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Abstract

A comprehensive treatment strategy including renin-angiotensin system inhibitors, sodium-glucose 
cotransporter 2 inhibitors, and finerenone is recommended to reduce the risk of adverse kidney 
outcomes in people with chronic kidney disease (CKD) and type 2 diabetes. These therapies, along 
with glucagon-like peptide-1 receptor agonists, slow the progression of CKD, reflected in long-term 

decline in estimated glomerular filtration rate (eGFR); however, they may also reduce eGFR within 
the first 3 months of treatment initiation. The initial eGFR decline observed with renin-angiotensin 
system inhibitors, sodium-glucose cotransporter 2 inhibitors, and finerenone is linked to beneficial 
hemodynamic changes that lead to reduction in maladaptive glomerular hypertension and hyper-
filtration. These beneficial hemodynamic changes ultimately protect against loss of nephron function 
and mitigate the risk of end-stage kidney disease. This review presents evidence from randomized 
controlled trials with these therapies demonstrating that this initial decline in eGFR is usually 
reversible and generally does not reflect an adverse effect on the kidney. An acute eGFR decline less 
than 30% does not usually reduce the efficacy of these therapies in people with CKD, type 2 diabetes, 
or heart failure. The clinical implications of this eGFR decline are discussed, including recommen-
dations for initiating therapies and monitoring kidney function. When considering use of these 
therapies, an initial eGFR decline less than 30% without significant hyperkalemia or acute adverse 
kidney events should, in general, not be a barrier to continuation of treatment as it may predict a 
greater long-term benefit on CKD progression.
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C hronic kidney disease (CKD) is 
defined as a sustained urine 
albumin-to-creatinine ratio (UACR) 

of at least 30 mg/g or another marker of kidney 
damage, and/or a reduction in estimated
glomerular filtration rate (eGFR) to less than 
60 mL/min/1.73 m 2 . 1 The worldwide burden 
of CKD is substantial and continues to grow, 
establishing CKD as a public health issue 
that affects more than 10% of the global popu-
lation. 2,3 Leading causes of CKD are diabetes 
and hypertension. 2 Besides progressing to kid-
ney failure, persons with CKD have a notably 
increased risk of cardiovascular (CV) events,

strokes, infections, and death. 4-11 As a result 
of multimorbidity, the rate of polypharmacy 
is high among persons with CKD, and this is 
associated with an increased risk of adverse 
outcomes, 12 making the management of treat-
ment for people with CKD complex.

Clinical practice guidelines recommend 
a comprehensive treatment strategy to 
reduce the risk of progression of CKD and 
its associated complications. 1,13-15 Most 
people with CKD should be treated with a 
renin-angiotensin system (RAS) inhibitor 
(angiotensin-converting enzyme inhibitor 
or angiotensin receptor blocker) and/or a
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sodium-glucose cotransporter 2 (SGLT2) in-
hibitor. 13-18 The nonsteroidal mineralocorti-
coid receptor antagonist finerenone is an 
additional therapeutic option in people 
with type 2 diabetes (T2D) to reduce the 
risk of CKD progression and to reduce CV 
risk. 19-21 Since publication of the most 
recent Kidney Disease: Improving Global 
Outcomes (KDIGO) guidelines on the man-
agement of CKD, the findings of studies 
assessing the effects of the glucagon-like 
peptide-1 receptor agonist (GLP-1 RA) sem-
aglutide on kidney outcomes have been 
released. These studies demonstrated that 
compared with placebo, semaglutide de-
creases adverse kidney and CV outcomes 
and mortality in participants with T2D and 
CKD 22,23 and in participants who are over-
weight/obese and have established CV dis-
ease (CVD) without diabetes. 24

The annualized rate of decline of kidney 
function (eGFR slope) is an accepted surro-
gate of CKD progression used in random-
ized control trials (RCTs) that investigate 
pharmacotherapy for CKD. 25,26 The SGLT2 
inhibitors, RAS inhibitors, finerenone, and

GLP-1 RAs are all associated with a long-
term reduction in eGFR decline compared 
with placebo, 20,22,27-39 reflecting a slowing 
of kidney disease progression. However, 
RAS inhibitors, SGLT2 inhibitors, and finer-
enone may also cause an early acute decline 
in eGFR within 3 months of initiation of 
treatment.

In this review we discuss the frequency 
of the acute eGFR decline in clinical studies 
of therapies that slow the progression of 
eGFR decline in people with CKD, T2D, or 
heart failure (HF). The implications of the 
acute eGFR decline for safety and efficacy 
outcomes are examined.

MECHANISM OF ACTION ASSOCIATED WITH 
THE ACUTE EGFR DECLINE
“Absolute” hyperfiltration is observed after 
high protein intake, in obesity, and in early 
natural history of diabetes. 40 Supraphysio-
logic elevation of glomerular filtration rate 
(GFR) is reported in 10% to 67% of persons 
with type 1 diabetes and in 6% to 73% of 
those with T2D. 40,41 Some of the factors 
that influence the large variations in these 
estimates are differences in age, ethnicity, 
duration of diabetes, and methods used to 
measure and report GFR among different 
populations. 40 A major contributor to the 
glomerular hemodynamic abnormalities is 
a vasoactive imbalance between the preglo-
merular (afferent) and postglomerular 
(efferent) arterioles. 40 Activation of the 
RAS with increased production of angio-
tensin II results in increased postglomerular 
(efferent) arteriolar resistance (vasoconstric-
tion), while reduction of preglomerular 
(afferent) arteriolar resistance (vasodilation) 
is driven by inhibition of tubuloglomerular 
feedback and other factors. Tubuloglomeru-
lar feedback is an autoregulatory mechanism 

that adjusts GFR in response to the concen-
tration of sodium chloride delivered to the 
macula densa segment of the distal convo-
luted tubule. 40,42 Increased glucose and so-
dium chloride uptake in the proximal 
tubule via SGLT2 observed in diabetes re-
duces solute delivery to the macula densa 
and significantly contributes to the vasoac-
tive imbalance. 42,43 Although hyperfiltration

ARTICLE HIGHLIGHTS

● A decline in estimated glomerular filtration rate (eGFR) within 
the first 3 months of treatment initiation with renin-angiotensin 
system inhibitors, sodium-glucose cotransporter 2 inhibitors, a 
nonsteroidal mineralocorticoid receptor antagonist, or 
glucagon-like peptide-1 receptor agonists may be attributed to 
their mechanisms of action and may be expected.

● This eGFR decline early after initiation of treatment is not 
usually associated with an increase in kidney injury, kidney-
related serious adverse events, or hyperkalemia.

● Regarding long-term effects, the initial decline in eGFR is not 
usually associated with subsequent kidney function loss or 
acute kidney injury during long-term treatment, and it may even 
be associated with greater slowing of the eGFR slope and, 
consequently, greater slowing of kidney disease progression.

● In general, an initial decline in eGFR of less than 30% without 
significant hyperkalemia or acute adverse kidney events should 
not be a cause for discontinuation when prescribing these 
agents.
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is not present in all patients, the presence of 
glomerular hyperfiltration in early diabetes 
is often associated with the development of 
more severe kidney damage at the later 
stages of CKD. 40,44-46

In the late stages of CKD, glomerular hy-
pertension and increased filtration per 
nephron may occur as an adaptive response 
to irreversible nephron loss, increasing 
single-nephron GFR (Figure 1A). 40,47 

Initially, the state of “relative” hyperfiltra-
tion in the remaining glomeruli maintains 
the GFR of the whole kidney within the 
normal range. 40,47,48 However, persistent 
hyperfiltration associated with glomerular 
hypertension may promote further loss of 
nephrons, and as CKD progresses, GFR 
will eventually decline (Figure 1B). 47,48 

The hemodynamic hypothesis originated 
from a preclinical study conducted in 
1981. In this study using a remnant kidney 
model in male Munich-Wistar rats, single-
nephron GFR significantly increased after 
renal ablation. The increase in single-
nephron GFR was attributed to an elevated 
glomerular flow rate and glomerular trans-
capillary hydraulic pressure. This was asso-
ciated with morphologic abnormalities in 
the glomeruli, indicating a maladaptive 
response at the single-nephron level. 49 The 
hemodynamic hypothesis posited by this 
study is inferred to be applicable to CKD 
development and progression in humans.

RAS inhibitors, SGLT2 inhibitors, and 
finerenone all have hemodynamic effects that 
contribute to their treatment effect on slowing 
CKD progression. RAS inhibitors are effective 
antihypertensive therapies and reduce sys-
temic blood pressure. They also decrease 
intraglomerular pressure by lowering postglo-
merular (efferent) arteriolar resistance, 50 

which is proposed to be a key mechanism by 
which CKD progression could be reduced. 49 

SGLT2 inhibitors result in a reduction in 
glucose and sodium chloride uptake in the 
proximal tubule, thus increasing solute deliv-
ery to the macula densa and increasing tubulo-
glomerular feedback. The net effect of this 
action is reversal of the vasodilation of the pre-
glomerular (afferent) arteriole and a fall in 
glomerular capillary pressure. 51 Treatment

effects of finerenone on reducing CKD pro-
gression have also been attributed to nonhe-
modynamic mechanisms. Finerenone 
reduces mineralocorticoid receptor overacti-
vation, thereby exerting nonhemodynamic 
anti-inflammatory and antifibrotic effects 
that contribute to long-term kidney protec-
tion. 52-54 Activation of the mineralocorticoid 
receptor promotes reabsorption of sodium, 
and plays a role in the regulation of blood 
pressure. 52 Finerenone causes a moderate 
reduction in blood pressure that accounts for 
21% of its CV benefit, 55 which may contribute 
to its effects on kidney outcomes. 53

The acute decline in eGFR seen with 
RAS inhibitors, SGLT2 inhibitors, and 
finerenone is likely a result of these hemo-
dynamic effects, resulting in decreased 
glomerular hypertension and reduced 
hyperfiltration (Figure 1A). 47,56 This is a 
plausible mechanism for protection against 
further nephron loss and slower long-term 

decline in eGFR as inferred from preclinical 
experiments (Figure 1B) 47,49 that translates 
to meaningful efficacy in kidney protection. 
This mechanism is supported by the find-
ings from RCTs, which in analyses of broad 
eGFR subgroups indicate that a greater 
acute eGFR decline with these therapies 
may be associated with a greater kidney 
protective effect compared with smaller or 
no decline. 57-59 Similarly, a greater acute 
eGFR decline was associated with better 
CV outcomes compared with those experi-
encing a smaller decline. 59 There is also ev-
idence of a rebound in eGFR within a 
month after discontinuation of treatment 
with these therapies 27,37,60 (Supplemental 
Figure 1, available online at http://www. 
mayoclinicproceedings.org), indicating 
that the intrarenal hemodynamic treatment 
effects are reversible. Note that the analyses 
indicating a larger benefit associated with a 
greater initial decline in eGFR were based 
on broad subgroups of eGFR decline. 57-59 

As such, they did not investigate the impact 
of an initial eGFR decline greater than 30% 

on the benefit of these therapies. This 
magnitude of initial eGFR decline may be 
associated with an increased incidence of 
adverse kidney outcomes 61,62 and warrants
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FIGURE 1. Schematic illustrating the mechanism of action of change in glomerular filtration rate (GFR) 
with chronic kidney disease (CKD) progression and the impact of a renin-angiotensin system (RAS) 
inhibitor, sodium-glucose cotransporter 2 (SGLT2) inhibitor, or finerenone at the single-nephron level 
(A) and the whole-kidney level (B). A, Glomerular hypertension and increased filtration per nephron may 
occur as an adaptive response to irreversible nephron loss, increasing single-nephron GFR (snGFR) to 
maintain the GFR of the whole kidney (total GFR) within the normal range. The hemodynamic effects of 
RAS inhibitors, SGLT2 inhibitors, and finerenone reduce glomerular hypertension and hyperfiltration, 
thereby causing an acute decline in GFR. B, Persistent hyperfiltration may promote further loss of 
nephrons, resulting in a progressive decline in GFR. Part B was adapted from Int J Mol Sci 47 under the 
terms of the CC-BY 4.0 license.
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further clinical and laboratory assessment, 
and potential cessation of treatment.

An acute decline in creatinine-based 
eGFR with GLP-1 RAs may be observed 
shortly after initiating treatment in people 
with T2D or in people who are obese/over-
weight. 22,24,63,64 However, integrative physi-
ology studies suggest that GLP-1 RAs are 
not associated with intrarenal hemodynamic 
effects. 65 Although GLP-1 RAs may exert 
physiologically protective effects through 
nonhemodynamic glucose-lowering, inflam-
matory, natriuretic, and fibrotic path-
ways, 66-69 the body weight loss induced by 
these therapies may reduce hyperfiltration 
associated with T2D and obesity, leading 
to an initial reduction in eGFR. 70 However, 
it is notable that when noncreatinine-based 
eGFR was measured (ie, using cystatin 
C—based eGFR) after initiation of a GLP-1 
RA, no acute decline in eGFR was evident, 63 

reinforcing the notion that there is no direct 
intrarenal hemodynamic effect. In contrast, 
therapies with primary hemodynamic effects 
in the initial (acute) period, such as SGLT2 
inhibitors and finerenone, differ in their ef-
fects on UACR, causing a rapid reduction 
with a nadir of UACR-lowering reached at 
approximately 2 to 4 months, without a 
large degree of weight loss. 19,71 In addition, 
after GLP-1 RA treatment discontinuation, 
measurements of creatinine-based eGFR 
indicate absence of an eGFR rebound effect, 
providing further evidence that this class of 
medication does not directly act on the kid-
neys through hemodynamic pathways.

IMPACT OF THE ACUTE EGFR DECLINE ON 
SAFETY AND EFFICACY
Studies showing an acute eGFR decline after 
initiation of therapies that slow the progres-
sion of kidney disease are summarized in
Table 1 20-22,27,30,33,35,38,58,72,73 (CKD popula-
tions) and Supplemental Table 1 (available on-
line at http://www.mayoclinicproceedings. 
org) (non-CKD populations). Although the 
definition of eGFR decline status varied across 
studies, with some defining the decline by the 
percentage change and others according to the 
tertile of eGFR change, a mean acute decline in

eGFR of approximately 1.1% to 9.2% relative 
to baseline in the active arm for each trial has 
been observed (Table 1 and Supplemental 
Table 1).

Not all people initiated on RAS inhibi-
tors, SGLT2 inhibitors, finerenone, or 
GLP-1 RAs experience an acute eGFR
decline (Table 2). 22,24,27,29,30,32-34,37,57-
59,61,62,64,72-86 Subgroup analyses indicate 
that patient characteristics associated with 
a larger acute eGFR decline include the 
presence of diabetes, older age, higher ejec-
tion fraction (EF), higher baseline eGFR, 
and higher baseline UACR, although the 
impact of clinical parameters on decline sta-
tus is variable across studies. 27,59,84

In general, during the acute treatment 
period (baseline to up to 3 months), eGFR 
slope is steeper with therapies that slow 
CKD progression compared with placebo; 
however, the chronic eGFR slope (slope after 
the acute period) becomes less steep 
compared with placebo, reflecting a long-
term slowing of kidney disease progression 
(Figure 2). 20,27-29,31-38,58 Few studies investi-
gating the effects of therapies that slow CKD 
progression have included participants 
without albuminuria. The EMPA-KIDNEY 
(The Study of Heart and Kidney Protection 
With Empagliflozin) trial included a broad 
range of participants with CKD, including 
those with and without albuminuria (20% 

with UACR <30 mg/g; 28% with UACR
≥30 to ≤300 mg/g; 52% with UACR >300 
mg/g). 72 Data from this study indicated that 
the proportional reduction in risk of the pri-
mary end point (CKD progression or CV 
death) with empagliflozin may have been 
larger in participants with a higher UACR, 
with the caveat that there were many more 
events in higher risk albuminuric patients. 72 

Analysis of chronic eGFR decline in the 
EMPA-KIDNEY trial showed that although 
the absolute treatment difference was lower 
in participants with lower baseline UACRs, 
the relative treatment difference was higher 
in this subgroup because CKD progressed 
more slowly in these participants. 27 Partici-
pants with baseline UACR greater than 300 
mg/g demonstrated a larger initial decline
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TABLE
 
1. Acute Change in eGFR 

With
 
Therapies That Slow 

the Progression of Kidney Disease in Trials With CKD 
Populations 

a

Trial Drug

Participants (No.)
Acute eGFR
assessment
period

Baseline eGFR in 
active treatment group 
(mL/min/1.73 m 

2
 ), 

mean ±
 
SD

Change in eGFR 
from

 
baseline to end 

of acute eGFR assessment 
period

 
(mL/min/1.73 m 

2
 )

eGFR
 
decline 

with active 
treatment (%)

Active
treatment Placebo

RAS inhibitors 
RENAAL 

58
 Losartan 719 716 3 mo ∼40 

b
 Mean (95% 

CI):
Losartan: —2.3 (—2.7 to —1.8) 
Placebo: —1.6 (—2.0 to —1.1) 

5.8

IDNT
 
38 Irbesartan 579 569 1 mo 46.4 ±

 
16.9 Mean:

Irbesartan: ∼—0.6 
c

Placebo: ∼0.1 
c

1.3

SGLT2 inhibitors 
EMPA-KIDNEY

 
27,72

 Empagliflozin 3304 3305 2 mo 37.4 ±
 
14.5 Mean ±

 
SE:

Empagliflozin: —2.74 ±
 
0.11 

Placebo: —0.62 ±
 
0.10 

7.3

DAPA-CKD
 
30
 Dapagliflozin 2152 2152 2 wk 43.2 ±

 
12.3 Mean ±

 
SE:

Dapagliflozin: —3.97 ±
 
0.15 

Placebo: —0.82 ±
 
0.15 

9.2

CREDENCE 
33 Canagliflozin 2202 2199 3 wk 56.3 ±

 
18.2 

d Mean ±
 
SD:

Canagliflozin: —3.72 ±
 
0.25 

Placebo: —0.55 ±
 
0.25

6.6

nsMRA
 

FIGARO-DKD
 
21,35

 Finerenone 3686 3666 4 mo 67.6 ±
 
21.7 Mean (95% 

CI):
Finerenone: —3.46 (—3.78 to —3.14) 
Placebo: —1.22 (—1.51 to —0.93) 

5.1

FIDELIO-DKD
 
20 Finerenone 2833 2841 4 mo 44.4 ±

 
12.5 Mean (95% 

CI):
Finerenone: —3.18 (—3.44 to —2.91) 
Placebo: —0.73 (—1.03 to —0.44) 

7.2

CONFIDENCE 
73 Finerenone plus 

empagliflozin
269 NA 2 wk 53.9 ±

 
16.9 Mean (95% 

CI):
Finerenone plus empagliflozin: —6.1 
(—7.1 to —5.1)

11.3

Finerenone 264 NA 54.3 ±
 
17.8 Finerenone: —1.3 (—2.3 to —0.3) 2.4

Empagliflozin 267 NA 54.2 ±
 
16.6 Empagliflozin: —4.0 (—5.1 to —3.0) 7.4

GLP-1 RA 
FLOW

 

22 Semaglutide 1767 1766 3 mo 46.9 ±
 
15.6 Mean:

Semaglutide: —1.07 
Placebo: —1.05

2.3

a CKD, chronic kidney disease; eGFR, estimated glomerular filtration rate; GLP-1 RA, glucagon-like peptide-1 receptor agonist; NA, not applicable; nsMRA, nonsteroidal mineralocorticoid antagonist; RAS, renin-angiotensin 
system; SGLT2, sodium-glucose cotransporter 2. 
b
 Data not stated. Estimated from 

eGFR
 
change in each tertile. 

c Data not stated. Estimated from 
figure of eGFR change from 

baseline. 
d
 Data missing for 1 participant.
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TABLE
 
2. Overall Incidence (During Follow-up) of Kidney-Related AEs and AKI in RCTs of Therapies That Slow 

the Progression of Kidney Disease by Initial Change in eGFR 
a

Trial Drug
Trial

population

Acute eGFR
assessment 
period

Acute change 
in eGFR

Participants (No. [%]) Any kidney AE (%) AKI (%)

Active
treatment Placebo

Active
treatment Placebo

Active
treatment Placebo

RAS inhibitors 
RENAAL 

58 Losartan CKD 3 mo Any 719 (100) 716 (100) NS NS Did
 
not differ 
between 
treatment 
groups 

74

SGLT2 inhibitors 
EMPA-KIDNEY

 
27,72 Empagliflozin CKD 2 mo Any 3304 (100) 3305 (100) NS NS 3.2 

b 4.1 
b

DAPA-CKD
 
30,62 Dapagliflozin CKD 2 wk Any

Decline >30% 
Decline >20% 

to
 
30%

 
Decline >10% 

to
 
20%

 
Decline >0% 

to
 
10%

 
No
 
decline

2149 (100)
97 (5)
268 (13)
661 (32)
601 (29)
448 (22)

2149 (100)
47 (2)
94 (5)
353 (17)
603 (29)
985 (47)

7.2
9.3
9.0
8.2
5.3
7.4

8.7
14.9
9.6
11.0
9.1
7.4

1.8
NS 
NS 
NS 
NS 
NS 

2.4
NS 
NS 
NS 
NS 
NS 

CREDENCE 
33,61 Canagliflozin CKD 3 wk Any

Decline >10% 
Decline >0% 

to
 
10%

 
Increase ≥0%

2200 (100)
956 (45)
600 (28)
588 (27)

2197 (100)
450 (21)
646 (30)
1049 (49)

13.2
13.9 

c

10.2 
c

12.6 
c

17.7
20.0 

c

17.5 
c

16.5 
c

3.9 
4.1 

c 

2.0 
c 

5.1 
c

4.5 
4.7 

c 

3.6 
c 

4.4 
c

EMPA-REG
 
OUTCOME 

37,75
 Empagliflozin T2D 4 wk Any 4685 (100) 2333 (100) 5.2 

d
 6.7 

d
 1.0 

e
 1.6 

e
 

DECLARE-TIMI 
76,77

 Dapagliflozin T2D 6 mo Any 8574 (100) 8569 (100) NS NS 1.5 2.0 
CANVAS program 

34
 Canagliflozin T2D 13 wk Any 5795 (100) 4347 (100) 2.5 

f 3.3 
f 1.6 

f 2.5 
f 

VERTIS CV 
57,78 Ertugliflozin T2D

 
and
 
CVD 6 wk Any 5499 (100) 2747 (100) 4.2 4.7 1.8 2.2

Decline ≥6 mL/min/ 
1.73 m 

2
 (tertile 3)

2141 (40) 691 (26) 4.5 
c 5.1 

c 1.9 
c 2.2 

c

Decline <5.99 to increase 
<1 mL/min/1.73 m 

2
 

(tertile 2)

1655 (31) 861 (33) 4.8 
c 5.8 

c 2.2 
c 2.7 

c

Increase ≥1 mL/min/ 
1.73 m 

2
 (tertile 1)

1503 (28) 1076 (41) 2.9 
c 3.8 

c 1.2 
c 2.0 

c

EMPEROR-Reduced
 
32,79

 Empagliflozin HFrEF 4 wk Any
Decline ≥11.4%

 
g

Decline 1% 
to
 
<11.4%

 
g 

Increase ≥0%
 
g

1863 (100)
594 (33)
578 (32)
610 (34)

1867 (100)
588 (33)
589 (33)
588 (33)

NS
NS
NS
NS

NS
NS
NS
NS

NS 
1.9 

c 

1.6 
c 

2.0 
c 

NS 
3.4 

c 

2.4 
c 

2.4 
c 

EMPEROR-Preserved
 
29,80 Empagliflozin HFpEF 4 wk Any

Decline ≥11.8%
 
h
 

Decline 1.1% 
to
 
<11.8%

 
h

2991 (100)
966 (33)
962 (33)

2925 (100)
962 (33)
964 (33)

NS
NS
NS

NS
NS
NS

NS 
3.3 

c 

2.1 
c

NS 
4.0 

c 

2.8 
c

Decline <1.1% 
to
 
any 

increase 
h

965 (33) 961 (33) NS NS 2.1 
c 4.2 

c

Continued on next page
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TABLE
 
2. Continued

Trial Drug
Trial

population

Acute eGFR 
assessment 
period

Acute change 
in eGFR

Participants (No. [%]) Any kidney AE (%) AKI (%)

Active
treatment Placebo

Active
treatment Placebo

Active
treatment Placebo

SGLT2 inhibitors, continued 
DAPA-HF 

59,81 Dapagliflozin HFrEF 2 wk Any
Decline >10% 
Decline >0% 

to
 
10%

 
No
 
decline

2368 (100)
882 (38)
721 (31)
705 (31)

2368 (100)
484 (21)
734 (32)
1091 (47)

6.5 
9.5 
4.4 
4.3 

7.2 
10.7 
7.9 
5.1 

1.0
NS
NS
NS

1.9
NS
NS
NS

DELIVER
 
82,83 Dapagliflozin HFmrEF/HFpEF 1 mo Decline >10% 

Decline ≤10%
1144 (40)
1748 (60)

737 (25)
2159 (75)

5.1 
c 

1.4 
c

4.1 
c 

1.9 
c

NS
NS

NS
NS

nsMRAs 
FIDELITY

 
84 Finerenone CKD 1 mo Any

Decline >10% 
Decline >0% 

to
 
10%

 
Increase 0% 

to10%
 

Increase >10%

6405 (100) 
i

1991 (31) 
i

2035 (32) 
i

1510 (24) 
i

869 (14) 
i

6383 (100) 
i

1220 (19) 
i

1957 (31) 
i

1920 (30) 
i

1286 (20) 
i

15.7
18.5
15.0
13.4
15.1

17.1
17.5
17.4
16.1
17.5

3.4
4.4
3.1
2.5
3.2

3.7
4.3
3.5
3.5
3.5

FINEARTS-HF 
85 Finerenone HFmrEF/HFpEF NS Any 2993 2993 NS NS 1.8 

b 0.9 
b

CONFIDENCE 
73 Finerenone plus

empagliflozin
CKD 2 wk Any 269 NA NS NA 1.9 NA

Finerenone 264 NA NS NA 1.1 NA

Empagliflozin 267 NA NS NA 0 NA

GLP-1 RAs 
FLOW

 

22 Semaglutide CKD 3 mo Any 1767 (100) 1766 (100) 12.9 
j 14.1 

j 9.7 10.3
SUSTAIN-6 and
PIONEER-6 
(pooled

 
analysis) 

64
 

Semaglutide T2D 15 wk Any 3239 (100) 3241 (100) NS NS 2.7 2.8

SELECT
 
24,86 Semaglutide Overweight/obese 

and
 
CVD

8 wk 
k Any 8803 (100) 8801 (100) 2.2 

j 2.2 
j 1.9 2.3

a AE, adverse event; AKI, acute kidney injury; CKD, chronic kidney disease; CVD, cardiovascular disease; eGFR, estimated glomerular filtration rate; GLP-1 RA, glucagon-like peptide-1 receptor agonist; HFmrEF, heart failure with 
mildly reduced ejection fraction; HFpEF, heart failure with preserved ejection fraction; HFrEF, heart failure with reduced ejection fraction; KDIGO, Kidney Disease: Improving Global Outcomes; NA, not applicable; NS, not stated; 
nsMRA, nonsteroidal mineralocorticoid antagonist; RAS, renin-angiotensin system; RCT, randomized controlled trial; SAE, serious adverse event; SGLT2, sodium-glucose cotransporter 2; T2D, type 2 diabetes.
b
 Data are presented for serious AKI.
c From

 
the end of the acute eGFR assessment period to the end of follow-up.

d
 Published

 
data were presented for subgroups of KDIGO 

risk category and diuretic use (empagliflozin, n=4443; placebo, n=2225). The data presented herein were calculated using the sum 
of the AEs in each subgroup. 

e
 Published

 
data were presented for subgroups according to baseline eGFR. The data presented herein were calculated using the sum 

of the AEs in each subgroup.
f The SAEs are presented as rate per 1000 patient-years.
g Patients were categorized into tertiles separately for empagliflozin and placebo. The placebo group tertiles were decline ≥6.5%, decline <6.4% 

to
 
increase <3.6%, and increase ≥3.6%.

h
 Patients were categorized into tertiles separately for empagliflozin and placebo. The placebo group tertiles were decline ≥5.1%, decline <5.1% 

to
 
increase <4.0%, and increase ≥4.0%.

i Based
 
on the safety analysis set.

j Data are presented for kidney-related SAEs.
k Nadir of eGFR declines with semaglutide.
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in eGFR compared with those in other UACR 
subgroups overall. 27

A meta-analysis of 64 RCTs that 
included 154,045 participants with CKD, 
glomerular nephropathy, diabetes, or CVD 
in whom eGFR was estimated at least once 
within 6 months of randomization assessed 
the relationship between the acute effects 
of treatment on eGFR (randomization to 3 
months), effects on the chronic eGFR slope 
(from 3 months after randomization), and 
composite kidney end points. 87 The 
included studies assessed a range of inter-
ventions, including, but not limited to, 
RAS inhibitors, SGLT2 inhibitors, finere-
none, and GLP-1 RAs. Across all studies, 
the mean decline in eGFR 3 months after 
randomization (active compared with con-
trol) was 0.58 mL/min/1.73 m 2 . Overall, an 
association between the acute treatment ef-
fects on eGFR and composite kidney out-
comes (kidney failure with replacement 
therapy, eGFR <15 mL/min/1.73 m 2 , or a
≥57% eGFR decline [the latter component 
was also substituted with ≥30% and ≥40% 

eGFR decline]) indicated that the beneficial 
effect of treatment was reduced in people 
with a larger acute eGFR decline. This study

highlights the need for careful monitoring 
after therapy initiation to assess the effec-
tiveness of those that slow the rate of CKD 
progression because the benefit of these 
therapies may be limited in the small pro-
portion of people who experience a large 
acute eGFR decline. Importantly, in the 
meta-analysis described previously herein, 
the composite kidney outcomes may have 
been directly impacted by initial treatment 
effects, as evidenced by the change in acute 
eGFR having a stronger association with 
kidney composite outcomes using a lower 
eGFR decline threshold (eGFR declines of
≥30% and ≥40%). These findings under-
score the need for study designs that can 
incorporate treatment-induced acute and 
chronic eGFR changes to optimally assess 
treatment effects on kidney outcomes. In 
contrast, in studies that included partici-
pants with an eGFR of 60 mL/min/1.73 m 2 

or less, an acute decline in eGFR was associ-
ated with a greater beneficial effect on 
chronic eGFR slope. The findings were 
consistent between subgroups of studies 
stratified according to the presumed mecha-
nisms of action of the intervention (hemo-
dynamic vs nonhemodynamic).

Acute eGFR decline period:
Protective reduction

in hyperfiltration

Time

Ch
an

ge
 fr

om
 b

as
el

in
e 

in
 e

G
FR

’Chronic’ eGFR (post-eGFR decline) slope assessment period:
Reduced kidney disease progression with active comparator vs placebo

Baseline 2 to 4 months

eGFR decline
~1 to 9%

Active comparator Placebo

FIGURE 2. Illustrative example of change from baseline in estimated glomerular filtration rate (eGFR) 
with a therapy that slows the progression of kidney disease.
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Findings From Subgroup Analyses Based 
on Magnitude of Acute eGFR Decline: 
Efficacy
Findings from subgroup analyses of RCTs 
with RAS inhibitors, SGLT2 inhibitors, or 
finerenone in people with CKD, T2D, or 
HF demonstrate that an acute eGFR decline 
is not associated with a decrease in long-
term efficacy. 57-59,62,75,79,80,88,89 Indeed, a
greater initial decline in eGFR may be pre-
dictive of greater protection from CKD pro-
gression in some studies. 57-59

RAS Inhibitors. A post hoc analysis of the 
RENAAL (Reduction of Endpoints in Non-
Insulin-Dependent Diabetes Mellitus with 
the Angiotensin II Antagonist Losartan) trial 
in participants with CKD observed that the 
greater the acute fall in eGFR after initiation 
of losartan treatment, the slower the rate of 
subsequent long-term eGFR decline, 58 sug-
gesting that a large acute decline may be 
predictive of greater protection from CKD 
progression in this study.

The SOLVD (Studies of Left Ventricular 
Dysfunction) study compared the effects of 
the angiotensin-converting enzyme inhibi-
tor enalapril and placebo in people with 
HF. 88 At 14 days after treatment initiation, 
9.5% of study participants experienced a 
20% or greater decrease in eGFR, which 
tended to occur more frequently in the ena-
lapril group than in the placebo group, 
although the difference between the 2 treat-
ment groups was not significant (P=.06). A 
20% or more decrease in eGFR at 14 days 
was associated with an increased risk of 
mortality in the placebo group but not in 
the enalapril group. When the analysis 
excluded participants with a 20% or greater 
decrease in eGFR who had a reduction in 
dose or discontinued treatment within 1 
month of the 14-day assessment, a survival 
advantage remained with enalapril therapy. 
Cox proportional hazards regression models 
calculating the hazard ratios of all-cause 
mortality associated with percentage of 
eGFR decline 2 and 6 weeks after randomi-
zation demonstrated that there was no per-
centage of eGFR decline, including up to

40%, at which enalapril was associated 
with a higher mortality risk than placebo. 89

SGLT2 Inhibitors. In the canagliflozin group 
of the CREDENCE (Canagliflozin and Renal 
Events in Diabetes with Established Ne-
phropathy Clinical Evaluation) trial, which 
enrolled people with T2D and albuminuric 
CKD, comparison of the annual rate of 
decline in eGFR in 3 acute eGFR change 
subgroups (>10% decline, 0%-10% decline, 
and no decline [including increase in 
eGFR]) did not demonstrate a significant 
difference (P=.11). However, as reported 
by the authors, participants in the canagli-
flozin treatment group with an acute eGFR 
decline exhibited a slower eGFR decline 
from month 3 until the end of treatment 
compared with those with an acute eGFR in-
crease (P=.04). Consistent with these find-
ings, in the DAPA-CKD (Dapagliflozin and 
Prevention of Adverse Outcomes in Chronic 
Kidney Disease) trial, which evaluated the 
effects of dapagliflozin in people with CKD 
and albuminuria, 30 an acute eGFR decline 
greater than 10% was associated with a 
slower long-term eGFR decline compared 
with a decline of greater than 0% to 10%
(P interaction =.05). 62

In participants with T2D and CVD, a 
post hoc analysis of the EMPA-REG 
OUTCOME (BI 10773 [Empagliflozin] Car-
diovascular Outcome Event Trial in Type 2 
Diabetes Mellitus Patients) demonstrated 
that long-term eGFR trajectories were 
similar in subgroups categorized according 
to the initial decline in eGFR treatment after
4 weeks. 75 In the VERTIS CV (Cardiovascu-
lar Outcomes Following Ertugliflozin 
Treatment in Type 2 Diabetes Mellitus Par-
ticipants With Vascular Disease) study, 
also in people with T2D and atherosclerotic 
CVD, the tertile with the largest initial eGFR 
decline after initiation of ertugliflozin (ter-
tile 3; decrease of ≤6 mL/min/1.73 m 2 ) 
demonstrated a slower long-term decline in 
eGFR slope compared with participants in 
the other subgroups (acute eGFR change, 
—5.99 to 1 mL/min/1.73 m 2 and >1 mL/ 
min/1.73 m 2 ; P<.001) and compared with
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participants treated with placebo across 
tertiles. 57

In participants with HF with reduced EF 
in the EMPEROR-Reduced (Empagliflozin 
Outcome Trial in Patients With Chronic 
Heart Failure With Reduced Ejection Frac-
tion), comparison of empagliflozin-treated 
participants in the highest and lowest ter-
tiles based on initial change in eGFR (base-
line to week 4) showed no difference in the 
risk of CV and kidney efficacy outcomes. 79 

In contrast, in placebo-treated participants, 
compared with the tertile with an acute 
eGFR increase (≥3.6%), those in the tertile 
with the largest acute eGFR decline 
(≤6.5%) had a higher risk of worsening kid-
ney function and all-cause mortality. 79 In 
participants with HF with reduced EF 
enrolled in the DAPA-HF (Dapagliflozin 
and Prevention of Adverse Outcomes in 
Heart Failure) trial, compared with an initial 
eGFR decline of 10% or less between base-
line and day 14, a decline in eGFR greater 
than 10% was associated with a reduction 
in the primary outcome (composite of 
worsening HF or CV death) with dapagliflo-
zin, but with an increase in the primary 
outcome in placebo-treated participants 
(P interaction <.001). 59 A greater than 10% 

initial decline in eGFR was not associated 
with a greater long-term decline in eGFR. 59 

Similar findings are reported for people 
with HF with preserved EF. In EMPEROR-
Preserved (Empagliflozin Outcome Trial in 
Patients With Chronic Heart Failure With 
Preserved Ejection Fraction) participants, 
the risk of CV and kidney efficacy outcomes 
did not differ between tertiles based on 
initial change in eGFR with empagliflozin 
(baseline to week 4). 80 Placebo-treated par-
ticipants in the tertile with the largest acute 
eGFR decline (≥5.1%) had more than twice 
the risk of worsening kidney function 
compared with the tertile with an acute 
eGFR increase and a 46% increase in the 
risk of hospitalization for HF or CV 
mortality. 80

Nonsteroidal Mineralocorticoid Antago-
nist. FIDELITY (Finerenone in Chronic Kid-
ney Disease and Type 2 Diabetes: Combined

FIDELIO-DKD and FIGARO-DKD Trial 
Programme Analysis) was a prespecified 
pooled analysis of 2 phase 3 trials (FIGARO-
DKD [Efficacy and Safety of Finerenone in 
Subjects With Type 2 Diabetes Mellitus and 
the Clinical Diagnosis of Diabetic Kidney 
Disease] and FIDELIO-DKD [Efficacy and 
Safety of Finerenone in Subjects With Type 2 
Diabetes Mellitus and Diabetic Kidney Dis-
ease]) of finerenone and enrolled participants 
with T2D and CKD. 20,21 The beneficial effect 
of finerenone on reducing the risk of both 
the CV and kidney composite outcomes in 
FIDELITY was consistent when eGFR 
change at 1 month was modeled as a 
continuous variable (P interaction =.58 and .36, 
respectively). 84 In FINEARTS-HF (Finer-
enone Trial to Investigate Efficacy and Safety 
Superior to Placebo in Patients with Heart 
Failure), a study in people with HF with 
mildly reduced or preserved EF (left ven-
tricular EF of ≥40%), finerenone reduced the 
primary composite outcome of total HF 
events and CV death compared with pla-
cebo. 85 A prespecified analysis of FINEARTS-
HF showed that finerenone reduced the risk 
of the primary outcome (composite of total 
HF events and CV death) across subgroups 
defined by initial change in kidney function 
(eGFR declines ≥15%, ≥30%, ≥5 mL/min/ 
1.73 m 2 , and ≥10 mL/min/1.73 m 2 or acute 
serum creatinine increases ≥0.3 mg/dL and
≥0.5 mg/dL [to convert to μmol/L, multiply 
by 88.4]) compared with placebo. 90 A 
decline in eGFR of 15% or more, which 
occurred in 18.2% of participants (23.0% 
with finerenone; 13.4% with placebo), was 
associated with a greater risk of the primary 
outcome in participants treated with placebo 
but not in those treated with finerenone 
(P interaction =.04). 90 Similar findings were re-
ported for analyses performed with a 
different cutoff value for acute eGFR decline 
(≥10 mL/min/1.73 m 2 ). 90

In FINEARTS-HF, there was no statisti-
cally significant difference in the composite 
kidney end point (a sustained decrease in 
eGFR ≥50%, a sustained decline in eGFR 
to <15 mL/min/1.73 m 2 , or initiation of 
long-term dialysis or kidney transplant) 
with finerenone vs placebo, 85 although
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patients in the study were at low risk for 
kidney disease progression, with a low prev-
alence of albuminuria and a small number of 
kidney events.

In the CONFIDENCE (Combination Ef-
fect of Finerenone and Empagliflozin in Par-
ticipants With Chronic Kidney Disease and 
Type 2 Diabetes Using a UACR Endpoint) 
trial, in participants with CKD and T2D 
treated with a RAS inhibitor, simultaneous 
initiation of finerenone and empagliflozin 
reduced the UACR at 6 months to a greater 
extent than either treatment alone. 73 Com-
bination therapy was associated with a 
larger initial decline in eGFR (11.3%) 
compared with finerenone (2.4%) or empa-
gliflozin (7.4%) monotherapy (Table 1). Af-
ter the initial decline, eGFR stabilized and 
the decline was largely reversible in the 
30-day period after drug discontinuation. 73 

The rate of greater than 30% decline in 
eGFR at day 30 was 6.3%, 3.8%, and 1.1% 

in the combination, finerenone, and empa-
gliflozin groups respectively. 73

The effects of finerenone are being 
further examined in trials in participants 
with type 1 diabetes and CKD 91 and in peo-
ple with non-diabetic CKD. 92

GLP-1 RAs. In the FLOW (Evaluate Renal 
Function With Semaglutide Once Weekly) 
study, semaglutide meaningfully reduced 
kidney disease progression in people with 
CKD and T2D as measured by cystatin 
C—based eGFR and to a near-identical 
extent by serum creatinine—based eGFR. 22 

Subgroup analyses of the efficacy and 
safety by acute change in creatinine-based 
eGFR have not been reported for studies 
with semaglutide.

Findings From Subgroup Analyses Based 
on Magnitude of Acute eGFR Decline: Safety 
Kidney Safety in the Acute Period. Studies 
with SGLT2 inhibitors have assessed the fre-
quencies of adverse events (AEs; defined in 
Supplemental Table 2, available online 
at http://www.mayoclinicproceedings.org) 
during the early phase after the initiation of 
therapies (Table 3). 33,57,61,75,82,83 Overall, 
these studies demonstrate that an initial

decline in eGFR of 30% or less has low 
clinical impact with respect to associated 
adverse effects on kidney function during 
the acute treatment period. 33,57,61,75,82,83 

This finding was consistent across studies 
in persons with CKD, T2D, and HF with 
mildly reduced EF/HF with preserved EF
(Table 3). 33,57,61,75,82,83

A subgroup analysis by eGFR decline 
within the first 3 weeks of treatment of 
data from the CREDENCE trial revealed 
that a decline in eGFR greater than 30%, 
which occurred infrequently (4% of partici-
pants with canagliflozin and 2% with pla-
cebo), was associated with an increased 
occurrence of any AE and of kidney-
related AEs (Table 3). 61 In contrast, the fre-
quency of kidney-related serious AEs (SAEs; 
defined in Supplemental Table 2), acute kid-
ney injury (AKI) (Table 3), and hyperkale-
mia did not differ according to the 
magnitude of acute eGFR decline in the 
initial period of the CREDENCE trial. 61

Long-Term Kidney Safety. Although there 
is some evidence that a greater initial decline 
in eGFR is associated with higher rates of 
acute kidney AEs and AKI during the 
follow-up periods of RCTs with therapies 
that slow CKD progression, this effect may 
be more pronounced in participants treated 
with placebo and has not been reported 
consistently across studies (Table 2). 
Moreover, the rates of acute AEs and AKI 
are generally lower with active therapy 
compared with placebo (Table 2).

Studies that have examined narrower 
eGFR subgroups have suggested that any in-
crease in kidney-related AEs may be largely 
confined to the small proportion of partici-
pants (≤5%) with an acute eGFR decline 
of greater than 30%. 61,62 In the CREDENCE 
trial, analysis of the incidence of kidney-
related AEs according to narrow eGFR sub-
groups (eGFR decline of >30%, >20% to 
30%, >10% to 20%, >0% to 10%, and no 
decline [including increase in eGFR]) 
revealed that, compared with no acute 
eGFR decline, a decline in eGFR greater 
than 30% was associated with an increase 
in kidney-related AEs in the canagliflozin
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TABLE
 
3. Kidney-Related AEs and AKI During the Acute eGFR 

Assessment Period in RCTs of SGLT2 Inhibitors by Initial Change in eGFR 
a

Trial Drug
Trial

population

Acute eGFR 
assessment 
period Acute change in eGFR

Participants (No. [%]) Any kidney AE (%) AKI (%)

Active
treatment Placebo

Active
treatment Placebo

Active
treatment Placebo

CREDENCE 
33,61 Canagliflozin CKD 3 wk Decline >30% 

Decline >20% 
to
 
30%

 
Decline >10% 

to
 
20%

 
Decline >0% 

to
 
10%

 
Increase ≥0%

89 (4)
265 (12)
602 (28)
600 (28)
588 (27)

39 (2)
85 (4)
326 (15)
646 (30)
1049 (49)

10.1
3.0
0.7
0.3
0.3

0
1.2
0.3
0.2
0.2

0
0.4
0.3
0
0

0
0
0
0
0.1

EMPA-REG
 

OUTCOME 
75

Empagliflozin T2D 4 wk Any 
b 4635 (100) 2317 (100) 1.0 

b 0.7 
b NS NS

VERTIS CV 
57 Ertugliflozin T2D 6 wk Decline ≥6 mL/min/1.73 m 

2
 

Decline <5.99 to increase 
<1 mL/min/1.73 m 

2
 

Increase ≥1 mL/min/1.73 m 
2

2141 (40)
1655 (31)
1503 (28)

691 (26)
861 (33)
1076 (41)

0.3
0.2
0

0.1
0
0.1

0.1
0.1
0

0.1
0
0

DELIVER
 
82,83 Dapagliflozin HFmrEF/HFpEF 1 mo Decline >10%

Decline ≤10%
1144 (40)
1748 (60)

737 (25)
2159 (75)

1.2 
c

0.2 
c

1.2 
c

0.4 
c

NS
NS

NS
NS

a AE, adverse event; AKI, acute kidney injury; CKD, chronic kidney disease; eGFR, estimated glomerular filtration rate; HFmrEF, heart failure with mildly reduced ejection fraction; HFpEF, heart failure with preserved ejection 
fraction; KDIGO, Kidney Disease: Improving Global Outcomes; NS, not stated; RCT, randomized controlled trial; SGLT2, sodium-glucose cotransporter 2; T2D, type 2 diabetes.
b
 Published

 
data were presented for subgroups of KDIGO 

risk category and diuretic use. The data presented herein were calculated using the sum 
of the AEs in each subgroup.

c Data are presented for kidney-related serious AEs.
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group (adjusted hazard ratio, 2.15 [95% CI, 
1.28 to 3.60]). 61 However, in participants 
with an eGFR greater than 30%, kidney-
related events occurred at a similar rate 
with canagliflozin (21.3%) and placebo 
(23.1%). Frequency of AEs, kidney-related 
SAEs, and AKI did not differ among the 
acute eGFR decline subgroups. 61

Kidney safety was investigated in the 
CONFIDENCE trial in persons with CKD 
and T2D who received finerenone alone, 
empagliflozin alone, or combination therapy 
with both drugs for 180 days. Hyperkalemia 
and AKI leading to drug discontinuation 
were uncommon. The frequency of hyperkale-
mia with combination therapy was not 
increased compared with finerenone alone, 
and the rate of AKI was 1.9%, 1.1%, and 0% 
in the combination, finerenone, and empagli-
flozin groups, respectively (Table 2). 73

MONITORING EGFR AFTER INITIATION OF 
THERAPY 
It is important to remember that other inde-
pendent factors might contribute to the 
initial decline in eGFR observed with thera-
pies that slow CKD progression. Among 
processes and stresses that may result in a 
decline in eGFR are extracellular fluid vol-
ume contraction, HF, renal effects of other 
medications (including nonsteroidal anti-
inflammatory drugs), and unmasking of 
renal artery stenosis. 4,93-95 In the clinical 
setting, these should be considered and cor-
rected when an eGFR decline is observed af-
ter initiation of these therapies.

Traditionally, therapies that slow the pro-
gression of CKD have been initiated sequen-
tially in people with T2D and CKD in the 
order in which their respective trials have 
been reported. An “accelerated risk-based” 
approach has now been suggested, which 
stratifies individuals based on their absolute 
risk using validated risk scores (eg, KDIGO 

risk categories) and accelerates combination 
therapy in high-risk individuals. 96 Compared 
with the traditional sequence-intensification 
approach, the accelerated risk-based 
approach prioritizes rapid intensification of 
therapy in those who might receive the 
largest benefit, and it is likely to be more

cost-effective than the rapid implementation 
of combination therapy for all people with 
CKD. 96 Since the introduction of the acceler-
ated risk-based approach in the literature, 96 

results from the CONFIDENCE trial have 
been made available, providing evidence 
regarding the rapid/simultaneous initiation 
of treatments for people with CKD and 
T2D. The CONFIDENCE trial demonstrated 
that simultaneous initiation of finerenone 
with empagliflozin in participants already 
receiving a RAS inhibitor was not associated 
with unexpected AEs. Reported AEs leading 
to study medication discontinuation 
occurred in 4.5% of those receiving combina-
tion therapy and were similar to those 
receiving either therapy alone (3.4% each in 
the finerenone alone and empagliflozin alone 
groups). 73 In the same trial, 25% of partici-
pants randomized to receive combination 
therapy were also receiving a GLP-1 RA at 
baseline, with study medication discontinua-
tion occurring in only 2 participants in this 
subgroup. 97 Overall, under the accelerated 
risk-based approach, clinicians will need to 
balance the need for people with CKD to 
receive recommended therapies in a timely 
manner with having a sufficient period be-
tween treatment intensification to monitor 
AEs and correctly identify the causative 
agent.

Initiation and up-titration of these thera-
pies should be performed according to the 
drug labels and guideline recommendations 
(Supplemental Table 3 and Supplemental 
Figure 2, available online at http://www. 
mayoclinicproceedings.org), which recom-
mend that kidney function should be 
assessed before initiation and/or as clinically 
indicated. 98-105 KDIGO guideline recom-
mendations on the use of GLP-1 RAs have 
not yet been updated to reflect the findings 
of the FLOW study. In FLOW, semaglutide 
was titrated from an initial dose of 0.25 mg 
per week to a target dose of 1.0 mg per week 
in people with an eGFR of 50 or greater to 
75 or less mL/min/1.73 m 2 and a UACR 
greater than 300 to less than 5000 mg/g or 
an eGFR of 25 to less than 50 mL/min/ 
1.73 m 2 and a UACR greater than 100 to 
less than 5000 mg/g. 22 The aim of the dose
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titration was to lower the risk of gastrointes-
tinal adverse effects. The American Diabetes 
Association recommends considering slower 
dose titration of GLP-1 RAs for people expe-
riencing gastrointestinal challenges. 106 It is 
anticipated that future KDIGO guideline up-
dates will provide further direction on 
dosing and the monitoring of serum creati-
nine level, eGFR, and gastrointestinal 
adverse effects after initiation of a GLP-1 
RA. The American Diabetes Association 
also recommends that when initiating a 
new glucose-lowering therapy, such as 
when switching to an SGLT2 inhibitor 
and/or GLP-1 RA with CV benefit, that the 
need for, and the dose of, medications 
with higher hypoglycemia risk (sulfonyl-
ureas, meglitinides, and insulin) should be 
reassessed to minimize the risk of hypogly-
cemia and treatment burden. 106

Practically, the acute eGFR decline and 
the risk of AKI are increased with RAS in-
hibitors. There is a more modest initial 
decrease in eGFR shortly after initiation of 
finerenone, and a similar rate of AKI be-
tween finerenone and placebo as measured 
in FIDELITY. 84 Serum potassium level and 
eGFR should be monitored to support finer-
enone dosing. Potassium is excreted in urine 
via the distal nephron, a process stimulated 
by aldosterone. 107 Renin-angiotensin-
aldosterone system (RAAS) blockade causes 
hyperkalemia by decreasing aldosterone 
secretion and inhibiting its actions on 
mineralocorticoid receptors. 107 Reduced 
aldosterone levels decrease the activity of 
the apical epithelial sodium channel pump 
in distal nephrons, resulting in lowered po-
tassium excretion. 107 The cumulative effect 
of these actions is elevations in serum potas-
sium level. 107 Serum potassium level moni-
toring and hyperkalemia management are 
summarized in Supplemental Table 3 and 
Supplemental Figure 2, including moder-
ating dietary potassium intake if hyperkale-
mia is observed after initiating a RAAS 
inhibitor. Conversely, we do not routinely 
monitor levels of electrolytes, including po-
tassium, or creatinine after starting SGLT2 
inhibitors or GLP-1 RAs because the acute 
decline is generally indicative of protection

with SGLT2 inhibitors and neutral with 
GLP-1 RAs, and electrolytes do not typically 
change with either class of drug. When 
bloodwork is checked after starting RAAS 
inhibition or SGLT2 inhibition and the 
eGFR decline is at least approximately 
30%, treatment may be discontinued tempo-
rarily, with bloodwork rechecked within 5 
to 7 days to confirm reversibility and causal-
ity, and review for possible independent 
contributors as outlined previously herein 
(eg, hypovolemia, nonsteroidal anti-
inflammatory drugs, renal artery stenosis). 
If eGFR returns to baseline level, treatment 
would be restarted and eGFR should be 
monitored and rechecked within 1 to 2 
months, while at the same time making 
sure to adjust other concomitant medica-
tions such as antihypertensives or diuretics. 
If the eGFR decline becomes even greater, 
then other concomitant medications should 
again be rechecked for required changes, 
and consideration should be made to 
down-titrating or holding whichever medi-
cine is thought to have initiated the eGFR 
decline, including RAAS inhibitors and 
SGLT2 inhibitors. General internists are 
highly encouraged to seek consultation 
with nephrologists when patients initiated 
on a RAS inhibitor, SGLT2 inhibitor, or 
finerenone to slow progressive CKD exhibit 
an unexplained and significant decline in 
eGFR or significant hyperkalemia.

CONCLUSION
RAS inhibitors, SGLT2 inhibitors, and finer-
enone are recommended for the treatment of 
CKD and its associated comorbidities. A 
decline in eGFR immediately after treatment 
initiation may be observed with these thera-
pies and with GLP-1 RAs, and this acute 
decline is consistent across different patient 
populations (ie, CKD, T2D, and HF). Some 
RCTs of RAS inhibitors, SGLT2 inhibitors, 
and finerenone have demonstrated that an 
initial decline in eGFR less than 30% is 
not associated with an increased risk of 
kidney-related SAEs or hyperkalemia during 
either the short- or long-term period after 
treatment initiation. Rather, this eGFR 
decline is attributable to the mechanism of
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action of these therapies, should be antici-
pated in most individuals, and may indicate 
a benefit by slowing of kidney disease pro-
gression and CV events. An acute decrease 
in creatinine-based eGFR may also occur af-
ter initiation of a GLP-1 RA, which is driven 
by nonhemodynamic effects.

The efficacy of RAS inhibitors, SGLT2 
inhibitors, finerenone, and GLP-1 RAs for 
slowing the progression of CKD and 
reducing the risk of adverse kidney out-
comes has been established. An initial 
decline in eGFR of 30% or greater warrants 
further evaluation. Given the low clinical 
impact of AEs that are associated with the 
initial decline in eGFR of less than 30% after 
initiation of these therapies, in the absence 
of significant hyperkalemia or acute adverse 
kidney events, it should generally not be 
considered a barrier to treatment initiation 
or a cause for discontinuation when pre-
scribing these agents.

POTENTIAL COMPETING INTERESTS
Dr Cherney has received honoraria from 

Boehringer Ingelheim—Lilly, Merck, AstraZe-
neca, Sanofi, Mitsubishi-Tanabe, AbbVie, 
Janssen, Bayer, Prometic, BMS, Maze, Gilead, 
CSL Behring LLC, Otsuka, Novartis, Young-
ene Therapeutics, Lexicon, and Novo Nordisk 
and has received operational funding for clin-
ical trials from Boehringer Ingelheim—Lilly, 
Merck, Janssen, Sanofi, AstraZeneca, CSL 
Behring LLC, and Novo Nordisk. Dr Alicic is 
supported by National Institutes of Health 
research grants OT2HL161847, 
OT2OD032581, and U24TR001608 and by 
Centers for Disease Control and Prevention 
project number 75D301-21-P-12254 (pay-
ments made to her institution) and grants or 
contracts from Travere Therapeutics, the 
Doris Duke Charitable Foundation, and the 
Benaroya Foundation (all payments made to 
her institution); receives personal fees for 
participation on a data monitoring board or 
advisory board from Bayer Pharmaceuticals 
and Boehringer Ingelheim; receives personal 
fees from Boehringer Ingelheim, Eli Lilly, 
and Bayer Pharmaceuticals; reports other 
financial or nonfinancial interests from Astra-
Zeneca, Novo Nordisk, Novartis, The George

Institute for Global Health, CareDx, KPB 
Bioscience, and Bayer AG (all payments 
made to her institution); and is a member of 
the Executive Council of the American Col-
lege of Physicians, Washington Chapter. Dr 
Bonaca is the Executive Director of CPC Clin-
ical Research, a nonprofit academic research 
organization affiliated with the University of 
Colorado that receives or has received 
research grant/consulting funding between 
August 2021 and the present from Abbott Lab-
oratories, Agios Pharmaceuticals Inc, Alexion 
Pharma, Alnylam Pharmaceuticals Inc, 
Amgen Inc, Angionetics Inc, Anthos Thera-
peutics, Array BioPharma Inc, AstraZeneca 
and Affiliates, Atentiv LLC, Audentes Thera-
peutics Inc, Bayer and Affiliates, Bristol-
Meyers Squibb Co, Cambrian Biopharma 
Inc, Cardiol Therapeutics Inc, CellResearch 
Corp, Cleerly Inc, Cook Regentec LLC, CSL 
Behring LLC, Eidos Therapeutics Inc, EP 
Trading Co Ltd, Epizon Pharma Inc, Esperion 
Therapeutics Inc, Everly Well Inc, Exicon 
Consulting Pvt Ltd, Faraday Pharmaceuticals 
Inc, Foresee Pharmaceuticals Co Ltd, Fortress 
Biotech Inc, HDL Therapeutics Inc, HeartFlow 
Inc, Hummingbird Bioscience, Insmed Inc, 
Ionis Pharmaceuticals, Janssen and Affiliates, 
Kowa Research Institute Inc, Lexicon Pharma-
ceuticals Inc, Medimmune Ltd, Merck & Affil-
iates, Nectero Medical Inc, Novartis 
Pharmaceuticals Corp, Novo Nordisk Inc, 
Osiris Therapeutics Inc, Pfizer Inc, PhaseBio 
Pharmaceuticals Inc, Prairie Education and 
Research Cooperative, Prothena Biosciences 
Ltd, Regeneron Pharmaceuticals Inc, Regio 
Biosciences Inc, Sanofi-Aventis Groupe, 
Silence Therapeutics PLC, Smith & Nephew 
plc, Stealth BioTherapeutics Inc, VarmX, and 
Virta Health Corp; and receives support from 

the American Heart Association Strategically 
Focused Research Network under award 
numbers 18SFRN3390085 (BWH-DH SFRN 

Center) and 18SFRN33960262 (BWH-DH 
Clinical Project).

ACKNOWLEDGMENTS
Medical writing support, including assisting 
authors with development of the outline and 
initial draft and incorporation of comments,

MAYO CLINIC PROCEEDINGS

1362 Mayo Clin Proc. n August 2026;101(8):1347-1366 n https://doi.org/10.1016/j.mayocp.2026.01.010 
www.mayoclinicproceedings.org

https://doi.org/10.1016/j.mayocp.2026.01.010
http://www.mayoclinicproceedings.org


was provided by Fiona Van, PhD, and edito-
rial support, including fact checking, refer-
encing, formatting, proofreading, and 
submission, was provided by Melissa 
Ward, BA, both of Prime Group of Com-
panies (Knutsford, UK), supported by Bayer 
according to Good Publication Practice 
guidelines (https://www.acpjournals.org/ 
doi/10.7326/M22-1460).

AUTHOR CONTRIBUTIONS
CRediT roles: David Z. I. Cherney: Conceptu-
alization, Writing―original draft preparation, 
Writing―reviewing and editing, Supervision.
Radica Z. Alicic: Writing―original draft 
preparation, Writing―reviewing and editing. 
Marc P. Bonaca: Conceptualization, Wri-
ting―original draft preparation, Wri-
ting―reviewing and editing.

SUPPLEMENTAL ONLINE MATERIAL 
Supplemental material can be found online at 
http://www.mayoclinicproceedings.org. Sup-
plemental material attached to journal articles 
has not been edited, and the authors take re-
sponsibility for the accuracy of all data.

Abbreviations and Acronyms: AE, adverse event; AKI, 
acute kidney injury; CKD, chronic kidney disease; CV, car-
diovascular; CVD, cardiovascular disease; EF, ejection frac-
tion; eGFR, estimated glomerular filtration rate; GFR, 
glomerular filtration rate; GLP-1 RA, glucagon-like peptide-
1 receptor agonist; HF, heart failure; HFmrEF, heart failure 
with mildly reduced ejection fraction; HFpEF, heart failure 
with preserved ejection fraction; HFrEF, heart failure with 
reduced ejection fraction; KDIGO, Kidney Disease: 
Improving Global Outcomes; NA, not applicable; NS, not 
stated; nsMRA, nonsteroidal mineralocorticoid antagonist; 
RAAS, renin-angiotensin-aldosterone system; RAS, renin-
angiotensin system; RCT, randomized controlled trial; SAE, 
serious adverse event; SGLT2, sodium-glucose cotrans-
porter 2; snGFR, single-nephron glomerular filtration rate; 
T2D, type 2 diabetes; UACR, urine albumin-to-creatinine 
ratio

Affiliations (Continued from the first page of this 
article.): Washington, Seattle, WA (R.Z.A.); and Colorado 
Prevention Center Clinical Research, Department of Med-
icine, University of Colorado, Aurora, CO (M.P.B.).

Grant Support: This review was supported by Bayer AG. 
The authors wrote the paper independently with the assis-
tance of a medical writer, who was funded by the sponsor.
However, ultimate responsibility for opinions, conclusions, 
and interpretation lies with the authors. The sponsor is 
also the manufacturer of finerenone.

Correspondence: Address to David Z. I. Cherney, MD, 
PhD, Toronto General Hospital, 585 University Ave, 
8N-845, Toronto, ON, M5G 2N2 Canada (david. 
cherney@uhn.on.ca).

ORCID
David Z.I. Cherney: https://orcid.org/0000-0003-4164-
0429

REFERENCES
1. Kidney Disease: Improving Global Outcomes (KDIGO) CKD 

Work Group. KDIGO 2024 clinical practice guideline for the 
evaluation and management of chronic kidney disease. Kidney 
Int. 2024;105(4S):S117-S314. https://doi.org/10.1016/j.kint. 
2023.10.018

2. Ying M, Shao X, Qin H, et al. Disease burden and epidemiolog-
ical trends of chronic kidney disease at the global, regional, na-
tional levels from 1990 to 2019. Nephron. 2024;148(2):113-
123. https://doi.org/10.1159/000534071

3. Francis A, Harhay MN, Ong ACM, et al. Chronic kidney dis-
ease and the global public health agenda: an international 
consensus. Nat Rev Nephrol. 2024;20(7):473-485. https:// 
doi.org/10.1038/s41581-024-00820-6

4. Heidenreich PA, Bozkurt B, Aguilar D, et al. 2022 AHA/ACC/ 
HFSA guideline for the management of heart failure: a report 
of the American College of Cardiology/American Heart As-
sociation Joint Committee on Clinical Practice Guidelines. Cir-
culation. 2022;145(18):e895-e1032. https://doi.org/10.1161/ 
CIR.0000000000001063

5. Centers for Disease Control and Prevention. Chronic kidney 
disease in the United States. 2023. Accessed November 7, 
2024. https://www.cdc.gov/kidney-disease/media/pdfs/CKD-
Factsheet-H.pdf

6. Usman MS, Khan MS, Butler J. The interplay between dia-
betes, cardiovascular disease, and kidney disease. In: Chronic 
Kidney Disease and Type 2 Diabetes. American Diabetes As-
sociation; 2021:13-18. ADA Clinical Compendia. https://doi. 
org/10.2337/db20211-13.

7. Scirica BM, Mosenzon O, Bhatt DL, et al. Cardiovascular out-
comes according to urinary albumin and kidney disease in patients 
with type 2 diabetes at high cardiovascular risk: observations from 
the SAVOR-TIMI 53 trial. JAMA Cardiol. 2018;3(2):155-163. 
https://doi.org/10.1001/jamacardio.2017.4228

8. Coresh J, Turin TC, Matsushita K, et al. Decline in estimated 
glomerular filtration rate and subsequent risk of end-stage 
renal disease and mortality. JAMA. 2014;311(24):2518-2531. 
https://doi.org/10.1001/jama.2014.6634

9. Afkarian M, Sachs MC, Kestenbaum B, et al. Kidney disease 
and increased mortality risk in type 2 diabetes. J Am Soc 
Nephrol. 2013;24(2):302-308. https://doi.org/10.1681/ASN. 
2012070718

10. Cea Soriano L, Johansson S, Stefansson B, Rodriguez LA. Car-
diovascular events and all-cause mortality in a cohort of 57, 
946 patients with type 2 diabetes: associations with renal 
function and cardiovascular risk factors. Cardiovasc Diabetol. 
2015;14:38. https://doi.org/10.1186/s12933-015-0204-5

11. Cheikh Hassan HI, Tang M, Djurdjev O, Langsford D, 
Sood MM, Levin A. Infection in advanced chronic kidney dis-
ease leads to increased risk of cardiovascular events, end-
stage kidney disease and mortality. Kidney Int. 2016;90(4): 
897-904. https://doi.org/10.1016/j.kint.2016.07.013

12. Kimura H, Tanaka K, Saito H, et al. Association of polyphar-
macy with kidney disease progression in adults with CKD. 
Clin J Am Soc Nephrol. 2021;16(12):1797-1804. https://doi. 
org/10.2215/CJN.03940321

13. Mottl AK, Nicholas SB. KDOQI commentary on the KDIGO 

2022 update to the Clinical Practice Guideline for Diabetes

ACUTE EGFR DECLINE REVIEW

Mayo Clin Proc. n August 2026;101(8):1347-1366 n https://doi.org/10.1016/j.mayocp.2026.01.010 
www.mayoclinicproceedings.org

1363

https://www.acpjournals.org/doi/10.7326/M22%2D1460
https://www.acpjournals.org/doi/10.7326/M22%2D1460
http://www.mayoclinicproceedings.org
mailto:david.cherney@uhn.on.ca
mailto:david.cherney@uhn.on.ca
https://orcid.org/0000-0003-4164-0429
https://orcid.org/0000-0003-4164-0429
https://doi.org/10.1016/j.kint.2023.10.018
https://doi.org/10.1016/j.kint.2023.10.018
https://doi.org/10.1159/000534071
https://doi.org/10.1038/s41581%2D024%2D00820%2D6
https://doi.org/10.1038/s41581%2D024%2D00820%2D6
https://doi.org/10.1161/CIR.0000000000001063
https://doi.org/10.1161/CIR.0000000000001063
https://www.cdc.gov/kidney%2Ddisease/media/pdfs/CKD%2DFactsheet%2DH.pdf
https://www.cdc.gov/kidney%2Ddisease/media/pdfs/CKD%2DFactsheet%2DH.pdf
https://doi.org/10.2337/db20211%2D13
https://doi.org/10.2337/db20211%2D13
https://doi.org/10.1001/jamacardio.2017.4228
https://doi.org/10.1001/jama.2014.6634
https://doi.org/10.1681/ASN.2012070718
https://doi.org/10.1681/ASN.2012070718
https://doi.org/10.1186/s12933%2D015%2D0204%2D5
https://doi.org/10.1016/j.kint.2016.07.013
https://doi.org/10.2215/CJN.03940321
https://doi.org/10.2215/CJN.03940321
https://doi.org/10.1016/j.mayocp.2026.01.010
http://www.mayoclinicproceedings.org


Management in CKD. Am J Kidney Dis. 2024;83(3):277-287. 
https://doi.org/10.1053/j.ajkd.2023.09.003

14. Blonde L, Umpierrez GE, Reddy SS, et al. American Associa-
tion of Clinical Endocrinology clinical practice guideline: devel-
oping a diabetes mellitus comprehensive care plan-2022 
update. Endocr Pract. 2022;28(10):923-1049. https://doi.org/ 
10.1016/j.eprac.2022.08.002

15. Samson SL, Vellanki P, Blonde L, et al. American Association 
of Clinical Endocrinology consensus statement: comprehen-
sive type 2 diabetes management algorithm - 2023 update. 
Endocr Pract. 2023;29(5):305-340. https://doi.org/10.1016/j. 
eprac.2023.02.001

16. Levin A, Ahmed SB, Carrero JJ, et al. Executive summary of 
the KDIGO 2024 clinical practice guideline for the evaluation 
and management of chronic kidney disease: known knowns 
and known unknowns. Kidney Int. 2024;105(4):684-701. 
https://doi.org/10.1016/j.kint.2023.10.016

17. Lewis EJ, Hunsicker LG, Clarke WR, et al. Renoprotective ef-
fect of the angiotensin-receptor antagonist irbesartan in pa-
tients with nephropathy due to type 2 diabetes. N Engl J 
Med. 2001;345(12):851-860. https://doi.org/10.1056/ 
NEJMoa011303

18. Brenner BM, Cooper ME, de Zeeuw D, et al. Effects of los-
artan on renal and cardiovascular outcomes in patients with 
type 2 diabetes and nephropathy. N Engl J Med. 2001; 
345(12):851-860. https://doi.org/10.1056/NEJMoa011303

19. Agarwal R, Filippatos G, Pitt B, et al. Cardiovascular and kid-
ney outcomes with finerenone in patients with type 2 dia-
betes and chronic kidney disease: the FIDELITY pooled 
analysis. Eur Heart J. 2022;43(6):474-484. https://doi.org/10. 
1093/eurheartj/ehab777

20. Bakris GL, Agarwal R, Anker SD, et al. Effect of finerenone on 
chronic kidney disease outcomes in type 2 diabetes. N Engl J 
Med. 2020;383(23):2219-2229. https://doi.org/10.1056/NEJ 
Moa2025845

21. Pitt B, Filippatos G, Agarwal R, et al. Cardiovascular events 
with finerenone in kidney disease and type 2 diabetes. 
N Engl J Med. 2021;385(24):2252-2263. https://doi.org/10. 
1056/NEJMoa2110956

22. Perkovic V, Tuttle KR, Rossing P, et al. Effects of semaglutide 
on chronic kidney disease in patients with type 2 diabetes. 
N Engl J Med. 2024;391(2):109-121. https://doi.org/10.1056/ 
NEJMoa2403347

23. Tuttle KR, Bain SC, Bosch-Traberg H, et al. Effects of once-
weekly semaglutide on kidney disease outcomes by KDIGO 

risk category in the SUSTAIN 6 trial. Kidney Int Rep. 2024; 
9(7):2006-2015. https://doi.org/10.1016/j.ekir.2024.04.028

24. Colhoun HM, Lingvay I, Brown PM, et al. Long-term kidney 
outcomes of semaglutide in obesity and cardiovascular dis-
ease in the SELECT trial. Nat Med. 2024;30(7):2058-2066. 
https://doi.org/10.1038/s41591-024-03015-5

25. Grams ME, Sang Y, Ballew SH, et al. Evaluating glomerular 
filtration rate slope as a surrogate end point for ESKD in clin-
ical trials: an individual participant meta-analysis of observa-
tional data. J Am Soc Nephrol. 2019;30(9):1746-1755. 
https://doi.org/10.1681/ASN.2019010008

26. Inker LA, Collier W, Greene T, et al. A meta-analysis of GFR slope 
as a surrogate endpoint for kidney failure. Nat Med. 2023;29(7): 
1867-1876. https://doi.org/10.1038/s41591-023-02418-0

27. Staplin N, Haynes R, Judge PK, et al. Effects of empagliflozin 
on progression of chronic kidney disease: a prespecified sec-
ondary analysis from the EMPA-KIDNEY trial. Lancet Diabetes 
Endocrinol. 2024;12(1):39-50. https://doi.org/10.1016/S2213-
8587(23)00321-2

28. Mosenzon O, Wiviott SD, Cahn A, et al. Effects of dapagliflozin 
on development and progression of kidney disease in patients 
with type 2 diabetes: an analysis from the DECLARE-TIMI 58 
randomised trial. Lancet Diabetes Endocrinol. 2019;7(8):606-
617. https://doi.org/10.1016/S2213-8587(19)30180-9

29. Anker SD, Butler J, Filippatos G, et al. Empagliflozin in heart fail-
ure with a preserved ejection fraction. N Engl J Med. 2021; 
385(16):1451-1461. https://doi.org/10.1056/NEJMoa2107038

30. Heerspink HJL, Stefansson BV, Correa-Rotter R, et al. Dapagliflo-
zin in patients with chronic kidney disease. N Engl J Med. 2020; 
383(15):1436-1446. https://doi.org/10.1056/NEJMoa2024816

31. Jhund PS, Solomon SD, Docherty KF, et al. Efficacy of dapa-
gliflozin on renal function and outcomes in patients with 
heart failure with reduced ejection fraction: results of 
DAPA-HF. Circulation. 2021;143(4):298-309. https://doi.org/ 
10.1161/CIRCULATIONAHA.120.050391

32. Packer M, Anker SD, Butler J, et al. Cardiovascular and renal out-
comes with empagliflozin in heart failure. N Engl J Med. 2020; 
383(15):1413-1424. https://doi.org/10.1056/NEJMoa2022190

33. Perkovic V, Jardine MJ, Neal B, et al. Canagliflozin and renal out-
comes in type 2 diabetes and nephropathy. N Engl J Med. 2019; 
380(24):2295-2306. https://doi.org/10.1056/NEJMoa1811744

34. Perkovic V, de Zeeuw D, Mahaffey KW, et al. Canagliflozin 
and renal outcomes in type 2 diabetes: results from the 
CANVAS Program randomised clinical trials. Lancet Diabetes 
Endocrinol. 2018;6(9):691-704. https://doi.org/10.1016/ 
S2213-8587(18)30141-4

35. Ruilope LM, Pitt B, Anker SD, et al. Kidney outcomes with 
finerenone: an analysis from the FIGARO-DKD study. Neph-
rol Dial Transplant. 2023;38(2):372-383. https://doi.org/10. 
1093/ndt/gfac157

36. Cherney DZI, Cosentino F, Dagogo-Jack S, et al. Ertugliflozin 
and slope of chronic eGFR: prespecified analyses from the 
randomized VERTIS CV trial. Clin J Am Soc Nephrol. 2021; 
16(9):1345-1354. https://doi.org/10.2215/CJN.01130121

37. Wanner C, Inzucchi SE, Lachin JM, et al. Empagliflozin and pro-
gression of kidney disease in type 2 diabetes. N Engl J Med. 
2016;375(4):323-334. https://doi.org/10.1056/NEJMoa1515920

38. Evans M, Bain SC, Hogan S, Bilous RW; Collaborative Study 
Group participants. Irbesartan delays progression of nephrop-
athy as measured by estimated glomerular filtration rate: post 
hoc analysis of the irbesartan diabetic nephropathy trial. 
Nephrol Dial Transplant. 2012;27(6):2255-2263. https://doi. 
org/10.1093/ndt/gfr696

39. Shaman AM, Bain SC, Bakris GL, et al. Effect of the glucagon-
like peptide-1 receptor agonists semaglutide and liraglutide 
on kidney outcomes in patients with type 2 diabetes: pooled 
analysis of SUSTAIN 6 and LEADER. Circulation. 2022;145(8): 
575-585. https://doi.org/10.1161/CIRCULATIONAHA.121. 
055459

40. Tonneijck L, Muskiet MH, Smits MM, et al. Glomerular hyper-
filtration in diabetes: mechanisms, clinical significance, and 
treatment. J Am Soc Nephrol. 2017;28(4):1023-1039. https:// 
doi.org/10.1681/ASN.2016060666

41. Romagnani P, Agarwal R, Chan JCN, et al. Chronic kidney dis-
ease. Nat Rev Dis Primers. 2025;11(1):8. https://doi.org/10. 
1038/s41572-024-00589-9

42. Tuttle KR. Back to the future: glomerular hyperfiltration and 
the diabetic kidney. Diabetes. 2017;66(1):14-16. https://doi. 
org/10.2337/dbi16-0056

43. Vallon V, Komers R. Pathophysiology of the diabetic kidney.
Compr Physiol. 2011;1(3):1175-1232. https://doi.org/10.1002/ 
cphy.c100049

44. Magee GM, Bilous RW, Cardwell CR, Hunter SJ, Kee F, 
Fogarty DG. Is hyperfiltration associated with the future risk 
of developing diabetic nephropathy? a meta-analysis. Diabeto-
logia. 2009;52(4):691-697. https://doi.org/10.1007/s00125-
009-1268-0

45. Rigalleau V, Garcia M, Lasseur C, et al. Large kidneys predict 
poor renal outcome in subjects with diabetes and chronic 
kidney disease. BMC Nephrol. 2010;11:3. https://doi.org/10. 
1186/1471-2369-11-3

46. Ruggenenti P, Porrini EL, Gaspari F, et al. Glomerular hyper-
filtration and renal disease progression in type 2 diabetes.

MAYO CLINIC PROCEEDINGS

1364 Mayo Clin Proc. n August 2026;101(8):1347-1366 n https://doi.org/10.1016/j.mayocp.2026.01.010 
www.mayoclinicproceedings.org

https://doi.org/10.1053/j.ajkd.2023.09.003
https://doi.org/10.1016/j.eprac.2022.08.002
https://doi.org/10.1016/j.eprac.2022.08.002
https://doi.org/10.1016/j.eprac.2023.02.001
https://doi.org/10.1016/j.eprac.2023.02.001
https://doi.org/10.1016/j.kint.2023.10.016
https://doi.org/10.1056/NEJMoa011303
https://doi.org/10.1056/NEJMoa011303
https://doi.org/10.1056/NEJMoa011303
https://doi.org/10.1093/eurheartj/ehab777
https://doi.org/10.1093/eurheartj/ehab777
https://doi.org/10.1056/NEJMoa2025845
https://doi.org/10.1056/NEJMoa2025845
https://doi.org/10.1056/NEJMoa2110956
https://doi.org/10.1056/NEJMoa2110956
https://doi.org/10.1056/NEJMoa2403347
https://doi.org/10.1056/NEJMoa2403347
https://doi.org/10.1016/j.ekir.2024.04.028
https://doi.org/10.1038/s41591%2D024%2D03015%2D5
https://doi.org/10.1681/ASN.2019010008
https://doi.org/10.1038/s41591%2D023%2D02418%2D0
https://doi.org/10.1016/S2213%2D8587%2823%2900321%2D2
https://doi.org/10.1016/S2213%2D8587%2823%2900321%2D2
https://doi.org/10.1016/S2213%2D8587%2819%2930180%2D9
https://doi.org/10.1056/NEJMoa2107038
https://doi.org/10.1056/NEJMoa2024816
https://doi.org/10.1161/CIRCULATIONAHA.120.050391
https://doi.org/10.1161/CIRCULATIONAHA.120.050391
https://doi.org/10.1056/NEJMoa2022190
https://doi.org/10.1056/NEJMoa1811744
https://doi.org/10.1016/S2213%2D8587%2818%2930141%2D4
https://doi.org/10.1016/S2213%2D8587%2818%2930141%2D4
https://doi.org/10.1093/ndt/gfac157
https://doi.org/10.1093/ndt/gfac157
https://doi.org/10.2215/CJN.01130121
https://doi.org/10.1056/NEJMoa1515920
https://doi.org/10.1093/ndt/gfr696
https://doi.org/10.1093/ndt/gfr696
https://doi.org/10.1161/CIRCULATIONAHA.121.055459
https://doi.org/10.1161/CIRCULATIONAHA.121.055459
https://doi.org/10.1681/ASN.2016060666
https://doi.org/10.1681/ASN.2016060666
https://doi.org/10.1038/s41572%2D024%2D00589%2D9
https://doi.org/10.1038/s41572%2D024%2D00589%2D9
https://doi.org/10.2337/dbi16%2D0056
https://doi.org/10.2337/dbi16%2D0056
https://doi.org/10.1002/cphy.c100049
https://doi.org/10.1002/cphy.c100049
https://doi.org/10.1007/s00125%2D009%2D1268%2D0
https://doi.org/10.1007/s00125%2D009%2D1268%2D0
https://doi.org/10.1186/1471%2D2369%2D11%2D3
https://doi.org/10.1186/1471%2D2369%2D11%2D3
https://doi.org/10.1016/j.mayocp.2026.01.010
http://www.mayoclinicproceedings.org


Diabetes Care. 2012;35(10):2061-2068. https://doi.org/10. 
2337/dc11-2189

47. Capolongo G, Capasso G, Viggiano D. A shared nephropro-
tective mechanism for renin-angiotensin-system inhibitors, 
sodium-glucose co-transporter 2 inhibitors, and vasopressin re-
ceptor antagonists: immunology meets hemodynamics. Int J Mol 
Sci. 2022;23(7):3915. https://doi.org/10.3390/ijms23073915

48. Cortinovis M, Perico N, Ruggenenti P, Remuzzi A, Remuzzi G.
Glomerular hyperfiltration. Nat Rev Nephrol. 2022;18(7):435-
451. https://doi.org/10.1038/s41581-022-00559-y

49. Hostetter TH, Olson JL, Rennke HG, Venkatachalam MA, 
Brenner BM. Hyperfiltration in remnant nephrons: a potentially 
adverse response to renal ablation. Am J Physiol. 1981;241(1): 
F85-F93. https://doi.org/10.1152/ajprenal.1981.241.1.F85

50. Sato A. Does the temporary decrease in the estimated 
glomerular filtration rate (eGFR) after initiation of mineral-
ocorticoid receptor (MR) antagonist treatment lead to a 
long-term renal protective effect? Hypertens Res. 2019; 
42(12):1841-1847. https://doi.org/10.1038/s41440-019-
0320-9

51. Padda IS, Mahtani AU, Parmar M. Sodium-glucose transport 
protein 2 (SGLT2) inhibitors. In: StatPearls. StatPearls Publish-
ing; 2025.

52. Lv R, Xu L, Che L, Liu S, Wang Y, Dong B. Cardiovascular-renal 
protective effect and molecular mechanism of finerenone in 
type 2 diabetic mellitus. Front Endocrinol (Lausanne). 2023;14: 
1125693. https://doi.org/10.3389/fendo.2023.1125693

53. Ruilope LM, Agarwal R, Anker SD, et al. Blood pressure and 
cardiorenal outcomes with finerenone in chronic kidney 
disease in type 2 diabetes. Hypertension. 2022;79(12): 
2685-2695. https://doi.org/10.1161/HYPERTENSIONAHA. 
122.19744

54. Berger M, MacNamara A, Ferreira JP, et al. Finerenone effects 
on biomarkers: an analysis from the FIGARO-DKD trial. Eur 
Heart J. 2025;46(34):3382-3386. https://doi.org/10.1093/ 
eurheartj/ehaf316

55. Agarwal R, Pandey A, Solomon S, Vaduganathan M, 
Zannad F. Mechanisms of cardiovscular benefit with finere-
none: a causal mediation analysis of the joint effects of systolic 
blood pressure and albuminuria reduction. J Am Coll Cardiol. 
2025;85(suppl A):424.

56. Heerspink HJL, Cherney DZI. Clinical implications of an acute 
dip in eGFR after SGLT2 inhibitor initiation. Clin J Am Soc 
Nephrol. 2021;16(8):1278-1280. https://doi.org/10.2215/CJN. 
02480221

57. Cherney DZI, Cosentino F, Dagogo-Jack S, et al. Initial eGFR 
changes with ertugliflozin and associations with clinical pa-
rameters: analyses from the VERTIS CV trial. Am J Nephrol. 
2022;53(7):516-525. https://doi.org/10.1159/000524889

58. Holtkamp FA, de Zeeuw D, Thomas MC, et al. An acute fall 
in estimated glomerular filtration rate during treatment with 
losartan predicts a slower decrease in long-term renal func-
tion. Kidney Int. 2011;80(3):282-287. https://doi.org/10.1038/ 
ki.2011.79

59. Adamson C, Docherty KF, Heerspink HJL, et al. Initial decline 
(dip) in estimated glomerular filtration rate after initiation of 
dapagliflozin in patients with heart failure and reduced ejection 
fraction: insights from DAPA-HF. Circulation. 2022;146(6):438-
449. https://doi.org/10.1161/CIRCULATIONAHA.121.058910

60. Zannad F, Ferreira JP, Pocock SJ, et al. Cardiac and kidney 
benefits of empagliflozin in heart failure across the spec-
trum of kidney function: insights from EMPEROR-Reduced.
Circulation. 2021;143(4):310-321. https://doi.org/10.1161/ 
CIRCULATIONAHA.120.051685

61. Oshima M, Jardine MJ, Agarwal R, et al. Insights from 
CREDENCE trial indicate an acute drop in estimated glomer-
ular filtration rate during treatment with canagliflozin with im-
plications for clinical practice. Kidney Int. 2021;99(4):999-
1009. https://doi.org/10.1016/j.kint.2020.10.042

62. Jongs N, Chertow GM, Greene T, et al. Correlates and con-
sequences of an acute change in eGFR in response to the 
SGLT2 inhibitor dapagliflozin in patients with CKD. J Am 
Soc Nephrol. 2022;33(11):2094-2107. https://doi.org/10. 
1681/ASN.2022030306

63. Tuttle KR, Lakshmanan MC, Rayner B, et al. Dulaglutide versus 
insulin glargine in patients with type 2 diabetes and moderate-
to-severe chronic kidney disease (AWARD-7): a multicentre, 
open-label, randomised trial. Lancet Diabetes Endocrinol. 2018; 
6(8):605-617. https://doi.org/10.1016/S2213-8587(18)30104-9

64. Tuttle KR, Bosch-Traberg H, Cherney DZI, et al. Post hoc 
analysis of SUSTAIN 6 and PIONEER 6 trials suggests that 
people with type 2 diabetes at high cardiovascular risk 
treated with semaglutide experience more stable kidney 
function compared with placebo. Kidney Int. 2023;103(4): 
772-781. https://doi.org/10.1016/j.kint.2022.12.028

65. Yau K, Odutayo A, Dash S, Cherney DZI. Biology and clinical 
use of glucagon-like peptide-1 receptor agonists in vascular 
protection. Can J Cardiol. 2023;39(12):1816-1838. https:// 
doi.org/10.1016/j.cjca.2023.07.007

66. Alicic RZ, Neumiller JJ, Tuttle KR. Mechanisms and clinical ap-
plications of incretin therapies for diabetes and chronic kid-
ney disease. Curr Opin Nephrol Hypertens. 2023;32(4):377-
385. https://doi.org/10.1097/MNH.0000000000000894

67. Alicic RZ, Cox EJ, Neumiller JJ, Tuttle KR. Incretin drugs in dia-
betic kidney disease: biological mechanisms and clinical evi-
dence. Nat Rev Nephrol. 2021;17(4):227-244. https://doi. 
org/10.1038/s41581-020-00367-2

68. Tuttle KR, Wilson JM, Lin Y, et al. Indicators of kidney fibrosis 
in patients with type 2 diabetes and chronic kidney disease 
treated with dulaglutide. Am J Nephrol. 2023;54(1-2):74-82. 
https://doi.org/10.1159/000529374

69. Cherney DZI, Udell JA, Drucker DJ. Cardiorenal mechanisms 
of action of glucagon-like-peptide-1 receptor agonists and 
sodium-glucose cotransporter 2 inhibitors. Med. 2021;2(11): 
1203-1230. https://doi.org/10.1016/j.medj.2021.10.004

70. Rothberg AE, Herman WH. How to assess kidney out-
comes in obese people with substantial weight loss: the 
case of GLP1- and dual-receptor agonists. Nephrol Dial 
Transplant. 2024;39(7):1060-1062. https://doi.org/10.1093/ 
ndt/gfae024

71. Jongs N, Greene T, Chertow GM, et al. Effect of dapagliflo-
zin on urinary albumin excretion in patients with chronic 
kidney disease with and without type 2 diabetes: a prespe-
cified analysis from the DAPA-CKD trial. Lancet Diabetes 
Endocrinol. 2021;9(11):755-766. https://doi.org/10.1016/ 
S2213-8587(21)00243-6

72. Herrington WG, Staplin N, Wanner C, et al. Empagliflozin in 
patients with chronic kidney disease. N Engl J Med. 2023; 
388(2):117-127. https://doi.org/10.1056/NEJMoa2204233

73. Agarwal R, Green JB, Heerspink HJL, et al. Finerenone with 
empagliflozin in chronic kidney disease and type 2 diabetes. 
N Engl J Med. 2025;393(6):533-543. https://doi.org/10.1056/ 
NEJMoa2410659

74. Shahinfar S, Dickson TZ, Ahmed T, et al. Losartan in patients 
with type 2 diabetes and proteinuria: observations from the 
RENAAL study. Kidney Int Suppl. 2002;Dec(82):S64-S67. 
https://doi.org/10.1046/j.1523-1755.62.s82.13.x

75. Kraus BJ, Weir MR, Bakris GL, et al. Characterization and impli-
cations of the initial estimated glomerular filtration rate ’dip’ 
upon sodium-glucose cotransporter-2 inhibition with empagli-
flozin in the EMPA-REG OUTCOME trial. Kidney Int. 2021; 
99(3):750-762. https://doi.org/10.1016/j.kint.2020.10.031

76. Wiviott SD, Raz I, Bonaca MP, et al. Dapagliflozin and cardio-
vascular outcomes in type 2 diabetes. N Engl J Med. 2019; 
380(4):347-357. https://doi.org/10.1056/NEJMoa1812389

77. Mosenzon O, Raz I, Wiviott SD, et al. Dapagliflozin and pre-
vention of kidney disease among patients with type 2 dia-
betes: post hoc analyses from the DECLARE-TIMI 58 trial.

ACUTE EGFR DECLINE REVIEW

Mayo Clin Proc. n August 2026;101(8):1347-1366 n https://doi.org/10.1016/j.mayocp.2026.01.010 
www.mayoclinicproceedings.org

1365

https://doi.org/10.2337/dc11%2D2189
https://doi.org/10.2337/dc11%2D2189
https://doi.org/10.3390/ijms23073915
https://doi.org/10.1038/s41581%2D022%2D00559%2Dy
https://doi.org/10.1152/ajprenal.1981.241.1.F85
https://doi.org/10.1038/s41440%2D019%2D0320%2D9
https://doi.org/10.1038/s41440%2D019%2D0320%2D9
https://doi.org/10.3389/fendo.2023.1125693
https://doi.org/10.1161/HYPERTENSIONAHA.122.19744
https://doi.org/10.1161/HYPERTENSIONAHA.122.19744
https://doi.org/10.1093/eurheartj/ehaf316
https://doi.org/10.1093/eurheartj/ehaf316
https://doi.org/10.2215/CJN.02480221
https://doi.org/10.2215/CJN.02480221
https://doi.org/10.1159/000524889
https://doi.org/10.1038/ki.2011.79
https://doi.org/10.1038/ki.2011.79
https://doi.org/10.1161/CIRCULATIONAHA.121.058910
https://doi.org/10.1161/CIRCULATIONAHA.120.051685
https://doi.org/10.1161/CIRCULATIONAHA.120.051685
https://doi.org/10.1016/j.kint.2020.10.042
https://doi.org/10.1681/ASN.2022030306
https://doi.org/10.1681/ASN.2022030306
https://doi.org/10.1016/S2213%2D8587%2818%2930104%2D9
https://doi.org/10.1016/j.kint.2022.12.028
https://doi.org/10.1016/j.cjca.2023.07.007
https://doi.org/10.1016/j.cjca.2023.07.007
https://doi.org/10.1097/MNH.0000000000000894
https://doi.org/10.1038/s41581%2D020%2D00367%2D2
https://doi.org/10.1038/s41581%2D020%2D00367%2D2
https://doi.org/10.1159/000529374
https://doi.org/10.1016/j.medj.2021.10.004
https://doi.org/10.1093/ndt/gfae024
https://doi.org/10.1093/ndt/gfae024
https://doi.org/10.1016/S2213%2D8587%2821%2900243%2D6
https://doi.org/10.1016/S2213%2D8587%2821%2900243%2D6
https://doi.org/10.1056/NEJMoa2204233
https://doi.org/10.1056/NEJMoa2410659
https://doi.org/10.1056/NEJMoa2410659
https://doi.org/10.1046/j.1523%2D1755.62.s82.13.x
https://doi.org/10.1016/j.kint.2020.10.031
https://doi.org/10.1056/NEJMoa1812389
https://doi.org/10.1016/j.mayocp.2026.01.010
http://www.mayoclinicproceedings.org


Diabetes Care. 2022;45(10):2350-2359. https://doi.org/10. 
2337/dc22-0382

78. Cherney DZI, Charbonnel B, Cosentino F, et al. Effects of 
ertugliflozin on kidney composite outcomes, renal function 
and albuminuria in patients with type 2 diabetes mellitus: an 
analysis from the randomised VERTIS CV trial. Diabetologia. 
2021;64(6):1256-1267. https://doi.org/10.1007/s00125-021-
05407-5

79. Zannad F, Ferreira JP, Gregson J, et al. Early changes in 
estimated glomerular filtration rate post-initiation of empagli-
flozin in EMPEROR-Reduced. Eur J Heart Fail. 2022;24(10): 
1829-1839. https://doi.org/10.1002/ejhf.2578

80. Rastogi T, Ferreira JP, Butler J, et al. Early changes in estimated 
glomerular filtration rate post-initiation of empagliflozin in 
EMPEROR-Preserved. Eur J Heart Fail. 2024;26(4):885-896. 
https://doi.org/10.1002/ejhf.3136

81. McMurray JJV, Solomon SD, Inzucchi SE, et al. Dapagliflozin in 
patients with heart failure and reduced ejection fraction. 
N Engl J Med. 2019;381(21):1995-2008. https://doi.org/10. 
1056/NEJMoa1911303

82. Mc Causland FR, Claggett BL, Vaduganathan M, et al. Decline 
in estimated glomerular filtration rate after dapagliflozin in 
heart failure with mildly reduced or preserved ejection frac-
tion: a prespecified secondary analysis of the DELIVER ran-
domized clinical trial. JAMA Cardiol. 2024;9(2):144-152. 
https://doi.org/10.1001/jamacardio.2023.4664

83. Solomon SD, McMurray JJV, Claggett B, et al. Dapagliflozin in 
heart failure with mildly reduced or preserved ejection frac-
tion. N Engl J Med. 2022;387(3):1089-1098. https://doi.org/ 
10.1056/NEJMoa2206286

84. Navaneethan SD, Anker SD, Filippatos G, et al. Analysis of the 
prespecified FIDELITY pooled patient dataset examined the ef-
ficacy and safety of finerenone in patients with an acute change 
in estimated glomerular filtration rate. Kidney Int. 2025;108(1): 
136-144. https://doi.org/10.1016/j.kint.2025.03.018

85. Solomon SD, McMurray JJV, Vaduganathan M, et al. Finere-
none in heart failure with mildly reduced or preserved ejec-
tion fraction. N Engl J Med. 2024;391(16):1475-1485. https:// 
doi.org/10.1056/NEJMoa2407107

86. Lincoff AM, Brown-Frandsen K, Colhoun HM, et al. Semaglu-
tide and cardiovascular outcomes in obesity without diabetes.
N Engl J Med. 2023;389(24):2221-2232. https://doi.org/10. 
1056/NEJMoa2307563

87. Heerspink HJL, Eddington D, Chaudhari J, et al. A meta-anal-
ysis of randomized controlled clinical trials for implications of 
acute treatment effects on glomerular filtration rate for long-
term kidney protection. Kidney Int. 2024;106(4):688-698. 
https://doi.org/10.1016/j.kint.2024.05.024

88. Testani JM, Kimmel SE, Dries DL, Coca SG. Prognostic impor-
tance of early worsening renal function after initiation of 
angiotensin-converting enzyme inhibitor therapy in patients 
with cardiac dysfunction. Circ Heart Fail. 2011;4(6):685-691. 
https://doi.org/10.1161/CIRCHEARTFAILURE.111.963256

89. McCallum W, Tighiouart H, Ku E, Salem D, Sarnak MJ. Acute 
declines in estimated glomerular filtration rate on enalapril 
and mortality and cardiovascular outcomes in patients with 
heart failure with reduced ejection fraction. Kidney Int. 2019; 
96(5):1185-1194. https://doi.org/10.1016/j.kint.2019.05.019

90. Matsumoto S, Jhund PS, Henderson AD, et al. Initial decline in 
glomerular filtration rate with finerenone in HFmrEF/HFpEF: a 
prespecified analysis of FINEARTS-HF. J Am Coll Cardiol. 2025; 
85(2):173-185. https://doi.org/10.1016/j.jacc.2024.11.020

91. Heerspink HJL, Birkenfeld AL, Cherney DZI, et al. Rationale 
and design of a randomised phase III registration trial

investigating finerenone in participants with type 1 diabetes 
and chronic kidney disease: the FINE-ONE trial. Diabet Res 
Clin Pract. 2023;204:110908. https://doi.org/10.1016/j.diabres. 
2023.110908

92. Heerspink HJL, Agarwal R, Bakris GL, et al. Design and base-
line characteristics of the Finerenone, in addition to standard 
of care, on the progression of kidney disease in patients with 
Non-Diabetic Chronic Kidney Disease (FIND-CKD) random-
ized trial. Nephrol Dial Transplant. 2025;40(2):308-319. https:// 
doi.org/10.1093/ndt/gfae132

93. Dong HJ, Huang C, Luo DM, et al. Decrease of glomerular 
filtration rate may be attributed to the microcirculation damage 
in renal artery stenosis. Chin Med J (Engl). 2015;128(6):750-754. 
https://doi.org/10.4103/0366-6999.152483

94. Dalal R, Bruss ZS, Sehdev JS. Physiology, renal blood flow and 
filtration. In: StatPearls. StatPearls Publishing; 2025.

95. Baker M, Perazella MA. NSAIDs in CKD: are they safe? Am J 
Kidney Dis. 2020;76(4):546-557. https://doi.org/10.1053/j.ajkd. 
2020.03.023

96. Neuen BL, Tuttle KR, Vaduganathan M. Accelerated risk-
based implementation of guideline-directed medical ther-
apy for type 2 diabetes and chronic kidney disease. Circula-
tion. 2024;149(16):1238-1240. https://doi.org/10.1161/ 
CIRCULATIONAHA.123.068524

97. Agarwal R, Green JB, Heerspink HJL, et al. Impact of baseline 
GLP-1 receptor agonist use on albuminuria reduction and 
safety with simultaneous initiation of finerenone and empagli-
flozin in type 2 diabetes and chronic kidney disease (CONFI-
DENCE trial). Diabetes Care. 2025;48(11):1904-1913. https:// 
doi.org/10.2337/dc25-1673

98. Jardiance (empagliflozin). Prescribing information. Boehringer 
Ingelheim Pharmaceuticals. 2022. Accessed July 29, 2025. 
https://www.accessdata.fda.gov/drugsatfda_docs/label/2025/20 
4629s063lbl.pdf

99. Farxiga (dapagliflozin). Prescribing information. AstraZeneca; 
2023. Accessed July 29, 2025. https://www.accessdata.fda. 
gov/drugsatfda_docs/label/2023/202293s030lbl.pdf

100. Invokana (canagliflozin). Prescribing information. Janssen Phar-
maceuticals. Accessed April 2, 2025. https://www.accessdata. 
fda.gov/drugsatfda_docs/label/2023/204042s040lbl.pdf

101. Cozaar (losartan). Prescribing information. Organon.
Accessed May 2, 2024. https://www.accessdata.fda.gov/ 
drugsatfda_docs/label/2021/020386s064lbl.pdf

102. Avapro (irbesartan). Prescribing information. sanofi-aventis 
US. Accessed May 2, 2024. https://www.accessdata.fda.gov/ 
drugsatfda_docs/label/2021/020757s074lbl.pdf

103. Kerendia (finerenone). Prescribing information. Bayer Health-
Care Pharmaceuticals. Accessed April 2, 2025. https://www. 
accessdata.fda.gov/drugsatfda_docs/label/2022/215341s001lbl. 
pdf

104. Ozempic (semaglutide). Prescribing information. Novo Nor-
disk; 2017. Accessed July 16, 2024. https://www.accessdata. 
fda.gov/drugsatfda_docs/label/2017/209637lbl.pdf

105. Rybelsus (semaglutide). Prescribing information. Novo Nor-
disk; 2019. Accessed July 16, 2024. https://www.accessdata. 
fda.gov/drugsatfda_docs/label/2019/213051s000lbl.pdf

106. American Diabetes Association Professional Practice Com-
mittee. 9. Pharmacologic approaches to glycemic treatment: 
standards of care in diabetes - 2025. Diabetes Care. 2025; 
48(suppl 1):S181-S206. https://doi.org/10.2337/dc25-S009

107. Hundemer GL, Sood MM. Hyperkalemia with RAAS inhibi-
tion: mechanism, clinical significance, and management. Phar-
macol Res. 2021;172:105835. https://doi.org/10.1016/j.phrs. 
2021.105835

MAYO CLINIC PROCEEDINGS

1366 Mayo Clin Proc. n August 2026;101(8):1347-1366 n https://doi.org/10.1016/j.mayocp.2026.01.010 
www.mayoclinicproceedings.org

https://doi.org/10.2337/dc22%2D0382
https://doi.org/10.2337/dc22%2D0382
https://doi.org/10.1007/s00125%2D021%2D05407%2D5
https://doi.org/10.1007/s00125%2D021%2D05407%2D5
https://doi.org/10.1002/ejhf.2578
https://doi.org/10.1002/ejhf.3136
https://doi.org/10.1056/NEJMoa1911303
https://doi.org/10.1056/NEJMoa1911303
https://doi.org/10.1001/jamacardio.2023.4664
https://doi.org/10.1056/NEJMoa2206286
https://doi.org/10.1056/NEJMoa2206286
https://doi.org/10.1016/j.kint.2025.03.018
https://doi.org/10.1056/NEJMoa2407107
https://doi.org/10.1056/NEJMoa2407107
https://doi.org/10.1056/NEJMoa2307563
https://doi.org/10.1056/NEJMoa2307563
https://doi.org/10.1016/j.kint.2024.05.024
https://doi.org/10.1161/CIRCHEARTFAILURE.111.963256
https://doi.org/10.1016/j.kint.2019.05.019
https://doi.org/10.1016/j.jacc.2024.11.020
https://doi.org/10.1016/j.diabres.2023.110908
https://doi.org/10.1016/j.diabres.2023.110908
https://doi.org/10.1093/ndt/gfae132
https://doi.org/10.1093/ndt/gfae132
https://doi.org/10.4103/0366%2D6999.152483
https://doi.org/10.1053/j.ajkd.2020.03.023
https://doi.org/10.1053/j.ajkd.2020.03.023
https://doi.org/10.1161/CIRCULATIONAHA.123.068524
https://doi.org/10.1161/CIRCULATIONAHA.123.068524
https://doi.org/10.2337/dc25%2D1673
https://doi.org/10.2337/dc25%2D1673
https://www.accessdata.fda.gov/drugsatfda_docs/label/2025/204629s063lbl.pdf
https://www.accessdata.fda.gov/drugsatfda_docs/label/2025/204629s063lbl.pdf
https://www.accessdata.fda.gov/drugsatfda_docs/label/2023/202293s030lbl.pdf
https://www.accessdata.fda.gov/drugsatfda_docs/label/2023/202293s030lbl.pdf
https://www.accessdata.fda.gov/drugsatfda_docs/label/2023/204042s040lbl.pdf
https://www.accessdata.fda.gov/drugsatfda_docs/label/2023/204042s040lbl.pdf
https://www.accessdata.fda.gov/drugsatfda_docs/label/2021/020386s064lbl.pdf
https://www.accessdata.fda.gov/drugsatfda_docs/label/2021/020386s064lbl.pdf
https://www.accessdata.fda.gov/drugsatfda_docs/label/2021/020757s074lbl.pdf
https://www.accessdata.fda.gov/drugsatfda_docs/label/2021/020757s074lbl.pdf
https://www.accessdata.fda.gov/drugsatfda_docs/label/2022/215341s001lbl.pdf
https://www.accessdata.fda.gov/drugsatfda_docs/label/2022/215341s001lbl.pdf
https://www.accessdata.fda.gov/drugsatfda_docs/label/2022/215341s001lbl.pdf
https://www.accessdata.fda.gov/drugsatfda_docs/label/2017/209637lbl.pdf
https://www.accessdata.fda.gov/drugsatfda_docs/label/2017/209637lbl.pdf
https://www.accessdata.fda.gov/drugsatfda_docs/label/2019/213051s000lbl.pdf
https://www.accessdata.fda.gov/drugsatfda_docs/label/2019/213051s000lbl.pdf
https://doi.org/10.2337/dc25%2DS009
https://doi.org/10.1016/j.phrs.2021.105835
https://doi.org/10.1016/j.phrs.2021.105835
https://doi.org/10.1016/j.mayocp.2026.01.010
http://www.mayoclinicproceedings.org

	Acute Estimated Glomerular Filtration Rate Decline After Initiation of Therapies That Slow Kidney Disease Progression: Clin ...
	Mechanism of Action Associated With the Acute eGFR Decline
	Impact of the Acute eGFR Decline on Safety and Efficacy
	Findings From Subgroup Analyses Based on Magnitude of Acute eGFR Decline: Efficacy
	RAS Inhibitors
	SGLT2 Inhibitors
	Nonsteroidal Mineralocorticoid Antagonist
	GLP-1 RAs

	Findings From Subgroup Analyses Based on Magnitude of Acute eGFR Decline: Safety
	Kidney Safety in the Acute Period
	Long-Term Kidney Safety


	Monitoring eGFR After Initiation of Therapy
	Conclusion
	Potential Competing Interests
	Acknowledgments
	Author Contributions
	Supplemental Online Material
	References


