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ct Objective: To critically appraise the EMPA-REG OUTCOME 

trial and identify the appropriate place of the antidiabetic 
drug empagliflozin in therapeutics. Methods: A review was 
performed of the data provided in the main journal publication, 
supplementary appendix and different versions of the protocol, 
all published in The New England Journal of Medicine, as well 
as other public reports issued by major regulatory agencies. 
The manufacturer and the European Medicines Agency did 
not provide the Clinical Study Report. Results: A number of 
factors related to the development of the trial should be ca-
refully considered before accepting the theoretical superiority 
of empagliflozin claimed by the investigators of the trial. More 
specifically, the substantial late amendments to the protocol 
and the statistical analysis plan, the breach of confidentiality 
of interim data, and the relevant conflicts of interest disclosed 
question the validity of the trial. In addition, the trial over-relies 
on merely exploratory data, the clinical relevance of the results 
is overestimated and its effectiveness in the European and Ame-
rican populations was very poor, which raises questions about 
the applicability of the results to our population. Conclusions: 
There is no solid evidence supporting the claims of superiority of 
empagliflozin over placebo for the prevention of macrovascular 
complications in diabetic patients with cardiovascular disease. 
The limitations of the EMPA-REG OUTCOME trial should be 
appropriately addressed before the drug’s indications are ex-
tended. Also, a confirmatory trial should be conducted to verify 
the results of the first study.
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Introduction

Diabetes Mellitus is characterized by the inability of the 
pancreas to produce insulin (type 1) or the inability of the 
body to respond adequately to the action of insulin (type 2). 
Combined with other factors, poor glycemic control may 
cause microvascular (at renal, neurological and retinal 
level) and macrovascular complications (primarily stroke, 
myocardial infarction and peripheral vascular disease) 
in the long-term. Diabetes Mellitus is a growing health 
problem that has become the focus of intense research. 

Over 90% of diabetic patients have type 2 diabetes.1 When 
exercise and a proper diet are not enough for achieving 
a good glycemic control, the administration of oral anti-
diabetic drugs (OAD) is considered. Metformin is the first-
choice drug for most patients, since it was conclusively 
proven to reduce morbidity and mortality in the UKPDS 
trial. Also, its profile of adverse events is well-known and 
acceptable in general terms.2

In the last decade, new families of antidiabetic drugs 
have been incorporated into the therapeutic arsenal for 
diabetes,3 such as GLP-1 agonists, dipeptidyl peptidase 
4 (DPP-4) inhibitors and sodium–glucose cotransporter 
(type 2 SGLT) inhibitors. Empagliflozin -a type 2 SGLT 
inhibitor- was approved in Spain in June 2014 following 
dapagliflozin (November 2012) and canagliflozin (May 
2014). These new drugs contribute to improving glyce-
mic control by reducing the resorption of glucose by the 
kidneys.4 

Effectiveness and use of empagliflozin

According to the World Health Organization,5 diabetes af-
fects over 500 million people worldwide, which represents 
an 8.5% prevalence in the adult population and 1.5 million 
deaths directly attributable to diabetes every year. In Na-
varre, Spain, a total of 36,000 patients with diabetes have 
been identified through the Integrated Care Strategy for 
Chronic and Pluripathological Patients.6 Over half of them 
received at least an OAD by April 2016. Although SGLT2 
inhibitors are a newly developed class of OADs (it is only 
prescribed to 3% of patients), there is a growing tendency 
to prescribe these drugs. 

So far, the effectiveness of empagliflozin has been 
assessed by relying merely on changes in glycated 
hemoglobin (HbA1c) level. In the recent years, ten trials 
of a duration ranging from 24 to 78 weeks have been 
conducted with empagliflozin administered either alone 
or in combination with other drugs. In total, these trials 
included 11,250 patients and reported a mean 0.38% to 
0.85% reduction in HbA1c levels with respect to placebo.7 
Comparatively with other OADs, the only study published 
so far concluded that empagliflozin is not inferior to 
glimepiride in this intermediate outcome.7 Considering the 
above, the modest clinical results and data summarized 
in this paper do not support that empagliflozin provides 
an advantage over other older, more well studied, and 
cheaper OADs. 

Rationale for the EMPA-REG OUTCOME trial

Ten years after the publication of the UKPDS 33 and 34 
trials8,9 —which supported tight control of glycemia to 
reduce microvascular events and the use of metformin as 
first-choice drug for diabetes— an extensive therapeutic 
arsenal of glucose-lowering drugs is available nowadays. 
However, cases of cardiovascular events associated with 
the use of some of these molecules (such as tolbutamide) 
were reported, thus raising concerns about the cardiovas-
cular safety of these agents. Finally, robust evidence was 
published in 2007 supporting the relationship between 
rosiglitazone and a higher risk of myocardial infarction and 
cardiovascular mortality10. Such warning resulted in the 
withdrawal of rosiglitazone from the market. This caused 
concern among physicians and regulatory authorities, 
since a drug for preventing cardiovascular events actually 
increased the risk of heart disease.

The United States Food and Drug Administration (FDA) 
published new guidelines for the development of clinical 
trials on diabetes in 2008.11 Some months later, a supple-
mentary report specifically focused on the assessment 
of the cardiovascular safety of antidiabetic drugs was 
released.12 These reports confirm that there is more 
solid evidence on the relationship between good control 
of HbA1c and a lower incidence of microvascular events 
than there is regarding macrovascular events.11,13

«The power of true.»
Eslogan de Fleishman-Hillard Group

«The truth is the truth, whether it is told by Agamemnon or his swineherd.
Agamemnon:

—I agree.
The swineherd: 

—I don’t completely agree.»
Antonio Machado / Juan de Mairena
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request the CSR later in November 2016. However, when 
we contacted again in November 2016 we were told that 
they were “not yet able to share further details on the 
study because access to clinical data and documents is 
normally only provided after regulatory review has been 
completed or after termination of the development pro-
gram”. Twenty months after the completion of the study, 
only a 23 page clinical study synopsis is available at the 
corporate website.17  

Simultaneously, in October 2015, we requested the Euro-
pean Medicines Agency (EMA) to provide all information 
they had on the EMPA-REG trial, with especial emphasis 
on the CSR. The EMA forwarded several documents 
related to the authorization of empagliflozin including 
a meta-analysis providing intermediate data from the 
1245.25 trial that was used for approval of the drug. How-
ever, the EMA refused to provide the complete CSR of the 
study on the grounds that disclosure of the CSR would 
interfere with EMA’s decision on an ongoing process of au-
thorization (extension of therapeutic indications) and that 
an exception could not be made as it was not of particular 
public interest. We were invited to request the CSR once 
the process was concluded.

Description of the EMPA-REG OUTCOME trial

Main research question

In patients with type 2 diabetes, poor glycemic control 
and established cardiovascular disease, is empagliflozin 
as add-on to standard antidiabetic therapy safe in terms 
of cardiovascular health?18

Design

A randomized, multicenter, parallel-group, double-blind 
trial of an expected 6-8-year duration until a minimum of 
691 confirmed primary outcome events are attained. 

Location

590 sites in 42 countries. By descending order of number 
of patients recruited, the trial was performed in Europe, 
North America (plus Australia and New Zealand), Asia, 
Latin America and Africa. 

Inclusion and exclusion criteria

The study included adult patients with type 2 diabetes, 
insufficient glycemic control (HbA1c = 7-9% for drug-naive 
patients and 7-10% for subjects on baseline therapy) and 
established cardiovascular (CV) disease (acute myocardial 
infarction [AMI], stroke, unstable angina, peripheral vas-
cular disease or coronary artery disease).

Henceforth, for a new antidiabetic drug to receive initial 
approval, a pivotal trial —or meta-analysis of phase II and 
III trials— comparing the incidence of major cardiovascular 
events in the group receiving the new drug vs controls is 
required. In this case, the established upper limit of the 
95% confidence interval estimate for the relative risk is 
< 1.8. Once the drug is approved by regulators, a post-
authorization study must be performed to prove that the 
upper limit of the 95% confidence interval actually is < 
1.3. In other words, antidiabetic drugs that increase major 
cardiovascular events by up to 80% with respect to con-
trols could be initially approved. Afterwards, if they would 
confirm up to 30% increase with respect to controls will 
not be withdrawn from the market. This is a remarkably 
“generous” margin for new candidate antidiabetic drugs. 
In agreement with these guidelines, sitagliptin, saxagliptin 
and alogliptin have been reported not to increase cardio-
vascular risk, and liraglutide has even been claimed to 
reduce it.3 

The EMPA-REG OUTCOME trial14 (hereinafter EMPA-
REG) — registered in clinicaltrials.gov as NCT01131676 
and technically labeled as BI-1245.25— had an “adaptive 
design” that, under FDA authorization, integrated these 
two phases into a single trial. In order to grant approval, 
the FDA considered the  data of an interim analysis of the 
EMPA-REG trial along with a pooled analysis of  data from 
previous studies.15 The trial would then continue until the 
scheduled completion date, where the final data obtained 
would eventually support (or not support) initial approval. 

Therefore, this is a safety study which carried a primary 
goal of ruling out clinical damage rather than confirming 
clinical benefit. The objective of this article is to carry out 
a critical appraisal of the EMPA-REG trial and identify the 
decisive factors that may help determine the appropriate 
place of the antidiabetic drug empagliflozin in therapeu-
tics. 

Methods

This report is based on basic data from the EMPA-REG 
trial as published in The New England Journal of Medicine 
(NEJM) on 17 September 2015. The paper included a final 
results report, supplementary information and the differ-
ent versions of the study protocol.14 The summary of the 
protocol published in Cardiovascular Diabetology was also 
considered for this report.15  

A Clinical Study Report (CSR) is a comprehensive, un-
abridged primary report of study conduct and results 
that sponsors are required to submit for thorough review 
by regulatory authorities.16 On 23 September 2015, we 
requested Boehringer Ingelheim (BI) (manufacturer of 
Jardiance® (empagliflozin)) via www.ClinicalStudy-
DataRequest.com to provide the CSR and individual 
data obtained in the EMPA-REG trial for an independent 
reanalysis of data. A week later, the pharmaceutical com-
pany refused to supply the CSR and invited our team to 
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interval for the hazard ratio between empagliflozin and 
placebo was <1.3. In other words, the non-inferiority of 
empagliflozin vs placebo was proven if the increase in 
the risk of occurrence of primary outcome events did not 
exceed 30%.  

Once non-inferiority was demonstrated, hierarchical 
testing for superiority was performed with respect to 
the primary outcome and the key secondary outcome. 
On such purpose, the new and single requirement to 
demonstrate the superiority of empagliflozin was that the 
upper limit of the adjusted 95% confidence interval for the 
hazard ratio was <1.0 This means that statistical —but 
not clinical— superiority was required to be demonstrated. 
The primary analysis selected was a modified intention-
to-treat analysis, which included all patients who received 
at least one dose of the study drug. 

Results

A total of 772 primary outcome events were reported to 
have occurred in over 7,020 treated patients after a median 
duration of treatment of 2.6 years and 3.1-year follow-
up, much earlier than expected. Twenty-five percent of 
patients prematurely discontinued study medication. The 
main outcomes related to CV safety are summarized in 
Table 1. 
 
Differences in HbA1c between empagliflozin and placebo 
peaked at 12 weeks (0.60%) and dropped at the end of 
the study (0.24%). According to the Figure 1 provided in 
the paper, minimum differences in HbA1c coincided with 
the greatest differences in major outcomes. Slight reduc-
tions were also achieved with empagliflozin in weight, 
waist circumference, systolic blood pressure and uric 
acid, whereas mild increases were observed in c-LDL and 
c-HDL.

Prevalent reasons for exclusion were glomerular filtra-
tion rate <30 ml/min/1.73m2, liver disease, uncontrolled 
hyperglycemia or recent cardiovascular event.

Intervention

A total of 7,028 patients were randomly allocated to three 
treatment groups, of whom 7,020 received at least one do-
se of study drug, namely: empagliflozin 10mg (n=2,345), 
empagliflozin 25mg (n=2,342) or placebo (n=2,333), 
once daily for all groups. Randomization was stratified 
by baseline HbA1c, body mass index, renal function and 
geographic origin.

Baseline antidiabetic therapy was continued unchanged 
for the first 12 weeks following randomization, except for 
cases of glycemia > 240mg/dL. After this period, therapy 
could be adjusted to achieve desired glycemic control and 
treat other CV risk factors at the investigator’s discretion 
to achieve best standard of care according to local gui-
delines.

Outcomes 

The study protocol established the following outcomes by 
decreasing order of relevance:

Primary endpoint
A composite outcome of time to first occurrence of CV 
death, non-fatal myocardial infarction (excluding silent 
AMI), or non-fatal stroke.

Key secondary outcome
A composite outcome that expands the primary com-
posite outcome to include time to first occurrence of 
hospitalization for unstable angina.

Other secondary outcomes
Silent AMI, heart failure requiring hospitalization and 
other microvascular events. Diagnosis of silent AMI was 
exclusively based on ECG findings.

Other exploratory outcomes
Overall mortality, CV mortality and other macrovascular 
or microvascular outcomes. Data on severe adverse 
effects were also collected, and potential renal, liver or ge-
nitourinary tract events, bone fractures, and thromboem-
bolic episodes of hypoglycemia were monitored. 

Statistical Analysis

Statistical analysis included a hierarchical testing strategy. 
The main hypothesis of the study was that empagliflozin 
administered at a dose of 10mg or 25mg (although dose 
groups were analyzed jointly) was not inferior to placebo 
regarding the primary outcome. Non-inferiority was dem-
onstrated if the upper limit of the adjusted 95% confidence 

Both, the manufacturer 
and the EMA denied 
access to the Clinical 
Study Report of the 
trial, which delays 
the performance of an 
independent analysis 
of data
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Traditional clinical trials have a range of limitations that 
should be minimized. However, the use of drugs in early 
clinical development as advocated by the adaptive method 
has significant weaknesses that should considered21, 
namely: a) If expedited approval mechanisms are used, 
pharmacovigilance problems may arise in the future; 
b) sometimes (not in the EMPA-REG case) the adaptive 
pathways model relies on surrogate endpoints excessively, 
which may compromise the assessment of drug effective-
ness; c) a large number of mandated post-authorization 
studies are eventually not performed; d) early market 
access to innovative drugs does not ensure that they are 
more effective. In sum, the adaptive model does not genu-
inely promote true innovation.22 Therefore, accelerated 
approval schemes entail the risk of serving the interests 
of the industry without regard to patient safety. 

Conflicts of interests in the trial 

The EMPA-REG trial was co-financed by BI, which is the 
manufacturer of empagliflozin, and Lilly. Of the 12 listed 
authors, seven are employees of BI and five are affiliated 
with several universities. The latter reported receiving 
consulting fees from BI15 and were paid for serving on the 
Steering Committee of the EMPA-REG trial.14 

The author that chaired the Data Monitoring Committee 
—a supposedly independent body with regular access to 
data produced by the trial23 — received consulting fees 
from BI for the amount of $40,000 between 2013 and 
2015 while the EMPA-REG trial was still in progress.24 

Authors’ conclusions

In the authors’ words, this trial provides evidence support-
ing the long-term use of empagliflozin and offer “strong 
evidence” of a reduction of CV risk. Patients with type 2 
diabetes and high CV risk who received empagliflozin as 
add-on therapy to standard-of-care drugs as compared to 
placebo showed a lower rate of occurrence of primary CV 
outcomes and a lower overall mortality. 

Critical review of the EMPA-REG OUTCOME trial

Choice of an adaptive study design

The EMPA-REG trial is one of the first examples of a clini-
cal trial with an adaptive design focused on a standard-
of-care therapy in primary care. At present, the role of 
traditional clinical trials is a matter of controversy. A 
number of scholars and regulators have questioned the 
appropriateness of using clinical trials as the main source 
of scientific evidence19,20 in the light of their inefficient 
design and the fact that it is not easy to extrapolate the 
results obtained to real practice. 

Unfortunately, the solution proposed eliminates the main 
strength of clinical trials i.e. their high reliability based 
on a high internal consistency. Instead, adaptive, flexible 
and enabling trial designs that allow rapid access to new 
drugs have been proposed. Yet, they are accompanied by 
a greater uncertainty about their effectiveness and safety. 

Table 1. Main results of the EMPA-REG OUTCOME trial.

 

No patients (%)

Placebo 
(N=2333)

Empaglifozin 
(N=4687)

Hazard ratio 
(IC 95%)

ARR (%) 
(IC 95%)

NNT 
(IC 95%)

PRIMARY OUTCOME

Cardiovascular mortality + Non-fatal AMI + 
Non-fatal stroke 282 (12.1) 490 (10.5) 0.86 (0.74-0.99) 1.63 (0.05 to 3.22) 61 (31 to 2152)

KEY SECONDARY OUTCOME

Cardiovascular mortality + Non-faltal AMI  
+ Non-fatal stroke + Hospitalization for unstable 
angina

333 (14.3) 599 (12.8) 0.89 (0.78-1.01) 1.49 (-0.22 to 3.20) 67 (31 to -459)

ADDITIONAL SECONDARY OUTCOMES

Silent AMI 15 (0.6) 38 (0.8) 1.28 (0.70-2.33) -0.17 (-0.58 to 0.25) -596 (406 to -171)

Hospitalization for heart failure 95 (4.1) 126 (2.7) 0.65 (0.50-0.85) 1.38 (0.46 to 2.31) 72 (43 to 219)

EXPLORATORY OUTCOMES

All-cause mortality 194 (8.3) 269 (5.7) 0.68 (0.57-0.82) 2.58 (1.27 to 3.88) 39 (26 to 79)

Cardiovascular mortality 137 (5.9) 172 (3.7) 0.62 (0.49-0.77) 2.20 (1.11 to 3.30) 45 (30 to 90)

Fatal and non-fatal AMI (excluding silent AMI) 121 (5.2) 213 (4.5) 0.87 (0.70-1.09) 0.64 (-0.44 to 1.72) 156 (58 to -228)

Fatal and non-fatal stroke 69 (3.0) 164 (3.5) 1.18 (0.89-1.56) -0.54 (-1.41 to 0.32) -185 (308 to -71)

AMI = Acute myocardial infarction. ARR = Absolute risk reduction. NNT = Number needed to treat. NS = Non-significant.
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The third amendment to the protocol —which was pub-
lished more than a year after patient recruitment had 
started— establishes that silent AMI patients would be 
excluded from the primary composite outcome (page 
113 of 165) and included in the outcome “non-fatal AMI” 
instead (page 118 of 165), showing a serious lack of coher-
ence between the two outcomes. The exclusion of silent 
AMI patients from the primary outcome might have been 
due to the study design, which was intended to discard 
safety problems instead of demonstrating the efficacy of 
the drug.29 This is of paramount importance, as statistical 
superiority would have disappeared if silent infarction had 
been included in the primary outcome.29 

The fourth and last amendment to the protocol was pub-
lished in October 2013, there years after patient recruit-
ment had started and after an interim analysis had been 
conducted due to the breach of confidentiality mentioned 
above. In the previous version of the protocol, the statisti-
cal analysis plan established that the trial would end when 
691 events of the primary outcome were reached, which 
was enough to demonstrate the margin of non-inferiority 
requested (<1.3) with a statistical power of 90%. 

However, the text in the new version was modified, and the 
number of events was raised to “a minimum of 691 events” 
(pages 162-163 of 165). The interim analysis showed that 
the result of the primary outcome for empagliflozin nearly 
reached —but did not reach— statistical superiority. [HR = 
0.74 (95% CI 0.53-1.03)]. Finally, 772 events were evalu-
ated and superiority in relation to the primary outcome 
very closely brushed the limit of statistical significance 
[HR = 0.86 (95% CI 0.74-0.99)]. In the light of the above, the 
hypothesis that by increasing the sample size a posteriori 
the investigators actually sought to reach statistical sig-
nificance and demonstrate the superiority rather than the 
non-inferiority of empagliflozin in reducing macrovascular 
events —something unseen in antidiabetic drugs— seems 
plausible.  This practice has been documented before.34 

Finally, if changes to the protocol were noticeable, amend-
ments to the Statistical Analysis Plan were not less strik-
ing, given that it was last modified in May 2015, when the 
study had already been completed and was about to be 
published. Apart from including many of the amendments 
made to the protocol, the final version of the Statistical 
Plan also incorporated new outcomes post-hoc that were 
used later in other published papers on heart failure35 or 
renal effects.36 

Finally, the study was published in The New England Jour-
nal of Medicine, the journal with the greatest impact factor 
within the field of general medicine.25 The drafting of the 
manuscript was carried out with the assistance of a com-
munication and marketing company —Fleishman-Hillard 
Group—26, which was directly hired by BI. Some authors 
have raised the alarm about the pharmaceutical indus-
try’s approach to legitimize ghostwriting by changing its 
definition, wherein ghostwriters are not to be considered 
ghostwriters so long as their name appears in the fine print 
of the manuscript, such as in the acknowledgements.27 

Interim data and confidentiality

FDA approval of empagliflozin required previous perfor-
mance of a meta-analysis that incorporates all evidence 
available on its cardiovascular safety, which was con-
ducted by the manufacturer. The meta-analysis included 
several studies, although most CV event records (74%) 
were collected from an interim analysis performed while 
the EMPA-REG trial was still in progress. 

The validity of interim analyses lies on a strict mainte-
nance of confidentiality so that interim data disclosure 
do not affect the progress of the trial.28 However, strict 
maintenance of confidentiality does not seem to be a 
realistic goal when about 230 individuals —primarily BI 
employees— had access to confidential results sometime 
during the conduct of the trial.29 Indeed, two Lilly employ-
ees committed a breach of confidentiality, as recognized 
by BI and reported in the corresponding FDA Statistical 
Review.30 Although the date of breach is not provided, 
it occurred before the 4th version of the protocol was 
published (October 2013), whereby several substantial 
modifications were made (see below).

Nevertheless, the breach of confidentiality in the EMPA-
REG trial is not the first case described in the literature. A 
review of the LIGHT trial —which assessed the CV safety 
of naltrexone-bupropion for the treatment of obesity— 
was recently published.  The LIGHT trial was prematurely 
terminated due to a serious case of malpractice.31 In con-
clusion, the use of interim data from ongoing trials should 
be thoroughly questioned.32

Amendments to the protocol

Completion of the EMPA-REG trial took five years, from 
May 2010 to the publication of the study in September 
2015 (Table 2). The original protocol underwent continu-
ous changes and five versions of the protocol are attached 
to the paper as supplementary material.33

The original version and first amendment to the protocol 
were completed before patient recruitment started and, 
together with the second amendment as of April 2011, do 
not involve substantial changes.
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Clinical vs. Statistical Superiority

The main hypothesis was confirmed, since the reported 
data met the minimal clinically important difference, 
which means that empagliflozin (both doses combined) 
was non-inferior to placebo for the primary composite out-
come. Yet, did data prove that empagliflozin was superior 
to placebo? 

The EMPA-REG trial reports the statistical superiority of 
empagliflozin, which did not clearly translate into clinical 
benefit. The percentage of primary outcome events in the 
control group was 12% (Fig. 1). In turn, for non-inferiority 
to be demonstrated, a generous 30% relative margin (4% 
in absolute terms) with respect to the control group was 
established (Fig. 2). However, the 30% non-inferiority 
margin should also have been applied to the comparator 
(placebo).37 Given that the difference in the incidence of 
primary outcome events was 2% in favor of empagliflozin 
(Fig. 3), the magnitude of the benefit was substantially 
lower than the non-inferiority margin established. There-
fore, it cannot be concluded that the clinical superiority of 
empagliflozin was demonstrated. 

Table 2. Primary milestones of the EMPA-REG OUTCOME

2010 May Original version of the protocol.

2010 September First randomized subject.

2011 December
3rd amendment to the protocol:
a) Silent infarctions are excluded from the primary outcome.
b) Target: 691 events of the primary outcome.

2012 June Deadline for interim analysis and meta-analysis.

2012 August Final Statistical Analysis Plan.

2013 March Application for approval of empaglifozin by FDA and EMA.

2013 April Last randomized subject.

2013 October

FDA detects a breach of confidentiality of interim data.

4th amendment to the protocol:
a) Target of primary outcome events is extended to a minimum of 691.
b) The authors open up the possibility of incorporating new outcomes.

2014 May EMA approves empaglifozin.

2014 August FDA approves empaglifozin.

2015 April Last visit of the last active subject.

2015 May
Revision of the “final” Statistical Analysis Plan:
a) New cardiovascular and renal outcomes are incorporated.
b) The method of analysis of mortality outcomes is modified.

2015 September The paper is published in The New England Journal of Medicine.

FDA: Food and Drug Administration. EMA: European Medicines Agency.

Figure 1. Incidence of primary outcome events in the 
control group (in red).

  Positive result

  Negative result

  Non-inferiority margin

  Improvement with empaglifozin
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From a different perspective, the NICE guideline for hyper-
tension38 establishes a minimal clinically important differ-
ence of 10% to 15% when interventions are compared in 
terms of mortality, incidence of stroke, AMI or composite 
primary outcome events. In contrast, in the EMPA-REG 
trial, estimated differences ranged from 1% to 26% 
[0.86 (95% CI 0.74-0.99)], which cannot be considered 
conclusive. On the other hand, it is disappointing that the 
non-inferiority of empagliflozin vs. placebo —which was 
the main hypothesis of the study— is not mentioned in the 
abstract, but only its superiority.  

Exploratory outcomes established as primary outcomes

All-cause and cardiovascular mortality —measured sepa-
rately— were initially included as tertiary outcomes and 
subsequently re-categorized as “additional outcomes”. 
In any case, these outcomes are merely exploratory and 
were not assessed with the statistical adjustments neces-
sary to test a hypothesis with multiple primary outcomes. 
Yet, this crucial fact is not mentioned in the NEJM paper, 
and the reduction of mortality is reported as a key finding 
by including it in the title, discussion and conclusions, 
which places it at the same level as the primary outcome, 
without any further clarification.14 

This scarcely rigorous appraisal of data is also remarked 
in the latest report on empagliflozin issued by the FDA in 
response to a BI application for approval of the proposed 
additional indication to reduce the risk of cardiovascular 
death.29 The FDA argues that mortality is not included in 
the main analysis strategy, 40% of deaths labeled as “CV 
death” had an uncertain origin, the mechanism of action 
of the supposed benefit is unknown, and two confirmatory 
trials would  be required prior to approval. Regardless of 
these objections, on the basis that sensitivity tests were 
positive for these outcomes, the FDA recommended the 
approval of the proposed additional indication.29 

Interestingly, the bid for a new indication for empagliflozin 
to reduce hospital stay for heart failure was rejected on 
the grounds that it is an exploratory outcome. However, 
CV death is also an exploratory outcome —with all its 
limitations—and the fact that it forms part of the primary 
composite outcome does not change its character.

Non-confirmatory sensitivity tests

The aim of a sensitivity test is to determine the robust-
ness of a measurement tool by exploring to what extent 
changes in the methodology initially selected for the study 
affect the results. The different sensitivity tests conducted 
resulted in the loss of statistical superiority regarding the 
primary outcome, which indicates that the benefit obtai-
ned is unstable and weak. Additional sensitivity analyses 
were conducted by the FDA, with the same non-conclusive 
results (Table 3).

Figure 3. Percentage of prevented primary outcome 
events (in yellow) with primary endpoint. 

Figure 2. Excess of primary outcome events (crossed-
out faces) allowed to demonstrate the non-inferiority of 
empagliflozin.

The lack of 
effectiveness observed 
in Europe and America 
seriously hinders the 
applicability of the 
study to our  
population

  Positive result

  Negative result

  Non-inferiority margin

  Improvement with empaglifozin
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Mechanism of action “in search and seizure” 

The publication of the EMPA-REG trial has caused specu-
lations on the unexpected results obtained, which are 
especially surprising regarding stroke and non-fatal AMI. 
Some authors have theorized that these striking results 
may be caused by alterations in vascular reactivity and 
cardio-renal function,41 a relationship between albumin 
and uric acid,41 and even by an energy metabolism dys-
function.42

The reduction observed in HbA1c associated with empa-
gliflozin is too modest to be considered the most conclu-
sive factor. It is also of note that poor baseline glycemic 
control did not improve homogeneously throughout the 
trial, as expected.29,40 Thus, persistent differences were 
observed in baseline glycemic control and other biochemi-
cal parameters (weight, systolic blood pressure, waist 
circumference, HDL-c) in favor of the groups receiving 
empagliflozin.14 This situation might have affected the 
results of the study, in favor of empagliflozin.

In accordance with the evidence provided in the literature 
so far, the underlying cause of the reduction in CV mortal-
ity might be the diuretic effect of empagliflozin in heart 
failure.43 This hypothesis is supported by the positive 
result obtained for the secondary outcome “hospitaliza-
tion for heart failure” and the fact that, of all CV death 
categories, “worsening of heart failure” was more frequent 
in the placebo group. 

However, data are not consistent with this construct. On 
the one hand, empagliflozin did not have any effect on 
cardiogenic shock mortality, which is also linked to heart 
failure, whereas it did reduce the incidence of sudden 
death, which is not related to heart failure. But, even more 
importantly, the study design does not allow to assess the 
severity of baseline heart failure of subjects or the degree 
of adequacy of the treatment administered, which hinders 
the interpretation of results.29 Nevertheless, this is the 
main hypothesis that the manufacturer is going to test 
shortly by two specific studies.44 

Differences between geographical subgroups

In clinical trials on cardiovascular disease, there is a 
tendency to include populations of different geographical 
origins, which has raised concerns on technical and ethical 
issues.39

In the EMPA-REG trial, although a significant relationship 
was not observed between geographical regions and the 
primary outcome, the results obtained in Latin America 
and Asia (35% of the sample) were remarkably better 
as compared to those in Europe and North America. The 
German Health Technology Assessment Agency (IQWIG) 
noticed this difference40 and pointed out that the supposed 
superiority of empagliflozin was determined by the benefit 
observed in Latin American and Asian study subjects, 
whereas no benefit was achieved in European subjects. 
In the same vein, the report issued by the FDA to respond 
to the request for a new indication of empagliflozin also 
remarks that empagliflozin did not provide any benefit to 
the North American subgroup.29 However, the authors did 
not provide any explanation to the differences observed in 
clinical benefit between population subgroups and did not 
justify the generalization of results in their conclusions. 

Randomization and masking

Randomization was performed using a validated elec-
tronic system that yields allocation numbers that are 
unpredictable and reproducible. Although this randomiza-
tion method is commonplace in research and minimizes 
investigator bias, it is completely controlled by the study 
sponsor. Given that this is a very sensitive aspect, it is the 
regulatory agency that should perform randomization.

The method of masking is not described in the protocol 
of the trial. In addition, the protocol does not specify if 
the investigators had access to the blood and urine test 
results of their patients, which could have facilitated the 
identification of the treatment group assigned to them.

Table 3. Results of the different sensitivity tests on the primary outcome of the EMPA-REG OUTCOME trial.

Principal Outcome
(Cardiovascular death + Non-fatal AMI + Non-fatal stroke)

Hazard ratio
(IC 95%) Observations

Main analysis 0.86 (0.74-0.99) Intention-to-treat analysis was selected.

Per protocol analysis 0.86 (0.75-1.00) The most appropriate analysis in non-inferiority studies.

Analysis including silent AMI 0.92 (0.79-1.06) Data from 4052 patients with available information.

Analysis excluding “non-assessable deaths” 0.90 (0.77-1.06) “Non-assessable deaths” (27% of total) were labeled as  
cardiovascular deaths.

Analysis including events up to 30 days  
after the last dose 0.87 (0.74-1.02) The paper misreports that the result is consistent  

with the main analysis.

AMI = Acute Myocardial Infarction. Data collected from references 11 and 26.
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The drop-out rate was very high (23.4% for empagliflozin, 
29.2% for placebo) and 3% did not complete the study. 
Although vital status was assessed in 99% of patients, 
missing data on adverse events affected the primary 
composite variable.29 

Figures 1 and 2 of the paper published in NEJM deserve 
special attention. In Figure 1, the vertical axis (% of patients 
who suffered an event) does not show 100% of patients, 
which artificially widens the gap between treatment 
groups. Additionally, survival curves are remarkably 
divergent in the last months due to a disproportionately 
higher incidence of events in the placebo group that was 
not explained by the authors. In Figure 2, along with results 
by primary outcome subgroups (predefined study), results 
are also provided for the exploratory outcome “CV mor-
tality” (post-hoc study). This may give a false impression 
of homogeneity, as substantially broader confidence 
intervals are used for this outcome. 
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Adverse reactions... with class effect? 

The overall balance of serious adverse events in the 
EMPA-REG study was favorable to empagliflozin basi-
cally due to the reduction in CV mortality.14 As to non-CV 
safety, no severe adverse reactions were reported, except 
for genital tract infections (6.4% for empagliflozin, 1.8% for 
placebo). Urinary infections —already reported in previ-
ous studies— were not found to be more frequent in the 
empagliflozin than in the control group.

As to the other two SGLT2 agents, warning alerts have 
been continuous. The most recent warning issued by the 
FDA was that canagliflozin and dapagliflozin can cause 
acute renal failure.45 Regulators had previously reported 
cases of non-traumatic amputation of the lower limbs in 
subjects who had received canagliflozin,46 which raised 
alerts on other SGLT2 inhibitors, and of ketoacidosis in all 
SGLT molecules.47,48 The EMA Risk Management Plan also 
includes collecting data on bone fractures.

Empagliflozin should be used with extreme caution even 
though the EMPA-REG trial only showed a higher frequen-
cy of renal adverse events associated with empagliflozin 
in the first three months of the study29 to decrease later, 
and a very low rate of ketoacidosis without differences 
between groups.14 In fact, an increase of the hematocrit 
was observed in the empagliflozin group linked to the 
depletion of plasma volume,43 a factor that might have 
clinical effects. 

Other factors of interest

Apart from the aspects thoroughly addressed in this re-
port, other factors should also be considered when asses-
sing the contribution of empagliflozin in the management 
of diabetic patients, namely: 

The statistical superiority of the primary composite 
variable was achieved by adding the populations of the 
two empagliflozin groups, who received different doses 
of the drug (10mg and 25 mg). When assessed separately, 
none of the empagliflozin groups reached superiority vs. 
placebo.14 
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