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ORIGINAL RESEARCH ARTICLE

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
Carly Adamson , MBChB*; Kieran F. Docherty , MBChB*;  Hiddo J.L. Heerspink , PhD; Rudolf A. de Boer , MD, PhD;  
Kevin Damman , MD, PhD; Silvio E. Inzucchi , MD; Lars Køber , MD, DMSc; Mikhail N. Kosiborod , MD;  
Felipe A. Martinez , MD; Mark C. Petrie , MBChB; Piotr Ponikowski , MD, PhD; Marc S. Sabatine , MD, MPH;  
Morten Schou , MD, PhD; Scott D. Solomon , MD; Subodh Verma , MD, PhD; Olof Bengtsson , Ph Lic;  
Anna Maria Langkilde, MD, PhD; Mikaela Sjöstrand , MD, PhD; Muthiah Vaduganathan , MD, MPH;  
Pardeep S. Jhund , MBChB, MSc, PhD; John J.V. McMurray , MD

BACKGROUND: In a post hoc analysis, the frequency of occurrence of an early decline (dip) in estimated glomerular 
filtration rate (eGFR) after initiation of dapagliflozin and its association with outcomes were evaluated in patients with 
heart failure and reduced ejection fraction randomized in the Dapagliflozin and Prevention of Adverse Outcomes in 
Heart Failure trial.

METHODS: Patients with heart failure with reduced ejection fraction with or without type 2 diabetes and an eGFR ≥30 
mL∙min−1∙1.73 m−2 were randomized to placebo or dapagliflozin 10 mg daily. The primary outcome was the composite of 
worsening heart failure or cardiovascular death. The extent of the dip in eGFR between baseline and 2 weeks, patient 
characteristics associated with a >10% decline, and cardiovascular outcomes and eGFR slopes in participants experiencing 
this decline were investigated. Time-to-event outcomes were assessed in Cox regression from 14 days; eGFR slopes were 
assessed with repeated-measures mixed-effect models.

RESULTS: The mean change in eGFR between day 0 and 14 was −1.1 mL∙min−1∙1.73 m−2 (95% CI, −1.5 to −0.7) with 
placebo and −4.2 mL∙min−1∙1.73 m−2 (95% CI, −4.6 to −3.9) with dapagliflozin, giving a between-treatment difference 
of 3.1 mL∙min−1∙1.73 m−2 (95% CI, 2.6–3.7). The proportions of patients randomized to dapagliflozin experiencing a 
>10%, >20%, and >30% decline in eGFR were 38.2%, 12.6%, and 3.4%, respectively; for placebo, they were 21.0%, 
6.4%, and 1.3%, respectively. The odds ratio for a >10% early decline in eGFR with dapagliflozin compared with 
placebo was 2.36 (95% CI, 2.07–2.69; P<0.001). Baseline characteristics associated with a >10% decline in eGFR 
on dapagliflozin were older age, lower eGFR, higher ejection fraction, and type 2 diabetes. The hazard ratio for the 
primary outcome in patients in the placebo group experiencing a >10% decline in eGFR compared with ≤10% decline 
in eGFR was 1.45 (95% CI, 1.19–1.78). The corresponding hazard ratio in the dapagliflozin group was 0.73 (95% 
CI, 0.59–0.91; Pinteraction<0.001). A >10% initial decline in eGFR was not associated with greater long-term decline in 
eGFR or more adverse events.

CONCLUSIONS: The average dip in eGFR after dapagliflozin was started was small and associated with better clinical outcomes 
compared with a similar decline on placebo in patients with heart failure with reduced ejection fraction. Large declines in 
eGFR were uncommon with dapagliflozin.
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Editorial, see p 463

Sodium-glucose cotransporter 2 (SGLT2) inhibi-
tors reduce the risk of worsening heart failure 
(HF) and death attributable to cardiovascular 

causes in patients with HF with reduced ejection frac-
tion (HFrEF).1,2 These agents also reduce the long-term 
rate of decline in estimated glomerular filtration rate 
(eGFR) and development of end-stage kidney disease 
in patients with HFrEF and patients with chronic kidney 

disease, with or without type 2 diabetes.3,4 However, 
SGLT2 inhibitors cause an initial decline (dip) in eGFR, 
which has caused some clinical concern, particularly in 
patients with a reduced baseline eGFR. One concern is 
that the initial decline, if substantial, might lead to dis-
continuation of existing evidence-based and lifesaving 
treatments such as renin-angiotensin system blockers 
or a mineralocorticoid receptor antagonist or even to 
consideration of renal replacement therapy. Physicians 
may also associate an acute decline in eGFR with a 
risk of progressive, chronic worsening of kidney func-
tion and poor outcomes, and concern about reducing 
eGFR may lead to underuse of SGLT2 inhibitors in 
patients with HFrEF.5 Although there have been sev-
eral analyses of the early decline in eGFR with SGLT2 
inhibitors, these have all been in patients with type 2 
diabetes, in whom the renal pathophysiology may be 
different from that of individuals with HFrEF.6–8 More-
over, patients with HFrEF are universally treated with 
diuretics, renin-angiotensin system blockers, and often 
mineralocorticoid receptor antagonists, all of which 
also affect eGFR. In contrast to the participants in the 
other trials, generally with normal or elevated blood 
pressure, patients with HFrEF often have low blood 
pressure and fluctuations in plasma volume that may 
reduce glomerular filtration, especially in the setting of 
renin-angiotensin system blockade causing efferent 
arteriolar dilatation.

It is therefore important to understand the frequency 
and extent of an early decline in eGFR after initiation of 
an SGLT2 inhibitor, its predictors, and its association with 
subsequent clinical outcomes in patients with HFrEF, 
including those without type 2 diabetes and low eGFR 
at baseline. We have explored these questions in the 
DAPA-HF trial (Dapagliflozin and Prevention of Adverse-
Outcomes in Heart Failure).1

METHODS
DAPA-HF was a randomized, double-blind, placebo-controlled, 
event-driven trial in patients with HFrEF with or without type 
2 diabetes. The design, baseline characteristics, and primary 
results have been published.1,9,10 Ethics committees for the 410 
participating institutions in 20 countries approved the protocol, 
and all patients gave written informed consent. The first authors 
had full access to the data in the study and take responsibility 
for the integrity of the data and the data analysis. The data that 
support the findings of this study are available from the cor-
responding author on reasonable request.

Clinical Perspective

What Is New?
• The placebo-corrected early decline in estimated 

glomerular filtration rate (eGFR) after initiation of 
dapagliflozin is similar across the range of eGFR.

• Patients randomized to dapagliflozin who had 
an initial decline (dip) in eGFR had better out-
comes than those who did not, without safety 
concerns.

What Are the Clinical Implications?
• Although a decline in eGFR is generally associated 

with a poorer prognosis in most situations, an initial 
decline in eGFR with a sodium-glucose cotrans-
porter 2 inhibitor was instead associated with bet-
ter cardiovascular outcomes and a slower rate of 
decline in kidney function.

• An initial decline in eGFR after initiation of a sodium-
glucose cotransporter 2 inhibitor should not usually 
lead to discontinuation of treatment.

Nonstandard Abbreviations and Acronyms

DAPA-HF  Dapagliflozin and Prevention of 
Adverse-Outcomes in Heart Failure

eGFR estimated glomerular filtration rate
HF heart failure
HFrEF  heart failure with reduced ejection 

fraction
HR hazard ratio
LVEF left ventricular ejection fraction
NT-proBNP  N-terminal pro-B-type natriuretic 

peptide
OR odds ratio
SGLT2 sodium-glucose cotransporter 2
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Study Patients and Treatment
Patients in New York Heart Association functional class II to 
IV with a left ventricular ejection fraction (LVEF) ≤40% and an 
elevated NT-proBNP (N-terminal pro-B-type natriuretic pep-
tide) concentration were eligible if receiving standard pharma-
cological and device therapy. The key exclusion criteria were 
type 1 diabetes, symptomatic hypotension/systolic blood pres-
sure (SBP) <95 mm Hg, and an eGFR <30 mL∙min−1∙1.73 m−2. 
Dapagliflozin 10 mg was compared with matching placebo 
taken once daily in addition to standard treatment.

In the event of an unexpected decline in renal function of 
concern, investigators were advised to check for other causes, 
including the use of drugs causing renal dysfunction, and to 
stop them if nonessential. It was recommended that essential 
medications for HF were not discontinued. If kidney function 
did not improve with other measures, the dose of randomized 
therapy could be reduced to 5 mg/d or stopped, with advice to 
restart or uptitrate later if possible.

Measurement of Kidney Function and eGFR 
Subgroup Analysis
Blood samples were taken at randomization; 14 days later; at 
2, 4, 8, and 12 months; and every 4 months thereafter. Serum 
creatinine was measured in a central laboratory, and eGFR 
was calculated with the Chronic Kidney Disease Epidemiology 
Collaboration 2009 equation.

Outcomes
The primary trial outcome was the composite of worsening 
HF (HF hospitalization or urgent visit for HF requiring intra-
venous therapy) or cardiovascular death, whichever occurred 
first. Prespecified secondary end points included HF hospital-
ization or cardiovascular death; HF hospitalizations (first and 
recurrent) and cardiovascular deaths; change from baseline to 
8 months in Kansas City Cardiomyopathy Questionnaire total 
symptom score; worsening kidney function (sustained decline 
in eGFR ≥50%, end-stage kidney disease, sustained dialysis, 
renal transplantation, or renal death); and all-cause mortality.

All outcomes were examined in the current study 
except worsening kidney function and change in Kansas 
City Cardiomyopathy Questionnaire total symptom score. 
Worsening kidney function was not analyzed because of the 
small number of events overall; instead, we calculated the 
eGFR slope, as described later and reported previously.11 
Change in Kansas City Cardiomyopathy Questionnaire total 
symptom score was not examined because it was not mea-
sured at 2 weeks and therefore could not be used in the 
landmark analysis from 14 days.

Statistical Analysis
Baseline Characteristics
Baseline characteristics were summarized as means (SDs), 
medians (interquartile ranges), or percentages. Groups were 
defined by percent change in eGFR at day 14 (no decline, up to 
10% decline, and >10% decline). The Cochran-Armitage test 
was used to test for trend across groups for binary variables, 
and the Jonckheere-Terpstra test was used for continuous vari-
ables. Nonordered multiple categories were compared with the 

χ2 test. Baseline characteristics were also summarized within 
each randomized treatment group.

Change in eGFR
Change in eGFR at 2 weeks was compared between treatment 
arms with medians. A repeated-measures mixed-effect model 
including all visits was used to calculate adjusted mean change 
and between-treatment differences at 14 days. Repeated-
measures mixed-effect models were adjusted for baseline 
eGFR, randomized treatment, study visit, and the interaction 
between study visit and randomized treatment with intercepts 
and slopes allowed to vary randomly between patients, with 
patient and visit as random effects with an unstructured covari-
ance structure. Analysis was repeated in each eGFR subgroup 
at baseline (≥75, <75 to ≥60, <60 to ≥45, <45 mL∙min−1∙1.73 
m−2). An interaction between baseline eGFR and randomized 
treatment on the change in eGFR at 14 days was tested in a 
mixed model including all patients. Repeated-measures mixed-
effect models were repeated for percentage change and abso-
lute change in eGFR.

Median, quartiles, and probability density curves (violin plots) 
were used to visualize change in eGFR in each treatment arm 
at 14, 60, and 120 days from randomization.12 The percent-
age of patients with a 10%, 20%, or 30% decline in eGFR 
from baseline at days 14, 60, and 120 in each treatment arm 
was calculated, and logistic regression adjusted for baseline 
eGFR was applied to give an odds ratio (OR) for occurrence 
of the degree of eGFR dip (10%, 20%, and 30% decline) 
with dapagliflozin over placebo at each time point. Analysis 
was also repeated for different commonly used definitions of 
worsening renal function, including ≥0.3-mg/dL (26.5-μmol/L) 
increase in creatinine, ≥25% increase in creatinine, >0.5-mg/
dL (44.2-μmol/L) change in creatinine, and ≥5– and ≥10–
mL∙min−1∙1.73 m−2 decrease in eGFR.13

The odds of a dip in eGFR of >10% in the whole population 
by continuous eGFR at baseline was examined with a restricted 
cubic spline. The odds of an eGFR dip with dapagliflozin com-
pared with placebo over continuous eGFR at baseline was 
examined with a fractional polynomial.

Outcomes
Landmark analysis from 14 days was carried out for the main 
outcomes to assess the effect of any dip in renal function over 
the first 2 weeks and distal outcomes. Patients were included 
if alive at 14 days with follow-up time restarting at 14 days. For 
example, for the primary outcome, if the patient experienced 
hospitalization for HF in the first 14 days, they were included 
with a new event censor for the next worsening HF event or 
cardiovascular death. Hazard ratios (HRs) for a 10% decline 
versus ≤10% decline/no change/improvement were assessed 
for the outcomes described with a Cox proportional hazards 
regression for time to first event outcomes and Lin-Wei-Yang-
Ying method for recurrent event outcome with an interaction 
between randomized treatment and eGFR dip assessed.14 For 
each outcome, the interaction P value was significant; there-
fore, the HR for the occurrence of an eGFR dip on the distal 
outcomes was reported within each treatment arm separately. 
All models included stratification for diabetes status and adjust-
ment for baseline eGFR and history of HF hospitalization (apart 
from all-cause mortality). HRs are given for unadjusted analy-
sis and analysis adjusted for baseline clinical characteristics 



ORIGINAL RESEARCH 
ARTICLE

Circulation. 2022;146:438–449. DOI: 10.1161/CIRCULATIONAHA.121.058910 August 9, 2022 441

Adamson et al Initial Dip in eGFR With Dapagliflozin in HFrEF

(age, sex, [log-transformed] NT-proBNP, history of myocardial 
infarction, LVEF, New York Heart Association class, and systolic 
blood pressure). Other cutoffs for change in renal function and 
their relationship with the primary outcome were examined in 
the same manner.

The relationship between change in eGFR at 14 days as 
a continuous variable and risk of the primary outcome was 
modeled as a restricted cubic spline within each randomized 
treatment arm.

The interaction between eGFR dip group and randomized 
treatment on the occurrence of the prespecified safety out-
comes was tested in a logistic regression model. eGFR dip cat-
egory was entered into the model as a categorical variable, with 
nested models with and without an interaction between treat-
ment and eGFR dip group compared with a likelihood ratio test.

eGFR Slopes and Renal Outcome
Because few patients (n=67) experienced the renal compos-
ite outcome in the trial overall, we did not perform subgroup 
analysis. When we plotted the results from the repeated mixed-
effect model of eGFR by treatment group, there were 2 clear 
phases to the slope of eGFR: an initial decline with rebound 
increase followed by a slower decline. To explore long-term tra-
jectories depending on the early change in eGFR (no decline, 
up to 10% decline, and >10% decline), the mean change in 
eGFR in these subgroups was plotted within each treatment 
arm. Mean change in eGFR and eGFR slopes (expressed as 
mL∙min−1∙1.73 m−2 per year) were calculated from days 0 to 
14, 14 to 60, and 60 to 720 for each eGFR change subgroup 
within randomized treatment arms.

Prediction of eGFR Dip
A logistic regression model was used to estimate the odds of a 
dip of >10% in eGFR at 2 weeks with dapagliflozin compared 
with placebo in the whole population and in subgroups consid-
ered clinically to be potential predictors of eGFR dip (sex; age; 
race; type 2 diabetes; New York Heart Association class; LVEF; 
body mass index; HF type; eGFR at baseline; NT-proBNP; 
history of HF hospitalization; hypertension; use of a mineralo-
corticoid receptor antagonist, diuretic, angiotensin-converting 
enzyme inhibitor/angiotensin receptor blocker, or angiotensin 
receptor-neprilysin inhibitor) in univariable analysis. Interactions 
were tested between randomized treatment and each subgroup 
on the occurrence of eGFR dip.

Predictions were also assessed in multivariable models with 
the same variables simultaneously and testing for an interac-
tion between randomized treatment and subgroup in turn.

Given the strong predictive effect of randomized treatment 
on the occurrence of eGFR dip and the presence of several 
interactions between treatment allocation and subgroup, multi-
variable logistic regression for eGFR dip was repeated in each 
treatment group separately with the same variables that were 
used as subgroups in the above univariable analysis.

Continuation of Concurrent Renin-Angiotensin-
Aldosterone System Antagonists
Patients were considered to be on treatment with a renin-
angiotensin-aldosterone system antagonist if they were on an 
angiotensin-converting enzyme inhibitor/angiotensin recep-
tor blocker/angiotensin receptor-neprilysin inhibitor or miner-
alocorticoid receptor antagonist. The number of patients who 
stopped and restarted treatment during the trial was calculated.

All analyses were conducted with Stata version 17 (College 
Station, TX) or R (version 3.6.1). A value of P<0.05 was consid-
ered statistically significant.

RESULTS
Overall, 4618 participants (97%) had data available to 
calculate the change in eGFR from baseline to 14 days, 
4498 (95%) had data at 60 days, and 4416 (93%) 
had data at 120 days. The mean and median eGFRs at 
baseline in the placebo group were 65.5 mL∙min−1∙1.73 
m−2 (SD, 19.3 mL∙min−1∙1.73 m−2) and 64 mL∙min−1∙1.73 
m−2 (interquartile range, 51–79 mL∙min−1∙1.73 m−2), 
respectively; the corresponding values in the dapa-
gliflozin groups were 66.0 mL∙min−1∙1.73 m−2 (SD, 19.6 
mL∙min−1∙1.73 m−2) and 64 mL∙min−1∙1.73 m−2 (interquar-
tile range, 51–80 mL∙min−1∙1.73 m−2).

Mean Change in eGFR Early After Initiation of 
Randomized Treatment
The median change in eGFR at 14 days was −4 
mL∙min−1∙1.73 m−2 (interquartile range, −9 to 1 
mL∙min−1∙1.73 m−2) with dapagliflozin and −1 mL∙min−1∙1.73 
m−2 (interquartile range, −5 to 3 mL∙min−1∙1.73 m−2) 
with placebo (Figure 1A). The adjusted mean change 
in eGFR at 14 days was −4.2 mL∙min−1∙1.73 m−2 (95% 
CI, −4.6 to −3.9) and −1.1 mL∙min−1∙1.73 m−2 (95% CI, 
−1.5 to −0.7), respectively, giving a placebo-corrected 
difference of −3.1 mL∙min−1∙1.73 m−2 (95% CI, −3.7 to 
−2.6; Table 1). There was no interaction between base-
line eGFR (analyzed as a continuous variable) and the 
effect of dapagliflozin on absolute change in eGFR at 14 
days (Pinteraction=0.81).

The percent change in eGFR at 14 days was −6.7% 
(95% CI, −7.3 to −6.0) with dapagliflozin and −1.5% 
(95% CI, −2.1 to −0.9) with placebo, giving a difference 
of −5.2% (95% CI, −6.1 to −4.3; Table 1).

The placebo-corrected absolute and percent changes 
in eGFR at 2 weeks according to baseline eGFR cat-
egory (≥75, <75–≥60, <60–≥45, <45 mL∙min−1∙1.73 
m−2) are shown in Figure 1B and Table S1. The OR for a 
10% dip in eGFR with dapagliflozin compared with pla-
cebo over the range of baseline eGFR as a continuous 
variable modeled with a fractional polynomial is given in 
Figure S1 (Pinteraction=0.07).

Proportions of Patients With Different Threshold 
Changes at 2 Weeks
Any Decline in eGFR
Among patients assigned to dapagliflozin, 69.4% had 
some decline in eGFR between baseline and day 14 com-
pared with 52.7% of patients in the placebo group. The 
OR for any decline in eGFR with dapagliflozin compared 
with placebo was 2.03 (95% CI, 1.80–2.29; P<0.001).
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Decline in eGFR of >10%, >20%, and >30%
Overall, 38.2% of patients treated with dapagliflozin had 
a decline in eGFR of >10%; the proportion in patients 
assigned to placebo with this change was 21.0% (OR, 
2.36 [95% CI, 2.07–2.69]; P<0.001; Table 1). Because 
the absolute decrease in eGFR was similar across eGFR 
categories, the proportion with a >10% relative decline 
in eGFR was greater in patients starting with a lower 
eGFR (Figure S2).

The proportions and ORs for a 20% and 30% decline 
in eGFR are shown in Table 1. A >30% decline was 
uncommon, occurring in only 3.4% of patients on dapa-
gliflozin and 1.3% of patients on placebo at day 14.

A ≥5– or ≥10–mL∙min−1∙1.73 m−2 Decrease in eGFR
In the dapagliflozin group, 1084 patients (47.0%) had 
a decrease in eGFR of ≥5 mL∙min−1∙1.73 m−2 between 
baseline and 14 days; this number in the placebo group 
was 359 (28.5%; P=0.001). Among patients randomized 
to dapagliflozin, 523 (22.7%) had a decrease in eGFR of 
≥10 mL∙min−1∙1.73 m−2 compared with 281 (12.2%) in 
the placebo group (Table 1). The proportions of patients 
having these changes in eGFR according to the baseline 
eGFR category are shown in Table S1.

eGFR Reaching a Threshold of ≤20 mL∙min−1∙1.73 
m−2

The number of patients reaching an eGFR of ≤20 
mL∙min−1∙1.73 m−2 at 14 days was 5 (0.22%) in the dapa-
gliflozin group and 0 in the placebo group (all of these 
patients had a baseline eGFR <45 mL∙min−1∙1.73 m−2).

The proportions of patients meeting other definitions 
of worsening kidney function are shown in Tables 1 and 2.

Baseline Characteristics and Early Change in 
eGFR
Baseline characteristics according to treatment assign-
ment and eGFR change from baseline to 14 days are 
given in Table S2.

In univariable models, several baseline characteristics 
showed a significant interaction with treatment for the 
occurrence of eGFR dip >10% (Figure S3); an eGFR dip 
was more likely with dapagliflozin in older patients, male 
patients, and those with diabetes, a higher LVEF, and a 
lower eGFR. In a multivariable logistic regression model, 
significant interactions with treatment remained for age, 
diabetes, LVEF, and eGFR. In an exploratory analysis, 
dapagliflozin was found to reduce systolic blood pressure 
significantly more in patients with an LVEF ≥30% com-
pared with patients with an LVEF <30%; the placebo-
corrected difference was −3.2 mm Hg (95% CI, −4.1 
to −2.3) versus −1.6 mm Hg (95% CI, −2.5 to −0.7), 
respectively (P=0.02; Table S3).

Given these interactions, multivariable logistic regres-
sion analyses were performed in each treatment arm 
separately. In these, female sex and lower eGFR were 
the only significant predictors of an eGFR dip in the pla-
cebo group, and the significant predictors in the dapa-
gliflozin group were older age and diabetes.

Association Between an Early Decline in eGFR 
and Subsequent Cardiovascular Outcomes
In a landmark analysis, with survival analysis time starting 
at 14 days, the HR for the primary composite outcome 

Figure 1. Absolute change in eGFR from baseline to 14, 60, and 120 days in each treatment arm and change in eGFR 
with placebo and dapagliflozin according to baseline eGFR category (from top to bottom: ≥75, <75–≥60-, <60–≥45, <45 
mL∙min−1∙1.73 m−2). 
A, Violin plot illustrating the change in estimated glomerular filtration rate (eGFR) from baseline. Rectangle in the middle of the violin shows the 
median and interquartile range. Lines show the smoothed probability density at different values; therefore, the width of the violin corresponds to 
the distribution of the data. B, Change in eGFR over time in each treatment arm and each baseline eGFR category from a repeated-measures 
mixed-effect model. Dapa indicates dapagliflozin.
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(worsening HF or cardiovascular death) in patients in the 
placebo group experiencing a >10% decline in eGFR be-
tween baseline and 14 days compared with the remain-
der of participants (≤10% decline/no change/increase 
in eGFR) was 1.45 (95% CI, 1.19–1.78). In contrast, the 

corresponding HR in the dapagliflozin group was 0.73 
(95% CI, 0.59–0.91; Pinteraction<0.001). The same pattern 
was seen for cardiovascular death, total (recurrent) HF 
hospitalizations, and cardiovascular death and all-cause 
mortality (Figure 2). Using different eGFR and creatinine 

Table 1. Mean Change in eGFR From Baseline and Number of Patients Meeting Different Renal Function Thresholds at 14, 60, 
and 120 days

14 d 60 d 120 d

Placebo Dapagliflozin Placebo Dapagliflozin Placebo Dapagliflozin

Overall mean change

  Mean change in eGFR (95% CI), 
mL∙min−1∙1.73 m−2

−1.11  
(−1.5 to −0.72)

−4.24  
(−4.64 to −3.85)

−0.93  
(−1.33 to −0.53)

−3.49  
(−3.89 to −3.09)

−1.29  
(−1.70 to −0.88)

−3.47  
(−3.88 to −3.07)

  Between-treatment difference (95% 
CI), mL∙min−1∙1.73 m−2

−3.13 (−3.69 to −2.58) −2.56 (−3.12 to −2.00) −2.18 (−2.76 to −1.61)

Overall percentage change

 Mean change in eGFR (95% CI), % −1.50  
(−2.14 to −0.85)

−6.66  
(−7.30 to −6.01)

−0.93  
(−1.58 to −0.28)

−5.23  
(−5.88 to −4.58)

−1.44  
(−2.10 to −0.77)

−4.96  
(−5.62 to −4.30)

  Between-treatment difference (95% 
CI), %

−5.16 (−6.07 to −4.25) −4.30 (−5.21 to −3.38) −3.52 (−4.46 to −2.59)

>10% decline in eGFR

 No. with >10% decline (%) 484/2309 (21.0) 882/2309 (38.2) 531/2258 (23.5) 785/2240 (35.0) 549/2196 (25.0) 798/2220 (36.0)

  OR for decline with dapagliflozin 
over placebo (95% CI)

2.36 (2.07 to 2.69) 1.76 (1.54 to 2.01) 1.69 (1.48 to 1.92)

>20% decline in eGFR

 No. with >20% decline (%) 148/2309 (6.4) 291/2309 (12.6) 172/2258 (7.6) 289/2240 (12.9) 190/2196 (8.7) 314/2220 (14.1)

  OR for decline with dapagliflozin 
over placebo (95% CI)

2.12 (1.72 to 2.61) 1.80 (1.48 to 2.20) 1.74 (1.44 to 2.11)

>30% decline in eGFR

 No. with >30% decline (%) 31/2309 (1.3) 78/2309 (3.4) 49/2209 (2.2) 90/2240 (4.0) 67/2129 (3.1) 91/2220 (4.1)

  OR for decline with dapagliflozin 
over placebo (95% CI)

2.58 (1.70 to 3.94) 1.90 (1.33 to 2.70) 1.36 (0.99 to −1.88)

≥5-mL/min decrease in eGFR

 No. with ≥5-mL/min decrease (%) 359/2309 (28.5) 1084/2309 (47.0) 691/2258 (30.6) 977/2240 (43.6) 723/2196 (32.9) 966/2220 (43.5)

  OR for decrease with dapagliflozin 
over placebo (95% CI)

2.22 (1.96 to 2.50) 1.76 (1.56 to 1.99) 1.57 (1.39 to 1.78)

≥10-mL/min decrease in eGFR

 No. with ≥10-mL/min decrease 281/2309 (12.2) 523/2309 (22.7) 320/2258 (14.2) 503/2240 (22.5) 356/2196 (16.2) 534/2220 (24.1)

  OR for decrease with dapagliflozin 
over placebo (95% CI)

2.12 (1.81 to 2.49) 1.77 (1.51 to 2.06) 1.65 (1.42 to 1.92)

≥0.3-mg/dL increase in creatinine

 No. with ≥0.3-mg/dL increase (%) 82/2307 (3.6) 186/2306 (8.1) 101/2258 (4.5) 176/2239 (7.9) 125/2196 (5.7) 200/2219 (9.0)

  OR for increase with dapagliflozin 
over placebo (95% CI)

2.44 (1.87 to 3.20) 1.85 (1.44 to 2.39) 1.66 (1.32 to 2.10)

≥25% increase in creatinine

 No. with ≥25% increase (%) 84/2307 (3.6) 201/2306 (8.7) 117/2258 (5.2) 197/2239 (8.8) 150/2196 (6.8) 219/2219 (9.9)

  OR for increase with dapagliflozin 
over placebo (95% CI)

2.53 (1.95 to 3.28) 1.77 (1.39 to 2.24) 1.49 (1.20 to 1.85)

≥0.5-mg/dL increase in creatinine

 No. with ≥0.5mg/dL increase (%) 20/2307 (0.9) 49/2306 (2.1) 34/2258 (1.5) 54/2239 (2.4) 35/2161 (1.6) 64/2219 (2.9)

  OR for increase with dapagliflozin 
over placebo (95% CI)

2.53 (1.50 to 4.28) 1.63 (1.05 to 2.52) 1.86 (1.22 to 2.83)

Values for mean absolute and percentage change are derived from a repeated-measures mixed-effect model. OR for the occurrence of eGFR dip was adjusted for 
baseline eGFR. eGFR indicates estimated glomerular filtration rate; and OR, odds ratio.
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thresholds for change in renal function gave consistent 
results (Table 3).

Analyzing change in eGFR from baseline to 14 days 
as a continuous variable with the use of restricted cubic 
splines also showed that a decline in eGFR with dapa-
gliflozin was associated with a reduction in the hazard of 
the primary outcome and cardiovascular death, whereas 
a decline in eGFR on placebo was associated with an 
increase in risk (Figure 3).

Later Changes in eGFR: Rebound and Chronic 
Slope
Change in eGFR at 14, 60, and 120 days After 
Initiation of Randomized Treatment
The OR for a >10% decline in eGFR was greatest at 
14 days (OR, 2.36 [95% CI, 2.07–2.69]) and was less 
at both 60 days (OR, 1.76 [95% CI, 1.54–2.01]) and 
120 days (OR, 1.69 [95% CI, 1.48–1.92; Figure 1A 
and Table 1).

In patients with a drop in eGFR of >10% between 
baseline and 14 days, there was a partial reversal of 
this dip between days 14 and 60 in both treatment 
groups (Figure 1B and Figure S4). The mean decrease 
in eGFR from day 0 to 14 was 4.2 mL∙min−1∙1.73 
m−2 (95% CI, 3.8–4.6) with dapagliflozin and 1.1 
mL∙min−1∙1.73 m−2 (95% CI, 0.7–1.5) with placebo. 
From day 14 to 60, the mean increase in eGFR was 0.7 
mL∙min−1∙1.73 m−2 (95% CI, 0.3–1.1) with dapagliflozin 
and 0.2 mL∙min−1∙1.73 m−2 (95% CI, 0.2 decrease–0.6 
increase) with placebo. Patients with an initial >10% 
decline had a greater early drop in eGFR but also a 
greater rebound between days 14 and 60. Within this 
group of patients, the mean decrease from day 0 to 
14 was 11.8 mL∙min−1∙1.73 m−2 (95% CI, 11.2–12.5) 
with dapagliflozin and 11.6 mL∙min−1∙1.73 m−2 (95% CI, 
10.8–12.5) with placebo. The mean increase from day 
14 to 60 was 4.9 mL∙min−1∙1.73 m−2 (95% CI, 4.2–5.5) 
with dapagliflozin and 6.8 mL∙min−1∙1.73 m−2 (95% CI, 
5.8–7.7) with placebo (Figure S4).

Chronic eGFR Slope (Day 60–720)
Between days 60 and 720, eGFR declined in both treat-
ment groups regardless of the initial eGFR dip. For patients 
with an initial decline in eGFR, treatment with dapagliflozin 
was associated with a slower long-term decline in eGFR. 
For patients with an initial decline up to 10%, the day 60 to 
720 slope was −1.7 mL∙min−1∙1.73 m−2 per year for dapa-
gliflozin and −3.5 mL∙min−1∙1.73 m−2 per year for placebo (P 
for the difference in slopes <0.001). For those with a >10% 
initial decline, the subsequent slopes were −0.7 and −2.3 
mL∙min−1∙1.73 m−2 per year, respectively (P for difference in 
slopes=0.002). In patients with a stable eGFR or an increase 
in eGFR over the first 14 days of follow-up, the longer-term 
difference in slopes was not significant; the slope between 
60 and 720 days was −2.3 mL∙min−1∙1.73 m−2 per year with 
dapagliflozin and −3.0 mL∙min−1∙1.73 m−2 per year with pla-
cebo (P for the difference in slopes=0.07; Figure S4).

Safety and Study Drug Discontinuation
Placebo-treated patients with an initial decline (to 14 
days) in eGFR had more adverse events than those with-
out any decline in eGFR (Table 4). However, there was 
no significant difference in the risk of these events be-
tween dapagliflozin and placebo treatment in any eGFR 
change group. Of the 4618 patients with eGFR avail-
able at 14 days, 38 of 2309 patients (1.6%) assigned 
to dapagliflozin discontinued treatment between days 14 
and 60 compared with 31 of 2309 (1.3%) assigned to 
placebo (P for the difference between groups=0.4).

Continuation of Concurrent Renin-Angiotensin-
Aldosterone System Antagonists
Among patients assigned to placebo with analyzable 
data, 25 of 1091 (2.3%) of those with no decrease in 
eGFR by 14 days subsequently stopped treatment with 
a renin-angiotensin-aldosterone system antagonist per-
manently; of those with any decline in eGFR, this number 
was 51 of 1218 (4.2%). The corresponding numbers in 

Table 2. Incidence of Different Changes in eGFR at 14 Days and Odds of a Dip in Renal Function With Dapagliflozin Over Placebo

WRF definition
Overall inci-
dence, n (%)

Increase in creatinine, 
mean±SD, mg/dL

Incidence in 
placebo arm, 
n (%)

Incidence in 
dapagliflozin 
arm, n (%)

OR (95% CI) with 
dapagliflozin vs  
placebo P value

>10% decrease in eGFR 1366 (29.6) 0.21± 0.16 484 (21.0) 882 (38.2) 2.36 (2.07–2.69) <0.001

>20% decrease in eGFR 439 (9.5) 0.34± 0.19 148 (6.4) 291 (12.6) 2.12 (1.72–2.61) <0.001

>25% decrease in eGFR 222 (4.8) 0.43± 0.22 69 (3.0) 153 (6.6) 2.32 (1.73–3.10) <0.001

≥0.3-mg/dL increase in creatine 268 (5.8) 0.46± 0.18 82 (3.6) 186 (8.1) 2.44 (1.87–3.20) <0.001

≥25% increase in creatinine 285 (6.2) 0.42±0.20 84 (3.6) 201 (8.7) 2.53 (1.95–3.28) <0.001

Both a ≥0.3-mg/dL increase in creatinine 
and 25% increase in creatinine

203 (4.4) 0.49± 0.19 54 (2.3) 149 (6.5) 2.91 (2.12–4.00) <0.001

≥0.5-mg/dL increase in creatinine 69 (1.5) 0.69± 0.20 20 (0.9) 49 (2.1) 2.53 (1.50–4.28) 0.001

Creatinine ≥266 μmol/L (3.01 mg/dL) 8 (0.2) NA NA NA NA NA

ORs are adjusted for baseline eGFR. eGFR indicates estimated glomerular filtration rate; NA, not applicable; OR, odds ratio; and WRF, worsening renal function.
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the dapagliflozin group were 21 of 706 (3.0%) and 46 
of 1603 (2.9%), respectively (between-treatment differ-
ence in patients with any decline, P=0.06; Table S4A). 
Further information on patients stopping temporarily and 
restarting is given in Table S4B. Patients randomly as-
signed to dapagliflozin tended to be more likely to restart 
treatment than those assigned to placebo.

DISCUSSION
The key findings of the present study were that an early 
decline in eGFR occurred more commonly after starting 
dapagliflozin than after starting placebo in patients with 
HFrEF, but this decline was, on average, small. A decline 
in eGFR with dapagliflozin was associated with better 

Figure 2. Risk of prespecified outcomes for patients experiencing a >10% decline in eGFR between baseline and day 14 
compared with patients not experiencing a >10% decline in eGFR within each randomized treatment group.
Follow-up is for outcomes occurring after 14 days (landmark analysis). Models are stratified by diabetes status and adjusted for baseline estimated 
glomerular filtration rate (eGFR) and history of heart failure (HF) hospitalization (HF hospitalization for each outcome apart from all-cause mortality). 
Analysis for all patients includes adjustment for randomized treatment. For example, between day 14 and the end of the study, the risk of the 
primary outcome (cardiovascular [CV] death or worsening HF) was 45% higher in patients randomized to placebo who experienced a >10% 
decline in eGFR between baseline and day 14 compared with placebo-treated patients who did not experience this decline. Conversely, the risk 
of the primary outcome was 27% lower among patients randomized to dapagliflozin who experienced a >10% decline in eGFR compared with 
dapagliflozin-treated patients who did not experience a >10% decline in eGFR between day 0 and 14. HR indicates hazard ratio; and RR, rate ratio.
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cardiovascular outcomes compared with no decline in 
eGFR, whereas the opposite was observed with placebo. 
Evaluation of the eGFR slope showed that the initial dip 
in eGFR in patients randomized to an SGLT2 inhibitor 
was linked to a slower long-term rate of decline in eGFR, 
with no increase in renal adverse events.

SGLT2 inhibitors are thought to cause an initial 
decrease in eGFR by augmenting tubuloglomeru-
lar feedback.15 The average decline in DAPA-HF (≈3 
mL∙min−1∙1.73 m−2 or 5%) was similar to the early placebo-

corrected changes in EMPA-REG OUTCOME (BI 10773 
[Empagliflozin] Cardiovascular Outcome Event Trial in 
Type 2 Diabetes Mellitus Patients; median decrease, 
2.64 mL∙min−1∙1.73 m−2 at 4 weeks), VERTIS-CV (Evalu-
ation of Ertugliflozin Efficacy and Safety Cardiovascu-
lar Outcomes Trial; mean decrease, 2.79 mL∙min−1∙1.73 
m−2 at 6 weeks), and CREDENCE (Canagliflozin and 
Renal Events in Diabetes With Established Nephropathy 
Clinical Evaluation; mean decrease, 7.0% at 3 weeks).6–8 
Overall, about a third of patients treated with dapagliflozin 
in DAPA-HF had no reduction in eGFR within 14 days 
of starting treatment, a third had a ≤10% reduction in 
eGFR, and a third had a decrease >10%. However, few 
patients experienced a large (>30%) reduction in eGFR 
with dapagliflozin (3.4% versus 1.3% on placebo), and 
the eGFR fell to a low level (≤20 mL∙min−1∙1.73 m−2) in a 
very small proportion of participants (0.22% of patients 
on dapagliflozin).

Several patient characteristics were associated with a 
greater likelihood of an early decline in eGFR >10%. These 
included older age, baseline eGFR <60 mL∙min−1∙1.73 m−2, 
higher LVEF, and type 2 diabetes. However, the interac-
tion between baseline eGFR <60 and ≥60 mL∙min−1∙1.73 
m−2 was partly artifactual because the absolute decrease 
in eGFR was similar in these 2 groups. Consequently, 
more patients with a low starting eGFR experienced a 
>10% decrease in eGFR than those with a higher eGFR. 
Important findings were that the average absolute pla-
cebo-corrected decrease in eGFR among patients in the 
lowest baseline eGFR category (30–45 mL∙min−1∙1.73 
m−2) was only 2.4 mL∙min−1∙1.73 m−2 (−3.5 to −1.3) and 

Table 3. Rates and HRs in Each Treatment Arm for the Primary Outcome in a Landmark Analysis From 14 Days in Subgroups 
Defined by Change in Renal Function at 14 Days

WRF definition

Event rates

Placebo Dapagliflozin Placebo Dapagliflozin

Interaction 
P valueNo WRF WRF No WRF WRF

Adjusted HR 
(95% CI) P value

Adjusted HR 
(95% CI) P value

>10% decrease in eGFR 14.1  
(12.7–15.7)

21.2  
(17.8–25.2)

12.6  
(11.1–14.3)

10.2  
(8.6–12.2)

1.43  
(1.17–1.75)

0.001 0.76  
(0.61–0.95)

0.01 <0.001

>20% decrease in eGFR 14.8  
(13.5–16.3)

26.4  
(19.8–35.1)

11.7  
(10.5–13.1)

11.3  
(8.4–15.1)

1.52  
(1.12–2.06)

0.007 0.82  
(0.60–1.12)

0.21 0.01

>25% decrease in eGFR 15.2  
(13.9–16.7)

24.6  
(15.9–38.1)

11.9  
(10.7–13.2) 

8.7  
(5.5–13.8)

1.43  
(0.91–2.25)

0.12 0.61  
(0.38–0.99)

0.04 0.02

≥0.3-mg/dL increase in 
creatine

15.3  
(13.9–16.7)

21.9  
(14.4–33.2)

11.6  
(10.4–12.9)

12.8  
(9.1–18.2)

1.05  
(0.68–1.62)

0.82 0.83  
(0.57–1.20)

0.31 0.40

≥25% increase in creatinine 15.3  
(13.9–16.7)

21.5  
(14.3–32.4)

11.7  
(10.5–13.0)

11.5  
(8.1–16.4)

1.35  
(0.88–2.05)

0.17 0.84  
(0.58–1.22)

0.36 0.12

Both a ≥0.3-mg/dL increase 
in creatinine and 25% in-
crease in creatinine

15.4  
(14.0–16.8)

20.8  
(12.3–35.0)

11.6  
(10.5–12.9)

12.3  
(8.3–18.2)

1.09  
(0.64–1.86)

0.75 0.82  
(0.55–1.24)

0.36 0.46

≥0.5-mg/dL increase in 
creatinine

15.4  
(14.1–16.8)

26.8  
(12.0–59.7)

11.8  
(10.6–13.0)

7.3  
(3.0–17.4)

1.18  
(0.53–2.66)

0.68 0.38  
(0.16–0.93)

0.03 0.08

HRs are given for occurrence of the primary outcome in patients with WRF compared with no WRF. HRs are adjusted for history of heart failure hospitalization, 
baseline eGFR, age, sex, log-transformed NT-proBNP, history of myocardial infarction, ejection fraction, New York Heart Association class, and systolic blood pres-
sure and stratified by diabetes status. eGFR indicates estimated glomerular filtration rate; HR, hazard ratio; NT-proBNP, N-terminal pro-B-type natriuretic peptide; and 
WRF, worsening renal function.

Figure 3. Risk of the primary outcome occurring after 14 
days (landmark analysis) according to change in eGFR 
between baseline and day 14 within each randomized 
treatment group.
Reference point 0 (no change). eGFR indicates estimated glomerular 
filtration rate; and HR, hazard ratio.
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that the proportion experiencing an eGFR decline of ≥10 
mL∙min−1∙1.73 m−2 was 8.9% on dapagliflozin compared 
with 5.4% on placebo, with only 5 patients (0.22%) receiv-
ing dapagliflozin and none taking placebo having an eGFR 
decline to ≤20 mL∙min−1∙1.73 m−2.

Other observations about patients exhibiting an early 
dip in eGFR are also clinically relevant. Among partici-
pants experiencing a >10% decline in eGFR, there was 
no excess premature discontinuation of dapagliflozin or 
greater risk of adverse events. More important, patients 
experiencing a >10% early decrease in eGFR on dapa-
gliflozin had significantly better clinical outcomes, includ-
ing the primary end point and rate of decline in eGFR, 
than participants assigned to dapagliflozin with an eGFR 
decline ≤10%. Conversely, those experiencing the same 
initial decline in eGFR during treatment with placebo had 
worse outcomes than those with an eGFR decline ≤10% 
on placebo. Similar findings were observed when differ-
ent definitions of worsening kidney function were used. 
Given this, we believe that physicians should not with-
draw an SGLT2 inhibitor in a patient with HFrEF if eGFR 
declines after this treatment is initiated except in the few 
patients in whom kidney function declines to an unac-
ceptably low level. There is as yet no consensus on what 
the unacceptable lower limit is, but we suggest that 20 
mL∙min−1∙1.73 m−2 is reasonable given that SGLT2 inhibi-
tor trials have included patients with an eGFR down to 
this threshold.16 The risk of a patient with HFrEF devel-
oping an eGFR as low as 20 mL∙min−1∙1.73 m−2 with 
an SGLT2 inhibition is probably very small, even if ini-
tial kidney function is poor. For example, if a patient had 
an initial eGFR of 30 mL∙min−1∙1.73 m−2, a 30% reduc-
tion would result in an eGFR of 21 mL∙min−1∙1.73 m−2, 
and as described earlier, such a large drop in eGFR is 
uncommon. Moreover, in DAPA-HF, as in other SGLT2 
inhibitor trials, the initial dip in eGFR partially reversed 
over the subsequent 6 to 8 weeks; that is, in this hypo-
thetical patient, 21 mL∙min−1∙1.73 m−2 is likely to be the 

nadir in eGFR. It is important to note that patients with a 
larger initial decline in eGFR showed a greater rebound 
between days 14 and 60. Thus, rechecking eGFR may 
reveal improvement sufficient to avoid discontinuation of 
treatment. However, given that large declines in eGFR 
are unusual with SGLT2 inhibitors, a decrease of >30% 
should prompt consideration of alternative causes of 
worsening kidney function, including progression of HF.

The partial reversal of eGFR is an interesting phe-
nomenon that has not been explained, and it may reflect 
compensatory responses in the distal nephron, resetting 
of tubuloglomerular feedback, or both.15 It is important to 
note that in previous research markers of kidney injury 
were not increased despite the decline in eGFR and that 
eGFR returns to the pretreatment level on discontinua-
tion of an SGLT2 inhibitor.17–20

Limitations
Among the limitations of this study were its post hoc na-
ture and the exclusion of patients with an eGFR <30 
mL∙min−1∙1.73 m−2 from enrollment in DAPA-HF. Some of 
our analyses may be subject to postrandomization con-
founding. Participants were also hemodynamically stable 
outpatients, and the renal effects of administration of an 
SGLT2 inhibitor in other patient groups might be differ-
ent, particularly in very elderly and multimorbid patients, 
especially if exposed to nephrotoxic agents or overdiure-
sis. We did not measure albuminuria and other markers 
of kidney injury, which would have given additional insight 
into the importance of the early dip in eGFR after treat-
ment with an SGLT2 inhibitor.

Conclusions
In stable outpatients with HFrEF, treatment with an 
SGLT2 inhibitor caused a small average decrease in 
eGFR, and few patients experienced a substantial 

Table 4. Adverse Events and Treatment Discontinuation

No decline in eGFR, n (%) Up to 10% decline in eGFR, n (%) >10% decline in eGFR, n (%)

Pinteraction 
value

Placebo
(n=1091)

Dapagliflozin
(n=705)

Placebo
(n=734)

Dapagliflozin
(n=721)

Placebo
(n=484)

Dapagliflozin
(n=882)

Discontinuation of IP for any reason 99 (9.1) 64 (9.1) 79 (10.8) 68 (9.4) 60 (12.4) 95 (10.8) 0.76

Any AE leading to discontinuation of IP 44 (4.0) 28 (4.0) 36 (4.9) 31 (4.3) 32 (6.6) 42 (4.8) 0.63

Any AE leading to temporary stop of IP 138 (12.6) 90 (12.8) 112 (15.3) 87 (12.1) 91 (18.8) 100 (11.3) 0.02

Any AE leading to reduction of IP 8 (0.7) 18 (2.6) 9 (1.2) 11 (1.5) 8 (1.7) 12 (1.4) 0.05

Prespecified AEs

 Volume depletion 67 (6.1) 46 (6.5) 56 (7.6) 52 (7.2) 36 (7.4) 75 (8.5) 0.77

 Renal AEs 56 (5.1) 30 (4.3) 58 (7.9) 32 (4.4) 52 (10.7) 84 (9.5) 0.23

 Fractures 20 (1.8) 14 (2.0) 17 (2.3) 12 (1.7) 12 (2.5) 22 (2.5) 0.70

 Major hypoglycemia 1 (0.1) 2 (0.3) 0 0 3 (0.6) 2 (0.2) NA

 AEs leading to amputation 4 (0.4) 0 4 (0.5) 6 (0.8) 3 (0.6) 5 (0.6) NA

AE indicates adverse event; eGFR, estimated glomerular filtration rate; IP, investigational product; and NA, not applicable.
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decline in kidney function. This early decrease in eGFR 
with an SGLT2 inhibitor was not associated with more 
adverse events or study drug discontinuation and was 
associated with improved HF and renal outcomes. We 
suggest that physicians should not discontinue SGLT2 
inhibitors unless the eGFR decreases by >30% (and not 
<20 mL∙min−1∙1.73 m−2). Physicians should also recog-
nize that the nadir in eGFR occurs early after an SGLT2 
inhibitor is started and that the initial dip in eGFR partially 
reverses over the subsequent 6 to 8 weeks.
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