et al. Nephrol Dial Transplant 2023;38:2041–2051.



Baseline kidney function

<30 ≥30–<300 ≥300

≥90 1 (<0.1) 7 (0.2) 23 (0.6)

≥60–<90 24 (0.7) 173 (4.9) 491 (13.9)

≥45–<60 37 (1.0) 324 (9.2) 694 (19.6)

≥30–<45 40 (1.1) 414 (11.7) 905 (25.6)

≥15–<30 7 (0.2) 87 (2.5) 306 (8.6)

KDIGO risk categories among FLOW participants, n (%)

UACR categories (mg/g)
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Low risk 
(n=25)

Moderate risk 
(n=217)

High risk 
(n=878)

Very high risk 
(n=2413)

93%
were at high or 
very high risk

eGFR was calculated using the CKD-EPI formula.

CKD, chronic kidney disease; CKD-EPI, Chronic Kidney Disease Epidemiology Collaboration; eGFR, estimated glomerular filtration rate; 
KDIGO, Kidney Disease: Improving Global Outcomes; UACR, urinary albumin:creatinine ratio.
Rossing P et al. Nephrol Dial Transplant 2023;38:2041–2051.



Baseline medication use
Proportion of participants Semaglutide (n=1767) Placebo (n=1766)

ACE, angiotensin-converting enzyme; ARB, angiotensin II receptor blocker; RAS, renin–angiotensin–aldosterone system; SGLT2, sodium–glucose cotransporter-2.
Perkovic V et al. N Engl J Med 2024; doi: 10.1056/NEJMoa2403347.



Full analysis set. Data from the in-trial period. All permanent treatment discontinuations up until the end of treatment visit are included.
†Includes benign, malignant, and unspecified neoplasms, cysts, and polyps. 
AE, adverse event.

AEs leading to permanent treatment 
discontinuation

Perkovic V et al. N Engl J Med 2024; doi: 10.1056/NEJMoa2403347.



SAEs were 
reported in fewer 
participants in the 

semaglutide 
group (49.6%) 

versus the 
placebo group 

(53.8%)

Significant CKD 
burden

93% at high/very 
high risk of

CKD progression

High 
comorbidity 

burden

42% with prior 
MI or stroke, 

or heart failure

FLOW enrolled 
a diverse 
group of 

participants 
with CKD
and T2D

Substantial T2D 
burden

48% with 
HbA1c ≥7.5%

57% had T2D
for ≥15 years

CKD, chronic kidney disease; HbA1c, glycated hemoglobin; MI, myocardial infarction; T2D, type 2 diabetes. 
Perkovic V et al. N Engl J Med 2024; doi: 10.1056/NEJMoa2403347.



Kidney 
outcomes

CV outcomes

Overall 
mortality

CV, cardiovascular.



Composite kidney outcome
Primary outcome

Placebo 23.2%
(410/1766)

Semaglutide 18.7%
(331/1767)

HR 0.76 (95% CI 0.66, 0.88)
p=0.0003
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Full analysis set. Data from the in-trial period. Numbers shown in the lower panels represent the number of participants at risk. 
Event rates: 5.8 and 7.5 per 100 patient-years of follow-up for participants receiving semaglutide and placebo, respectively.
CI, confidence interval; HR, hazard ratio.
Perkovic V et al. N Engl J Med 2024; doi: 10.1056/NEJMoa2403347.

Superiority if two-sided
p value <0.0322



Composite kidney outcome
Primary outcome

Absolute risk difference at week 156: –4.9%

Number needed to treat: 20
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Placebo 23.2%
(410/1766)

Semaglutide 18.7%
(331/1767)

HR 0.76 (95% CI 0.66, 0.88)
p=0.0003

Absolute risk difference at week 104: –2.7%

Number needed to treat: 37

Full analysis set. Data from the in-trial period. Numbers shown in the lower panels represent the number of participants at risk. 
Event rates: 5.8 and 7.5 per 100 patient-years of follow-up for participants receiving semaglutide and placebo, respectively.
CI, confidence interval; HR, hazard ratio.
Perkovic V et al. N Engl J Med 2024; doi: 10.1056/NEJMoa2403347.

Superiority if two-sided
p value <0.0322



Full analysis set. Data from the in-trial period. CV death includes undetermined cause of death.
†Data on file. Kidney failure was a three-component composite outcome consisting of initiation of chronic replacement therapy (dialysis or kidney transplantation), 
onset of persistent eGFR <15 mL/min/1.73 m2, and kidney death.
CI, confidence interval; CV, cardiovascular; eGFR, estimated glomerular filtration rate; HR, hazard ratio. 
Perkovic V et al. N Engl J Med 2024; doi: 10.1056/NEJMoa2403347.

Composite kidney outcome



Full analysis set. Data from the in-trial period. Four-component composite kidney outcome included onset of persistent ≥50% reduction in eGFR compared with baseline, 
onset of persistent eGFR <15 mL/min/1.73 m2, initiation of chronic kidney replacement therapy (dialysis or kidney transplantation), or kidney death.
Numbers shown in the lower panels represent the number of participants at risk.

Four-component composite
kidney outcome (excluding CV death)

Placebo 14.7%
(260/1766)

Semaglutide 12.3%
(218/1767)

CI, confidence interval; HR, hazard ratio.
Perkovic V et al. N Engl J Med 2024; doi: 10.1056/NEJMoa2403347.

HR 0.79 (95% CI 0.66, 0.94)
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• Persistent ≥50% reduction in eGFR
• Persistent eGFR <15 mL/min/1.73 m2

• Chronic kidney replacement therapy (dialysis or kidney transplantation)
• Kidney death



Composite kidney outcome: Subgroup
analyses

2.7

Favors placebo

0.1 0.4

Favors semaglutide

1.0

Full analysis set. Data from the in-trial period.

BMI, body mass index; CI, confidence interval; HbA1c, glycated hemoglobin; HR, hazard ratio. 
Perkovic V et al. N Engl J Med 2024; doi: 10.1056/NEJMoa2403347.



Composite kidney outcome: Subgroup
analyses

Full analysis set. Data from the in-trial period.

CI, confidence interval; CV, cardiovascular; HR, hazard ratio. 
Perkovic V et al. N Engl J Med 2024; doi: 10.1056/NEJMoa2403347.

Favors placeboFavors semaglutide



Composite kidney outcome: Subgroup
analyses

Favors placeboFavors semaglutide

Full analysis set. Data from the in-trial period.

CI, confidence interval; CVD, cardiovascular disease; eGFR, estimated glomerular filtration rate; HR, hazard ratio; MI, myocardial infarction; UACR, urine albumin:creatinine ratio. 
Perkovic V et al. N Engl J Med 2024; doi: 10.1056/NEJMoa2403347.



Full analysis set. Data from the in-trial period. Error bars indicate ± the standard error. Numbers shown in the lower panels represent the number of participants.

Total eGFR slope
Confirmatory secondary outcome
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eGFR slope:
1.16 mL/min/1.73 m2/year
(95% CI 0.86, 1.47)
p<0.001

CI, confidence interval; eGFR, estimated glomerular filtration rate. 
Perkovic V et al. N Engl J Med 2024; doi: 10.1056/NEJMoa2403347. p value <0.0322

Annual rate of change:

Semaglutide −2.19

Placebo −3.36

Observed mean

Superiority if two-sided



Full analysis set. Data from the in-trial period. Error bars indicate ± the standard error. Numbers shown in the lower panels represent the number of participants. 
CI, confidence interval; UACR, urine albumin:creatinine ratio.

Change in UACR
Observed mean
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Semaglutide 0.60

Perkovic V et al. N Engl J Med 2024; doi: 10.1056/NEJMoa2403347.

Ratio to baseline at week 104:

Estimated treatment ratio
0.68 (95% Cl 0.62, 0.75)

Placebo 0.88



Over 3 years,
20 people would 

need to be 
treated to 

prevent one 
primary 
outcome

Perkovic V et al. N Engl J Med 2024; doi: 10.1056/NEJMoa2403347.

Slower reduction 
of kidney function 

by a mean
eGFR of

1.16 mL/min/
1.73 m2/year

Consistent risk 
reductions across 

pre-specified 
participant 
subgroups

24% lower risk 
of the 

composite 
primary 
outcome

Consistent risk 
reductions for 
kidney disease 
components of 

the primary 
outcome

eGFR, estimated glomerular filtration rate.



Numbers shown in the lower panel represent the number of participants at risk.

All-cause death
Confirmatory secondary outcome

Placebo 15.8%
(279/1766)

Semaglutide 12.8%
(227/1767)

HR 0.80 (95% CI 0.67, 0.95)
p=0.010
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CI, confidence interval; HR, hazard ratio.
Perkovic V et al. N Engl J Med 2024; doi: 10.1056/NEJMoa2403347. p value <0.0322
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†Onset of persistent ≥50% reduction in eGFR compared with baseline, onset of persistent eGFR <15 mL/min/1.73 m2, initiation of chronic kidney replacement therapy dialysis, 
or kidney transplantation, kidney death, or CV death; ‡Non-fatal MI, non-fatal stroke, or CV death. CV death includes undetermined cause of death.
CV, cardiovascular; eGFR, estimated glomerular filtration rate; MACE, major adverse cardiovascular event; MI, myocardial infarction; NNT, number needed to treat.
Perkovic V et al. N Engl J Med 2024; doi: 10.1056/NEJMoa2403347.

Benefits of semaglutide over 3
years

NNT: 
45

NNT: 
39

To prevent one
MACE:‡

To prevent one
death due to any cause:

NNT: 
20

To prevent one
primary outcome:†



eGFR was calculated using the CKD-EPI formula. CV death includes undetermined cause of death.
CKD-EPI, Chronic Kidney Disease Epidemiology Collaboration; CV, cardiovascular; eGFR, estimated glomerular filtration rate; MACE, major adverse cardiovascular event; MI, myocardial infarction.

Hierarchical testing
strategy

Composite kidney outcome

Total eGFR slope

MACE (CV death, non-fatal MI, or non-fatal stroke)

All-cause death

Perkovic V et al. N Engl J Med 2024; doi: 10.1056/NEJMoa2403347.



The p-value limit was determined by the Lan-DeMets alpha spending function, approximating the O'Brien-Fleming’s stopping boundaries accounting for the group sequential design (interim analysis). eGFR 
was calculated using the CKD-EPI formula. CI, confidence interval; MACE, major adverse cardiovascular event; eGFR, estimated glomerular filtration rate; CKD-EPI, Chronic Kidney Disease Epidemiology 
Collaboration. Perkovic V, et al. N Engl J Med. 2024: DOI: 10.1056/NEJMoa2403347

Primary and confirmatory secondary outcomes

First composite kidney event
HR: 0.76 [0.66; 0.88]95% CI

Annual rate of change in eGFR (total slope)
ETD: 1.16 [0.86; 1.47]95% CI

MACE
HR: 0.82 [0.68; 0.98]95% CI

All-cause-death
HR: 0.80 [0.67; 0.95]95% CI

24% RRR

ETD 1.16
ml/min/1.73m2/year

18% RRR

20% RRR



found for kidney, 
CV and mortality 

outcomes

CKD, chronic kidney disease; CV, cardiovascular; eGFR, estimated glomerular filtration rate; SGLT2i, sodium–glucose cotransporter-2 inhibitor; T2D type 2 diabetes; 
UACR, urine albumin:creatinine ratio.
Mann JFE et al. Nat Med 2024; doi: 10.1038/s41591-024-03133-0.

FLOW had limited Similar benefits Similar benefits Given the 
power to test of semaglutide of semaglutide substantial 

effects in those on were found for were found for benefits of
SGLT2i. eGFR loss MACE and all-cause semaglutide and

with or without mortality with or SGLT2i, concurrent 
No heterogeneity in use of SGLT2i without use of use may be

benefits of SGLT2i considered in T2D 
semaglutide were with CKD

Semaglutide reduced the risk of 
major kidney outcomes, MACE, and death

in people with T2D and CKD 
irrespective of baseline SGLT2 inhibitor use



CKD, chronic kidney disease; GLP-1RA, glucagon-like peptide-1 receptor agonist; MACE, major adverse cardiovascular event; RAS, renin–angiotensin–aldosterone system; 
SGLT2, sodium–glucose cotransporter-2; T2D, type 2 diabetes.
Naaman SC, Bakris GL. Diabetes Care 2023;46:1574–1586.

A pillared approach is recommended to
treat CKD and diabetes
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Finerenone

• Decreases inflammation
• Decreases fibrosis
• Decreases endothelial dysfunction
• Decreases tissue remodeling
• Decreases proteinuria

Semaglutide

• Decrease weight
• Decrease dyslipidemia
• Decrease oxidative stress
• Decrease endothelial 

dysfunction

RAS inhibitors

• Decrease efferent arteriole tone
• Decrease hyperfiltration
• Decrease endothelial 

dysfunction
• Decrease cardiac remodeling

SGLT2 inhibitors

• Increase afferent artieriole tone
• Improve tubuloglomerular

feedback
• Decrease hyperfiltration
• Decrease proteinuria
• Decrease oxidative stress
• Increase anti-inflammatory and

anti-fibrotic effects



Most people with CKD are unaware of 
their condition
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Proteinuria 
monitoring
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BP ≤130/80
mmHg

HbA1c 6–8% RAS
inhibitor use

SGLT2
inhibitor use 

(after 90 days)

Expert lifestyle/ 
dietary advice

7–20%
Aware of CKD

BP, blood pressure; CKD, chronic kidney disease; HbA1c, glycated hemoglobin; RAS, renin–angiotensin–aldosterone system; SGLT2, sodium–glucose cotransporter-2. 
Luyckx VA et al. Kidney Int 2024;105:406–417.



CKD, chronic kidney disease; CV, cardiovascular; GLP-1RA, glucagon-like peptide-1 receptor agonist; MACE, major adverse cardiovascular event; MRA, mineralocorticoid receptor antagonist; 
RAS, renin–angiotensin–aldosterone system; SGLT2, sodium–glucose cotransporter-2; T2D, type 2 diabetes.
de Boer IH et al. Diabetes Care 2022;45:3075–3090; Kidney Disease: Improving Global Outcomes (KDIGO) Diabetes Work Group. Kidney Int 2022;102:S1–S127; 
Perkovic V et al. N Engl J Med 2024; doi: 10.1056/NEJMoa2403347.

Semaglutide saves kidneys, hearts, and
lives

CKD in people with 
T2D remains 
common and 

deadly

The four pillars of 
therapy are now a 
RAS inhibitor, an 
SGLT2 inhibitor,
a non-steroidal 

MRA, and 
semaglutide

FLOW has 
established that 

semaglutide 
prevents major 

kidney outcomes, 
MACE, and death in 

people with T2D 
and CKD

Effective strategies 
for therapeutic 

implementation are 
urgently needed to 

improve clinical 
outcomes in T2D 

and CKD

Low CKD 
awareness, 

detection and 
access to care are 
major barriers to 
receiving kidney, 
heart, and life-

saving therapies

Highly effective 
therapies are now 
available to reduce 

risks of kidney 
failure, CV events, 

and death



Simms-Williams N et al. BMJ; 2024;385:e078242 .  



Simms-Williams N et al. BMJ; 2024;385:e078242 .  
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