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A BS T R AC T
BACKGROUND

Diabetes confers an increased risk of adverse cardiovascular and renal events. In
the EMPA-REG OUTCOME trial, empagliflozin, a sodium–glucose cotransporter 2
inhibitor, reduced the risk of major adverse cardiovascular events in patients with
type 2 diabetes at high risk for cardiovascular events. We wanted to determine the
long-term renal effects of empagliflozin, an analysis that was a prespecified component of the secondary microvascular outcome of that trial.
METHODS

We randomly assigned patients with type 2 diabetes and an estimated glomerular
filtration rate of at least 30 ml per minute per 1.73 m2 of body-surface area to
receive either empagliflozin (at a dose of 10 mg or 25 mg) or placebo once daily.
Prespecified renal outcomes included incident or worsening nephropathy (progression to macroalbuminuria, doubling of the serum creatinine level, initiation of
renal-replacement therapy, or death from renal disease) and incident albuminuria.
RESULTS

Incident or worsening nephropathy occurred in 525 of 4124 patients (12.7%) in the
empagliflozin group and in 388 of 2061 (18.8%) in the placebo group (hazard
ratio in the empagliflozin group, 0.61; 95% confidence interval, 0.53 to 0.70;
P<0.001). Doubling of the serum creatinine level occurred in 70 of 4645 patients
(1.5%) in the empagliflozin group and in 60 of 2323 (2.6%) in the placebo group,
a significant relative risk reduction of 44%. Renal-replacement therapy was initiated in 13 of 4687 patients (0.3%) in the empagliflozin group and in 14 of 2333
patients (0.6%) in the placebo group, representing a 55% lower relative risk in the
empagliflozin group. There was no significant between-group difference in the
rate of incident albuminuria. The adverse-event profile of empagliflozin in patients
with impaired kidney function at baseline was similar to that reported in the
overall trial population.
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CONCLUSIONS

In patients with type 2 diabetes at high cardiovascular risk, empagliflozin was
associated with slower progression of kidney disease and lower rates of clinically
relevant renal events than was placebo when added to standard care. (Funded by the
Boehringer Ingelheim and Eli Lilly and Company Diabetes Alliance; EMPA-REG
OUTCOME ClinicalTrials.gov number, NCT01131676.)
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ype 2 diabetes is a major risk factor
for macrovascular and microvascular disease.1 Kidney disease develops in approximately 35% of patients with type 2 diabetes2 and
is associated with increased mortality.3 Intensive
glucose-lowering strategies have been shown to
reduce surrogate markers of renal complications
in patients with type 2 diabetes; however, evidence for improvement in advanced renal complications is limited.4-8 Thus, despite optimized
glucose control and the use of single-agent
blockade of the renin–angiotensin–aldosterone
system (RAAS), patients with type 2 diabetes
remain at increased risk for death and complications from cardiorenal causes.9,10
Empagliflozin, a selective sodium–glucose cotransporter 2 inhibitor, reduces hyperglycemia
in patients with type 2 diabetes by reducing the
renal reabsorption of glucose, thereby increasing
urinary glucose excretion.11 The use of empagliflozin has been associated with a lowering of
glycated hemoglobin levels in patients with
type 2 diabetes, including those with stage 2 or
3a chronic kidney disease, and with reductions
in weight and blood pressure, without increases
in heart rate.12-19 Empagliflozin has been shown
to reduce intraglomerular pressure and improve
hyperfiltration in patients with type 1 diabetes,20,21
and it has been suggested that these effects may
translate into improved renal outcomes.22 However, concern has been raised that sodium–glucose
cotransporter 2 inhibitors may be associated
with long-term adverse renal effects.
In the recent EMPA-REG OUTCOME trial,23
the primary goal was to assess cardiovascular
outcomes. Here we report the results of a prespecified secondary objective of that trial, which
was to examine the effects of empagliflozin on
microvascular outcomes and, in particular, progression of kidney disease in patients with type
2 diabetes at high risk for cardiovascular events.

Me thods
Trial Design and Oversight

The design and methods of the EMPA-REG
OUTCOME trial have been described previously.24 In addition, the trial protocol is available
with the full text of this article at NEJM.org.
Briefly, the study population included patients
who had type 2 diabetes, established cardiovascular disease, and an estimated glomerular filtration rate (eGFR) of at least 30 ml per minute per
324
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1.73 m2 of body-surface area, according to the
four-variable Modification of Diet in Renal Disease (MDRD) formula. Patients were randomly
assigned to receive either empagliflozin (at a dose
of 10 mg or 25 mg) or placebo once daily in addition to standard care.
All the authors were involved in the trial design and had access to the data, which were
gathered and analyzed by Boehringer Ingelheim,
one of the trial sponsors. Medical writing assistance was provided by FleishmanHillard Fishburn,
with funding from Boehringer Ingelheim. All the
authors vouch for the accuracy and completeness
of the data analyses and for the fidelity of the
trial to the protocol. The first and fifth authors
wrote the first draft of the manuscript. All the
authors submitted revisions and made the decision to submit the manuscript for publication.
Primary and Key Secondary Cardiovascular
Outcomes

The primary outcome of the EMPA-REG OUTCOME trial was a composite of three major
adverse cardiovascular events (3-point MACE),
which was defined as the first occurrence of
death from cardiovascular causes, nonfatal myocardial infarction, or nonfatal stroke. The key
secondary outcome was a composite of the primary outcome plus hospitalization for unstable
angina (4-point MACE).
Microvascular and Renal Outcomes

A secondary outcome of the EMPA-REG OUTCOME trial was a composite microvascular outcome that included the first occurrence of any of
the following: the initiation of retinal photo
coagulation, vitreous hemorrhage, diabetes-related
blindness, or incident or worsening nephropathy. In this report, we focus on the results of the
renal microvascular outcomes, as prespecified in
the statistical analysis plan (available at NEJM.org).
The first renal microvascular outcome was incident or worsening nephropathy, defined as progression to macroalbuminuria (urinary albuminto-creatinine ratio, >300 mg of albumin per gram
of creatinine); a doubling of the serum creatinine level, accompanied by an eGFR of ≤45 ml
per minute per 1.73 m2, as calculated by the
MDRD formula; the initiation of renal-replacement therapy; or death from renal disease.
Other prespecified renal microvascular outcomes
were a composite of incident or worsening nephropathy or death from cardiovascular causes,
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the individual components of incident or worsening nephropathy, and incident albuminuria
(urinary albumin-to-creatinine ratio, ≥30) in
patients with a normal albumin level (urinary
albumin-to-creatinine ratio, <30) at baseline.
We conducted post hoc analyses in a subgroup of patients with prevalent kidney disease
(defined as an eGFR of 59 ml per minute per
1.73 m2 or less, as calculated by the MDRD formula, or macroalbuminuria) at baseline. In addition, we performed post hoc analyses of a
composite of a doubling of the serum creatinine
level, the initiation of renal-replacement therapy,
or death from renal disease.
Safety and Laboratory Assessments

We performed assessments of safety and adverseevent profiles, as described previously.24 We
evaluated the incidence of acute renal failure
using the narrow standardized Medical Dictionary
for Regulatory Activities (MedDRA) query, which
included the preferred term acute kidney injury.
We also evaluated the incidence of hyperkalemia
using two MedDRA preferred terms (hyperkalemia and increased blood potassium). Serum
creatinine and urinary albumin in spot urine
samples obtained during regular study visits
were measured in central laboratories with the
use of standardized procedures. Events that were
consistent with changes in the albuminuria category were captured if any laboratory assessment during the trial fulfilled the given criteria
on one occasion. We used the MDRD formula to
assess the eGFR at baseline.25 For prespecified
assessments of renal function over time, we
used the creatinine equation developed by the
Chronic Kidney Disease Epidemiology Collaboration (CKD-EPI).26
Statistical Analysis

We used a modified intention-to-treat approach
to perform analyses in patients who had received at least one dose of a study drug. All
analyses were performed at the nominal alpha
level of 0.05 without correction for multiple hypothesis testing. No formal power calculations
were performed a priori for microvascular outcomes. The trial protocol specified that the
outcomes of incident or worsening nephropathy
(and incident or worsening nephropathy or cardiovascular death) would be analyzed in treated
patients who did not have macroalbuminuria at
baseline, who had available measurements of
n engl j med 375;4

serum creatinine at baseline and after baseline,
and who had postbaseline measurements of the
urinary albumin-to-creatinine ratio (unless patients who did not fulfill these criteria had at
least one of the other components of the composite renal outcome). A post hoc sensitivity
analysis included all treated patients. Data from
patients who did not have an event were censored on the last day they were known to be free
of the outcome.
We used a Cox proportional-hazards model to
assess between-group differences in the risk of
an outcome after adjustment for study group, age,
sex, baseline body-mass index, baseline glycated
hemoglobin level, baseline eGFR, and region.
We also performed subgroup analyses that included additional factors for subgroup and for
interaction between the study group and subgroup. Prespecified analyses included comparisons of the pooled empagliflozin doses (10 mg
and 25 mg) and the individual doses versus placebo. A mixed-model, repeated-measures analysis was used to evaluate changes in the eGFR
over time and included the glycated hemoglobin
level and eGFR (according to CKD-EPI criteria) at
baseline as linear covariates and region, baseline
body-mass index, the last week a patient could
have had an eGFR measurement, study group,
visit, interaction between visit and study group,
interaction between the baseline glycated hemoglobin level and visit, and interaction between
the baseline eGFR and visit as fixed effects. We
used a random-intercept and time-coefficient
model to assess differences between the study
groups in the average rate of change in the eGFR
for prespecified time periods, with study group,
baseline body-mass index, and region as fixed
classification effects and baseline glycated hemoglobin level, time, and interaction between the
study group and time as linear covariates. Intercepts and slopes over time were allowed to vary
randomly between patients by including the patient and time as random effects.

R e sult s
Patients

A total of 7020 patients at 590 sites in 42 countries received at least one dose of a study drug.
According to the trial design, more than 99% of
the patients had established cardiovascular disease. At baseline, the eGFR was 45 to 59 ml per
minute per 1.73 m2 in 17.8% of the patients and
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30 to 44 ml per minute per 1.73 m2 in 7.7%;
28.7% had microalbuminuria, and 11.0% had
macroalbuminuria. In total, 80.7% of the patients
were taking angiotensin-converting–enzyme inhibitors or angiotensin-receptor blockers at baseline. The patients were categorized according to
whether the eGFR was 60 ml per minute per
1.73 m2 or more or 59 ml per minute per 1.73 m2
or less at baseline. The baseline characteristics
of the patients were generally similar in the two
study groups (Table 1; and Table S1 in the Supplementary Appendix, available at NEJM.org). A
higher percentage of patients in the placebo
group received additional cardiovascular medications during the trial (Table S2 in the Supplementary Appendix). The median duration of
treatment was 2.6 years, and the median observation time was 3.1 years.
Cardiovascular Outcomes

The primary outcome that was reported previously showed a significantly lower risk of 3-point
MACE in the pooled empagliflozin group than
in the placebo group, a difference that was
driven by a lower rate of death from cardiovascular causes.23 Prespecified secondary and additional cardiovascular outcomes that were reported previously included the 4-point MACE
(and components of this composite outcome),
hospitalization for heart failure, and death from
any cause.23
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consistent benefit of empagliflozin was seen
across prespecified subgroups (Fig. S1 in the
Supplementary Appendix) and across the two
doses of empagliflozin (Fig. S2 in the Supplementary Appendix).
The composite outcome of incident or worsening nephropathy or cardiovascular death was
significantly lower in the empagliflozin group
than in the placebo group (Fig. 2, and Fig. S3A in
the Supplementary Appendix). Equivalent results
were seen across the two doses of empagliflozin
(Fig. S3B in the Supplementary Appendix).
Progression to macroalbuminuria occurred in
459 of 4091 patients (11.2%) in the empagliflozin group and in 330 of 2033 (16.2%) in the
placebo group, a significant relative risk reduction of 38% (Fig. 2). A doubling of the serum
creatinine level occurred in 70 of 4645 patients
(1.5%) in the empagliflozin group and in 60 of
2323 (2.6%) in the placebo group, a significant
relative risk reduction of 44%. The initiation of
renal-replacement therapy occurred in 13 of 4687
patients (0.3%) in the empagliflozin group and
in 14 of 2333 (0.6%) in the placebo group, a
significant relative risk reduction of 55%. There
were three deaths from renal disease in the empagliflozin group (0.1%) and none in the placebo
group. There was no significant between-group
difference in the rate of incident albuminuria,
which occurred in 1430 of 2779 patients (51.5%)
in the empagliflozin group and in 703 of 1374
(51.2%) in the placebo group (Fig. 2).

Microvascular Outcome

The prespecified composite microvascular outcome in the overall trial population occurred in
577 of 4132 patients (14.0%) in the empagliflozin group and in 424 of 2068 patients
(20.5%) in the placebo group, a significant relative risk reduction of 38% (Table S3 in the Supplementary Appendix). Because the overall result
for this composite microvascular outcome was
driven entirely by the renal component, we have
focused on renal outcomes in this report.
Renal Outcomes

Post Hoc Assessments of Renal Outcomes

Results for the composite renal outcomes were
validated in a post hoc sensitivity analysis (Table
S4 in the Supplementary Appendix) and in a subgroup analysis of patients with prevalent kidney
disease at baseline (Table S5 and Fig. S4 in the
Supplementary Appendix). The effect of empagliflozin was consistent in further analyses in
which progression to macroalbuminuria was excluded from the composite renal outcome (Fig. 1B
and Fig. 2) with no heterogeneity among subgroups of patients with a normal albumin level
or microalbuminuria or macroalbuminuria at baseline and in subgroups according to the eGFR at
baseline (Figs. S5 and S6 in the Supplementary
Appendix).

An assessment of renal outcomes was a prespecified objective of the trial, and outcomes
were defined in a secondary statistical analysis
plan. Incident or worsening nephropathy occurred in 525 of 4124 patients (12.7%) in the
empagliflozin group and in 388 of 2061 patients Renal Function over Time
(18.8%) in the placebo group, a significant rela- Renal function over time, as measured by the
tive risk reduction of 39% (Fig. 1A and Fig. 2). A eGFR, is shown in Fig. 3A. Similar patterns in
326
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Table 1. Characteristics of the Patients at Baseline, According to the Estimated Glomerular Filtration Rate (eGFR).*
Patients with eGFR of 59 ml per
Minute per 1.73 m2 or Less

Characteristic

Age — yr
Male sex — no. (%)
Body-mass index†
Glycated hemoglobin — %‡
Interval of >10 yr since diagnosis of type 2 diabetes — no. (%)
Blood pressure — mm Hg
Systolic
Diastolic
Estimated glomerular filtration rate — ml/min/1.73 m2
Urinary albumin-to-creatinine ratio — no. (%)§
<30
30 to 300
>300
Cholesterol — mg/dl
Low-density lipoprotein¶
High-density lipoprotein‖
Triglycerides — mg/dl‖
Coronary artery disease
History of stroke**
Peripheral artery disease††
Cardiac failure‡‡
Concomitant medication — no. (%)
Angiotensin-converting–enzyme inhibitor or angiotensinreceptor blocker
Beta-blocker
Diuretic
Calcium-channel blocker
Statin
Aspirin
Metformin
Sulfonylurea
Insulin

Patients with eGFR of 60 ml per
Minute per 1.73 m2 or More

Placebo
(N = 607)

Empagliflozin
(N = 1212)

Placebo
(N = 1726)

Empagliflozin
(N = 3473)

67.1±8.2
418 (68.9)
30.9±5.4
8.03±0.85
422 (69.5)

67.1±7.6
816 (67.3)
31.0±5.5
8.07±0.86
794 (65.5)

61.9±8.6
1262 (73.1)
30.6±5.2
8.10±0.84
917 (53.1)

61.7±8.5
2518 (72.5)
30.5±5.2
8.07±0.84
1876 (54.0)

136.4±18.7
74.6±10.3
48.6±7.8

136.1±18.0
74.5±9.9
48.4±8.2

135.6±16.7
77.6±10.0
82.7±16.6

135.0±16.6
77.4±9.5
83.1±17.1

283 (46.6)
205 (33.8)
115 (18.9)

566 (46.7)
411 (33.9)
223 (18.4)

1099 (63.7)
470 (27.2)
145 (8.4)

2223 (64.0)
926 (26.7)
286 (8.2)

85.0±36.1
42.9±10.7
180.4±107.4
482 (79.4)
156 (25.7)
130 (21.4)
89 (14.7)

84.4±35.8
44.2±12.5
173.5±108.1
938 (77.4)
293 (24.2)
314 (25.9)
174 (14.4)

84.8±35.1
44.4±11.5
167.2±125.6
1281 (74.2)
397 (23.0)
349 (20.2)
155 (9.0)

86.5±36.0
44.7±11.7
169.4±136.4
2606 (75.0)
791 (22.8)
667 (19.2)
288 (8.3)

502 (82.7)

1031 (85.1)

1366 (79.1)

2766 (79.6)

415 (68.4)
355 (58.5)
227 (37.4)
461 (75.9)
495 (81.5)
369 (60.8)
234 (38.6)
357 (58.8)

829 (68.4)
710 (58.6)
446 (36.8)
966 (79.7)
981 (80.9)
711 (58.7)
480 (39.6)
699 (57.7)

1083 (62.7)
633 (36.7)
561 (32.5)
1312 (76.0)
1432 (83.0)
1365 (79.1)
758 (43.9)
778 (45.1)

2226 (64.1)
1336 (38.5)
1082 (31.2)
2663 (76.7)
2894 (83.3)
2746 (79.1)
1534 (44.2)
1551 (44.7)

*	Plus–minus values are means ±SD. The GFR at baseline was estimated according to the four-variable Modification of Diet in Renal Disease
formula. Data on eGFR at baseline were not available for two patients in the empagliflozin group. There were no significant differences between the study groups except with respect to high-density lipoprotein cholesterol (P = 0.02) and peripheral artery disease (P = 0.04) in patients with an eGFR of 59 ml per minute per 1.73 m2 or less. To convert the values for cholesterol to millimoles per liter, multiply by 0.02586.
To convert the values for triglycerides to millimoles per liter, multiply by 0.01129.
†	The body-mass index is the weight in kilograms divided by the square of the height in meters.
‡	The glycated hemoglobin value was missing for one patient in the empagliflozin group in patients with an eGFR of 60 ml per minute per
1.73 m2 or more.
§	This ratio was measured in milligrams of albumin per grams of creatinine.
¶	Low-density lipoprotein cholesterol was measured in 598 patients in the placebo group and 1201 in the empagliflozin group in patients
with an eGFR of 59 ml per minute per 1.73 m2 or less and in 1711 patients in the placebo group and 3421 in the empagliflozin group in
patients with an eGFR of 60 ml per minute per 1.73 m2 or more.
‖	High-density lipoprotein cholesterol and triglycerides were measured in 598 patients in the placebo group and 1202 in the empagliflozin
group in patients with an eGFR of 59 ml per minute per 1.73 m2 or less and in 1711 patients in the placebo group and 3423 in the empagliflozin group in patients with an eGFR of 60 ml per minute per 1.73 m2 or more.
**	Information on stroke history was not available for one patient in the placebo group in patients with an eGFR of 60 ml per minute per
1.73 m2 or more.
††	Information on peripheral artery disease was not available for one patient in the placebo group and one patient in the empagliflozin group
in patients with an eGFR of 60 ml per minute per 1.73 m2 or more.
‡‡	Cardiac failure was determined according to the narrow standardized Medical Dictionary for Regulatory Activities query for the condition.
n engl j med 375;4
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the eGFR were observed in patients with an
eGFR of 60 ml per minute per 1.73 m2 or more
and in patients with an eGFR of 59 ml per minute
per 1.73 m2 or less at baseline (Fig. S7 in the Supplementary Appendix). The initial decrease in
the eGFR in the empagliflozin group was completely reversed after the cessation of the study
drug (Fig. 3B). At the follow-up visit, the adjusted mean difference from placebo in the
change from baseline in the eGFR with each of
the two doses of empagliflozin was 4.7 ml per
minute per 1.73 m2 (95% confidence interval, 4.0
to 5.5; P<0.001 for both comparisons) (Fig. 3B).
We quantified the difference between the
study groups in the average rate of change in the
eGFR for three prespecified time periods, using
the CKD-EPI creatinine equation. From baseline
to week 4 (period 1), there was a short-term decrease in the eGFR in the empagliflozin groups,
with mean (±SE) adjusted estimates of weekly
decreases of 0.62±0.04 ml per minute per 1.73 m2
in the 10-mg group and 0.82±0.04 ml per minute per 1.73 m2 in the 25-mg group, as compared
with a small increase (of 0.01±0.04 ml per minute per 1.73 m2) in the placebo group (P<0.001
for both comparisons with placebo). Thereafter,
during long-term administration (period 2; from
week 4 to the last week of treatment), the eGFR
remained stable in the empagliflozin groups and
declined steadily in the placebo group, with adjusted estimates of annual decreases of 0.19±0.11
ml per minute per 1.73 m2 in the 10-mg and
25-mg empagliflozin groups, as compared with a
decrease of 1.67±0.13 ml per minute per 1.73 m2
in the placebo group (P<0.001 for both comparisons with placebo). After the cessation of
the study drug (period 3; last week of treatment
to follow-up), the eGFR increased with both
doses of empagliflozin, with adjusted estimates
for weekly increases of 0.48±0.04 ml per minute
per 1.73 m2 in the 10-mg group and 0.55±0.04
ml per minute per 1.73 m2 in the 25-mg group,
as compared with a small decrease (of 0.04±0.04
ml per minute per 1.73 m2) in the placebo group
(P<0.001 for both comparisons with placebo).
Safety and Adverse Events

The percentages of patients who had an adverse
event, a serious adverse event, or an adverse
event leading to study-drug discontinuation were
similar in the empagliflozin group and the placebo group in patients with an eGFR of 60 ml
328
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per minute per 1.73 m2 or more and in patients
with an eGFR of 59 ml per minute per 1.73 m2
or less (Table 2, and Table S6 and Fig. S8 in the
Supplementary Appendix). Genital infections
were reported in a higher percentage of patients
in the empagliflozin group than in the placebo
group. There were similar rates of overall urinary tract infection, complicated urinary tract
infection, and pyelonephritis in the two study
groups. Urosepsis was reported infrequently, but
the proportion of patients with events was
higher with empagliflozin than with placebo
(Table S7 in the Supplementary Appendix). The
percentages of patients with confirmed hypoglycemic episodes, diabetic ketoacidosis, thromboembolic events, bone fractures, and events consistent with volume depletion were similar in the
two study groups. Events that were consistent
with acute renal failure, including acute kidney
injury, and hyperkalemia were reported in a
lower percentage of patients in the empagliflozin
group than in the placebo group (Figs. S8 and
S9 in the Supplementary Appendix). Clinical
laboratory measurements are provided in Table
S8 in the Supplementary Appendix.

Discussion
In patients with type 2 diabetes at high risk for
cardiovascular events, those who received empagliflozin in addition to standard care had a significantly lower risk of microvascular outcome
events than did those receiving placebo, a difference that was driven by a lower risk of progression of kidney disease (as defined by incident or
worsening nephropathy). Patients in the empagliflozin group also had a significantly lower
risk of progression to macroalbuminuria or clinically relevant renal outcomes, such as a doubling
of the serum creatinine level and initiation of
renal-replacement therapy, than did those in the
placebo group.
The magnitude of the renal effect associated
with empagliflozin was consistent with respect
to the competing risk of death from cardiovascular causes, as well as between empagliflozin
doses of 10 mg and 25 mg and across prespecified subgroups, including patients with prevalent kidney disease. These results were observed
in a population of patients whose blood pressure
was well managed, with extensive use of RAAS
blockers, the recommended treatment for kidney
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A Incident or Worsening Nephropathy
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disease in patients with type 2 diabetes. However, the renal effects of empagliflozin cannot
necessarily be generalized to patients with type
2 diabetes at lower cardiovascular risk. Generalization of the findings to black patients also has
limitations because of the small sample size that
we studied. Further clinical research is warranted to validate our findings in broader populations at risk for adverse renal outcomes.
Empagliflozin was associated with lower rates
of hyperglycemia and lower values for weight
and blood pressure than was placebo.23 A trial
comparing an intensive multifactorial intervention with conventional therapy in patients with
type 2 diabetes and microalbuminuria did not
show significant differences in the decline in
renal function after 7.8 years.27 Thus, in our trial,
the magnitude of the observed effect on these
risk factors over a median follow-up period of
3.1 years is unlikely to fully account for the observed difference in renal function among patients receiving empagliflozin.
The mechanisms behind the renal effects of
empagliflozin are probably multifactorial, but
direct renovascular effects may play an important role.21,28,29 Empagliflozin reduces proximal
tubular sodium reabsorption, thereby increasing
distal sodium delivery to the macula densa,
which has been shown to activate tubuloglomerular feedback, leading to afferent vasomodulation and a decrease in hyperfiltration.30 In patients with type 1 diabetes and hyperfiltration,
empagliflozin reduces the intraglomerular pressure.20 Despite the low-pressure environment of
renal glomeruli, a reduction in glomerular hypertension of approximately 6 to 8 mm Hg was
observed with empagliflozin.20 Other effects,
such as those on arterial stiffness,28,29 vascular
resistance,28 serum uric acid levels,23 and the
systemic and renal neurohormonal systems,29,31,32
may also contribute to the improvements in the
progression of renal disease observed with empagliflozin. Further research is needed to explore whether empagliflozin-associated changes
in blood volume or renal perfusion may alter
serum creatinine turnover and renal-function
assessments.
Previous trials have focused on the role of
RAAS blockade for improving renal outcomes in
type 2 diabetes.33-35 Such blockade causes vasodilation of the efferent arteriolar system of the
glomerulus and a reduction in intraglomerular
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Figure 1. Kaplan–Meier Analysis of Two Key Renal Outcomes.
Shown are estimates of the probability of a first occurrence of a prespecified
renal composite outcome of incident or worsening nephropathy (Panel A)
and of a post hoc renal composite outcome (a doubling of the serum creatinine level, the initiation of renal-replacement therapy, or death from renal
disease) (Panel B) among patients who received at least one dose of either
empagliflozin or placebo. The inset in Panel B shows the data on an expanded y axis. Hazard ratios are based on Cox regression analyses. Because of
the declining numbers of patients at risk, Kaplan–Meier curves have been
truncated at 48 months.

pressure.36,37 This vasomodulatory mechanism is
known to cause a short-term decrease in the
eGFR,38 which is accompanied by a smaller decline in renal function during continued treatment.39 In our trial, empagliflozin showed a
similar pattern of change in renal function (i.e.,
a short-term decrease followed by stabilization
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Figure 2. Risk Comparison for Seven Renal Outcomes.
All the analyses shown were performed with the use of Cox regression in patients who received at least one dose of either empagliflozin or placebo. All the analyses were prespecified except for the composite outcome of a doubling of the serum creatinine level, the initiation of renal-replacement therapy, or death from renal disease. The abbreviation eGFR
denotes estimated glomerular filtration rate.
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A Change in eGFR over 192 Wk
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Figure 3. Renal Function over Time.
Shown are the adjusted means for the estimated glomerular filtration rate (eGFR) over a period of 192 weeks (Panel A)
and at the last measurement during treatment and at follow-up (Panel B) among patients who received empagliflozin
(at a dose of 10 mg or 25 mg) or placebo. Baseline values are means, and the I bars indicate standard errors. The eGFR
was calculated according to the creatinine formula developed by the Chronic Kidney Disease Epidemiology Collaboration.
Among patients in the empagliflozin group, the adjusted mean difference from placebo in the change from baseline at
follow-up (Panel B) was 4.7 ml per minute per 1.73 m2 in both the 10-mg and 25-mg groups (P<0.001 for both comparisons). Panel A is based on prespecified mixed-model, repeated-measures analysis in patients who received at least one
dose of a study drug and had a baseline and postbaseline measurement. Panel B is based on a prespecified analysis of
a covariance model (with the baseline eGFR and glycated hemoglobin level as linear covariates and baseline body-mass
index, region, and study group as fixed effects) in patients who underwent measurements at all three time points.
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Table 2. Adverse Events.*
Patients with Baseline eGFR of 59 ml per Minute
per 1.73 m2 or Less

Event

Placebo
(N= 607)

Patients with Baseline eGFR of 60 ml per Minute
per 1.73 m2 or More

Empagliflozin
(N = 1212)

Placebo
(N = 1726)

Empagliflozin
(N = 3473)

no. (%)

rate per 100
patient-yr

no. (%)

rate per 100
patient-yr

no. (%)

rate per 100
patient-yr

no. (%)

rate per 100
patient-yr

Any adverse event

577 (95.1)

262.3

1107 (91.3)

183.4

1562 (90.5)

159.8

3121 (89.9)

140.1

Severe adverse event†

208 (34.3)

17.3

360 (29.7)

14.0

384 (22.2)

9.9

740 (21.3)

9.1

Serious adverse event†

321 (52.9)

31.7

552 (45.5)

24.9

667 (38.6)

19.6

1237 (35.6)

17.0

Death
Adverse event leading to
discontinuation

40 (6.6)

2.8

68 (5.6)

2.3

79 (4.6)

1.8

108 (3.1)

1.2

167 (27.5)

12.6

278 (22.9)

10.0

286 (16.6)

6.9

535 (15.4)

6.2

233 (38.4)

22.9

391 (32.3)

17.9

417 (24.2)

11.7

912 (26.3)

12.8

18 (3.0)

1.3

23 (1.9)

0.8

18 (1.0)

0.4

40 (1.2)

0.4

132 (21.7)

10.4

278 (22.9)

11.0

291 (16.9)

7.5

564 (16.2)

6.9

Confirmed hypoglycemic
adverse event‡
Any
Requiring assistance
Event consistent with urinary
tract infection
Any§

17 (2.8)

1.2

37 (3.1)

1.3

24 (1.4)

0.6

45 (1.3)

0.5

Event consistent with genital
infection‖

Complicated ¶

10 (1.6)

0.7

64 (5.3)

2.2

32 (1.9)

0.7

237 (6.8)

2.7

Event consistent with volume depletion**

49 (8.1)

3.6

81 (6.7)

2.8

66 (3.8)

1.6

158 (4.5)

1.8

Acute renal failure††

87 (14.3)

6.5

136 (11.2)

4.9

68 (3.9)

1.6

110 (3.2)

1.2

Acute kidney injury

22 (3.6)

1.6

26 (2.1)

0.9

15 (0.9)

0.4

19 (0.5)

0.2

Diabetic ketoacidosis‡‡

1 (0.2)

0.1

2 (0.2)

0.1

0

0

  2 (0.1)

<0.1

Thromboembolic event§§

7 (1.2)

0.5

13 (1.1)

0.4

13 (0.8)

0.3

17 (0.5)

0.2

Bone fracture¶¶

32 (5.3)

2.3

57 (4.7)

2.0

59 (3.4)

1.4

122 (3.5)

1.4

Hyperkalemia‖‖

42 (6.9)

3.0

47 (3.9)

1.6

36 (2.1)

0.8

46 (1.3)

0.5

*	Data are for patients who received at least one dose of a study drug and include events that occurred during treatment or within 7 days
after the last receipt of a study drug.
†	A serious adverse event is defined as an event that is fatal or life-threatening, results in persistent or significant disability, requires or prolongs hospitalization, is associated with a congenital anomaly or birth defect, or is deemed to be serious for any other reason. A severe
adverse event is one that is incapacitating or that results in an inability to work or perform usual activities.
‡	Hypoglycemia was defined as a plasma glucose level of 70 mg per deciliter (3.9 mmol per liter) or less or an event requiring assistance.
§	The definition of urinary tract infection was based on 79 preferred terms in the Medical Dictionary for Regulatory Activities (MedDRA).
¶	Complicated urinary tract infection comprised pyelonephritis, urosepsis, and a serious adverse event consistent with urinary tract infection.
‖	The definition of genital infection was based on 88 MedDRA preferred terms.
**	The definition of volume depletion was based on 8 MedDRA preferred terms.
††	The definition of acute renal failure was based on the narrow standardized MedDRA query for the condition.
‡‡	The definition of diabetic ketoacidosis was based on 4 MedDRA preferred terms.
§§	The definition of thromboembolic event was based on 1 standardized MedDRA query.
¶¶	The definition of bone fracture was based on 62 MedDRA preferred terms.
‖‖	The definition of hyperkalemia was based on 2 MedDRA preferred terms.

in the eGFR over time). Moreover, measures of
renal function significantly improved after the
discontinuation of empagliflozin, indicating that
glomerular hemodynamic changes were reversed
332
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even after long-term treatment. Most patients in
this trial were receiving background RAAS
blockade, so the renal effects of empagliflozin
were still apparent even with the use of these
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agents. This finding supports the potential use
of empagliflozin in combination with RAAS
blockers in patients with type 2 diabetes and
chronic kidney disease. However, empagliflozin
did not prevent incident albuminuria despite
previous evidence that the drug lowers the intraglomerular pressure.20
The adverse-event profile of empagliflozin in
patients who had impaired kidney function at
baseline, a potentially vulnerable population,
was consistent with that reported in the overall
trial population. The proportion of patients with
genital infection was greater in the empagliflozin
group than in the placebo group, which was
consistent with findings in previous studies.
Rates of adverse events consistent with acute
renal failure (including acute kidney injury) or
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