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ABSTRACT 

Background. This post hoc analysis explored the effects of semaglutide on estimated glomerular filtration (eGFR) slope by baseline 
glycemic control, blood pressure (BP), body mass index (BMI) and albuminuria status in people with type 2 diabetes and high cardio- 
vascular risk. 

Methods. Pooled SUSTAIN 6 (Trial to Evaluate Cardiovascular and Other Long-Term Outcomes With Semaglutide in Subjects With 

Type 2 Diabetes) and PIONEER 6 (A Trial Investigating the Cardiovascular Safety of Oral Semaglutide in Subjects With Type 2 Dia- 
betes) data were analyzed for change in eGFR slope by baseline hemoglobin A1c (HbA1c ) ( < 8%/ ≥8%; < 64/ ≥64 mmol/mol), systolic 
BP ( < 140/90/ ≥140/90 mmHg) and BMI ( < 30/ ≥30 kg/m2 ). SUSTAIN 6 data were analyzed by baseline urinary albumin:creatinine ratio 
(UACR; < 30/30–300/ > 300 mg/g). 

Results. The estimated absolute treatment differences overall in eGFR slope (95% confidence intervals) favored semaglutide versus 
placebo in the pooled analysis [0.59 (0.29; 0.89) mL/min/1.73 m2 /year] and in SUSTAIN 6 [0.60 (0.24; 0.96) mL/min/1.73 m2 /year]; the 
absolute benefit was consistent across all HbA1c , BP, BMI and UACR subgroups (all P -interaction > .5). 

Conclusion. A clinically meaningful reduction in risk of chronic kidney disease progression was observed with semaglutide versus 
placebo regardless of HbA1c , BP, BMI, and UACR levels. 
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GRAPHICAL ABSTRACT 

Semaglutide slows eGFR decline in people with type 2 diabetes
and high cardiovascular risk regardless of glycemia, blood pressure,

body mass index or albuminuria.

Effect of semaglutide on kidney function across different 
levels of baseline HbA1c, blood pressure, body mass index 

and albuminuria in SUSTAIN 6 and PIONEER 6

Study of the effects of semaglutide 
on eGFR decline according to 

different characteristics in people 
with type 2 diabetes, and high 
cardiovascular risk, in a pooled 
analysis of the SUSTAIN 6 and 

PIONEER 6 trials

Methods

N=6480 participants
SUSTAIN 6: once-weekly s.c. semaglutide

0.5 or 1.0 mg vs. placebo
PIONEER 6: once-daily oral semaglutide

14 mg vs. placebo

Change in eGFR slope by baseline
HbA1c, systolic blood pressure,

BMI and UACR categories

Apperloo, E. M. et al.
NDT (2024)
@NDTSocial

Results
Semaglutide slowed annual eGFR decline

(vs. placebo, mL/min/1.73 m2/year)

Placebo

–1.56
Semaglutide

–0.97

Estimated treatment difference (95% CI)

0.59
(0.29, 0.89)

Absolute benefit was consistent across all subgroups

All p-interaction > 0.5

HbA1c
<8% and ≥8%

<64 and ≥64 mmol/mol

BP
<140/90 and

≥140/90 mmHg

BMI
<30 and

≥30 kg/m2

UACR
<30, ≥30−≤300 and

>300 mg/g, SUSTAIN 6 only
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• Glucagon-like peptide 1 receptor agonists (GLP-1 RAs) reduce
with type 2 diabetes.

• Post hoc analyses suggest that GLP-1 RAs also slow kidney fu
• Whether these benefits on estimated glomerular filtration

kidney disease (CKD) risk factors is unknown.

This study adds: 

• Semaglutide slows absolute eGFR decline in people with type
pressure, body mass index or albuminuria status.

• This suggests a potential role for semaglutide to confer kidn
at high cardiovascular risk.

Potential impact: 

• This study suggests a potential impact of semaglutide on kid
• These results in conjunction with other evidence about kidn

FLOW trial, support a role for GLP-1 RA in the management 

INTRODUCTION 

The risk of progressive kidney function loss and incidence of
cardiovascular disease events remains high in people with type 2
diabetes and chronic kidney disease (CKD), despite optimal guide-
lines recommending treatments including renin–angiotensin
system inhibitors and sodium–glucose co-transporter 2 (SGLT-2)
rglycemia, body weight and atherosclerotic disease in patients 

n decline.
 (eGFR) decline are consistent regardless of baseline chronic 

betes at high cardiovascular risk, regardless of glycemic, blood 

rotection in a broad population of people with type 2 diabetes 

 outcomes in a broad population with type 2 diabetes.
d cardiovascular protective effects of GLP-1 RAs, including the 
D in type 2 diabetes.

inhibitors [1 ]. Additional treatment strategies to lower albumin- 
uria and kidney function decline are therefore needed. 

Glucagon-like peptide 1 receptor agonists (GLP-1 RAs) are cur- 
rently recommended as treatment for hyperglycemia, weight 
management and atherosclerotic cardiovascular disease in peo- 
ple with type 2 diabetes [1 , 2 ]. In addition, analyses from cardio-
vascular outcomes trials have suggested that these agents also 
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Figure 1: Analysis of eGFR slope by baseline HbA1c ( A ), BP ( B ), BMI ( C ) and UACR ( D ) subgroups (unadjusted* ). Estimated treatment differences are 
shown at 1 year for HbA1c and BP subgroups, and at 1 and 2 years for the UACR subgroups. * Random slope model of repeated eGFR measures analyzed 
with eGFR value as dependent variable adjusted by baseline value, and time interacting with treatment and subgroup. Intercept and slopes of effect of 
time are assumed to vary randomly among individuals based on a two-dimensional normal distribution. CI, confidence interval; ETD, estimated 
treatment difference; geom., geometric; pinteraction , interaction P -value. 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

slow the decline in kidney function [3 –5 ]. In post hoc analyses
from the SUSTAIN (Trial to Evaluate Cardiovascular and Other
Long-Term Outcomes With Semaglutide in Subjects With Type 2
Diabetes) and PIONEER (A Trial Investigating the Cardiovascular
Safety of Oral Semaglutide in Subjects With Type 2 Diabetes) clin-
ical trial programs, semaglutide available in once-weekly subcuta-
neous and once-daily oral formulations, lowered hemoglobin A1c
(HbA1c ) across estimated glomerular filtration rate (eGFR) levels
and slowed the rate of eGFR decline [3 , 6 ]. Whether these benefits
on eGFR decline are consistent in people with type 2 diabetes re-
gardless of baseline CKD risk factors, including HbA1c , blood pres-
sure (BP), body mass index (BMI) and urinary albumin:creatinine
ratio (UACR), is of clinical interest and the aim of the present study.

MATERIALS AND METHODS 

We conducted a post hoc analysis of pooled data from the SUS-
TAIN 6 and PIONEER 6 trials. The design and primary results
were published previously [5 , 7 , 8 ]. In short, both trials recruited
people with type 2 diabetes and high cardiovascular risk, de-
fined as age ≥50 years with established cardiovascular disease
or CKD, or age ≥60 years with cardiovascular risk factors. Par-
ticipants were randomized to semaglutide or placebo in addition
to standard-of-care treatment. Exclusion criteria for both trials
included kidney failure treated by chronic hemodialysis or peri-
toneal dialysis; PIONEER 6 additionally excluded those with an
eGFR < 30 mL/min/1.73 m2 . In SUSTAIN 6, participants received
once-weekly subcutaneous semaglutide 0.5 or 1.0 mg for 2 years
(median follow-up, 104 weeks), whereas participants in PIONEER 6
received once-daily oral semaglutide 14 mg (median observation
period, 15.9 months). 
In SUSTAIN 6 and PIONEER 6, vital signs and clinical chemistry
including serum creatinine and HbA1c were recorded throughout 
follow-up. The Chronic Kidney Disease-Epidemiology Collabora- 
tion (CKD-EPI) equation was used to estimate GFR [9 ]. UACR was
only measured in SUSTAIN 6; therefore, the effects of semaglu- 
tide versus placebo by baseline UACR were only performed in the 
SUSTAIN 6 trial population. Data from SUSTAIN 6 and PIONEER 6 
were analyzed for change in eGFR slope by baseline HbA1c ( < 8%
and ≥8%; < 64 and ≥64 mmol/mol), by baseline BP ( < 140/90 and
≥140/90 mmHg), baseline BMI ( < 30 and ≥30 kg/m2 ) and by base-
line UACR ( < 30, ≥30 −≤300 and > 300 mg/g; SUSTAIN 6 only). BP
and HbA1c cut-offs were chosen based on the American Diabetes 
Association 2022 guidelines for HbA1c and BP control [2 , 10 ]. The
UACR thresholds were chosen based on the KDIGO CKD guideline 
[11 ]. 

The main analysis focuses on the absolute change in eGFR 
slope with semaglutide versus placebo after 1 year for baseline 
HbA1c , BP and BMI subgroups, and after 1 and 2 years for base-
line UACR subgroups. A random slope model of repeated eGFR 
measures was used with eGFR value as a dependent variable ad- 
justed by baseline value, and time interacting with treatment and 
subgroup. Intercept and slopes of effect of time were assumed to 
vary randomly among individuals based on a two-dimensional 
normal distribution. The analyses were first performed in the 
overall population and subsequently among those with baseline 
eGFR ≥30 −< 60 mL/min/1.73 m2 and ≥60 mL/min/1.73 m2 . To ac- 
count for potential differences in baseline characteristics, a sen- 
sitivity analysis for the eGFR slope analysis was performed ad- 
justing for age, sex, diabetes duration, anti-diabetes medication,
smoking status, previous cardiovascular events, geographic region 
and eGFR at baseline. The interaction P -value evaluated the po- 
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Figure 2: Analysis of eGFR slope by baseline HbA1c , BP and UACR, stratified by eGFR ≥30–< 60 mL/min/1.73 m2 and ≥60 mL/min/1.73 m2 (unadjusted* ). 
Estimated treatment differences are shown at 1 year for all subgroups. * Random slope model of repeated eGFR measures analyzed with eGFR value as 
dependent variable adjusted by baseline value, and time interacting with treatment and subgroup. Intercept and slopes of effect of time are assumed 
to vary randomly among individuals based on a two-dimensional normal distribution. CI, confidence interval; ETD, estimated treatment difference; 
pinteraction , interaction P -value. 
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ential treatment heterogeneity of absolute eGFR change across
ubgroups. 

ESULTS 

verall, 6480 participants with available eGFR measurements
ere included in this analysis. Baseline characteristics are pre-
ented for each HbA1c , BP, BMI and UACR subgroup in Table 1 .
aseline characteristics were generally similar across the sub-
roups, except for higher BP and lower eGFR in people with UACR
 300 mg/g versus other UACR subgroups. 
In the pooled population, annual eGFR slope was

0.97 mL/min/1.73 m2 in the semaglutide group and
1.56 mL/min/1.73 m2 in the placebo group [difference (95%
onfidence interval) 0.59 (0.29; 0.89) mL/min/1.73 m2 /year] [3 ].
he effect of semaglutide versus placebo on eGFR decline at
ear 1 was consistent across baseline HbA1c , BP and BMI sub-
roups (Fig. 1 A, B and C, respectively). In the SUSTAIN 6 trial,
GFR slope was –1.32 mL/min/1.73 m2 in the semaglutide group
ompared with –1.92 mL/min/1.73 m2 in the placebo group [dif-
erence 0.60 (0.24; 0.96) mL/min/1.73 m2 /year] [3 ]. eGFR decline
as more pronounced among participants with more severe
lbuminuria at baseline (Fig. 1 D). However, the absolute effect
f semaglutide in reducing eGFR decline did not vary across
aseline UACR subgroups (interaction P -value .99; Fig. 1 ). Effects
ere similar in the subgroups of participants with baseline eGFR
30 −< 60 mL/min/1.73 m2 and ≥60 mL/min/1.73 m2 (Fig. 2 ).
djusting these analyses for covariates did not materially alter
hese findings (Fig. 3 ). 

ISCUSSION 

his post hoc pooled analysis of two cardiovascular outcome trials
uggests that semaglutide reduced the rate of eGFR slope decline
ersus placebo in people with type 2 diabetes at high cardiovas-
ular risk, regardless of baseline glycemia, BP and albuminuria
tatus. These results add to existing evidence about the potential
idney protective effects of GLP-1 RAs in people with type 2 dia-
etes and support the initiation of GLP-1 RA–based treatments to
low eGFR decline across a broad spectrum of people at varying
egrees of risk of CKD progression. 
The effects of semaglutide on eGFR slope were observed in peo-

le treated according to standard of care, including > 80% renin–
ngiotensin system inhibitor use. As expected, the rate of eGFR de-
line was more pronounced in the subgroups with higher HbA1c ,
P or albuminuria. However, the absolute benefits of semaglutide
n slowing eGFR decline did not vary across these subgroups. From
 clinical practice perspective, eGFR decline was most pronounced
mong participants with severely increased albuminuria, sup-
orting the early identification of CKD in order to provide timely
nitiation of kidney-protective therapies, and thereby reduce the
isk of albuminuria progression and eGFR decline. Participants
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(D)

Figure 3: Analysis of eGFR slope by baseline HbA1c ( A ), BP ( B ), BMI ( C ) and UACR ( D ) subgroups (adjusted* ). Estimated treatment differences are shown 
at 1 year for HbA1c and BP subgroups, and at 1 and 2 years for the UACR subgroups. * Adjusted for age, sex, diabetes duration, antidiabetes medication, 
smoking status, previous myocardial infarction/stroke/transient ischemic attack and geographic region. CI, confidence interval; ETD, estimated 
treatment difference; pinteraction , interaction P -value. 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

with pre-existing CKD stage 3 (eGFR ≥30 −< 60 mL/min/1.73 m2 )
are also at high risk of kidney failure [1 ]. In this subgroup, a pre-
vious analysis showed that semaglutide reduced the eGFR slope
by 1.06 (95% confidence interval 0.45; 1.67) mL/min/1.73 m2 /year
from placebo [3 ]. 

The reduction in eGFR slope observed with semaglutide relative
to placebo may translate into a clinically relevant risk reduction
in kidney outcomes based on a meta-analysis of 66 clinical
trials, demonstrating that interventions that reduce eGFR decline
between 0.5 and 1.0 mL/min/1.73 m2 /year provide confidence
that these therapies will also reduce the risk of kidney failure
[12 ]. The follow-up of our trials was too short to study the effects
of semaglutide on kidney endpoints. The FLOW (A Research
Study to See How Semaglutide Works Compared to Placebo in
People With Type 2 Diabetes and Chronic Kidney Disease) trial is
a dedicated kidney outcome trial designed to assess the efficacy
and safety of semaglutide in 3534 participants with type 2 dia-
betes and CKD. At baseline, 16% of the participants used SGLT-2
inhibitors which enables assessment of the effects of semaglutide
in combination with SGLT-2 inhibitors [13 ]. Following a planned
interim the trial met certain pre-specified criteria for stopping
the trial early for efficacy. Results of the trial are expected in
2024. 

A mediation analysis of the SUSTAIN 6 and LEADER (Liraglu-
tide Effect and Action in Diabetes: Evaluation of Cardiovascu-
lar Outcome Results) trials has suggested that the kidney-related
benefits of once-weekly semaglutide and once-daily liraglutide
may be moderately mediated by reductions in HbA1c and sys-
tolic BP; however, other direct or indirect mechanisms may also
provide kidney-protective effects [14 ]. Other possible pathophys-
iological mechanisms underlying the benefits of semaglutide are 
not completely understood but may involve direct effects on 
kidney function, such as beneficial effects on endothelial func- 
tion, increased natriuresis through inhibition of the sodium- 
hydrogen exchanger or anti-inflammatory or anti-fibrotic effects 
[15 ]. Dedicated mechanistic studies, REMODEL (A Research Study 
to Find Out How Semaglutide Works in the Kidneys Compared 
to Placebo, in People With Type 2 Diabetes and Chronic Kidney
Disease) and SMART (SeMaglutide and Albuminuria Reduction 
Trial in Obese Individuals Without Diabetes) [16 , 17 ], are ongo- 
ing to provide more insight into the pharmacological effects of 
semaglutide on kidney function in people with CKD attributed 
to type 2 diabetes or people without type 2 diabetes and with
obesity. 

This study has limitations, the most obvious being that this was 
a post hoc analysis and therefore subject to chance findings. Sec- 
ondly, we estimated GFR using the CKD-EPI creatinine-based esti- 
mation equation. It is important to assess whether the observed 
benefits of semaglutide on eGFR-creatinine reflect true benefits in 
underlying kidney function or are biased because of changes in 
body weight. We note that in the SUSTAIN 6 and PIONEER 6 stud-
ies the 2–4 kg reduction in body weight observed with semaglu- 
tide 0.5 mg and 1.0 mg was less compared with the higher doses
of semaglutide 2.4 mg indicated for the treatment of obesity [18 ].
We therefore believe it is unlikely that the observed effects in
the current study are a measurement artefact due to the body 
weight reduction. Nevertheless, the ongoing SMART study [17 ],
which determines the effects of semaglutide 2.4 mg once weekly 
compared with placebo on iohexol-measured GFR aims to provide 
more insights into the optimal measurement of kidney function 
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n the setting of significant weight loss in people with overweight
r obesity and CKD. Additionally, in the PIONEER 6 trial, UACR
as not measured and the follow-up duration was relatively short
median time in the trial including follow-up was 15.9 months
range 0.4–20.0 months)] [8 ], limiting our ability to characterize
he longer-term effect of oral semaglutide on eGFR. Thirdly, only
eople with type 2 diabetes and high cardiovascular risk were in-
luded, limiting generalizability to a broader type 2 diabetes pop-
lation or those without diabetes. 
In conclusion, this post hoc analysis of the SUSTAIN 6 and PIO-
EER 6 trials suggests that semaglutide slows absolute eGFR de-
line in people with type 2 diabetes at high cardiovascular risk,
egardless of glycemic, BP or albuminuria status. This suggests
 potential role for semaglutide to confer kidney protection in a
road population of people with type 2 diabetes.
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