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OBJECTIVE

To explore the effects of empagliflozin on the incidence of obstructive sleep apnea
(OSA) and its effects onmetabolic, cardiovascular (CV), and renal outcomes among
participants with or without OSA in the EMPA-REG OUTCOME trial.

RESEARCH DESIGN AND METHODS

Participants with diabetes and CV disease were randomized to empagliflozin
(10 and 25 mg) or placebo daily in addition to standard of care. OSA was assessed
by investigator report using Medical Dictionary for Regulatory Activities version
18.0, and CV outcomes were independently adjudicated. Analyses were performed
using multivariable-adjusted Cox regression models.

RESULTS

OSA was reported in 391 of 7,020 (5.6%) participants at baseline. Those with OSA
were more likely to be male (83% vs. 71%) and to have moderate to severe obesity
(BMI‡35 kg/m2; 55%vs. 18%). Over amedian of 3.1 years, empagliflozin had similar
placebo-adjusted reductions in HbA1c, waist circumference, and systolic blood
pressure, regardlessofOSAstatus,buta largereffectonweight (adjustedmean6SE
difference at week 52: OSA vs. no OSA22.96 0.5 vs.21.96 0.1 kg). Incidence of
3-point major adverse CV events, CV death, heart failure hospitalization, and
incident or worsening nephropathy in the placebo groupwas 1.2- to 2.0-fold higher
for those with baseline OSA compared with those without. Empagliflozin signif-
icantly reduced the risk for outcomes regardless of OSA status (P-interaction
all >0.05). Fifty patients reported a new diagnosis of OSA through 7 days after
medication discontinuation, and this occurred less often with empagliflozin
treatment (hazard ratio 0.48 [95% CI 0.27, 0.83]).

CONCLUSIONS

In EMPA-REGOUTCOME, participantswithOSA had greater comorbidity and higher
frequencyof CV and renal events. Empagliflozin had favorable effects on risk factors
and CV and renal outcomes regardless of preexisting OSA and may also reduce the
risk for new-onset OSA.
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Obstructive sleep apnea (OSA) is a com-
mon clinical syndrome characterized by
intermittent sleep state–dependent col-
lapse of the upper airway, resulting in
periodic cessations or reductions in air-
flow and subsequent hypoxia, hypercap-
nia, or frequent arousals from sleep (1).
Its prevalence in adults is conservatively
estimated to be;3% in women and 10%
in men, with higher prevalence with ad-
vancing age (e.g., at 50–70 years, 9% in
women and 17% in men) (2). OSA is a
multifaceted syndrome caused by condi-
tions that reduce the size of the resting
pharynx or increase airway collapsibility.
Since increased adipose tissue within the
soft tissues of the head and neck com-
promises upper-airway dimensions and
makes the airway more prone to collapse
during sleep,obesity is themostprevalent
risk factor, with OSA reported in.40% of
adults with BMI $30 kg/m2; other risk
factors include male sex, metabolic syn-
drome, and type 2 diabetes (1). Certain
medications, such as opioids, benzodia-
zepines, and testosterone, may also
worsen or induce OSA (3).
OSA and type 2 diabetes frequently

occur together, and both are associated
with adverse metabolic consequences
that increase the risk for cardiovascular
disease (CVD) (4), including stroke, myo-
cardial infarction, hospitalization for
heart failure (HHF), cardiovascular (CV)
death, and all-cause mortality (5,6), as
well as the risk for chronic kidney disease
(7). Furthermore, OSA may worsen glu-
cose tolerance, impair diabetes manage-
ment, and lead to poor glycemic control
(8). There are no pharmacological thera-
pies currently approved for the treatment
of OSA (9), and therapies for OSA have
historically been designed to reduce the
frequency of sleep-disordered breathing
events (e.g., with continuous positive
airway pressure [CPAP] devices or surgical
procedures) (1). An effective treatment
measure, however, involves treatment
of the underlying metabolic cause (e.g.,
obesity), and with guideline-recommended
weight loss, OSA has been reported to
resolve in .50% of patients (10). Un-
fortunately, effective and sustained
weight loss in people with or at risk
for type 2 diabetes using lifestyle ap-
proaches alone remains challenging (11).
Empagliflozin is a potent and selective

sodium–glucose cotransporter 2 (SGLT2)
inhibitor used for the treatment of type 2
diabetes that can significantly improve

multiplemetabolic factors associatedwith
OSA, such as glycosylated hemoglobin
(HbA1c) (12,13), systolic blood pressure
(SBP) (14), waist circumference, and
body weight (15). In the BI 10773 (Empa-
gliflozin) Cardiovascular Outcome Event
Trial in Type 2 Diabetes Mellitus Patients
(EMPA-REG OUTCOME), a randomized
placebo-controlled CV outcomes trial of
individuals with type 2 diabetes and es-
tablished CVD, empagliflozin reduced the
risk of 3-point major adverse CV events
(3P-MACE) by 14%, CV death by 38%, HHF
by 35% (16), and incident or worsening
nephropathy by 39% (17). There are cur-
rently no randomized controlled trial data
of SGLT2 inhibitors reporting outcomes
related to OSA. Therefore, we performed
a post hoc analysis of the EMPA-REG
OUTCOME trial, investigating the preva-
lence of OSA in the trial cohort; the effects
of empagliflozin on metabolic, CV, and
renal outcomes according to baseline OSA
status; and the effect of empagliflozin on
new-onset OSA during the course of the
trial among participants without OSA at
baseline.

RESEARCH DESIGN AND METHODS

Trial Population and Design
Thedesignand conduct of theEMPA-REG
OUTCOME study have been published
previously (16). Briefly, participants with
type 2 diabetes (HbA1c 7.0–9.0% [53–75
mmol/mol] for those who aremedication
naive and 7.0–10.0% [53–86 mmol/mol]
for those on stable glucose-lowering ther-
apy), established CVD, and estimated
glomerular filtration rate (eGFR) $30
mL/min/1.73 m2 were randomized to
receive empagliflozin 10 mg, empagliflo-
zin25mg,orplacebooncedaily inaddition
to standard of care and followed for a
median of 3.1 years. Background glucose-
lowering therapy remainedunchanged for
the first 12 weeks and was subsequently
adjusted at the investigator’s discretion to
achieve glycemic control. Independent
ethics committees or institutional review
boards approved the clinical protocol, and
participants provided written informed
consent before study initiation.

OSA
Data on the presence of OSA were col-
lected at baseline and during follow-up
on the basis of study investigator reports
conforming to the Medical Dictionary
for Regulatory Activities (MedDRA) ver-
sion 18.0, a standardized and clinically

validated international medical terminol-
ogy code. Reporting used the single pre-
ferredtermsleepapneasyndrome(https://
bioportal.bioontology.org/ontologies/
MEDDRA?p5classes&conceptid510040979),
which included the following synonyms:
hypopnea syndrome, obstructive sleep
apnea syndrome, central sleep apnea
syndrome, sleep apnea, obstructive sleep
apnea hypopnea syndrome, hypopnea
syndrome, apnea syndrome, sleepapnea,
sleep apnea syndrome, obstructive sleep
apnea syndrome, apnea syndrome, sleep
apnea syndromes, central sleep apnea
syndrome, and obstructive sleep apnea
hypopnea syndrome, as previously ap-
plied by others (18).

PrimaryOutcomeandFurtherCVDand
Renal End Points
All CVDoutcomeevents, HHFs, anddeaths
were prospectively adjudicated by inde-
pendent, blinded clinical events commit-
tees.Theprimaryoutcomeofthemaintrial
was the composite outcome 3P-MACE
(death as a result of CV causes, nonfatal
myocardial infarction, or nonfatal stroke),
with secondary outcomes including HHF,
all-cause death, and incident or worsening
nephropathy. The latter was defined as
progression to macroalbuminuria (urinary
albumin-to-creatinine ratio [UACR] .300
mg albumin/g creatinine); a doubling of
the serum creatinine level accompanied
by an eGFR of #45 mL/min/1.73 m2, as
calculated by the MDRD equation; the
initiation of continuous renal replace-
ment therapy; or death as a result of
renal disease. Additional renal outcomes
included progression tomacroalbuminu-
ria (in patients who did not have macro-
albuminuria at baseline) and changes in
UACR over time. Participants who pre-
maturely discontinued study medication
were followed for ascertainment of CV
outcomes and vital status.

Statistical Analysis
All analyses were performed in partic-
ipants treated with one or more doses of
studymedication (modified intention-to-
treat [mITT] approach), and all empagli-
flozin treatment analyses were per-
formed using the pooled empagliflozin
treatment groups (10 and 25 mg). Base-
line characteristics of those with and
without OSA at baseline are presented
as mean6 SD, and categorical variables
are presented as numbers and propor-
tions. Effects of empagliflozin versus
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placebo on cardiometabolic risk factors
(HbA1c, weight, waist circumference, SBP,
and log[UACR]) by OSA status at baseline
were performed using a mixed-effects
repeated-measures model that included
terms for the baseline parameter in ques-
tionandbaselineHbA1c as linear covariates
and geographical region, BMI categories,
number of weeks reachable with a post-
randomization measurement of the param-
eter of interest, baseline eGFR categories,
treatment, visit, OSA at baseline, treatment-
by-visit interaction, visit-by-OSA at base-
line interaction, treatment-by-OSA at
baseline interaction, treatment-by-visit-by
OSA at baseline interaction, baselineHbA1c-
by-visit interaction, and baseline parameter
in question-by-visit interaction as fixed ef-
fects. Treatment effects on risks for CVD,
HHF, mortality, and renal outcomes be-
tween treatment groups by OSA status at
baseline were assessed using a Cox pro-
portional hazards model that included
terms for age, sex, baseline BMI cate-
gory, baseline HbA1c category, baseline
eGFR category, geographical region,
treatment, OSA, and treatment-by-OSA
interaction.
Kaplan-Meier estimates for time to

first OSA event on treatment for partic-
ipants without OSA at baseline were
plotted on the basis of investigator-
reported events until treatment end
plus anadditional 7days, anda sensitivity
analysis using all reported OSA events
until study end was done (mITT analysis)
to determine consistency of results. Haz-
ard ratios (HRs) comparing time to first
OSA were based on a Cox regression
model with terms for age, sex, baseline
BMI categories, baseline HbA1c catego-
ries, baseline eGFR categories, geograph-
ical region, and treatment.
Baseline characteristics in those who

developed OSA versus those who did not
were also evaluated, and an exploratory
mediation analysis was performed to eval-
uate whether a treatment-related change
in conventional OSA risk factors over time
could explain the observed difference in
new onset of OSA between empagliflozin
and placebo, as previously conducted to
analyze mediation effects of empagliflozin
on CV deaths (19) (Supplementary Appendix,
Section A). Comparisons were not adjusted
for multiple testing, and P , 0.05 was
considered statistically significant. All sta-
tistical analyses were performed using
SAS 9.4 software (SAS Institute, Cary, NC).

RESULTS

Of 7,020 patients with type 2 diabetes
andCVD,OSAwas reported at baseline in
391 (5.6% overall, placebo 5.4%, pooled
empagliflozin doses 5.7%). Compared
with participants without OSA at base-
line, those with OSA were more likely to
bemale (82.9%vs. 70.8%),havemoderate
to severeobesity (BMI$35kg/m2) (55.2%
vs. 18.2%), andhavegreater prevalenceof
coronary artery disease (88.0% vs. 74.9%).
Furthermore, those with OSA had longer
diabetes duration, higher rates of insulin
use (64.2%vs. 47.3%),andmoreprevalent
use of antihypertensive therapies (98.5%
vs. 94.8%) (Table 1).

Over amedian 3.1 years, empagliflozin
led to similar placebo-adjusted reduc-
tions in HbA1c, waist circumference, SBP,
and UACR (Supplementary Appendix,
Section B, and Supplementary Figs. B1–
B4), regardless of OSA status at baseline.
However, there was a trend for a larger
effect of empagliflozin on weight reduc-
tion (adjusted for baseline weight) in
patients with OSA compared with those
without OSA (adjusted mean 6 SE dif-
ference vs. placebo frombaseline atweek
52,22.96 0.5 vs.21.96 0.1 kg, and at
week 108,23.16 0.6 vs.22.06 0.1 kg,
respectively) (Fig. 1).

During the course of the trial, individ-
uals with baseline OSA in the placebo
group experienced 1.2- to 2.0-fold higher
incidence rates for 3P-MACE (OSA vs. no
OSA 6.49 vs. 4.27/100 patient-years), CV
death (2.57 vs. 1.99/100 patient-years),
HHF (2.71 vs. 1.38/100 patient-years),
all-cause mortality (4.29 vs. 2.78/100
patient-years), incident or worsening
nephropathy (9.16 vs. 7.52/100 patient-
years), and progression to macroalbumi-
nuria (9.08 vs. 6.36/100 patient-years)
(Supplementary Appendix, Section C,
and Supplementary Fig. C1). Empagliflo-
zin reduced the risk for CV, HHF, mor-
tality, and renal outcomes regardless of
presence of OSA at baseline, with no
evidence for heterogeneity of effect
(P-interaction for all .0.05) (Fig. 2),
except for the risk of progression to
macroalbuminuria. Here, there was some
indication for a larger magnitude of ben-
efit among those with OSA at baseline
(HR 0.32 [95% CI 0.17, 0.60]) versus no
OSA at baseline (0.65 [0.56, 0.75]; P-
interaction 5 0.0312).

Adverse events during trial follow-up
among those with and without OSA at

baseline are reported in Supplementary
Appendix, Section D, and Supplementary
Table D1 and were consistent with ob-
servations reported previously (16), re-
gardless of OSA status at baseline. Of note,
the reported frequencyofnocturiaamong
thosewithOSAatbaselinebetween those
treated with empagliflozin and placebo
appeared to be similar (1.9% with empa-
gliflozin vs. 3.2% with placebo).

Fiftyparticipants (representing25new
cases among 4,421 [0.57%] without OSA
at baseline in the empagliflozin group
and 25 new cases among 2,208 [1.13%]
without OSA at baseline in the placebo
group) reported to develop new-onset
OSA during the trial until 7 days after
study drug discontinuation. Those trea-
ted with empagliflozin were 52% less
likely to report new OSA (Fig. 3) com-
pared with those treated with placebo
(HR 0.48 [95% CI 0.27, 0.83]), with con-
sistent effects also seen in the sensitivity
mITT analysis (0.52 [0.30, 0.89]). Baseline
characteristics of those who developed
OSA (Supplementary Appendix, Section
E, and Supplementary Table E1) sug-
gested that these participants had a
greater cardiometabolic burden than
those who did not develop OSA. In an
exploratory analysis for evaluating pos-
sible mediators of the treatment differ-
ence on new-onset OSA, the effects of
empagliflozin on conventional OSA risk
factors only partially explained the lower
frequency for reporting of new OSA
(Supplementary Appendix, Section F,
and Supplementary Table F1). Weight
reduction alone mediated 16.5%; HbA1c
reduction alone, 12.2%; hematocrit in-
crease alone, 9.4%; and SBP reduction
alone, 8.9%. In a multivariable analysis,
only22.4%of thedecreased-onsetOSA in
the empagliflozin arm was mediated by
the treatment’s effect on all four con-
ventional risk factors combined.

CONCLUSIONS

In the EMPA-REGOUTCOME randomized
placebo-controlled CV outcomes trial in-
volving participants with type 2 diabetes
and established CVD,we found that;6%
of participants had OSA at baseline and
that those with OSA experienced higher
overall CV and renal event rates during
the trial. We observed that empagliflozin
improved multiple cardiometabolic risk
markers, with a larger effect to reduce
bodyweight among thosewith prevalent
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Table 1—Baseline characteristics of participants with and without reported prevalent OSA

Participants without OSA Participants with OSA

Empagliflozin (n 5 4,421) Placebo (n 5 2,208) Empagliflozin (n 5 266) Placebo (n 5 125)

Male sex 3,120 (70.6) 1,572 (71.2) 216 (81.2) 108 (86.4)

Age (years) 63.1 6 8.6 63.2 6 8.9 63.7 6 7.7 63.7 6 7.3
$75 405 (9.2) 220 (10.0) 19 (7.1) 8 (6.4)

Region
Europe 1,841 (41.6) 927 (42.0) 85 (32.0) 32 (25.6)
North America 766 (17.3) 381 (17.3) 166 (62.4) 81 (64.8)
Latin America 720 (16.3) 354 (16.0) 1 (0.4) 6 (4.8)
Africa 206 (4.7) 100 (4.5) 5 (1.9) 2 (1.6)
Asia 888 (20.1) 446 (20.2) 9 (3.4) 4 (3.2)

Diabetes duration (years)
#1 125 (2.8) 50 (2.3) 3 (1.1) 2 (1.6)
.1–5 682 (15.4) 360 (16.3) 30 (11.3) 11 (8.8)
.5–10 1,101 (24.9) 543 (24.6) 74 (27.8) 28 (22.4)
.10 2,513 (56.8) 1,255 (56.8) 159 (59.8) 84 (67.2)

HbA1c (%) 8.1 6 0.9 8.1 6 0.9 8.1 6 0.9 8.1 6 0.8
$9.0 ($75 mmol/mol) 760 (17.2) 358 (16.2) 52 (19.5) 24 (19.2)

Diabetes medications
Metformin 3,271 (74.0) 1,653 (74.9) 188 (70.7) 81 (64.8)
Sulfonylurea 1,924 (43.5) 952 (43.1) 90 (33.8) 40 (32.0)
Insulin 2,084 (47.1) 1,052 (47.6) 168 (63.2) 83 (66.4)
TZD 186 (4.2) 97 (4.4) 12 (4.5) 4 (3.2)
DPP-4 inhibitors 493 (11.2) 252 (11.4) 36 (13.5) 15 (12.0)
GLP-1 receptor analogs 100 (2.3) 56 (2.5) 26 (9.8) 14 (11.2)

eGFR (MDRD) (mL/min/1.73 m2) 74.5 6 21.6 74.1 6 21.1 68.0 6 20.2 68.4 6 20.0
,60 1,115 (25.2) 557 (25.2) 97 (36.5) 50 (40.0)

UACR (mg/g), median (IQR) 17.7 (7.1, 70.7) 17.7 (7.1, 74.3) 16.8 (6.2, 80.4) 18.6 (6.2, 74.3)

UACR (mg/g)
,30 2,638 (59.7) 1,310 (59.3) 151 (56.8) 72 (57.6)
30–300 1,263 (28.6) 635 (28.8) 75 (28.2) 40 (32.0)
.300 475 (10.7) 247 (11.2) 34 (12.8) 13 (10.4)
Missing 45 (1.0) 16 (0.7) 6 (2.3) 0 (0.0)

BMI (kg/m2) 30.3 6 5.1 30.4 6 5.1 35.5 6 5.0 36.0 6 4.9
$35 808 (18.3) 401 (18.2) 143 (53.8) 73 (58.4)

Weight (kg) 85.1 6 18.4 85.4 6 18.4 104.6 6 18.1 107.6 6 18.0

Waist circumference (cm) 104.0 6 13.4 104.2 6 13.6 116.5 6 12.6 119.3 6 13.0

Coronary artery disease 3,315 (75.0) 1,649 (74.7) 230 (86.5) 114 (91.2)

Myocardial infarction 2,078 (47.0) 1,025 (46.4) 112 (42.1) 58 (46.4)

Stroke 1,032 (23.3) 535 (24.2) 52 (19.5) 18 (14.4)

Peripheral arterial disease 927 (21.0) 458 (20.7) 55 (20.7) 21 (16.8)

Heart failure 424 (9.6) 224 (10.1) 38 (14.3) 20 (16.0)

Current smoking 602 (13.6) 289 (13.1) 25 (9.4) 13 (10.4)

SBP (mmHg) 135.3 6 16.9 135.9 6 17.3 133.8 6 17.9 133.1 6 15.0

DBP (mmHg) 76.7 6 9.7 76.9 6 10.1 75.0 6 9.5 75.2 6 10.6

Any antihypertensives 4,184 (94.6) 2,098 (95.0) 262 (98.5) 123 (98.4)

ACEi/ARBs 3,571 (80.8) 1,759 (79.7) 227 (85.3) 109 (87.2)

b-Blockers 2,855 (64.6) 1,403 (63.5) 201 (75.6) 95 (76.0)

Diuretics 1,877 (42.5) 914 (41.4) 170 (63.9) 74 (59.2)

Antihypertensives (n)
0 237 (5.4) 110 (5.0) 4 (1.5) 2 (1.6)
1 832 (18.8) 423 (19.2) 29 (10.9) 11 (8.8)
2 1,379 (31.2) 737 (33.4) 72 (27.1) 36 (28.8)
3 1,160 (26.2) 548 (24.8) 82 (30.8) 51 (40.8)
.3 813 (18.4) 390 (17.7) 79 (29.7) 25 (20.0)

Total cholesterol (mg/dL) 164.3 6 44.4 162.6 6 43.5 150.5 6 38.3 149.6 6 31.8

LDL cholesterol (mg/dL) 86.6 6 36.1 85.4 6 35.6 74.2 6 30.7 74.5 6 27.9

HDL cholesterol (mg/dL) 44.8 6 11.9 44.3 6 11.4 40.4 6 11.3 40.0 6 8.9

Triglycerides (mg/dL), median (IQR) 141.7 (102.7, 195.7) 139.9 (104.5, 200.2) 158.5 (116.0, 217.0) 160.3 (110.7, 217.0)

Continued on p. 3011
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OSA. Furthermore, empagliflozin signif-
icantly reduced the risk for CV, HHF,
mortality outcomes, and incident or
worsening nephropathy, regardless of
OSA status, consistent with the results
in the overall study population. There
was some evidence of a larger magni-
tude of effect on reducing the progres-
sion tomacroalbuminuria. Furthermore,
we found that empagliflozin may reduce
the incidence of new-onset OSA among
those without OSA at baseline and that
this effect might be only partially attrib-
utable to its effects on conventional OSA
risk factors. To our knowledge, this is the
first report of outcomes related to OSA
in a randomized controlled trial of SGLT2

inhibition. Given the increasing global
burden of type 2 diabetes and obesity
(20) and the lack of effective pharma-
cological treatments for OSA, these ob-
servations should prompt further study
of SGLT2 inhibition as a therapeutic
strategy for patients with type 2 diabetes
and OSA.

The 6% prevalence of OSA in EMPA-
REGOUTCOME is lower thanexpectedon
the basis of a study population with a
mean age of 63 years and mean BMI of
30.6 kg/m2 (21). This may be because
OSA is systematically underdiagnosed
since it is notoriously difficult to diagnose
and classify (22) and often not prioritized
during busy clinic visits (23–25), leading

to low reporting in trials (26). Neverthe-
less, as reported by others (27),we found
in individuals with type 2 diabetes a
consistently higher cardiometabolic bur-
den associated with baseline OSA (e.g.,
higher BMI, higher utilization of insulin
and antihypertensive medication, more
prevalent CVD, andhigher event rates for
CV and heart failure outcomes).

From a mechanistic perspective, OSA
in type 2 diabetes is believed to contrib-
ute to both intermittent hypoxia during
sleep and frequent fragmentation of
sleep patterns, which in turn promote
deleterious effects on metabolic health.
Multiple mechanistic pathways have
been implicated, including increased

Table 1—Continued

Participants without OSA Participants with OSA

Empagliflozin (n 5 4,421) Placebo (n 5 2,208) Empagliflozin (n 5 266) Placebo (n 5 125)

Any lipid-lowering medications 3,580 (81.0) 1,755 (79.5) 240 (90.2) 109 (87.2)
Statins 3,404 (77.0) 1,672 (75.7) 226 (85.0) 101 (80.8)
Fibrates 386 (8.7) 178 (8.1) 45 (16.9) 21 (16.8)
Ezetimibe 171 (3.9) 73 (3.3) 18 (6.8) 8 (6.4)

Aspirin 3,646 (82.5) 1,818 (82.3) 230 (86.5) 109 (87.2)

Vitamin K antagonists 242 (5.5) 146 (6.6) 24 (9.0) 10 (8.0)

Data are n (%) or mean6 SD unless otherwise indicated. ACEi, ACE inhibitor; ARB, angiotensin receptor blocker; DBP, diastolic blood pressure; DPP-4,
dipeptidyl peptidase 4; GLP-1, glucagon-like peptide 1; IQR, interquartile range; TZD, thiazolidinedione.

Figure 1—Effects of empagliflozin treatment on bodyweight by OSA status at baseline.Model reflects amixed-model repeated-measures analysis that
included terms for baseline weight and baseline HbA1c as linear covariates and baseline eGFR category, geographical region, baseline BMI category,
number of weeks reachable with a postrandomization weight measurement, treatment, visit, sleep apnea syndrome at baseline, treatment-by-visit
interaction, visit-by-sleep apnea syndrome at baseline interaction, treatment-by-sleep apnea syndrome at baseline interaction, treatment-by-visit by
sleep apnea syndrome at baseline interaction, baseline HbA1c-by-visit interaction, and baseline weight-by-visit interaction as fixed effects. P values
indicatedare fordifferences in changebetweenempagliflozin andplaceboat respective timepoints. *Adjustedmean (SE) changes frombaselinebyOSA
status at baseline. BL, baseline; E, empagliflozin; P, placebo; W, week.
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sympathetic activation, oxidative stress,
systemic inflammation, hypothalamic pi-
tuitary axis activation, and adipokine
dysregulation (28), with each of these
factors more highly prevalent in obeso-
genic states (29). Indeed, a small, open-
label, single-arm study in Japanese patients
with moderate to severe OSA, obesity,
and diabetes showed improved meta-
bolic parameters and less oxygen desatu-
ration events with low-dose dapagliflozin
administered over 24 weeks (30). In the
current trial, empagliflozin treatment im-
proved several metabolic end points in
participants with OSA, with a trend for a
larger effect on weight loss among those
with baseline OSA, and may also reduce
new-onset OSA. Empagliflozin is known to
improve body weight and several indices
of visceral adiposity (15), with greater
effects on weight loss among those with
higher baseline weight, which may in
part explain its effects on metabolic
parameters and reduced risk for new-
onset OSA. However, we adjusted for
baseline BMI in our analysis and contin-
ued toobserve a lower frequency of new-
onset OSA, suggesting that the observed
weight lossmayhave included changes in
total body water in addition to adipose

tissue. Indeed, empagliflozin has modest
diuretic and natriuretic effects and may
improve OSA symptoms by reducing in-
trathoracic fluid retention (31) and rostral
fluid shifts from the legs (32) and influence
sodium handling by the kidneys (33). An
alternative consideration is that a mod-
est increase in urinary frequency with
empagliflozin treatment, manifested noc-
turnally as nocturia, might have led to
interrupted sleep cycles and decreasing
the duration of rapid eye movement
(REM) sleep. REM sleep is a higher
risk period for OSA events (34), and a
decrease in REM sleep would lead to
fewer observed apneic events, leading
to a potential ascertainment bias. How-
ever, since the frequency of nocturia in
EMPA-REG OUTCOMEwas relatively bal-
anced between treatment groups, we do
notbelieve that this is a likely explanation
for the results.

There are no pharmacological thera-
pies currently approved for the treat-
ment of OSA (9), and most investigations
have focused on medications that can
influencemechanisms like increasing the
tone in the upper-airway dilator muscles,
increasing ventilatory drive, reducing
the proportion of REM sleep, increasing

cholinergic tone during sleep, increasing
arousal threshold, reducing airway re-
sistance, or reducing surface tension in
the upper airway. Several medication
classes that are known to have beneficial
effects on body weight and/or glycemic
control have been studied in randomized
controlled trials with varying results (9).
Extended-release phentermine/topiramate
(approved for long-term weight reduction)
was investigated in a single-center study of
45 patients with moderate to severe OSA
not receiving CPAP therapy. After 28 weeks
of therapy, extended-release phentermine/
topiramate reduced weight by;10% (pla-
cebo corrected;6%) and improved change
in the apnea-hypopnea index (AHI) by;15
events (35). Liraglutide 3.0 mg (also ap-
proved for long-termweight reduction)was
studied in 359 patients with moderate to
severe OSA not receiving CPAP therapy;
after 32 weeks of therapy, liraglutide re-
duced weight by ;4% (vs. placebo) and
significantly reduced the AHI by approxi-
mately six events (36). Although post hoc
and not directly comparable to these stud-
ies, in the EMPA-REG OUTCOME trial, em-
pagliflozinreducedweightby;2.5–3.0kgin
patients with baseline OSA (;2.5% from
baseline), yet empagliflozin treatment was

Figure 2—Effects of empagliflozin treatment on CV, HHF, mortality, and renal outcomes by OSA status at baseline (BL). Events and HRs (95% CIs) for
empagliflozin treatment on 3P-MACE, CV death, HHF, all-causemortality, incident and worsening nephropathy, and progression tomacroalbuminuria
both overall (indicated in bold) and by OSA status at BL. Cox model includes age, sex, region, BL eGFR, BL BMI, BL HbA1c, treatment, OSA at BL, and
treatment-by-OSA at BL interaction. *P-interaction.
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associated with a 52% lower reported fre-
quency of new-onset OSA.
With regard to mechanisms, when we

performed a mediation analysis to fur-
ther investigate what factors may have
contributed to the lower hazard for OSA,
we found that only ;22% of the lower
risk was attributable to the combined
change in conventional risk factors, with
the majority being due to weight loss.
Thus, the majority of the empagliflozin
effect on lower incidence of OSA may be
mediated directly or indirectly by empa-
gliflozin through factors not assessed in
the trial.
There are several strengths of this

study over prior work that add to our
understanding of OSA, type 2 diabetes,
and CVD. To our knowledge, this is the
first report of outcomes related to OSA
in a randomized controlled trial of SGLT2
inhibition, albeit in a post hoc, explor-
atory analysis. Second, all CV outcomes
were prospectively adjudicated by inde-
pendent, blinded clinical events commit-
tees, ensuring accurate and complete
event reporting. Third, useof amediation
analysis allowed us to explore potential
explanatory factors contributing to our
prospective findings of lower new-onset
OSA frequency with empagliflozin. Sev-
eral limitations also merit comment.
First, since the diagnosis of OSA was

based on patient/investigator report
rather than on systematic prospective
polysomnography, the reported diagnosis
is likely to be accurate/specific (i.e., low
likelihood of false positives) but under-
identified in patients without a prior sleep
study. Thus, the prevalence of OSA in our
population was lower than that expected
in thegeneral population, althoughunder-
reportinginpatientswithoutaprior formal
sleep study should be independent of
randomized treatment. As such, it should
not introduce a bias in the measured
relative risk reduction between the two
treatmentarms.Second, sinceAHIwasnot
prospectively measured in EMPA-REG
OUTCOME, we are unable to comment
on OSA severity with empagliflozin treat-
ment. Third, we are unable to report on
how participants were treated (CPAP vs.
other treatments) for OSA during the
course of the trial andhowadherent they
were toOSAtherapies. Consequently,we
are unable to determine to what extent a
lack of sleep apnea treatment may have
hindered weight loss and associated car-
diometabolic benefits, thereby influenc-
ing our results. Fourth, since there are no
AHI data to verify sleep apnea type or
severity, and the MedDRA identifier
code does not differentiate between
OSA and central sleep apnea (CSA), we are
unable to report the differential effects of

empagliflozin on OSA versus CSA. How-
ever, since the prevalence of OSA is sub-
stantially higher than CSA in the general
population, and both entities have ad-
verse consequences, the overallfindings
remain pertinent. In summary, our find-
ings are exploratory and should be un-
derstood to be hypothesis generating
only; further prospective assessment of
SGLT2 inhibition in OSA should be per-
formed to confirm our results.

In conclusion, patients with type 2
diabetes, established CVD, and baseline
OSA had greater cardiometabolic comor-
bidity and higher frequency of 3P-MACE,
HHF, mortality, and renal outcomes in
the EMPA-REG OUTCOME trial. Empagli-
flozin had favorable effects on cardio-
metabolic risk factors and consistently
reduced risk for 3P-MACE, HHF, mortal-
ity, and renal outcomes in thosewith and
without OSA at baseline. Furthermore,
we found that empagliflozin could re-
duce the risk for new-onset OSA and that
this additional potential benefit of em-
pagliflozin could be partially indepen-
dent of its effects on traditional OSA
risk factors. Prospectively powered ran-
domized controlled trials, including
objective assessments of OSA using
polysomnography (e.g., AHI, apnea se-
verity, sleep efficiency, periodic limb
movement, differentiation of OSA vs.

Figure 3—Kaplan-Meier estimates for time to first OSA event on treatment for patients without OSA at baseline. OSA events are based on investigator-
reported events (MedDRA version 18.0) until treatment end plus an additional 7 days. HRs are based on a Cox regressionmodelwith terms for age, sex,
baseline BMI categories, HbA1c categories, eGFR categories, geographical region, and treatment. Empagliflozin estimates correspond to pooled
treatment groups. IR, incidence rate.
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CSA) are needed to further inform the
effectiveness and limitations of novel
therapies such as SGLT2 inhibition for
OSA to treat residual CV risk related to
OSA in this high-risk patient population.
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