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Abstract: BACKGROUND: Chronic kidney disease (CKD) is associated with fluid excess which
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can be estimated by bioimpedance spectroscopy. We aimed to assess effects of
sodium glucose co-transporter 2 inhibition on bioimpedance-derived “Fluid Overload”
and adiposity in a CKD population.

METHODS: EMPA-KIDNEY was a 6609-participant double-blind placebo-controlled
trial of empagliflozin 10 mg once daily in patients with CKD at risk of progression. In a
660-participant substudy, bioimpedance measurements were added to the main trial
procedures at randomization, 2- and 18-month follow-up visits. The substudy’s primary
outcome was the study-average difference in absolute “Fluid Overload” (an estimate of
excess extracellular water) analyzed using a mixed-model repeated measures
approach.

RESULTS: The 660 substudy participants were broadly representative of the 6609-
participant trial population. Substudy mean baseline absolute “Fluid Overload” was
0.4+1.7 L. Compared to placebo, the overall mean absolute “Fluid Overload” difference
among those allocated empagliflozin was -0.24 L (95%CI -0.38, -0.11), with similar-
sized differences at 2- and 18-months, and in pre-specified subgroups. Total body
water differences comprised between-group differences in extracellular water of -0.49
L (95%CI -0.69, -0.30, including the -0.24 L “Fluid Overload” difference); and a -0.30 L
(95%CI -0.57, -0.03) difference in intracellular water. There was no significant effect of
empagliflozin on bioimpedance-derived adiposegftissue mass (-0.28 [95%Cl -1.41, 0.85]
kg). The between-group difference in weightg#uas -0.7 kg(95%Cl -1.3, -0.1).
CONCLUSIONS: In a broad range of patients with CKD, empagliflozin resulted in a
sustained reduction in a bioimpedance#derived estimate of fluid overload, with no
statistically significant effect on fat mass.
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ABSTRACT

BACKGROUND: Chronic kidney disease (CKD) is associated with fluid excess
which can be estimated by bioimpedance spectroscopy. We aimed to assess effects
of sodium glucose co-transporter 2 inhibition on bioimpedance-derived “Fluid
Overload” and adiposity in a CKD population.

METHODS: EMPA-KIDNEY was a double-blind placebo-controlled trial of
empagliflozin 10 mg once daily in patients with CKD at risk of ‘progression. In a
substudy, bioimpedance measurements were added to_the main trial procedures at
randomization and at 2- and 18-month follow-up asits.) The “substudy’s primary
outcome was the study-average difference in absolute “Fluid Overload” (an estimate
of excess extracellular water) analyzed using a mixed-model repeated measures
approach.

RESULTS: The 660 substudy participants‘were broadly representative of the 6609-
participant trial population. Substddy mean baseline absolute “Fluid Overload” was
0.4+1.7 L. Compared to placebo, the overall mean absolute “Fluid Overload”
difference among those allocated empagliflozin was -0.24 L (95%CI -0.38, -0.11),
with similar-sized differences at,2- and 18-months, and in pre-specified subgroups.
Total body water differences ¢omprised between-group differences in extracellular
water of -0.49, L (95%€l ~0.69, -0.30, including the -0.24 L “Fluid Overload”
difference); and a
-0.30 L (95%CI \-0.57, -0.03) difference in intracellular water. There was no
significant effect of empagliflozin on bioimpedance-derived adipose tissue mass (-
0.28 [95%CI -1.41, 0.85] kg). The between-group difference in weight was -0.7 kg
(95%CI -1.3, -0.1).

CONCLUSIONS: In a broad range of patients with CKD, empagliflozin resulted in a
sustained reduction in a bioimpedance-derived estimate of fluid overload, with no

statistically significant effect on fat mass.
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INTRODUCTION

Patients with chronic kidney disease (CKD) are at increased risk of cardiovascular
disease,"? key features of which are structural heart disease, heart failure and
sudden death.*® These risks increase progressively as estimated glomerular
filtration rate (eGFR) decreases,® with risk of death from cardiovascular disease
exceeding risk of progression to kidney failure for many people with CKD. Fluid
excess is common in CKD, especially when heart failure coexists,” and can be
quantified using bioimpedance spectroscopy.® Bioimpedance’Can estimate a number
of fluid and adiposity-related parameters, including the“excess constituent of total
body extracellular water (ECW) over and above what is\,considered normohydration.
We refer to this parameter as “Fluid Overload” (see Figure, 1 and the Supplemental
Methods for more details about bioimpe@ance spectroscopy and a glossary of fluid-
related terms).® “Fluid Overload” ¢an be used. to guide dialysis prescription,'® and
epidemiologically there are positive associations between bioimpedance-measured
“Fluid Overload” with cardiovascular outcomes and mortality in patients on dialysis,

with non-dialysis CKD, or with heart failure.®

The double-blind international multicenter EMPA-KIDNEY trial demonstrated that,
compared to matching placebo, empagliflozin 10 mg once daily reduced the risk of
kidney disease progression or cardiovascular death by 28% (95% CI 18-36%) in
6609 patients with CKD at risk of progression.'* A meta-analysis of large placebo-
controlled trials extended these findings and showed that in people with CKD, heart
failure, or type 2 diabetes at high cardiovascular risk, SGLT2 inhibitors safely reduce
the risk of kidney disease progression by about two-fifths and acute kidney injury by

about a quarter, with consistent effects irrespective of diabetes status.'> SGLT2
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inhibitors also reduce the risk of cardiovascular outcomes, particularly hospitalization
for heart failure.’® These absolute cardiovascular benefits are particularly large in
patients with pre-existing heart failure,"*** but smaller numbers of cardiovascular
events in patients with CKD without diabetes and at low levels of eGFR mean effects
are less certain in these populations.**'? The amount of glycosuria induced by
SGLT?2 inhibition falls with decreasing eGFR and with ambient normoglycemia,** so
it is reasonable to hypothesize that other effects of SGLT2 inhibitors could also be
attenuated in such patients.’**® To address uncertainty about the éffects of SGLT2
inhibitors on fluid status and adiposity in CKD, we embegdded abioimpedance-based
substudy within the EMPA-KIDNEY trial.** The primary‘aim was\to’assess the effects
of empaglifiozin 10 mg once daily versus plaeebo on fluid status using the
bioimpedance-derived parameter of absolute “Fluid Overload” (i.e. estimated excess
extracellular water). We also ainied to assess effects on this “Fluid Overload”
parameter over time and in different types of patients with CKD. In this report, we
also put the substudy findings with respect to empagliflozin’s effects on
bioimpedance-derived fluid and adiposity parameters in the context of its potentially
related effectsyon weighty,bleod pressure, glycated hemoglobin and hematocrit (as

observed in the fuli‘trialicohort).
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METHODS

Substudy design and population

The full methods of the EMPA-KIDNEY trial and the main results have been reported
elsewhere (ClinicalTrials.gov number, NCT03594110; EudraCT number, 2017-
002971-24).**1° Briefly, patients with CKD at risk of progression were identified
based on historical and screening local laboratory measurements of an eGFR =20
but <45 mL/min/1.73m?, or an eGFR 245 but <90 mL/min/1.73m? with a urinary
albumin-to-creatinine ratio (UACR) 2200 mg/g. This report details'the results of an
optional substudy conducted in a subset of sites in the~United Kingdom (UK) and
Germany which added bioimpedance measurements atsthe randomization, 2- and
18-month follow-up visits to the trial's main pfotocel-specified procedures (Substudy
Protocol Supplement available in thed Supplemental Materials). All participants
provided written informed consent. Regulatory authorities, as well as ethics
committees at each center, approved the trial and the substudy which adhere to the

Declaration of Helsinki.

Bioimpedance\measurements

Bioimpedance spectroscopy is a tool used in the clinical care of patients requiring
dialysis to monitor fluid status.’” We employed the Fresenius Medical Care Body
Composition Monitor (BCM) bioimpedance spectroscopy device as it has been
extensively validated for fluid status assessment in kidney failure populations and
used in randomized controlled trials.’*?° The device passes low level electrical
current at frequencies of 5-1000 kHz (with results extrapolated from zero to infinity
kHz) between electrodes attached to patients’ hands and feet.®? All substudy

bioimpedance measurements were performed by trained local research
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coordinators. Body fluid and adiposity indices were then derived centrally using age,
sex, a paired weight measurement, and height data combined with bioimpedance
measurements of electrical resistance, and a validated three-compartment model

formula using proprietary coefficients.**

The primary outcome was based on the bioimpedance-derived estimate of excess
extracellular water which we refer to as absolute “Fluid Overload” (sometimes
referred to as “overhydration”). It is reported in Litres and can have positive or
negative values (Figure 1). Its reference range estiméted from the 10" and 90"
centiles of a reference general population distributionyis”-1.1\L 40 +1.1 L.** “Fluid
Overload” can be indexed to extracellulaf water volume and referred to as
percentage relative “Fluid Overload”. An, absolute value of +1.1 L approximately
corresponds to relative “Fluid Overload” of +7%. Values above this threshold have
been consistently associated™ with “increased risk of death and cardiovascular
events,® and we refer to it\as modetate “Fluid Overload” (>7%, <15%) or severe
“Fluid Overload” (>15%).2%*?! Bioimpedance measurements were also used to
derive estimates of extracelldlar and intracellular water volume; lean tissue index

(LTI and fat tissue‘/index (FTI) (see Supplemental Methods for more details).

Local research coordinators were trained to repeat measurements when the BCM
device’s automated quality score (the Q value) was below 80 (out of 100). Visual
inspection of reactance versus resistance plots (known as Cole-Cole plots) were
additionally used to assess data quality.? It was not always possible to obtain a Q
value 280, so any measurement with a Q value <80 had its Cole-Cole plot assessed

independently by two researchers to determine data quality and inclusion in the
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primary assessment using pre-specified rules blind to treatment allocation (see pre-
specified Data Analysis Plan for details). Absolute “Fluid Overload” values lower than
-5 L were consistently associated with low quality bioimpedance measurement and

were considered invalid.

Outcomes

The substudy’s pre-specified primary outcome was the effect of empagliflozin versus
placebo on mean absolute “Fluid Overload” averaged over time,»with effects on
relative “Fluid Overload” provided for completeness. It"Wwas estimated that at least
382 participants would provide >90% power (at a two-sided P value of 0.05) to detect
at least a 0.3 L difference in absolute “FluidiOverload” between treatment groups.
The key secondary outcome was the effect of empaglifiozin versus placebo on time
to the first event of a cardiovascular composite _defined as death from heart failure,
heart failure hospitalizationg”or ‘develepment of new moderate or severe “Fluid
Overload” (in participants without this level of “Fluid Overload” at baseline). The
other secondary outcomes were the effects of empagliflozin versus placebo on “Fluid
Overload” at ‘the differentzsmeasurement time points. Tertiary assessments are
detailed in the ‘Supplemental Methods and include analyses of the effects of
empagliflozin versus placebo on all extracellular (of which “Fluid Overload” is a
constituent) and intracellular water. In addition, the effects of empagliflozin versus
placebo on total body water (the sum of all extracellular and intracellular water) were

assessed as a post-hoc analysis to contextualise effects on “Fluid Overload”.

In order for inferences from the bioimpedance substudy to be put in the context of

findings from all the available EMPA-KIDNEY data, additional analyses included
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assessments of the effects of empagliflozin versus placebo on weight, body mass
index (BMI), waist-to-hip ratio, glycated hemoglobin, hematocrit and blood pressure
(systolic and diastolic) in the full trial cohort. Analyses emphasized results of study-
average effects including all available measurements from routine trial visit time
points (with effects at 2 and 18 months also presented). The full cohort results are
emphasized due to greater statistical power and wider generalizability than the
substudy. Substudy results were compared to results from the full cohort using
standard statistical tests of heterogeneity. Analyses of weight and systolic blood
pressure also considered results for the same subgroups-as the substudy (plus self-
reported race — to explore effects by race in the full trial’cohort since the substudy
took place in the UK and Germany only). Pte-specified sensitivity analysis for the
primary outcome included three analyses assessing any effect of data quality
assessments.

Analyses of effects of empagliflozin ondiuretic use were included post-hoc.

Statistical analysis

Substudy analyses followedsthe intention-to-treat principle and required a consenting
participant to have provided at least one valid bioimpedance measurement. The
primary outcome was pre-specified to be assessed using a mixed model repeated
measures (MMRM) approach adjusted for age, sex, prior diabetes, eGFR, and uACR
in the categories used in the minimized randomization algorithm.** The MMRM
model also included fixed categorical effects of time (to avoid assuming a linear
association between treatment allocation and “Fluid Overload” over time), treatment
allocation, treatment-by-time interaction, and continuous effects of baseline

(randomization) measurements, and baseline-by-time interaction. The within-person
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error correlations were assumed to be unstructured. Analyses of the full trial cohort
were additionally adjusted for region.™* Effects at each follow-up time point were
estimated and used to derive study-average effects (with weights proportional to the
amount of time between visits). All between-group differences are reported as
empagliflozin minus placebo. To assess effect modification, subgroup-specific
treatment effects were estimated by fitting interaction terms in the MMRM models.
The null hypothesis was that the treatment effect is the same across all subgroups.
This was tested by calculating a heterogeneity or trend statistic from subgroup-

specific means and standard errors, without correction fermultiplicity of testing.

The key secondary outcome and its components were analysed using an adjusted
Cox proportional hazards regression using the same govariates in the minimization
algorithm (age, sex, prior diabetes, eGFR and UACR) and included the complete
substudy population of 660 participants (i.e. it included participants without a valid
follow-up bioimpedance measurement who were excluded from MMRM analyses but
were at risk of clinical outcomes). Tertiary analyses used the same MMRM approach
as described for the primary,0utcome and assessed effects on ECW, ICW, LTI, FTI,
body weight and\BMI. Waist and hip circumference measurements were obtained at
a single follow-up time point (18 months) and were therefore analysed by analysis of
covariance (ANCOVA), adjusted for the baseline value and minimization variables.
Handling of missing data is outlined in the Supplemental Methods. P values for
hypothesis testing for outcomes are limited to the primary outcome. P values for
testing for any evidence of effect modification between subgroups, and between
treatment effect and effects by time are provided. The pre-specified Data Analysis

Plan is provided in the Supplemental Materials. Analyses were performed using R
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Studio version 4.2.2 (RStudio: Integrated Development for R. RStudio, PBC, Boston,

MA) and SAS version 9.4 (SAS Institute, Cary NC).

RESULTS

Substudy baseline characteristics and adherence

Between 22" May 2019 and 14™ April 2021, 668 participants consented to join the
substudy. One was excluded due to a metal knee implant and no usable
bioimpedance measurement at baseline excluded a furthér seven, leaving 660
included in analyses (Supplemental Figure 1, Supplemental Material). MMRM
analyses excluded 40 consenting participants withhnovalid follow-up bioimpedance
measurement (empagliflozin versus placebo: 21 wersus 19 respectively; 3 due to
death before first follow-up measurement, 128 with no follow-up measurement
performed [e.g. due to COVID-19precluding visits] and 9 due to low data quality).
This left a total of 620 partieipants from which 1047 valid follow-up bioimpedance

measurements were available for MMRM analyses.

In the substudy, mean ageswas 64 (15) years and 205 (31%) participants were
female (Table 1), At recruitment, 136 (21%) reported a diagnosis of heart failure and
256 (39%) had didbetes. Mean (SD) eGFR was 36.0 (12.4) mL/min/1.73m? and
median (Q1-Q3) N-terminal pro B-type natriuretic peptide (NT pro-BNP) was 211
(93-581) ng/L. Mean body weight was 88.8 (19.8) kg and mean BMI was 30.3 (6.2)
kg/m?. Mean absolute “Fluid Overload” at baseline was 0.4 (1.7) L with 126 (19%)
and 30 (5%) participants with evidence of moderate and severe “Fluid Overload”,
respectively (Table 1). Severity of “Fluid Overload” mirrored established markers of

fluid excess: heart failure was twice as common in those with severe “Fluid
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Overload” compared to the normohydrated group, and NT-proBNP was five-fold
higher (Supplemental Table 2). Additionally, participants with “Fluid Overload” were
more likely to be older, be male, to have prior diabetes, and have a lower eGFR
(Supplemental Table 2). The substudy cohort characteristics were broadly
representative of the full trial cohort,** although were less racially diverse due to

being conducted only in the UK and Germany (Supplemental Table 3).

Substudy adherence to study treatment was consistent with adherenee in the full trial
population.** At 12 months of follow-up (the approximéte midpoint /of the trial), of
substudy participants who remained alive, 282/318(88.7%)\in" the empagliflozin
group and 292/320 (91.3%) in the placebo graup reported taking at least 80% of their

allocated study treatment.

Effects on bioimpedance-derived parameters

The primary assessment found that ‘the study-average mean absolute “Fluid
Overload” was 0.24 L lower in those allocated empagliflozin compared to placebo
(absolute difference in‘“means -0.24 L, 95% CI -0.38, -0.11), with similar differences
at 2 months (-0.23L, 95% CI -0.37, -0.08) and 18 months (-0.26 L, 95% CI -0.46, -
0.06) (Table 2, Figure 2). Findings were robust in sensitivity analyses assessing the
effect of data quality assessments (Supplemental Table 4). The effect of
empagliflozin on the primary outcome was similar in subgroups by sex, diabetes
status, and across the spectrum of NT-proBNP and eGFR studied (p-values for
heterogeneity or trend >0.3, Figure 3 & Supplemental Table 5). Neither was there
any evidence of heterogeneity in post-hoc exploratory subgroups divided by baseline

fluid status (fluid depletion, low- and high-normohydration, moderate and severe
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“Fluid Overload”; p=0.71), diuretic use (p=0.07) or urinary albumin-to-creatinine ratio

(p=0.33, Supplemental Figure 2).

There was no significant difference in the composite outcome between treatment
groups (empagliflozin 35/332 [11%] versus placebo 38/328 [12%], hazard ratio (HR)
0.91, 95% CI 0.57-1.45, p=0.69) with consistent effects for its components (Table 3).
The number of outcomes was low, limiting statistical power: development of new
moderate “Fluid Overload” occurred in 7.8% of substudy” participants allocated
empagliflozin versus 10.1% allocated placebo; and development of new severe
“Fluid Overload” occurred in 2.6% versus 1.3% of empagliflozinjand placebo groups,
respectively. The tertiary outcome of regression, of moderate or severe “Fluid
Overload” did not differ significantly betweenthe empagliflozin and placebo groups
(54.8% versus 48.6%; Table 3). Heart failure events were also infrequent; there were
no deaths due to heart failure in theysubstudy population. In the full trial cohort,
hospitalization for heart failure occurred’in 2.7% and 3.2% of participants allocated
empagliflozin and placebo, respectively (HR 0.80, 95% CI 0.60-1.06); and findings
from the substudy cohorticonsidered in isolation were consistent (empagliflozin 3.3%

versus placebo 4.9%; HR 0.67, 95% CI 0.31-1.46; Table 3).

Bioimpedance estimated that the study-average absolute difference in total body
water was -0.82 L (-1.24, -0.40). This consisted of differences in extracellular water
of -0.49 L (95% CI -0.69, -0.30) (of which the -0.24 L between-group difference in
“Fluid Overload” is a constituent); and intracellular water of -0.30 L (95% CI -0.57, -
0.03). There were no significant between-group differences in bioimpedance-derived

fat or lean tissue index or related tissue mass parameters (lean, fat and adipose
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tissue mass in kg; Table 2, Supplemental Table 6 & Supplemental Table 7). In the
bioimpedance substudy population, the study-average between-group difference in

weight was -0.7 kg (-1.3, -0.1).

Effects on anthropometry, blood pressure and relevant laboratory values in the full
trial cohort

In the full trial cohort, the between-group difference in weight was -0.9 kg (95% CI -
1.2, -0.6) (Figure 4, Supplemental Table 8) and the effect of/empagliflozin on weight
did not vary significantly over time (interaction p value/by time=0.47; Supplemental
Table 8). In the full cohort, there was no evidence. of‘heterogeneity of the effect of
empagliflozin on weight in subgroups by sex¢ baseline eGER or diabetes (Figure 4,
or in post-hoc analyses by race: Supplemental Figure 3). Waist-to-hip ratio at 18
months was also not significantly different between the empagliflozin versus placebo
groups (Supplemental Tables9)."The study-average difference in HbAlc in the full
cohort was -0.4 mmol/mol (95% CI -0.8, -0.0), with a -0.9 mmol/mol (95% CI -1.6, -
0.1) difference in HbAlc in participants with diabetes at randomization and no
significant difference in“participants without diabetes (0.0 mmol/mol, 95% CI -0.2,
0.2; SupplementalsTable 10). The full trial cohort average between-group difference

in hematocrit at 18'months post-randomization was 2.3% (95% CI 1.9, 2.7).

The study-average between-group differences in systolic and diastolic blood
pressure were -2.6 mmHg (95% CI -3.3, -1.9) and -0.5 mmHg (95% CI -0.9, -0.1),
respectively. In the full trial cohort, there was no evidence of heterogeneity of the
effect of empagliflozin on systolic blood pressure when subdivided by sex, baseline

eGFR, NTpro-BNP (Figure 4) or race (Supplemental Figure 3), but there was some
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evidence to suggest a larger systolic blood pressure difference in patients with
diabetes (Figure 4). Effects on anthropometry, HbAlc, hematocrit and blood
pressure in the substudy were approximately consistent with the full trial cohort
results (Supplemental Tables 8-11). Supplemental Figure 4 shows the change in
weight (relative to baseline) with change in different bioimpedance-indices at the 2

month follow-up visit.

Effects on diuretic use

Among those participants in the full trial cohort who were not taking a'loop diuretic at
randomization, 159/2453 (6.5%) in the empaglifflozin group compared to 212/2409
(8.8%) in the placebo group started such medicationyduring’follow-up, representing a
26% lower likelihood of a new loop diuretic /prescription among the empagliflozin

group (risk ratio 0.74, 95% CI 0.60-0.90).

DISCUSSION

In the EMPA-KIDNEY\substudy of 660 patients with CKD, empagliflozin resulted in a
sustained reductien, in bioimpedance-derived “Fluid Overload” for at least 18 months,
irrespective of diabetes status or level of kidney function. Using the three-
compartment model, we observed a -0.24 L between-group difference in “Fluid
Overload” but no significant differences in normally-hydrated lean or adipose tissue
compartments. Fluid volume differences consisted of ~0.8 L less total body water of
which ~0.5 L was extracellular and ~0.3 L intracellular water (with the ~0.5 L total
extracellular water difference including the -0.24 L between-group difference in
excess extracellular water referred to as “Fluid Overload”). These data raise a

hypothesis that an important determinant of the substudy -0.7 kg weight difference
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was due to effects on fluid status. Along with other mechanisms,?® this effect may

contribute to the cardiovascular benefits of SGLT2 inhibitors.

Osmotic diuretic and natriuretic actions are considered potentially important
contributing mechanisms to the cardiovascular benefits of SGLT2 inhibitors, but their
effect on fluid status in CKD — where effects may be hypothesized to be attenuated
by decreased kidney function — have not previously been quantified in randomized
trials.®228 |n patients with type 2 diabetes without kidney diséase, mechanistic trials
have reported plasma volume reductions by SGLT2™inhibitors,*| and raised a
hypothesis that SGLT2 inhibitors reduce interstitialvelume)\ more than plasma
volume.?® Previously collected bioimpedance data'in patients'taking SGLT2 inhibitors
is limited to mainly non-randomized studies.”*®* To thé best of our knowledge, the
16-week DECREASE trial providés the only, peer-review published randomized
evidence on the effects of SGLT2 inhibitors,on bioimpedance parameters to date. It
found that, in 66 participants with type 2 diabetes - CKD status not reported -
dapagliflozin reduced extracellular fluid by ~1 L and systolic blood pressure by ~4
mmHg at 10 days versugyplacébo.®* EMPA-KIDNEY now substantially extends these
previous findings, by studying longer term effects (over 18 months) in a much larger

number of participants in a placebo-controlled trial.

Before the results of this substudy, attenuation of diuretic effects at low levels of
kidney function was considered plausible as SGLT2 inhibitors have little effect on
glycemia at lower eGFR due to attenuated levels of glycosuria.***3¢3 Despite this,
we found consistent effects on “Fluid Overload” across the eGFR-based subgroups.

Similarly, effects did not vary by baseline fluid status, diuretic use or albuminuria.
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These findings are analogous to results from large randomized trials in heart failure
populations that included a large proportion of patients with CKD and low eGFR and
demonstrated consistent effects of SGLT2 inhibitors on cardiovascular death or
hospitalization for heart failure irrespective of sex, diabetes, eGFR or NTpro-BNP at

baseline.r®

It is also relevant that the effect of empagliflozin on fluid loss in EMPA-KIDNEY was
achieved safely. Although estimates of extracellular water reductionreflected loss of
extracellular water that is not considered to be in excess-by the three-compartment
model, there was no increased risk of participant reports.of symptomatic dehydration
in the full trial or substudy cohorts (Supplemental Table 12), nor any increased risk of

acute kidney injury.*®

We also report assessments,of the effects of empagliflozin on anthropometry, blood
pressure, HbAlc and hematocrit for the full trial and substudy cohorts, with the full
trial data providing better statistical power to assess for any effect modification
between subgreups of participant. The effects of empagliflozin on weight and HbAlc
in EMPA-KIDNEY/ are generally consistent with results from other CKD trials.
CREDENCE studied 4401 participants with type 2 diabetes and a mean eGFR of 56
mL/min/1.73m? Compared with placebo, mean weight was 0.80 kg (95% CI 0.69-
0.92) lower in the canagliflozin group, and there was a relatively modest difference in
HbAlc (-0.25%, 95% ClI -0.20, -0.31).** The DAPA-CKD trial studied 4304
participants with a mean eGFR of 43 mL/min/1.73m?, and included 2996 participants
with diabetes.** The between-group difference in HbA1c in those with diabetes was -

1.1 mmol/mol (95% CI —2.1, 0.0).** The overall between-group difference in systolic
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blood pressure in EMPA-KIDNEY of -2.6 mmHg (95% CI -3.3, -1.9) was also similar
to the other large CKD trials: CREDENCE difference -3.3 mmHg (95% CI -2.7, -
3.9),* and DAPA-CKD difference -2.9 mmHg (95% CI -3.6, -2,3).**** In EMPA-
KIDNEY there were somewhat larger antihypertensive effects in participants with
diabetes (heterogeneity p=0.001). This pattern was not observed in bioimpedance-
derived “Fluid Overload” analyses, raising the hypothesis that SGLT2 inhibition may
have additional antihypertensive effects which are more prominent in patients with
diabetes, and which are distinct from their diuretic effects (possibly,through effects
on vascular stiffness or endothelial function).***® Theflack of,. measured effect of
empagliflozin on adiposity is consistent with 4ts ‘modest \effects on glycated

haemoglobin observed in the CKD populationt

Study limitations

EMPA-KIDNEY demonstrated” the clear benefits of SGLT2 inhibition on kidney
disease progression in @ wide range of patients with CKD at risk of progression,
including about a ©ne-third reduction in the risk of needing to start kidney
replacement therapy.'* This ldrge EMPA-KIDNEY substudy benefits from its sample
size, long durations systematic measurements and randomized double-blind design.
These help ensure between-group differences are unbiased and reliable. The BCM
device has some technical limitations. For example, BCM parameters are derived
and not direct measurements and based on formulae normalized to healthy
reference populations and estimations may be less accurate at extremes of “Fluid
Overload” (although extremes of levels were uncommon in the substudy population).
Furthermore, imprecision in fat mass estimates mean the lack of statistical effect on

fat mass does not exclude some effect (Supplementary Figure 4). BCM also does
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not reliably assess subtypes of adiposity (e.g. visceral versus peripheral). Follow-up
was affected by COVID-19 restrictions resulting in some missed bioimpedance
measurements, and the pre-specified key secondary composite analysis was
underpowered due to lower cardiovascular risk in the trial population than was
predicted during its design. Nevertheless, this substudy collected sufficient data to
provide reliable and clear results for the primary and other continuously measured
outcomes. Due to the regions contributing to the substudy, Asian, Black, Mixed and
Other races were under-represented, but effects on weight, HBAlc, and blood
pressure for the full trial cohort were broadly similar to'the substudy results across
the studied races, suggesting our conclusions areslikely. 10 be 'generalizable. Lastly,
use of other diuretics was determined by lacal dectors and not controlled by the
protocol. We observed more new use<0f loop diuretics among those allocated to
placebo, so the presented estimates of effectsion, fluid parameters, weight and blood

pressure may be slight undereStimatesiof the full effect of empagliflozin.

In summary, the EMPA-KIDNEY®bioimpedance substudy found that fluid excess is
common in a broad population of patients with CKD at risk of progression, and that
empagliflozin resultedinssustained reductions in “Fluid Overload”, weight and blood
pressure in patients’ with CKD with and without diabetes, even in patients with low

levels of kidney function.
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TABLES

Table 1: Bioimpedance substudy cohort: baseline characteristics

Empagliflozin Placebo
(N=332) (N=328)
DEMOGRAPHICS
Age (years) 65.2 (14.2) 64.1 (14.9)
Female sex 102 (30.7) 103 (31.4)
White race 321 (96.7) 315 (96.0)
PRIOR DISEASE
Diabetes 135 (40.7) 121 ( 36.9)
Heart failure 62 (18.7) 74 (22.6)
CLINICAL MEASUREMENTS 4
Weight (kg) 89.8 (20.2) 87.9 (19.3)
Body mass index (kg/m?) 30.5 (6:2) 30.1 (6.3)
Waist-to-hip ratio s10(0.1) 0 1.0(0.1)
Systolic blood pressure (mmHg) £137.0%(18.8) .. 137.5 (18.9)
Diastolic blood pressure (mmHg) 77.8(12.2), 78.6 (11.9)
BIOIMPEDANCE MEASUREMENTS* >
Absolute “Fluid Overload” (L) - o 0.45(1.68) 0.32 (1.68)
Relative “Fluid Overload” (%) .
Mean (SD) A 1.9(8.7) 1.3(8.3)
Moderate “Fluid Overload” P g 70 (21.1) 56 (17.1)
Severe “Fluid Overload” y. . A 14 (4.2) 16 (4.9)
Extracellular water (L) A ) 19.0 (3.8) 18.4 (3.7)
Intracellular water (L) N 4 ) 20.7 (4.5) 20.1 (4.6)
Lean tissue index (kg/m®) 4 13.3 (3.1) 12.9 (3.0)
Fat tissue index (kg/m®) ) 12.6 (5.4) 12.5 (5.1)
LABORATORY MEASUREMENTS
Estimated GFR (mL/min/1.73m?)
Mean (SD) N ] 36.1 (13.4) 35.8 (11.4)
Distribution
<30 \ 123 (37.0) 118 ( 36.0)
230 <45 P 148 (44.6) 154 (47.0)
245 ¥ 61 (18.4) 56 (17.1)
Urinary albumin-to=creatinine ratio (mg/qg) 203 (26-958) 205 (29-865)
HbAlc (mmol/mol) 43.9 (11.3) 43.5 (10.9)

NTpro-BNP (ng/L)

197 (90-596)

225 (95-550)

MEDICATIONS
RAS inhibitor 304 (91.6) 288 (87.8)
Any diuretic therapy 180 (54.2) 173 (562.7)

Data are presented as mean (SD) or median (Q1-Q3) for continuous variables and n (%) for categorical variables.
*Bioimpedance measurements are presented for 644/660 participants with a baseline measurement (missing for
16/660) irrespective of validity for inclusion in the primary analysis. Abbreviations: GFR = glomerular filtration rate;
HbAlc = glycated hemoglobin; NTpro-BNP = N-terminal pro-brain-type natriuretic peptide; RAS = renin-angiotensin
system.
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Table 2: Effects of empagliflozin on bioimpedance-derived parameters

Empagliflozin Placebo
(N=311) (N=309)
Adjusted* Adjusted* Absolute P value for primar
lg/lean SE Ii/lean SE Difference 95% Cl outcorge ’

PRIMARY ASSESSMENTS Y ¢ N
Absolute “Fluid Overload”, L N A .

Study average 0.10 0.05 0.34 0.05 -024 (-0.38, -0.11) <0.001
Relative “Fluid Overload”, % D A

Study average 0.14 0.25 1.33 0.25 W -119 (-1.90, -0.48) 0.001
SECONDARY ASSESSMENTS Y. { A
Absolute “Fluid Overload”, L L A )

Randomization 0.50 0.09 0.35 #10.09 D

2-month follow-up 0.18 0.05 0.40 10.05 ) -0.23 (-0.37, -0.08)

18-month follow-up 0.01 0.07 0.27_ | 7 0.07 -0.26 (-0.46, -0.06)
Relative “Fluid Overload”, % Y. . A

Randomization 2.24 0.47 1.39, . 045

2-month follow-up 0.52 0.27 ! 1.65, 4 0.27 -1.12 (-1.88, -0.37)

18-month follow-up -0.36 0.38/ 0.92 ", 0.37 -1.28 (-2.32, -0.23)
TERTIARY ASSESSMENTS s B \
Extracellular Water, L 4 4

Study average 18.16 [ 0.07 A 18.66 0.07 -0.49 (-0.69, -0.30)
Intracellular Water, L N |

Study average 20.10 0.10 _ 20.40 0.10 -0.30 (-0.57, -0.03)
Lean Tissue Index (LTI), kg/m? g

Study average 12.90\ ~ W0:09 13.05 0.09 -0.14 (-0.39, 0.10)
Fat Tissue Index (FTI), kg/m? (

Study average 12.34 7, 0.10 12.42 0.10 -0.07 (-0.35, 0.20)

*Mean effects are adjusted for baseline values of the dependent variable (in continuous form) and for any differences in key baseline characteristics (categories of age, sex,
diabetes, estimated glomerular filtration rate and urinary albumin-to-creatinine ratio) between treatment groups with study averages weighted in proportion to the amount of
time between follow-up visits (see Supplemental Methods). Analysis excluded 40 consenting participants with no valid follow-up measurements (3 deaths before first follow-
up measurement, 28 with no measurement performed and 9 excluded due to inadequate data quality). Effects on “Fluid Overload” did not vary by time: p value for
interaction with time = 0.11 and 0.39 for absolute and relative “Fluid Overload”, respectively.
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Table 3: Effects of empagliflozin on cardiovascular composite outcome (bioimpedance substudy cohort)

Empagliflozin Placebo
n/N % n/N % Hazard Ratio 95% Cl P value
KEY SECONDARY ASSESSMENT |
Death from heart failure, hospitalization for
heart failure, development of new moderate 35/332 10.5 38/328 116 0.91 (0.57-1.45) 0.69
or severe “Fluid Overload”* . U
Death from heart failure 0/332 0.0 07328 0.0 N A 4 - -
Hospitalization for heart failure 11/332 3.3 16/328 49 ) 0.67 (0.31-1.46)
Development of new moderate “Fluid 18/232 7.8 25/247 10.1 0.68 (0.37-1.26)
Overload™ Ve § @
Development of new severe “Fluid Overload”t 8/302 2.6 4/3030,, 13 1.96 (0.57-6.71)
V", — -
TERTIARY ASSESSMENT ~ A )
Regression of “Fluid Overload”t 46/84 54.8 35/72 48.6 1.33 (0.82-2.18)

| |

All analyses use a time-to-first-event approach. Cox proportional hazards madels include ‘adjustment for the covariates used in the minimization algorithm: age, sex,
diabetes status, estimated glomerular filtration rate and urinary albumin-to-Creatinine ratiot Results were consistent in post-hoc sensitivity analyses additionally adjusted for
use of any diuretic or loop diuretics at baseline (hazard ratios [95% Cls] 0.89 [0.56-1'42]'and 0.92 [0.58-1.47]; respectively). * Requires randomization value of relative “Fluid
Overload” <7% and follow-up value >7%, <£15%. 1 Requires randomization valué of’relative “Fluid Overload” <15% and follow-up value >15%. ¥ Requires randomization
value consistent with moderate or severe relative “Fluid Overload®.and regression'to any lower hydration category at any follow-up (limited to first event). All 660 participants
were included in the composite outcome analysis since all participants‘were_atsisk of the clinical components of the composite. In the full trial cohort there were 88 (2.7%)
first hospitalizations for heart failure in the empagliflozin group versus 107 (3.2%) in the placebo group: hazard ratio 0.80, 95% CI 0.60-1.06.
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FIGURE LEGENDS

Figure 1: Relationship of the derived “Fluid Overload” parameter to body

weight and tissue mass

Based upon the three-compartment model described by Chamney et al.’® *Excess ECW
accumulates both in tissues and the blood (although blood volume is not specifically
conceptualized in the three-compartment model), so changes in fluid overload could reflect
changes in excess ECW that might be residing in adipose tissue, lean tissue or both. T
Refers to normally-hydrated lean and adipose tissue mass. ECW = extracellular water; ICW
= intracellular water. Total body water (TBW) is the sum of ECW and ICW although TBW is
not conceptualized in the three-compartment model. The figure®istnot to scale since
compartment proportions vary between individuals and “Fluid @Qverload”"is, usually smaller
than depicted (and can be a negative value in fluid depletion)., The:mean baseline values in
the EMPA-KIDNEY substudy were: total body weight 88.8/kg; “Fluid Overload” 0.4 L; lean
tissue mass 38.8 kg; and adipose tissue mass 49.6 kg. In the*"EMPA-KIDNEY substudy,
mean total ECW at baseline was 18.7 L and ICW 20.4L.

Figure 1: Relationship of the derived "Fluid Overload" parameter tolbody welght and tissus mass
Q Foimpedance-derved
mua‘__(s Mree-comrpanmeant mode!

Fluks
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Protens &
minerss
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—cw

Proteins & minerals

Fat tinsue mass

Based upon the three-compartment moded cescnbed by Chamnoy of ai? *Excess ECW accumulatas both in tissues and the blood (although blood volume & not spocificaily
concoptualized In the three-companment model), 3o changes in flukd overioad coukd reflect changes In axcess ECW that might be residing In adipase tissue, kean tissue or both. !
Refers fo nomaly-hydraled lean and adpose tissue mass. ECW = extraceliuiar waler; 3CW = miraceliul wates, The figure is nol 1o scale Snce compartment proponions vary
batween ndivicals and “Flukd Overoad” is usually smaller than depicted (and can be a regative value in fluld depletion). The mean baseling values in the EMPA-KIDNEY
substudy were: tolal body weight 88 8 kg "Fludg Overload” (1.4 L loan Sssue mass 38 B kg and adpose tissue mass 45,6 kg. In the EMPAKIDNEY substudy, mean total ECW at
baseline was 18.7 Land ICW 204 |
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Figure 2: Effects of empagliflozin on mean bioimpedance-derived absolute “Fluid Overload” by
time

The value at time 0 is the average across all randomized participants. Follow up means (and
their Cls) are derived from a repeated measures mixed model adjusted for baseline values,
age, sex, diabetes, eGFR and uACR. Follow-up values are plotted at the median follow-up
day in each time window. There was no significant interaction between treatment allocation
and time (p=0.11). The study average is the between-group difference (empagliflozin minus
placebo) in weighted averages of both time points (see Supplemental Methods). Analyses
excluded 40 consenting participants with no valid follow-up measurements. Median (Q1-Q3)
follow-up since randomization for empagliflozin vs placebo groups at the 2-month visit: 64
(57-74) vs 64 (57-75) days, Wilcoxon rank sum p = 0.871; and at the 18-month visit: 540
(519-555) vs 532 (505-554) days, p = 0.026.
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Tha value at time 0 Is the averago across @ randomized participarSsSEeliiw up means (and thoir Clis) are derived from a repeated measuras mixed model adusted for basetine
values, age, seax, clabetes. eGFR and UABR. Follow-up valuegs are plomod at the modian Saliow-up day In each me window. There was no sgnficant interachion batween
treatment aflccation and tme (p=0.11). TREhstudy average Islithe betwoen-group dfference (empagifiazin minus placebo) in waighted averages of both tme ponts (see
Supplemental Methods). Analyses excluded &;r.rrscr.:rg partigpants with no vald foliow-up measurements. Medlan {Q1.03) foliow-up snce mndomization for empaglfiozin vs
placebe groups at e 2-mongh vist: 64 |'ﬂ-.’4,\u_ﬂ (57-75) dvs. Wicoxon rank sum p = (LAT1; and at tho 18-month visit; 540 (519.855) vs 532 (506554 ) days, p = 0.026
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Figure 3: Effects of empagliflozin on mean bioimpedance-derived absolute
“Fluid Overload” (in Litres) by pre-specified substudy subgroups

Study-average differences are adjusted for baseline values of the dependent variable (in
continuous form) and for any differences in key baseline characteristics (categories of age,
sex, diabetes, estimated GFR and urinary albumin-to-creatinine ratio) between treatment
groups and weighted in proportion to the amount of time between follow-up visits (see
Supplemental Methods). Analysis excluded 40 consenting participants with no valid follow-
up measurements (3 deaths before first follow-up measurement, 28 with no measurement
performed and 9 excluded due to inadequate data quality). Further details are available in
Supplemental Table 5. Abbreviations: NTpro-BNP = N-terminal pro B-type natriuretic
peptide; GFR = glomerular filtration rate.

Figure 3: Effects of empaglifiozin on mean bioimpedance-derived absolute “Fluid Overload™ (in Litres) By pre-specifigd substudy
subgroups ’

Subgroup Baseline Mean (SE) Difference {35%'Cl) P iod
Sex 093
Mala 0,64 (0.08) - .24 (-0.40. -0,08)

Feamale -0.05 {D.10) — 080,50, -0.00)
Diabetes 738
Absant 0.18 (0.07) +I 0.19 (-J4@0.02)

Present 0E3(D 1) B 0,32 {-0.54 gy
NTpro-8BNP, ngL 3 i 082
<110 033 (0.10) - l 036 (061, 0.10)

110 <330 0.2240.09) TR 0.07 (-0.30, 0.15)

2330 1.3040.11) - 0.30 {-0.83, 0.07)
Estimated GFR, mL/min/1 73m’ i 033
<an 0.72 (%) . 011034, 0.12)

230 <45 0, 2270 0 - 0,30 {0.50,-0.11)

z45 # 36 {0.15) D W 027 (-0.59, 0.08)
Overall .42 (0.06) 4’5 s .24 (0.38, 2.11)

Study-average dfferences are adjusied fofBlasaine values of fe dependant variable {in contnuous form) and for any afferences n key baseline charactenstcs (categonaes of
age, sax, dabotes, estmated GFR and u'\“') albumin-to-creatining ratio) befwoen treatment groups and weightad In praportion to the amount of ime botwean falow-up visits
(see Supplemental Methods). Analysis exciigsth 40 consenting paticpants with no valkd follow-up measurements (3 deaths befare first folow-up measuramant, 28 with no
measurement perdformed andy excluded cue ISRRecuate @ila qualty). Furthor detals aro avadabio in Supplemental Table S8 Attreviations: NTpro-BNS = Narminal pro B-
typo natnuretic peptide; GFR Sgimendar fitration Teiee
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Figure 4: Full trial cohort: effects of empagliflozin on weight and systolic blood

pressure overall and by key bioimpedance substudy pre-specified subgroups

Figure 4: Full trial cohort: effects of empaglifiozin on weight and systolic blood pressure overall and by key bioimpedance substudy pre-
specified subgroups
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Study-average dfferences are adjusied for haseine values of the dependant varable {in contrgous Som@nd for any affeginces in key baseline charactensics {categonas of
age, sex, diabotes, estmatod glomandar filtrafion rate, urinary abumin-to-creatnine MmSo aatkErckin) betwedfilpatmant groups and weighted in peopertion to the amount of tme
between followupn vises (see Supplemental Methods) Each analysis includes al nddtals W ot east SE{cligw-up measurement of the outcome vanable with mean
imputation of mssng baseline measuremants. For comparison, betwaon-group difesiifices In thBubstucy cobort e 0.7 (95% CI 1.3 -0.1) kg and -33 (5.5, -1.2) mmHg for
weight and systolic blood pressune, respectively

Study-average differences are adjusted for baseline values of the dependent variable (in
continuous form) and for any differences inykey baseline characteristics (categories of age,
sex, diabetes, estimated glomerular filtration rate, urinary albumin-to-creatinine ratio and
region) between treatmentigroups and weighted in proportion to the amount of time between
follow-up visits (see SydpplementalyMethods). Each analysis includes all individuals with at
least one follow-up measurement of the outcome variable with mean imputation of missing
baseline measurements.\For comparison, between-group differences in the substudy cohort
were -0.7 (95%,Cl -1.3,-0:1). kg and -3.3 (-5.5, -1.2) mmHg for weight and systolic blood
pressure, respectively:
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Effects of Empagliflozin on Fluid Overload, Weight J AS N
and Blood Pressure in Chronic Kidney Disease

METHODS OUTCOMES
EMPA-KIDNEY trial (1-5609) i i . TERTNY
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Conclusion

) broad range of patents with CXD, ¢ Y SUSIANNG MO 0 § o
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