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BACKGROUND
In the EMPA-KIDNEY trial, empagliflozin, a sodium–glucose cotransporter 2 (SGLT2) 
inhibitor, had positive cardiorenal effects in patients with chronic kidney disease who 
were at risk for disease progression. Post-trial follow-up was designed to assess how 
the effects of empagliflozin would evolve after the discontinuation of the trial drug.

METHODS
In the active trial, patients with chronic kidney disease were randomly assigned to 
receive either empagliflozin (10 mg once daily) or matching placebo and were fol-
lowed for a median of 2 years. All the patients had an estimated glomerular filtra-
tion rate (eGFR) of at least 20 but less than 45 ml per minute per 1.73 m2 of body-
surface area or an eGFR of at least 45 but less than 90 ml per minute per 1.73 m2 
with a urinary albumin-to-creatinine ratio (with albumin measured in milligrams 
and creatinine measured in grams) of at least 200. Subsequently, surviving patients 
who consented were observed for 2 additional years. No trial empagliflozin or placebo 
was administered during the post-trial period, but local practitioners could prescribe 
open-label SGLT2 inhibitors, including open-label empagliflozin. The primary com-
posite outcome was kidney disease progression or cardiovascular death as assessed 
from the start of the active-trial period to the end of the post-trial period.

RESULTS
Of the 6609 patients who had undergone randomization in the active trial, 4891 (74%) 
were enrolled in the post-trial period. During this period, the use of open-label SGLT2 
inhibitors was similar in the two groups (43% in the empagliflozin group and 40% in 
the placebo group). During the combined active- and post-trial periods, a primary-
outcome event occurred in 865 of 3304 patients (26.2%) in the empagliflozin group 
and in 1001 of 3305 patients (30.3%) in the placebo group (hazard ratio, 0.79; 95% 
confidence interval [CI], 0.72 to 0.87). During the post-trial period only, the hazard 
ratio for a primary-outcome event was 0.87 (95% CI, 0.76 to 0.99). During the com-
bined periods, the risk of kidney disease progression was 23.5% in the empagliflozin 
group and 27.1% in the placebo group; the risk of the composite of death or end-stage 
kidney disease was 16.9% and 19.6%, respectively; and the risk of cardiovascular death 
was 3.8% and 4.9%, respectively. There was no effect of empagliflozin on death from 
noncardiovascular causes (5.3% in both groups).

CONCLUSIONS
In a broad range of patients with chronic kidney disease at risk for progression, 
empaglif lozin continued to have additional cardiorenal benefits for up to 12 
months after it was discontinued. (Funded by Boehringer Ingelheim and others; 
EMPA-KIDNEY ClinicalTrials.gov number, NCT03594110; EuDRACT number, 
2017 -002971 - 24.)
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Slowing of the progression of 
chronic kidney disease and avoidance of 
end-stage kidney disease (i.e., the need for 

maintenance dialysis or kidney transplantation) 
is highly desirable, given the associated adverse 
effects on quality of life, cardiovascular morbid-
ity and mortality, and high economic costs.1,2 The 
EMPA-KIDNEY trial was established to assess the 
efficacy and safety of the sodium–glucose co-
transporter 2 (SGLT2) inhibitor empagliflozin in 
a broad range of patients with chronic kidney 
disease at risk for progression. Findings from 
the active part of this trial and other large trials 
provided compelling evidence that SGLT2 inhibi-
tors substantially slowed kidney disease progres-
sion and reduced cardiovascular risk.3-6 SGLT2 
inhibitors also reduced the risk of hospitalization 
for heart failure and acute kidney injury in pa-
tients with chronic kidney disease and other 
high-risk conditions, including diabetes and heart 
failure.4

Post-trial follow-up studies test how effects 
evolve after patients stop taking a trial drug, be-
cause additional benefits or harms may emerge 
after such discontinuation. The EMPA-KIDNEY 
trial was relatively short, because it was stopped 
early for efficacy after a median of 2 years of fol-
low-up. Consequently, among patients who had 
slower progression of chronic kidney disease, the 
number of primary-outcome events — a compos-
ite of progression of kidney disease or death 
from cardiovascular causes — was low.3 Post-
trial follow-up provides particular value through 
prospectively collecting more outcomes regard-
ing end-stage kidney disease, because these 
outcomes take longer to accrue than surrogates 
of progression (e.g., the percentage reduction in 
the estimated glomerular filtration rate [eGFR]). 
We now report the effects of empagliflozin dur-
ing the active trial plus 2 years of post-trial ob-
servation.

Me thods

Trial Design and Oversight

The EMPA-KIDNEY trial was designed and con-
ducted by the University of Oxford in collabora-
tion with a steering committee (see the Supple-
mentary Appendix and protocol, available with 
the full text of this article at NEJM.org). The 
rationale of the active trial, including its double-
blind, placebo-controlled design and main results, 

have been reported previously.3,7,8 The relevant 
regulatory authority and ethics committee at each 
participating center approved the trial and its 
post-trial follow-up. Post-trial follow-up was an 
optional substudy conducted at 185 of the 241 
trial centers (77%) in seven of the original eight 
countries. All surviving patients from these par-
ticipating centers were eligible for post-trial fol-
low-up. The trial was funded by Boehringer Ingel-
heim, which along with Eli Lilly provided grant 
funding to the University of Oxford.

The first two and last two authors wrote the 
first draft of the manuscript and made the deci-
sion to submit the manuscript for publication. 
The authors vouch for the completeness and accu-
racy of the data and for the fidelity of the trial to 
the protocol.

Patients

Eligible patients were adults with a race-adjusted 
eGFR (calculated with the use of the Chronic 
Kidney Disease Epidemiology Collaboration for-
mula9) of at least 20 but less than 45 ml per 
minute per 1.73 m2 of body-surface area, regard-
less of the level of albuminuria, or with an eGFR 
of at least 45 but less than 90 ml per minute per 
1.73 m2 with a urinary albumin-to-creatinine ra-
tio of at least 200 mg of albumin per gram of 
creatinine at the screening visit for the active 
trial. Patients were required to be taking a clini-
cally appropriate dose of a single-agent renin–
angiotensin system (RAS) inhibitor, unless the 
investigator had determined that such medication 
either was not indicated or had an unacceptable 
side-effect profile.

Procedures

At the final follow-up visit of the active trial, all 
unused doses of trial empaglif lozin or placebo 
were retrieved from the patients and local doctors 
were informed about the conclusions of the trial. 
Investigators and patients remained unaware of 
their trial-group assignment, and no additional 
supplies of trial empagliflozin or placebo were 
provided to the patients. Local practitioners were 
free to prescribe open-label SGLT2 inhibitors (in-
cluding open-label empagliflozin) when the drugs 
were considered to be indicated and were avail-
able; these practitioners were responsible for 
routine follow-up of kidney function according to 
local practice. Post-trial follow-up was designed 
to collect additional efficacy and cause-specific 
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outcome data with respect to mortality. The main 
method of follow-up was medical-record review, 
which was supplemented with registry data in the 
United Kingdom and Malaysia. If medical records 
were unavailable, information was collected by 
contacting the patients, a relative or caregiver, or 
local doctors. At reviews performed every 6 months, 
investigators obtained details regarding the pa-
tients’ vital status, current kidney-replacement 
status, latest blood creatinine measurement, and 
any current use of relevant medications (limited 
to SGLT2 inhibitors, RAS inhibitors, and miner-
alocorticoid receptor antagonists) by means of a 
custom-made information technology system. 
Over 99% of reported cases of end-stage kidney 
disease were confirmed by local investigators, 
and reported deaths underwent central review 
and categorization by clinician adjudicators in a 
blinded manner, according to the prespecified 
definitions that had been developed for the ac-
tive trial.3

Outcomes

The prespecified primary post-trial assessment 
was the effect of assignment to the empagliflozin 
group during the active trial on the time until 
the development of a composite of kidney disease 
progression or cardiovascular death occurring at 
any time during the active- and post-trial periods 
combined (i.e., the entirety of follow-up). Kidney 
disease progression was defined as a sustained 
reduction from randomization in the eGFR of at 
least 40%, the development of end-stage kidney 
disease, a sustained eGFR of less than 10 ml per 
minute per 1.73 m2, or death from kidney fail-
ure.3 Confirmation of a sustained eGFR required 
the evaluation of values on two consecutive mea-
surements performed at least 30 days apart or 
was assumed if the measure was the last eGFR 
value obtained before death, withdrawal of con-
sent, or completion of follow-up. In primary analy-
ses, previously reported primary-outcome events 
from the active-trial period were carried over 
regardless of later eGFR results collected during 
the post-trial period. Because central samples 
were not collected during the post-trial period, 
all eGFR-based post-trial measurements were 
relative to the local eGFR measurement at base-
line (see the Supplementary Methods for details).

The post-trial follow-up protocol prespecified 
key secondary outcomes: kidney disease progres-
sion alone and a composite of end-stage kidney 

disease or death from any cause. The other sec-
ondary outcome was end-stage kidney disease. 
Tertiary outcomes were death from any cause 
and, separately, death from cardiovascular and 
noncardiovascular causes (the latter being the 
safety outcome for post-trial follow-up); and the 
primary outcome assessed by key subgroups of 
interest. These subgroups were evaluated accord-
ing to diabetes status, eGFR, urinary albumin-to-
creatinine ratio, and primary kidney disease at 
randomization with the use of prespecified cat-
egories for the active-trial report.3 Analyses ex-
plored the effect of empagliflozin on the pri-
mary and secondary outcomes according to year 
and eGFR values in different follow-up windows.

Statistical Analysis

The analyses were performed on the original full 
database developed and held by the University of 
Oxford. We used prespecified Cox proportional-
hazards regression models that included adjust-
ment for categorized baseline variables specified 
in the minimization algorithm (age, sex, previ-
ously diagnosed diabetes, eGFR, urinary albumin-
to-creatinine ratio, and geographic region) to es-
timate hazard ratios and 95% confidence intervals 
for empagliflozin, as compared with placebo, in 
time-to-event analyses.10 Data for surviving pa-
tients who did not enter the post-trial follow-up 
(e.g., because of enrollment at a nonparticipating 
site or unwillingness to be included) were cen-
sored at the end of follow-up in the active trial. 
We calculated Kaplan–Meier estimates for the 
time until each of the primary- and secondary-
outcome events. We also calculated the absolute 
benefit per 1000 patients who had been assigned 
to receive empagliflozin on the basis of between-
group differences in Kaplan–Meier curves. The 
eGFR-based explorations used analysis of covari-
ance to estimate the baseline-adjusted absolute 
between-group difference in the mean eGFR at 
the last local measurement overall and for the four 
key subgroups. Mixed-model repeated-measures 
approaches were used to estimate the mean eGFR 
at each follow-up time point throughout the en-
tire follow-up period on the basis of local labo-
ratory measurements. Additional details regard-
ing the statistical analysis are provided in the 
Supplementary Appendix and protocol. All anal-
yses were performed with the use of SAS soft-
ware, version 9.4 (SAS Institute), and R software, 
version 4.3.2.
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Table 1. Characteristics of the Post-Trial Study Patients at Randomization.*

Characteristic
Empagliflozin 

(N = 2472)
Placebo 

(N = 2419)

Demographic

Age — yr 63±14 63±14

Sex

Men 1632 (66.0) 1595 (65.9)

Women 840 (34.0) 824 (34.1)

Race†

White 1552 (62.8) 1503 (62.1)

Black 91 (3.7) 87 (3.6)

Asian 791 (32.0) 791 (32.7)

Mixed 14 (0.6) 6 (0.2)

Other 24 (1.0) 32 (1.3)

Medical history

Diabetes‡ 1087 (44.0) 1020 (42.2)

Cardiovascular disease§ 639 (25.8) 641 (26.5)

Blood pressure — mm Hg

Systolic 136.9±18.3 136.9±18.3

Diastolic 78.6±11.6 78.6±11.8

Body‑mass index¶ 29.9±6.6 30.0±6.7

eGFR (ml/min/1.73 m2)‖

Mean 36.9±14.1 36.9±14.1

Distribution — no. (%)

<30 854 (34.5) 857 (35.4)

30 to <45 1128 (45.6) 1082 (44.7)

≥45 490 (19.8) 480 (19.8)

Urinary albumin‑to‑creatinine ratio**

Geometric mean (±SE) 212±9 214±9

Median (IQR) 324 (44–1045) 313 (45–1079)

Distribution — no. (%)

<30 515 (20.8) 515 (21.3)

30 to 300 686 (27.8) 677 (28.0)

>300 1271 (51.4) 1227 (50.7)

Concomitant medication use — no. (%)

RAS inhibitor 2142 (86.7) 2066 (85.4)

Any diuretic 1028 (41.6) 1052 (43.5)

Any lipid‑lowering medication 1638 (66.3) 1582 (65.4)

Cause of kidney disease — no. (%)

Diabetes 727 (29.4) 677 (28.0)

Hypertensive or renovascular disease 553 (22.4) 572 (23.6)

Glomerular disease 670 (27.1) 636 (26.3)

Other or unknown 522 (21.1) 534 (22.1)
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R esult s

Recruitment and Follow-up
From May 2019 through April 2021, a total of 
6609 patients underwent randomization and en-
tered the active-trial period, which lasted for a 
median of 2.0 years (interquartile range, 1.5 to 
2.4). Of the 6253 patients with data at the end of 
the active trial, 1362 (21.8%) did not provide con-
sent for post-trial follow-up or were attending 
sites that could not participate for logistic reasons 
(including all sites in Japan). Thus, 4891 patients 
were enrolled in the post-trial follow-up. These 
patients were followed for a median of 2.0 years 
(interquartile range, 2.0 to 2.1). By the end of post-
trial follow-up, data regarding vital status were 
missing for 86 patients (1.8%), and 7 (0.1%) had 
withdrawn consent during the post-trial follow-
up (Fig. S1 in the Supplementary Appendix).

The patients who were included in the post-
trial follow-up were broadly representative of the 
population of patients with chronic kidney dis-
ease who are at risk for disease progression 
(Table S1), and baseline characteristics at ran-
domization were similar in the empagliflozin and 
placebo groups (Table 1). The mean (±SD) age of 
these patients at randomization was 63±14 years, 
1664 (34.0%) were women, and 2784 of 4891 
(56.9%) did not have diabetes. The mean eGFR 
was 36.9±14.1 ml per minute per 1.73 m2. The 
median urinary albumin-to-creatinine ratio was 
317 mg of albumin per gram of creatinine (in-
terquartile range, 44 to 1063); 2393 patients 
(48.9%) had a ratio of 300 or less; 3487 (71.3%) 
had a nondiabetic cause of chronic kidney dis-
ease. The patients who were enrolled in the post-

trial follow-up were less likely to be Asian, were 
slightly younger, had a slightly lower eGFR and 
urinary albumin-to-creatinine ratio, and had a 
slightly higher risk of kidney failure than those 
who did not enter the post-trial period (Table S2).

During the combined active- and post-trial 
periods, blinding of trial-group assignments 
among both patients and investigators was 
maintained in 6578 of 6609 patients (99.5%). 
Trial empagliflozin (or an open-label SGLT2 in-
hibitor) was used during the active-trial period 
by 90% of the patients in the empagliflozin group, 
and 2% of those in the placebo group received an 
open-label SGLT2 inhibitor; during the post-trial 
period, the use of open-label SGLT2 inhibitors 
was similar in the two groups (43% and 40%, 
respectively) (Table 2). Patients who did not start 
an open-label SGLT2 inhibitor during the post-
trial period were more likely to be from Asia, were 
less likely to have previously diagnosed diabetes, 
had a lower eGFR, had a notably higher risk of 
kidney failure, and were less likely to be receiv-
ing a RAS inhibitor (Table S3). During post-trial 
follow-up, the average use of RAS inhibitors de-
clined over time but remained similar in both 
groups (68% in both groups) (Table S4).

Primary and Secondary Outcomes

During the combined active- and post-trial peri-
ods, the progression of kidney disease or death 
from cardiovascular causes (the primary outcome) 
occurred in 865 of 3304 patients (26.2%) in the 
empagliflozin group and in 1001 of 3305 (30.3%) 
in the placebo group (hazard ratio, 0.79; 95% 
confidence interval [CI], 0.72 to 0.87) (Fig. 1A and 
Table 3). This hazard ratio is a combination of the 

Characteristic
Empagliflozin 

(N = 2472)
Placebo 

(N = 2419)

Median 5‑year predicted risk of kidney failure (IQR) — % 10 (3–29) 10 (3–30)

*  Plus–minus values are means ±SD unless otherwise indicated. IQR denotes interquartile range, and RAS renin–angiotensin 
system.

†  Race was reported by the patient.
‡  Previous diabetes mellitus was defined as a patient‑reported history of diabetes of any type, use of glucose‑lowering 

medication, or a baseline glycated hemoglobin value of at least 48 mmol per mol (6.5%) at the randomization visit.
§  Previous cardiovascular disease was defined as a patient‑reported history of myocardial infarction, heart failure, 

stroke, transient ischemic attack, or peripheral arterial disease.
¶  Data regarding body‑mass index (the weight in kilograms divided by the square of the height in meters) were missing 

for 12 patients in the two groups.
‖  The estimated glomerular filtration rate (eGFR) is the measurement obtained at the randomization visit or most re‑

cent local laboratory result before randomization.
**  In this ratio, albumin is provided in milligrams and creatinine in grams.

Table 1. (Continued.)
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hazard ratio for the active-trial period (0.72; 95% 
CI, 0.64 to 0.82, with 990 outcomes) and the haz-
ard ratio for the post-trial period (0.87; 95% CI, 
0.76 to 0.99, with 876 additional first primary-
outcome events). Much of the post-trial benefit re-
garding the primary-outcome event occurred early, 
with a hazard ratio for the first 6 months of the 
post-trial period of 0.60 (95% CI, 0.38 to 0.93), a 
hazard ratio for the first year of 0.76 (95% CI, 0.60 
to 0.96), and a hazard ratio for the second year of 
0.90 (95% CI, 0.75 to 1.07) (Fig. 1B). The sensitiv-
ity analyses had results that were similar to those 
of the primary analysis (Fig. S2 and Table S5).

The effect on the primary outcome during the 
combined periods included a risk of kidney disease 

progression (a secondary outcome) that was 21% 
lower in the empagliflozin group than in the pla-
cebo group (23.5% and 27.1%, respectively), with 
a hazard ratio of 0.79 (95% CI, 0.72 to 0.87) (Ta-
ble 3 and Fig. S3). The risk of end-stage kidney 
disease was 9.0% in the empagliflozin group and 
11.3% in the placebo group (hazard ratio, 0.74; 
95% CI, 0.64 to 0.87) (Table S5). During the post-
trial period, the hazard ratios for kidney disease 
progression and end-stage kidney disease were 
0.89 (95% CI, 0.77 to 1.02) and 0.80 (95% CI, 0.66 
to 0.98), respectively (Fig. S3). During the com-
bined active- and post-trial periods, the risk of 
end-stage kidney disease or death from any cause 
was 16.9% in the empagliflozin group and 19.6% 
in the placebo group (hazard ratio, 0.81; 95% CI, 
0.72 to 0.90), including a hazard ratio of 0.82 (95% 
CI, 0.70 to 0.96) during the post-trial period.

On the basis of the absolute between-group 
difference (±SE) in Kaplan–Meier curves, a prima-
ry-outcome event had occurred in 57±14 fewer 
patients per 1000 population in the empagliflozin 
group than in the placebo group at the end of the 
active-trial period and in 45±14 fewer patients per 
1000 population at the end of the combined ac-
tive- and post-trial periods; end-stage kidney dis-
ease had occurred in 26±8 fewer patients per 1000 
population in the empagliflozin group at the end 
of the active-trial period and in 25±10 fewer pa-
tients per 1000 population at the end of the com-
bined period; and death or end-stage kidney 
disease had occurred in 25±11 and 32±12 fewer 
patients per 1000 population, respectively, at the 
end of the two periods (Table S6).

Subgroup Analysis

The relative effects on the primary outcome were 
similar in subgroup analyses according to base-
line diabetes status, eGFR, urinary albumin-to-
creatinine ratio, and primary cause of kidney dis-
ease (Fig. 2). Findings were similar in post hoc 
exploratory analyses assessing effects on kidney 
disease progression alone according to key sub-
groups (Fig. S4).

Tertiary Analysis

During the combined active- and post-trial peri-
ods, the risk of death from a cardiovascular cause 
was 3.8% in the empagliflozin group and 4.9% 
in the placebo group (hazard ratio, 0.75; 95% CI, 

Table 2. Use of SGLT2 Inhibitors.

Variable Empagliflozin Placebo

All patients during active-trial period*

No. of patients 3304 3305

Distribution — no./total no. (%)

12‑mo visit 2920/3164 (92.3) 21/3159 (0.7)

24‑mo visit 1661/1884 (88.2) 41/1875 (2.2)

36‑mo visit 270/326 (82.8) 12/323 (3.7)

Patients who entered post-trial period†

No. of patients 2472 2419

Active‑trial period — no./total no. (%)

12‑mo visit 2264/2423 (93.4) 13/2363 (0.6)

24‑mo visit 1319/1483 (88.9) 30/1417 (2.1)

36‑mo visit 254/297 (85.5) 10/289 (3.5)

Post‑trial period — no./total no. (%)

12‑mo visit 885/2186 (40.5) 804/2147 (37.4)

24‑mo visit 1078/2376 (45.4) 972/2312 (42.0)

*  During the active‑trial period, data were obtained at visit windows of 12, 24, 
and 36 months. During this period, the use of sodium–glucose cotransporter 2 
(SGLT2) inhibitors was defined as the receipt of at least 80% of doses that 
had been prescribed. The denominators are the number of patients who were 
known to be alive at each visit.

†  During the post‑trial period, data were obtained at time points defined as 
those nearest to 12 and 24 months since completion of active‑trial follow‑up. 
Post‑trial use of open‑label SGLT2 inhibitors was determined from review of 
the patient’s medical records or direct contact with patients. The denomina‑
tors are the number of patients who were enrolled in the post‑trial follow‑up, 
had a follow‑up visit during the study period, and were known to be alive in the 
relevant period. During the post‑trial period, open‑label SGLT2 inhibitors were 
prescribed for 880 of 2032 patients (43.3%) in the empagliflozin group and 
797 of 1960 patients (40.7%) in the placebo group at 12 months and for 1069 
of 2129 patients (50.2%) in the empagliflozin group and 961 of 2015 patients 
(47.7%) in the placebo group at 24 months, after the exclusion of patients re‑
ceiving kidney‑replacement therapy.

The New England Journal of Medicine is produced by NEJM Group, a division of the Massachusetts Medical Society.
Downloaded from nejm.org at Universidade Federal de Minas Gerais on May 27, 2025. For personal use only. 

 No other uses without permission. Copyright © 2025 Massachusetts Medical Society. All rights reserved.



n engl j med 392;8 nejm.org February 20, 2025 783

Long-Term Effects of Empagliflozin in CKD

Figure 1. Progression of Kidney Disease or Death from Cardiovascular Causes.

Panel A shows a Kaplan–Meier plot of progression of kidney disease or death from cardiovascular causes (composite primary outcome) 
in the empagliflozin group and the placebo group during the combined active‑ and post‑trial periods. The shaded area is wide because 
the median follow‑up in the active‑trial period was 2.0 years, with a range of 0.3 to 3.1 years owing to prolonged recruitment during the 
coronavirus 2019 disease pandemic. The absolute benefit (±SE) is the difference in the number of events per 1000 patients assigned to 
receive empagliflozin during the active‑trial period, as calculated from the between‑group difference in Kaplan–Meier curves. Panel B 
shows hazard ratios for a primary‑outcome event among patients in the two groups during the active‑ and post‑trial periods. During the 
post‑trial period, no additional doses of empagliflozin or placebo were provided to the patients, but practitioners were free to prescribe 
open‑label sodium–glucose cotransporter 2 (SGLT2) inhibitors (including open‑label empagliflozin) if such use was indicated. The aver‑
age use of SGLT2 inhibitors was calculated with the use of weights proportional to the total person‑years at risk in each year. Denomina‑
tors are the number of patients who were still at risk of a first primary‑outcome event at the start of the risk period. The area of each 
box is proportional to the inverse of the variance of the log hazard ratio.
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0.59 to 0.95); no material effect on the risk of 
death from noncardiovascular causes was ob-
served, with 5.3% in both groups (hazard ratio, 
0.97; 95% CI, 0.79 to 1.20). There were 301 deaths 
(9.1%) and 336 deaths (10.2%), respectively, from 
any cause (hazard ratio, 0.86; 95% CI, 0.74 to 1.01) 
(Table 3 and Fig. S5).

Exploratory Analysis

The mean (±SE) eGFR at the last local measure-
ment during the combined active- and post-trial 
periods among patients without end-stage kidney 
disease was 31.4±0.2 ml per minute per 1.73 m2 
in the empagliflozin group and 30.6±0.2 ml per 
minute per 1.73 m2 in the placebo group, for an 
absolute difference of 0.8 ml per minute per 1.73 
m2 (95% CI, 0.1 to 1.4) (Fig. S6). This absolute 
difference did not differ materially in any of the 
key subgroups (Fig. S7).

Discussion

As we reported previously in the active period of 
the EMPA-KIDNEY trial, empagliflozin reduced 
the risk of the progression of kidney disease or 
cardiovascular death (the primary outcome) dur-
ing a 2-year period in a population of patients 

with a wide range of causes of chronic kidney 
disease and levels of kidney function and albu-
minuria, with no major safety concerns.3 In our 
current report on the results of a 2-year post-
trial observation period in which the original 
group-assignment blinding was maintained, we 
found that similar percentages of patients in 
the two groups received open-label SGLT2 in-
hibitors and that there were important residual 
cardiorenal benefits from assignment to the em-
paglif lozin group after the trial drug was dis-
continued.

If there had been no off-treatment effect of 
empaglif lozin post-trial (i.e., if the hazard ratio 
had been 1.0 after discontinuation of the trial 
drug), absolute benefits would be observed to 
diminish from the end of the active-trial period 
(see details in the Methods section of the Sup-
plementary Appendix). Instead, we observed that 
absolute benefits both for a composite primary-
outcome event and for death or end-stage kidney 
disease were initially maintained. In relative terms, 
the carryover effect on the primary-outcome event 
was less than the effect of receiving empagliflozin 
during the active-trial period and appeared to last 
for up to 12 months, with most additional benefit 
seen in the first 6 months after the active trial 

Table 3. Primary, Secondary, and Tertiary Outcomes during the Combined Active- and Post-Trial Periods.*

Outcome
Empagliflozin 

(N = 3304)
Placebo 

(N = 3305)
Hazard Ratio 

(95% CI)

Patients with 
Event Rate

Patients with 
Event Rate

no. (%)
no. of events/ 
100 patient-yr no. (%)

no. of events/ 
100 patient-yr

Primary outcome

Progression of kidney disease or death 
from cardiovascular causes

865 (26.2) 8.4 1001 (30.3) 10.0 0.79 (0.72–0.87)

Secondary outcome

Kidney disease progression 778 (23.5) 7.5 897 (27.1) 9.0 0.79 (0.72–0.87)

Death from any cause or end‑stage kid‑
ney disease

559 (16.9) 5.1 648 (19.6) 6.1 0.81 (0.72–0.90)

End‑stage kidney disease 296 (9.0) 2.7 372 (11.3) 3.5 0.74 (0.64–0.87)

Tertiary outcome

Death from any cause 301 (9.1) 2.7 336 (10.2) 3.0 0.86 (0.74–1.01)

Death from cardiovascular cause 126 (3.8) 1.1 162 (4.9) 1.5 0.75 (0.59–0.95)

Death from noncardiovascular cause 175 (5.3) 1.5 174 (5.3) 1.6 0.97 (0.79–1.20)

*  No serious adverse events were attributed to trial empagliflozin during the post‑trial follow‑up period.
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ended. This finding suggests that the maximiza-
tion of cardiorenal clinical benefits of SGLT2 in-
hibitors in chronic kidney disease requires long-
term treatment.

The mechanisms for any persisting effects of 
SGLT2 inhibitors still need to be elucidated. Pres-
ervation of the number of nephrons during the 
active-trial period may have reduced hyperfiltra-
tion and the risk of end-stage kidney disease, and 
preservation of kidney function may have mediated 
some of the post-trial observed benefits on cardio-
vascular death.11 Short-term decreases in the eGFR 
with SGLT2 inhibition are reversed within 4 weeks 
after discontinuation,12,13 so some of the observed 
post-trial benefit on eGFR components of kidney 
disease progression could have resulted from such 
reversals. However, this hypothesis does not ex-
plain the continuing benefits of empagliflozin on 
end-stage kidney disease.

The patients who did not start an open-label 
SGLT2 inhibitor had twice the predicted risk of 
kidney failure as those who started an SGLT2 
inhibitor post-trial. This phenomenon may reflect 

some uncertainty about the efficacy of SGLT2 in-
hibition in patients with more severe chronic kid-
ney disease and inertia in changes in practice 
owing to the time taken for regulatory or payer 
approvals. This prognostic imbalance implies, in 
particular, that any comparison of outcomes be-
tween the patients in the empagliflozin group who 
started an SGLT2 inhibitor post-trial and those in 
the placebo group who did not will be confounded 
and hence unreliable.

Current international guidance regarding the 
use of SGLT2 inhibitors in chronic kidney disease 
provide recommendations of different strengths for 
patients who were eligible for the EMPA-KIDNEY 
trial on the basis of different levels of albumin-
uria.14 The longer follow-up and almost doubling 
in the number of first primary-outcome events 
from 990 in the active-trial period to 1866 in the 
combined periods may help us to address uncer-
tainties resulting from the active-trial period.3 
Benefits of empagliflozin with respect to primary-
outcome events, kidney disease progression, 
and difference in eGFR on the last measurement 

Figure 2. Subgroup Analysis of the Primary Outcome.

Shown is the risk of progression of kidney disease or death from cardiovascular causes (composite primary out‑
come) in the empagliflozin group and the placebo group in prespecified subgroups during the combined active‑ and 
post‑trial periods. The urinary albumin‑to‑creatinine ratio was calculated with albumin measured in milligrams and 
creatinine measured in grams.
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at the end of follow-up were similar regardless of 
the level of albuminuria, as well as diabetes sta-
tus, level of kidney function, and primary kidney 
diagnosis. Analyses of the long-term eGFR slope 
from the active-trial period have also shown that 
empagliflozin slowed progression in all albumin-
uria subgroups.12,15

Our trial was designed to ensure that findings 
would be widely generalizable. Other key strengths 
of the trial were its large size and broad eligibil-
ity criteria, good adherence to trial empagliflozin 
and placebo, the high volunteer rate for post-trial 
follow-up, and high levels of complete follow-up.3 
Post-trial follow-up addresses some of the limita-
tions of the active trial, including its low number 
of cardiovascular deaths.

Limitations of the post-trial study include the 
exclusion of patients from Japan (where the effects 
of active-trial treatment were similar to those in 
other regions16). Such exclusion did not bias the 
presented hazard ratios. In addition, post-trial 
follow-up relied on locally measured creatinine 
levels. We do not consider this factor to be a key 
limitation, because the results of the active trial 
were similar regardless of whether central or lo-
cal creatinine values were used.12 The lack of ad-
ditional data regarding hospitalization — which 
was a deliberate decision to streamline post-trial 
follow-up as much as possible — prevented an as-
sessment of any effects on hospitalization during 
the post-trial period.3,17

Post-trial follow-up of our active-trial patients 
provided more complete quantification of the to-
tal effects of a short period of 2 years of empa-
gliflozin treatment, including any carryover effect 
after stopping the trial drug. In a broad range of 
patients with chronic kidney disease, empagliflozin 
continued to have additional cardiorenal benefits 
for up to 12 months after it was discontinued.
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