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Boehringer Ingelheim & Eli Lilly and Company Methods: In this exploratory analysis of the EMPA-REG OUTCOME trial, we used
Diabetes Alliance Cox regression to evaluate the effects of empagliflozin on all-cause mortality, hospi-
talization for heart failure (HHF) or CV death, and incident or worsening nephropathy
by baseline BMI category.

Results: Of the 7020 participants (1517 Asians [21.6%)), 934 (13.3%), 2465 (35.1%) and
3621 (51.6%) had a BMI of less than 25, 25 to less than 30, and 30 kg/m? or higher, respec-
tively. Overall, hazard ratios for empagliflozin versus placebo for all-cause mortality, HHF or
CV death, and incident or worsening nephropathy were 0.68 (95% Cl 0.57, 0.82), 0.66 (0.55,
0.79) and 0.61 (0.53, 0.70), respectively, and were consistent across BMI categories (P values
for interaction between treatment and BMI were .6772, .3087 and .6265, respectively).
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1 | INTRODUCTION

Obesity is one of the main factors fuelling the type 2 diabetes (T2D)
pandemic. Epidemiology studies show a J- or U-shaped relationship
between body mass index (BMI) and mortality, whereby individuals at
the lower end of the BMI distribution, as well as those who are over-
weight/obese, have an increased risk of mortality.>? Although BMI-
based cut-off points for overweight and obesity differ between Cau-
casian and Asian populations (as Asians tend to have a more adverse
cardiometabolic adipose profile at any given BMI than Caucasians®%),
this relationship is also observed in Asians.”

Because of the relationship of obesity to T2D incidence and out-
comes, the effect of glucose-lowering drugs on body weight is an
important consideration for selecting treatment to manage hyper-
glycaemia. Sodium-glucose co-transporter-2 (SGLT2) inhibitors are
one of the few classes of oral glucose-lowering drugs that have been
shown to consistently reduce body weight. They were also the first
class of glucose-lowering drugs found to reduce the risk of cardiovas-
cular (CV) events and mortality. In the EMPA-REG OUTCOME trial in
T2D patients, the SGLT2 inhibitor empagliflozin reduced the risk of
CV death by 38%, hospitalization for heart failure (HHF) by 35%,
three-point major adverse CV events (CV death, non-fatal myocardial
infarction, or non-fatal stroke) by 14%, and all-cause mortality by
32%.% Empagliflozin also reduced the risk of incident or worsening
nephropathy by 39%.” However, it has not been extensively studied if
the beneficial effect of empaglifiozin on clinical outcomes is modified
by BMI, in particular when extending to the lower and higher ranges.

Consequently, we explored the potential association between
BMI and cardiorenal outcomes and mortality with empagliflozin in
EMPA-REG OUTCOME. In addition to the analysis of the overall trial
population, we also investigated the subgroup of Asian participants
using both international and Asian-specific BMI cut-off points.

2 | METHODS

The randomized, double-blind EMPA-REG OUTCOME trial was con-
ducted in 42 countries including the following 11 in Asia: Hong Kong,
India, Indonesia, Japan, Korea, Malaysia, Philippines, Singapore, Sri Lanka,
Taiwan and Thailand (ClinicalTrials.gov, NCT01131676).° In brief, 7020
people aged 18 years or older with T2D, established CV disease, HbAlc
levels of 7.0%-10.0%, BMI of 45 kg/ m? or less, and an estimated glomer-
ular filtration rate (€GFR) of 30 mL/min/1.73 m? or higher (as per the

Results were similar in Asians using these BMI categories and categories of less than 24, 24
to less than 28, and 28 kg/m? or higher.
Conclusion: Empagliflozin reduced cardiorenal and mortality risk regardless of BMI at

baseline, including in Asians with a lower BMI.

cardiovascular disease, clinical trial, diabetic nephropathy, empagliflozin, weight control

Modification of Diet in Renal Disease [MDRD] formula) received
empagliflozin (10 or 25 mg) or placebo once-daily. Investigators were
encouraged to adjust background glucose-lowering therapy if necessary
to meet local standards of care (except during the initial 12 weeks), and
to meet local standards of care for other CV risk factors. This event-
driven trial was designed to continue until 691 or more patients had
experienced three-point major adverse CV events. The other
prespecified clinical outcomes included all-cause mortality, the compos-
ite of HHF or CV death (excluding fatal stroke), and incident or worsen-
ing nephropathy (a composite of progression to macroalbuminuria,
doubling of serum creatinine level accompanied by eGFR < 45 mL/
min/1.73 m?, initiation of renal replacement therapy, or death from renal
disease). Macroalbuminuria was defined as an urinary albumin-to-
creatinine ratio of more than 300 mg/g. All CV events and deaths were
adjudicated by independent committees. At trial completion, participants
had been followed for a median of 3.1 years.

In this post hoc analysis, we categorized participants by their BMI
at baseline using the World Health Organization (WHO) categories of
less than 25, 25 to less than 30 (overweight), and 30 kg/m? or higher
(obese).2 We used Cox regression models to analyse the effects of
empagliflozin versus placebo on all-cause mortality, HHF or CV death
(excluding fatal stroke), and incident or worsening nephropathy across
these baseline BMI categories in the treated set (all randomized patients
who received 21 dose of study drug). The Cox models included terms
for age, sex, baseline HbAlc category, baseline eGFR category, geo-
graphical region, treatment, baseline BMI category and treatment-by-
baseline-BMlI-category interaction. In addition, we evaluated the same
clinical outcomes in the subgroup of Asian participants using BMI cate-
gories of less than 24, 24 to less than 28 (overweight), and 28 kg/ m? or
higher (obese), as these cut-off points are used in some Asian coun-
tries.” 2 Separate analyses were conducted for participants who self-
identified as being of Asian race and those living in the Asian region.
The Cox models for these analyses included the same terms as for the
main models except that analyses were restricted to Asian participants
(once for Asians by race, once for Asian by region) and the analyses by
Asian region lacked the term for geographical region.

We also evaluated changes in body weight, systolic blood pres-
sure (SBP) and HbA1c according to baseline BMI using mixed models
for repeated measures (MMRM), as described in the supporting
information (Appendix S1).

All analyses were post hoc and exploratory with a nominal two-
sided significance level of .05 without adjustment for multiple com-

parisons. Adverse events were analysed descriptively.
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3 | RESULTS

3.1 | Baseline characteristics

At baseline, 934 (13.3%) of the 7020 participants had a BMI of less
than 25 kg/m?, 2465 (35.1%) had a BMI of 25 to less than 30 kg/m?,
and 3621 (51.6%) had a BMI of 30 kg/m? or higher. A total of 1517
participants (21.6%) were of Asian race while 1347 (19.2%) resided in
Asian countries.

Baseline characteristics by WHO BMI categories in all participants
are shown in Table S1. Those with a BMI of less than 25 kg/m? were
slightly older, more commonly from Asia, and had a longer duration of
diabetes than those with a BMI of 25 to less than 30, or of 30 kg/m? or
higher. More participants with a BMI of less than 25 kg/m? had a his-
tory of stroke compared with those with a BMI of 30 kg/m? or higher,
but fewer had a history of myocardial infarction. More participants with
a BMI of 30 kg/m? or higher had received a coronary artery bypass graft
compared with those with lower BMI, and the prevalence of heart fail-
ure was also greatest in the highest BMI category. Similar trends were
observed in participants of Asian race by both WHO BMI categories
(Table S2) and Asia-specific categories (Table S3).

3.2 | Cardiometabolic risk factors

Compared with placebo, empagliflozin consistently reduced HbAlc,
SBP and body weight in all participants, including in those of Asian
race, regardless of baseline WHO BMI category (Figures S1-S6).
However, empagliflozin-elicited reductions in body weight seemed to

be more pronounced in participants with a higher baseline BMI.

3.3 | Clinical outcomes

In the overall trial population, empagliflozin reduced all-cause mor-
tality, HHF or CV death (excluding fatal stroke), and incident/wors-
ening nephropathy in participants across WHO BMI categories,
with benefits being consistent between those with a BMI of less
than 25 kg/m?, 25 to less than 30 kg/m?, or 30 kg/m? or higher
(P > .05 for interaction between treatment effect and baseline BMI
category; Figure 1). Similar, consistent risk reductions for all-cause
mortality, HHF or CV death, and incident/worsening nephropathy,
occurred with empagliflozin versus placebo in the subgroup of par-

ticipants of Asian race (Figure 1).

Empagliflozin Placebo Interaction
niN l()%? Ratet niN (%) Ratet HR (95% CI) HR (95% CI) P value
All-cause mortality
All participants 269/4687 (5.7) 19.4 194/2333(8.3) 28.6 0.68(0.57,0.82) H
BMI <25 kg/m? 43/633 (6.8) 225 29/301(9.6) 33.4 0.70(0.44,1.13) '—:0——« 6772
BMI 25 to <30 kg/m? 94/1646 (5.7) 19.3 75/819(9.2) 31.1 0.61(0.45,0.83) —o— :
BMI 230 kg/m?2 132/2408 (5.5) 18.7 90/1213(7.4) 25.6 0.73(0.56,0.96) —o
Asian race 41/1006 (4.1) 13.2 32/511(6.3) 20.7 0.64(0.40,1.01) —e—]
BMI <25 kg/m? 17/358 (4.7) 15.5 17/184(9.2) 315 0.49(0.25,0.97) _— 2900
BMI 25 to <30 kg/m? 22/462 (4.8) 15.5 12/235(5.1) 16.6 0.84(0.41,1.70) L
BMI 230 kg/m? 2/186 (1.1) 3.4 3/92(3.3) 10.6  Not calculated* !
THHF orCVdeaths T TTTTTTTTTmmmmmmmmmmmmm e
All participants 265/4687 (5.7) 19.7 198/2333(8.5) 30.1 0.66(0.55,0.79) @
BMI <25 kg/m? 27/633 (4.3) 14.5 26/301(8.6) 30.5 0.49(0.29,0.84) ;—o—i—a 3087
BMI 25 to <30 kg/m? 81/1646 (4.9) 17.0 67/819(8.2) 28.4 0.59(0.43,0.82) —— ’
BMI 230 kg/m? 157/2408 (6.5) 23.0 105/1213(8.7) 31.3 0.74(0.58,0.94) .—:'—1
Asian race 39/1006 (3.9) 12.8 35/511(6.8) 229 0.57(0.36,0.89) ._.4:_.
BMI <25 kg/m? 12/358 (3.4) 111 14/184(7.6) 26.3 0.41(0.19,0.90) —_— 7333
BMI 25 to <30 kg/m? 18/462 (3.9) 12.9 14/235(6.0) 19.6 0.61(0.30,1.23) ——e—
_____ BMI230kgm? ______ _9/186(48) __ 16.0 __ 7/92(7.6) 251 061(0:23,1.65) e i
Incident or worsening nephropathytt
All participants 525/4124 (12.7) 47.8  388/2061(18.8) 76.0 0.61(0.53,0.70) (@]
BMI <25 kg/m? 85/550 (15.5) 57.4 52/259(20.1) 80.8 0.69(0.49,0.98) e 6265
BMI 25t0 <30 kg/m2  176/1459(12.1) 45.0  131/726(18.0) 70.0 0.63(0.50,0.78) o ’
BMI 230 kg/m? 264/2115(12.5) 47.2  205/1076(19.1) 79.2 0.58(0.48,0.69) @
Asian race 134/865(15.5) 54.8 97/444 (21.8) 82.6 0.64(0.49,0.83) —o—i
BMI <25 kg/m? 52/312(16.7) 59.4 35/155(22.6) 88.9 0.59(0.38,0.91) »_.:_‘ 8735
BMI 25 to <30 kg/m? 55/397 (13.9)  49.3 44/205(21.5) 78.2 0.59(0.40,0.88) —— ’
BMI 230 kg/m? 27/156 (17.3) 59.9 18/84(21.4) 82.8 0.70(0.39,1.28) P
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FIGURE 1

Effect of empagliflozin on all-cause mortality, HHF or CV death, and incident/worsening nephropathy by baseline BMI category

(WHO) in all participants and participants of Asian race. Data from Cox regression models as described in the Methods section. BMI, body mass
index; Cl, confidence interval; CV, cardiovascular; eGFR, estimated glomerular filtration rate; HHF, hospitalization for heart failure; HR, hazard
ratio; WHO, World Health Organization. TIncidence rate per 1000 patient-years. *HR not calculated as <14 events. SExcluding fatal stroke.
”Progression to macroalbuminuria, doubling of serum creatinine accompanied by eGFR < 45 mL/min/1.73 m?, initiation of renal replacement

therapy, or death from renal disease
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Among participants of Asian race or in those resident in Asia,
empagliflozin also reduced the risk of all-cause mortality, HHF or CV
death (excluding fatal stroke), and incident/worsening nephropathy
consistently across Asia-specific BMI categories of less than 24, 24 to
less than 28, or of 28 kg/m? or higher (Figure 2).

3.4 | Adverse events

Overall, the incidence of adverse events was generally no greater in
participants with a BMI of less than 25 kg/m? compared with those
with a BMI of 25 to less than 30, or of 30 kg/m? or higher. Moreover,
the proportion of participants with adverse events was generally simi-
lar between empaglifiozin and placebo across WHO BMI categories
for serious events, hypoglycaemia (including severe episodes), urinary
tract infections and volume depletion. However, genital infections
were consistently more frequent with empagliflozin compared with
placebo (Table S4). Similar trends were observed for participants of
Asian race (Table S5).

4 | DISCUSSION

This subgroup analysis of EMPA-REG OUTCOME suggests that nei-
ther the beneficial effects of empagliflozin on clinical outcomes nor its
safety profile were affected by higher or lower categories of BMI,
either in the overall trial cohort or in the Asian subgroup.

Because of the J- or U-shaped association between BMI and mor-
tality, it was of interest to explore the effects of empagliflozin on car-
diorenal outcomes and mortality in participants with low (<25 kg/m?)
and high BMI (230 kg/m?). In particular, high BMI in T2D patients is
associated with poor metabolic health, as well as sodium/fluid reten-
tion and heart failure, all of which are alleviated by SGLT2 inhibition.**
On the other hand, there may be some concern for patients with low
BMI receiving a weight-reducing drug, albeit one with only mild-to-
moderate weight-loss effects. Despite these theoretical consider-
ations, empagliflozin consistently, and with a similar magnitude of
effect, reduced the risk of all-cause mortality, HHF or CV death, and
new or worsening nephropathy regardless of BMI category at baseline
in the EMPA-REG OUTCOME trial cohort. Almost half of these

Empagliflozin Placebo Interaction
niN (%) Ratet niN (%) Ratet HR (95% C1) HR (95% ClI) P value
All-cause mortality
All participants 269/4687 (5.7) 19.4 194/2333(8.3) 28.6 0.68(0.57,0.82) @
Asian race :
BMI <24 kg/m?2 12/256 (4.7) 15.2 14/125(11.2) 394 0.37(0.17,0.80) r—o—%—« 2127
BMI 24 to <28 kg/m? 20/422 (4.7) 15.5 11/227(4.8) 155 0.97(0.46,2.03) —— :
BMI 228 kg/m? 9/328 (2.7) 8.8 7/159 (4.4) 14.4 0.58(0.22,1.56) e R
Asian region !
BMI <24 kg/m? 11/240 (4.6) 14.9 14/120(11.7) 413 0.34(0.16,0.76) +————H 2793
BMI 24 to <28 kg/m? 17/383 (4.4) 14.5 11/197(5.6) 17.8 0.84(0.39,1.80) e
____BMI228kgm? 8/274(29) __ 93 ___ 7M33(5.3) _17.3__052(0.19,144) oot .
HHF or CV death#
All participants 265/4687 (5.7) 19.7 198/2333(8.5) 30.1 0.66(0.55,0.79) '?*
Asian race 1
BMI <24 kg/m? 71256 (2.7) 9.1 12/125(9.6) 345 0.24(0.10,0.62) i 1662
BMI 24 to <28 kg/m? 17/422 (4.0) 13.3 13/227(5.7) 18.6 0.69(0.33,1.42) e :
BMI 228 kg/m? 15/328 (4.6) 15.1 10/159(6.3) 20.9 0.70(0.31,1.57) S
Asian region i
BMI <24 kg/m? 71240 (2.9) 9.7 12/120(10.0) 36.2 0.25(0.10,0.64)¢———— 1491
BMI 24 to <28 kg/m? 14/383(3.7) 12.0 12/197 (6.1) 19.6 0.63(0.29,1.36) ] .
____BMI228kgm? 13/274(4.7) __ 155 7133(53) 174 088(035221) ____ S
Incident or worsening nephropathy$
All participants 525/4124 (12.7) 47.8  388/2061(18.8) 76.0 0.61(0.53,0.70) '.l'
Asian race i
BMI <24 kg/m? 34/221(15.4) 54.5 26/103(25.2) 1059 0.46(0.27,0.76) .—.—E—. 4335
BMI 24 to <28 kg/m? 51/367 (13.9) 49.2 37/200(18.5) 66.0 0.70(0.46,1.08) e ’
BMI 228 kg/m? 49/277 (17.7) 62.5 34/141(24.1) 92.3 0.64(0.41,0.99) e —
Asian region !
BMI <24 kg/m? 32/207 (15.5) 54.7 26/98(26.5) 110.5 0.43(0.26,0.73) e 2008
BMI 24 to <28 kg/m? 47/333(14.1) 493 32/172(18.6) 65.7 0.73(0.46,1.14) e i
BMI 228 kg/m? 44/231(19.0) 66.8 25/118(21.2) 79.0 0.79(0.48,1.30) .
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Effect of empagliflozin on all-cause mortality, HHF or CV death, and incident/worsening nephropathy in Asian participants by

baseline BMI category <24, 24 to <28, or 228 kg/m?. Data from Cox regression models as described in the Methods section. BMI, body mass
index; Cl, confidence interval; CV, cardiovascular; eGFR, estimated glomerular filtration rate; HHF, hospitalization for heart failure; HR, hazard
ratio. TIncidence rate per 1000 patient-years. *Excluding fatal stroke. *Progression to macroalbuminuria, doubling of serum creatinine

accompanied by eGFR < 45 mL/min/1.73 m?, initiation of renal replacement therapy, or death from renal disease
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participants had a BMI of less than 30 kg/m?, and risk reductions also
occurred in participants with low BMI, despite additional weight loss.

BMI-independent risk reduction for cardiorenal events and mor-
tality with empagliflozin also occurred in Asian participants in EMPA-
REG OUTCOME, regardless of whether BMI was classified using
WHO- or Asia-specific categories. The latter analyses showed that
approximately two-thirds of participants of Asian race had a BMI of
less than 28 kg/m?. These observations have high clinical relevance,
as Asian T2D patients generally have lower BMI than their Western
counterparts, which probably reflects differences in adiposity pheno-
type and other pathophysiological variables.®*%*>

The consistent effect of empagliflozin across BMI categories sug-
gests that the mechanism by which this SGLT2 inhibitor reduces car-
diorenal events and mortality involves BMlI-independent factors.
Empagliflozin also reduced HbA1c, SBP and body weight across BMI
categories, although weight reductions were greater in participants
with high baseline BMI, consistent with its effects in other
reports. 117

The incidence of adverse events overall was generally no greater
in participants with low BMI (<25 kg/m?) than in those in the higher
BMI categories, and the expected pattern associated with
empagliflozin and other SGLT2 inhibitors—in particular, an increased
incidence of genital infections—was observed in both the overall trial
cohort and the Asian subgroup.

The strength of this analysis is that its findings are derived from
rigorously adjudicated clinical outcomes in a large, robustly con-
ducted, modern CV outcomes trial that included 934 participants
with a BMI of less than 25 kg/m? and 1517 patients of Asian race.
It is, however, subject to the usual limitations of subgroup analyses,
notably the possibility of type 1 error arising from many statistical
comparisons without adjustment for multiplicity, as well as type
2 errors resulting from reduced statistical power. That said, the sub-
group analyses were consistent with the overall findings, and the
results are also consistent with a post hoc analysis of the CANVAS
trial that found that the cardiorenal risk reduction with the SGLT2
inhibitor canagliflozin was unaffected by BMI.2® Additional limita-
tions included the paucity of Asians with a BMI of less than 20 kg/
m?2, and the lack of delineation of South, East and Southeast Asians,
who are heterogenous groups.

In conclusion, risk reductions for cardiorenal events and mortal-
ity with empagliflozin were not modified by BMI in the large trial
cohort from EMPA-REG OUTCOME, including in the subgroup of
Asian participants. These findings should be informative for physi-
cians managing cardiorenal risk in T2D patients, particularly those
with low BMI, which is more common in Asia than in Western

countries.
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