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Patients with diabetes mellitus are at increased risk of car-
diovascular events and cardiovascular mortality.1 The risk 

of stroke in patients with diabetes mellitus is increased 2-fold 
compared with individuals without diabetes mellitus1; the risk 
of recurrent stroke is also increased.2 Trials of intensive glu-
cose-lowering3 or of specific glucose-lowering agents,4–7 with 
the exception of pioglitazone8 and semaglutide,9 have not been 
shown to significantly reduce the risk of stroke in patients with 
type 2 diabetes mellitus even after prolonged follow-up.

Empagliflozin is a potent and selective inhibitor of SGLT2 
(sodium glucose cotransporter 2) used in the treatment of 
type 2 diabetes mellitus. In the EMPA-REG OUTCOME trial 
(Empagliflozin Cardiovascular Outcome Event Trial in Type 
2 Diabetes Mellitus Patients) in patients with type 2 diabe-
tes mellitus and high cardiovascular risk, empagliflozin added 
to standard of care significantly reduced the risk of the pri-
mary outcome 3-point major adverse cardiovascular events 
(the composite of cardiovascular death, nonfatal myocardial 
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infarction, or nonfatal stroke; hazard ratio [HR], 0.86; 95.02% 
confidence interval [CI], 0.74–0.99; P=0.04).10 This was 
driven primarily by a reduction in the risk of cardiovascular 
death (HR, 0.62; 95% CI, 0.49–0.77; P<0.001). There were 
no significant differences between empagliflozin and pla-
cebo in the risk of myocardial infarction (HR, 0.87; 95% CI, 
0.70–1.09; P=0.23) or stroke (HR, 1.18; 95% CI, 0.89–1.56; 
P=0.26).10 Given the importance of stroke prevention in 
patients with type 2 diabetes mellitus and the numeric differ-
ence in the proportion of patients with stroke events between 
the empagliflozin and placebo groups in the EMPA-REG 
OUTCOME trial, we performed a comprehensive analysis of 
cerebrovascular events in EMPA-REG OUTCOME, including 
sensitivity and subgroup analyses.

Methods

Study Design
The design of EMPA-REG OUTCOME has been described.10,11 
Briefly, the study population comprised patients with type 2 diabetes 
mellitus, established cardiovascular disease, and estimated glomerular 
filtration rate (MDRD [Modification of Diet in Renal Disease] equa-
tion) >30 mL min−1 1.73 m−2. Patients were randomized 1:1:1 to receive 
empagliflozin 10 mg, empagliflozin 25 mg, or placebo in addition to 
standard of care. Throughout the trial (or after week 12 for glucose-
lowering medication), investigators were encouraged to treat cardio-
vascular risk factors to achieve optimal standard of care according to 
local guidelines. Patients were asked to attend the clinic at prespecified 
times, including a follow-up visit 30 days after the end of treatment. 
The trial was to continue until ≥691 patients had experienced an adjudi-
cated event included in the primary outcome. Patients who prematurely 
discontinued study medication continued to be followed for ascertain-
ment of cardiovascular outcomes, adverse events, and vital status.

The trial was conducted in accordance with the principles of 
the Declaration of Helsinki and the International Conference on 
Harmonization Good Clinical Practice guidelines and was approved 
by local authorities. An independent ethics committee or institutional 
review board approved the clinical protocol at every participating 
center. All patients provided written informed consent before study 
entry.

Outcomes
Definitions of the major clinical outcomes in EMPA-REG 
OUTCOME have been described.10 The definitions of transient isch-
emic attack (TIA) and stroke are provided in the online-only Data 
Supplement. Cardiovascular outcome events and deaths were pro-
spectively adjudicated by 2 Clinical Events Committees (for cardiac 
and neurological events). We assessed time to first stroke (fatal or 
nonfatal), time to fatal stroke, time to first nonfatal stroke, time to 
first nonfatal disabling stroke (defined as adjudicated nonfatal stroke 
with investigator-reported seriousness criterion of persistent or sig-
nificant disability/incapacity; stroke disability scores were not used), 
recurrent stroke during the trial, time to first nonfatal disabling stroke 
or fatal stroke, time to first cardiovascular death or nonfatal stroke, 
time to first TIA, and time to first nonfatal or fatal stroke or TIA. 
Ischemic stroke was classified post hoc according to TOAST criteria 
(Trial of Org 10 172 in Acute Stroke Treatment)12 by the neurological 
Clinical Events Committee. The Clinical Events Committee charter 
for classification of ischemic stroke is provided in the online-only 
Data Supplement.

Analyses
It was prespecified that analyses would compare the pooled empa-
gliflozin dose groups versus placebo. Outcomes were analyzed using 
a modified intent-to-treat approach in the treated set (patients treated 
with ≥1 dose of study drug), using the time to first stroke event 

irrespective of whether another outcome event had occurred. Data for 
patients who did not have an event were censored on the last day they 
were known to be free of the outcome. Sensitivity analyses of fatal or 
nonfatal stroke were performed based on events that occurred during 
treatment or ≤90, ≤30, or ≤7 days after a patient’s last intake of study 
drug (treated set plus 90 days, treated set plus 30 days, and treated set 
plus 7 days) and based on events that occurred during treatment or ≤30 
days after a patient’s last intake of study drug in patients who received 
≥30 days of study medication (cumulative; on-treatment set). A sensi-
tivity analysis of TIA was performed on the treated set plus 90 days. 
Analyses were based on a Cox proportional hazards model, with treat-
ment, age, sex, baseline body mass index, baseline HbA1c, baseline 
estimated glomerular filtration rate, and region as factors. Subgroup 
analyses included a subgroup factor and a treatment-by-subgroup fac-
tor interaction as additional effects. All analyses were performed at a 
nominal level of α=0.05 2-sided without adjustment for multiplicity. 
Cumulative incidence function estimates were corrected for death as a 
competing risk. Because of the declining numbers of patients at risk, 
cumulative incidence plots have been truncated at 48 months.

The percentages of patients with recurrent stroke were analyzed 
descriptively in the treated set. In addition, analyses were conducted 
of the percentages of patients with stroke in patients with maxi-
mum decreases from baseline in systolic blood pressure ≥30 and 
<30 mm Hg, with maximum increases from baseline in hematocrit 
≥90th and <90th percentiles, in patients who had an event consistent 
with volume depletion (based on 8 preferred terms in the Medical 
Dictionary for Regulatory Activities) and in patients who had an atrial 
fibrillation event (based on the Medical Dictionary for Regulatory 
Activities preferred term). Changes from baseline in systolic blood 
pressure and hematocrit at the last value on treatment and at follow-
up were analyzed descriptively.

Prespecified analyses were the modified intent-to-treat analyses 
and analyses in the on-treatment set for time to first fatal or nonfa-
tal stroke, nonfatal stroke and TIA, and the assessment of recurrent 
strokes. Other analyses were post hoc.

Results
Study Population
A total of 7020 patients at 590 sites in 42 countries received 
≥1 dose of study drug. Baseline characteristics of the study 
population have been described.10 Briefly, mean (SD) age was 
63.1 (8.6) years, mean (SD) body mass index was 30.6 (5.3) 
kg/m2, 71.5% were male, 25.9% had estimated glomerular fil-
tration rate <60 mL min−1 1.73 m−2, 39.6% had microalbumin-
uria or macroalbuminuria, 38.7% had systolic blood pressure 
≥140 mm Hg or diastolic blood pressure ≥90 mm Hg, 23.3% 
had a history of stroke, 5.5% of patients had atrial fibrillation, 
89.1% were taking anticoagulant or antiplatelet therapies, and 
82.7% were taking acetylsalicylic acid.10,13 In total, 97% of 
patients completed the study, and 25% prematurely discon-
tinued study drug. The median duration of treatment was 2.6 
years, and the median observation time was 3.1 years. Vital 
status was available for 99% of patients.

Stroke and TIA
During the trial, 3.0% (69/2333) of patients in the placebo 
group and 3.5% (164/4687) of patients in the empagliflozin 
group had ≥1 adjudicated fatal or nonfatal stroke. Ischemic 
stroke was reported in 2.7% and 3.2% of patients in the pla-
cebo and empagliflozin groups and hemorrhagic stroke in 
0.3% and 0.2% of patients in these groups, respectively. A 
further 0.1% of patients in each group had a stroke for which 
the type was not assessable. There was no marked imbalance 
between the placebo and empagliflozin groups in any specific 
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type of ischemic stroke. Cardioembolism was the most com-
mon type of ischemic stroke that could be determined (Table I 
in the online-only Data Supplement).

In the prespecified modified intent-to-treat analysis of time 
to first stroke, there was no significant difference between 
empagliflozin and placebo in the occurrence of stroke (HR, 
1.18; 95% CI, 0.89–1.56; P=0.26).10 The cumulative inci-
dence of time to first stroke is shown in Figure 1A. In sensitiv-
ity analyses based on events that occurred during treatment 
or ≤90, ≤30, or ≤7 days after the last dose of study drug, 
there was no significant difference in the occurrence of stroke 
between empagliflozin and placebo, and the HR moved 
toward unity compared with the modified intent-to-treat 
analysis (Figure I in the online-only Data Supplement). The 
numeric difference in the proportion of patients with stroke 

between the empagliflozin and placebo groups was largely 
driven by events that occurred >90 days after a patient’s last 
intake of trial medication (Figure 1B; Figure I in the online-
only Data Supplement). Three patients treated with placebo 
and 18 patients treated with empagliflozin experienced their 
first stroke >90 days after the last intake of trial medication 
(of whom 1 patient in the placebo group and 11 patients in 
the empagliflozin group experienced their first stroke >1 year 
after the last intake of trial medication).

The proportion of patients with recurrent stroke during 
the trial was similar between the empagliflozin and placebo 
groups (13 [0.3%] and 8 [0.3%], respectively; Table II in the 
online-only Data Supplement). Nonfatal disabling stroke 
(based on investigator-reported seriousness criterion [not 
stroke disability scores]) was reported in 10 patients (0.2%) 
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Figure 1. Time to first fatal or nonfatal stroke. A, Modified intent-to-treat analyses in the treated set; events observed from randomiza-
tion to the end of the study in treated set (patients treated with ≥1 dose of study drug). B, Sensitivity analysis in treated set plus 90 days; 
events observed during treatment or ≤90 days after a patient’s last intake of trial medication in treated set (patients treated with ≥1 dose 
of study drug). Cumulative incidence function. Hazard ratios (HR) are based on Cox regression analyses. CI indicates confidence interval.
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on empagliflozin and 6 patients (0.3%) on placebo (HR, 0.82; 
95% CI, 0.30–2.26; P=0.70). Fatal stroke was reported in 
similar proportions of patients in the empagliflozin and pla-
cebo groups (0.3% and 0.5%, respectively; HR, 0.72; 95% CI, 
0.33–1.55; P=0.40) as was the composite of nonfatal disabling 
stroke or fatal stroke (0.6% and 0.7%, respectively; HR, 0.81; 
95% CI, 0.43–1.50; P=0.50; Figure 2).

As empagliflozin reduced the risk of cardiovascular death 
by 38%,10 the composite outcome of cardiovascular death or 
nonfatal stroke was analyzed to account for cardiovascular 
death as a competing risk. Empagliflozin significantly reduced 
the risk of this composite outcome (HR, 0.79; 95% CI, 0.66–
0.94; P=0.009; Figure 2).

There was no significant difference in the risk of TIA (HR, 
0.85; 95% CI, 0.51–1.42; P=0.54) or the composite of stroke 
or TIA (HR, 1.05; 95% CI, 0.82–1.35; P=0.87) with empa-
gliflozin versus placebo (Figure 2; Figure II in the online-only 
Data Supplement).

Subgroup Analyses
In exploratory analyses of time to first stroke in >30 prespeci-
fied subgroups by baseline characteristics, analyses by region 
and HbA1c showed nominal heterogeneity at P<0.05 (with no 
adjustment for multiple tests; Figure 3; Table III in the online-
only Data Supplement). Compared with the total population, 
the HR for stroke in patients in Europe was higher (2.04; 95% 
CI, 1.26–3.29; P value for interaction of treatment and region: 
0.01; Table III in the online-only Data Supplement). Baseline 
characteristics, including background medications, were simi-
lar between treatment groups within a given region (Table IV 
in the online-only Data Supplement). However, there were 
small differences in baseline characteristics between patients 
in Europe and North America (Table IV in the online-only 
Data Supplement), including a greater proportion of patients 
in Europe with a history of stroke (Europe: 29.9% placebo, 

25.7% empagliflozin; North America: 14.9% placebo, 18.1% 
empagliflozin). Despite this, patients treated with placebo had 
a markedly lower stroke rate in Europe than North America 
(7.8/1000 versus 15.2/1000 patient-years). This pattern was 
not observed in patients treated with empagliflozin (stroke 
event rates were 15.7/1000 and 12.3/1000 patient-years in 
Europe and North America, respectively). In contrast to the 
HRs for stroke, the HR for TIA in European patients was <1 
(0.61; 95% CI, 0.27–1.35) and in North American patients 
was 1.22 (95% CI, 0.53–2.78; P value for interaction of treat-
ment and region: 0.24).

Compared with the total population, the HR for stroke 
in patients with baseline HbA1c ≥8.5% was higher (P 
value for interaction: 0.01; Table III in the online-only Data 
Supplement). An analysis by baseline HbA1c deciles showed 
no significant treatment-by-subgroup interaction (Figure III in 
the online-only Data Supplement).

Subgroup analysis by risk factors for stroke such as pre-
vious stroke, atrial fibrillation, smoking, and hypertension at 
baseline showed no statistically significant interaction with 
treatment for risk of stroke (Figure 3; Table III in the online-
only Data Supplement).

Changes in Systolic Blood Pressure, Changes in 
Hematocrit, and Events Consistent With Volume 
Depletion or Atrial Fibrillation in Relation to Stroke
Because treatment with empagliflozin is associated with 
reductions in systolic blood pressure and small increases in 
hematocrit, we assessed changes in systolic blood pressure 
and hematocrit in relation to stroke. We assessed the occur-
rence of stroke in patients who did and did not have events 
consistent with volume depletion or atrial fibrillation.

Systolic blood pressure decreased in patients treated with 
empagliflozin (mean change from baseline to last value on 
treatment: −3.3 [SE, 0.3] mm Hg) but had returned to its 

Figure 2. Time to first stroke, transient ischemic attack, and composite outcomes in modified intent-to-treat analyses. Cox regression 
analyses. Events from randomization to the end of the study in treated set (patients treated with ≥1 dose of study drug). Analyses were 
prespecified for time to first fatal or nonfatal stroke, time to first nonfatal stroke, and time to first transient ischemic attack. CI indicates 
confidence interval; and HR, hazard ratio.
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Figure 3. Time to first stroke in subgroups defined by baseline characteristics. Post hoc Cox regression analyses. Events of fatal or nonfa-
tal stroke observed from randomization to end of study in treated set (patients treated with ≥1 dose of study drug). Race: Black and Other 
not included in Cox regression as <14 patients with an event in these subgroups. Region: Africa not included in Cox regression (Continued )  
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baseline level at follow-up (30 days after end of treatment; 
Table). Patients with the largest decreases from baseline in 
systolic blood pressure (≥30 mm Hg) did not have an increased 
risk of stroke compared with other patients (Table V in the 
online-only Data Supplement).

In the empagliflozin group, hematocrit increased during 
treatment (mean change from baseline to last value on treat-
ment: 3.61% [SE, 0.06]), but decreased toward baseline at fol-
low-up (30 days after end of treatment; Table). Patients with 
the largest increases from baseline in hematocrit (increases 
≥90th percentile, which corresponded to a change in hema-
tocrit of 9 percentage points) did not have an increased risk 
of stroke compared with patients not meeting this threshold 
(Table V in the online-only Data Supplement).

The proportion of patients with a stroke event was not 
higher in those who did versus did not have an event consis-
tent with volume depletion in placebo or empagliflozin groups 
(Table VI in the online-only Data Supplement).

The risk of stroke was comparable between patients with 
and without atrial fibrillation at baseline or during the study in 
the placebo and empagliflozin groups (Figure 3; Tables III and 
VII in the online-only Data Supplement).

Discussion
In the EMPA-REG OUTCOME trial in patients with type 2 
diabetes mellitus and high cardiovascular risk, empagliflozin 
added to standard of care significantly reduced the risk of the 
primary outcome of 3-point major adverse cardiovascular 
events by reducing the risk of cardiovascular death. There 
was no significant difference in the occurrence of stroke 
between empagliflozin and placebo in the prespecified modi-
fied intent-to-treat analysis, but there was a numeric differ-
ence between treatment groups. In these new analyses, we 
show that this numeric difference was driven by nonfatal 
ischemic stroke, with no isolated increase in any subtype of 
ischemic stroke, and that there was no significant difference 
between empagliflozin and placebo in the risk of stroke in 
on-treatment sensitivity analyses or in the risk of recurrent, 
fatal, or nonfatal disabling strokes, or TIA, which has similar 
pathophysiological mechanisms as stroke. Further sensitiv-
ity analyses demonstrated that the numeric difference in the 
proportion of patients with stroke between empagliflozin and 
placebo in the modified intent-to-treat analysis was primar-
ily because of events that occurred >90 days after the last 
intake of study drug. In this context, it is important to note 
that measures of the hemodynamic effects of empagliflozin, 
specifically systolic blood pressure and hematocrit, returned 
to near baseline levels within 30 days after the last intake, 
making a causal association with empagliflozin unlikely and 
making it unlikely that there is an increased risk of stroke 
after empagliflozin is stopped.

In subgroup analyses of time to first stroke, analyses 
by region and HbA1c showed nominal heterogeneity. The 
increased HR for stroke with empagliflozin compared with 
placebo in patients in Europe compared with the total popula-
tion could not be explained by differences in baseline charac-
teristics between regions. Given the large number of subgroup 
factors and tests conducted, the differences in HR between 
Europe and other regions, and between patients with HbA1c 
≥8.5% and <8.5% at baseline, are within the realm of chance 
variation. Analyses of time to first stroke in subgroups by other 
baseline characteristics, including factors associated with risk 
for stroke such as atrial fibrillation, smoking, previous stroke, 
and hypertension,14–17 showed no statistically significant inter-
action with treatment for the risk of stroke.

The risk of experiencing a stroke was comparable between 
patients with and without atrial fibrillation at baseline or dur-
ing the study. A slightly lower proportion of patients treated 
with empagliflozin than placebo had anticoagulants intro-
duced postbaseline,10 and it cannot be excluded that this could 
have contributed to the numeric difference in stroke.

Treatment with empagliflozin is associated with hemo-
concentration, as shown by increases in hematocrit, and 
with reductions in systolic blood pressure.10 Concerns have 
been raised that elevated hematocrit and hypotension may be 

Table. Systolic Blood Pressure and Hematocrit at Baseline, 
Last Value on Treatment, and at Follow-Up

 Placebo Empagliflozin

Systolic blood pressure, mm Hg

    n 1574 3376

    Baseline 135.7 (0.4) 135.3 (0.3)

    Last value on treatment 136.2 (0.4) 132.0 (0.3)

     Change from baseline at last value 
on treatment

0.5 (0.4) −3.3 (0.3)

    Follow-up 135.6 (0.4) 135.1 (0.3)

     Change from baseline at follow-up −0.2 (0.4) −0.2 (0.3)

Hematocrit (%)

    n 1508 3328

    Baseline 41.45 (0.11) 41.46 (0.08)

    Last value on treatment 42.08 (0.12) 45.07 (0.09)

     Change from baseline at last value 
on treatment

0.63 (0.08) 3.61 (0.06)

    Follow-up 41.97 (0.12) 43.24 (0.08)

     Change from baseline at follow-up 0.52 (0.08) 1.78 (0.06)

Descriptive statistics. Data are mean (SE) in patients treated with ≥1 dose 
of study drug who had a measurement of the respective parameter at baseline, 
last value on treatment, and follow-up.

Figure 3 Continued. as <14 patients with an event in this subgroup. Cardiovascular risk: no high cardiovascular risk not included in Cox 
regression as <14 patients with an event in this subgroup. Heart failure at baseline was based on narrow standardized Medical Diction-
ary for Regulatory Activities query cardiac failure. P value is for homogeneity of the treatment group difference among subgroups (test for 
group by covariate interaction) with no adjustment for multiple tests. P=0.054 for age. The size of the oval is proportional to the number of 
patients in the subgroup. ACE indicates angiotensin-converting enzyme; ARB, angiotensin receptor blocker; CI, confidence interval; DBP, 
diastolic blood pressure; eGFR, estimated glomerular filtration rate (according to Modification of Diet in Renal Disease formula); HbA1c, 
glycated hemoglobin; HR, hazard ratio; and SBP, systolic blood pressure. *Plus Australia and New Zealand.
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associated with an increased risk of stroke caused by sludging 
and hypoperfusion, respectively. In a meta-analysis of obser-
vational studies of patients with and without diabetes mellitus, 
orthostatic hypotension was associated with an increased risk 
of cardiovascular events, including stroke.18 In EMPA-REG 
OUTCOME, mean baseline hematocrit in the empagliflozin 
group was 41.4%, mean baseline systolic blood pressure was 
135 mm Hg, and patients with the largest increases in hema-
tocrit and the largest decreases in systolic blood pressure did 
not have an increased risk of stroke. The proportion of patients 
with a stroke event was consistent between patients who did 
and did not have an event consistent with volume depletion in 
both treatment groups.

A reduction in the risk of stroke was observed with inten-
sive blood pressure lowering versus standard therapy in the 
ACCORD study (Action to Control Cardiovascular Risk in 
Diabetes), but this occurred after a mean follow-up of 4.7 
years despite a large difference in systolic blood pressure 
(14.2 mm Hg) after 1 year.19 Thus, the lack of a risk reduc-
tion for stroke with empagliflozin in EMPA-REG OUTCOME 
may have been expected given the modest reduction in systolic 
blood pressure provided by empagliflozin over a median treat-
ment time of 2.6 years and from a baseline of 135 mm Hg with 
95% of patients taking antihypertensive therapy at baseline. 
The risk of stroke in the EMPA-REG OUTCOME trial was 
similar between patients with controlled (systolic blood pres-
sure <140 mm Hg and diastolic blood pressure <90 mm Hg) 
versus uncontrolled blood pressure at baseline.

Limitations of these analyses include that the results cannot 
be extrapolated beyond the treatment duration or observation 
time of the trial or to patient populations with other clinical 
characteristics.

In conclusion, in patients with type 2 diabetes mellitus and 
high cardiovascular risk in the EMPA-REG OUTCOME trial, 
empagliflozin, when compared with placebo, was not associ-
ated with either a reduction or an increase in the risk of cere-
brovascular events.
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