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Supplemental Methods 

 

Bioimpedance-derived parameters using the Body Composition Monitor (BCM) 

 

The BCM computes extracellular and intracellular resistance measured in ohms. Application 

of a fluid model with these resistance values allows estimation of body water compartment 

volumes (extra- and intracellular water, ECW and ICW) and subsequently use of ECW and 

ICW in a three compartment body composition model with optimised tissue hydration 

parameters allows estimation of ECW excess (“Fluid Overload”) and estimations of lean and 

adipose tissue mass.1 These parameters have been validated against gold standard 

techniques2 and reproducibility has been demonstrated.3,4 Unpublished but optimised tissue 

hydration parameters were provided by the device manufacturer Fresenius to EMPA-KIDNEY 

Bioimpedance Substudy collaborators (co-authors DK & DT) to allow derivation of these 

parameters based on previously published literature.1  

 

Absolute “Fluid Overload” is the difference between expected (based on body weight and 

composition) versus measured ECW volume, reported in Litres. Relative “Fluid Overload” 

indexes the absolute “Fluid Overload” value to the measured ECW volume, and expressed as 

a percentage. Lean tissue mass in kilograms is indexed to height squared and expressed as 

lean tissue index (LTI) in kg/m2. Estimates are also derived of adipose and fat tissue mass 

(ATM and FTM); adipose tissue mass consists of the fat tissue mass plus proteins, minerals 

and fluid. Fat tissue mass is indexed to height squared and expressed as fat tissue index (FTI) 

in kg/m2.   
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Glossary of fluid-related terms 

 

There is no standard nomenclature for bioimpedance-derived fluid overload parameters in 

existing literature, with a range of terminology and threshold values to infer clinical significance 

employed. We have used the following approach to report the EMPA-KIDNEY Bioimpedance 

Substudy. 

 

Term used Refers to 

“Fluid Overload” (each word capitalised) The bioimpedance-derived parameter 

Fluid status (sentence case) Description of the physiological state 

Fluid excess (sentence case) Description of the physiological state where it is 

necessary to describe individuals with fluid status in 

excess 

 

Throughout the manuscript, “Fluid Overload” refers to the bioimpedance-derived parameters 

and fluid excess or fluid status is used to refer to the physiological state as appropriate.  

 

Outcome definitions using the “Fluid Overload” parameter are further defined as follows: 

 

EMPA-KIDNEY 
Terminology 

Definition 
Equivalent  
Terminology (in 
other literature) 

Absolute “Fluid 
Overload” 

A parameter reflecting excess extracellular water 
(ECW) (i.e. overhydration) in litres, computed as 
the difference between expected (based upon 
weight and body composition) versus measured 
ECW volume,5 with positive values representing 
excess fluid 
“Fluid Overload” = ECWmeasured - ECWexpected 

- Overhydration6 
- Hydration status5 †  
- Absolute tissue 
hydration7 

Relative “Fluid 
Overload” 

Overhydration index relative to measured ECW 
volume, expressed as a percentage8 
Relative “Fluid Overload” = “Fluid Overload” ÷ 
ECWmeasured 

- Overhydration 
index6,9 * 
- Relative hydration 
status8,10 † 
- Relative tissue 
hydration7 

Clinically 
Significant 
“Fluid 
Overload” 

Moderate 

Relative “Fluid Overload” >7%, ≤15% where 7% 
reflects the 90th percentile in a healthy reference 
population7 and is approximately equivalent to 
absolute “Fluid Overload” of +1.1L7  

 

Severe 

Relative “Fluid Overload” >15% which represents 
the highest quartile in a haemodialysis reference 
population5,8; approximately equivalent to 
absolute “Fluid Overload” of +2.5L7,8,11,12   

- Hyperhydration8 

* Some scientific literature has used the term “overhydration index” to refer to both absolute “Fluid 

Overload” in litres and relative “Fluid Overload”.9,13 We consider it to more accurately describe 

overhydration indexed to ECW.  

† Hydration status expressed as ∆HS has also been used to refer to both absolute “Fluid Overload” in 

litres5 as well as relative “Fluid Overload”8,10. 
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The EMPA-KIDNEY definitions of moderate and severe clinically significant “Fluid Overload” 

are based upon existing literature which largely represents populations with advanced CKD 

requiring dialysis (because fluid excess is less common in earlier CKD). Wizemann et al. 

established a 15% threshold value of relative “Fluid Overload” (referred to as relative hydration 

status) based upon the highest quartile of a reference haemodialysis population.8 This 

threshold is approximately equivalent to >+2.5L absolute “Fluid Overload” in patients on 

hemodialysis,5,8,14 and is strongly associated with mortality.8,9,11,12,15-19 In EMPA-KIDNEY, the 

threshold of >15% relative “Fluid Overload” is referred to as “severe” as the study population 

can be expected to exhibit lower levels of fluid overload than dialysis populations. The 

moderate “Fluid Overload” threshold of ≥7% has also been associated with risk of death in 

dialysis cohorts,12,19-21 and more recently, in those with earlier stages of CKD.10,22,23 A scoping 

review was conducted assessing evidence for various other thresholds reported in existing 

literature before confirming the specified outcome definitions as the most appropriate values. 

Note that, although the majority of existing data on the use of the bioimpedance in CKD arises 

from dialysis populations, in a systematic review we identified 11 non-dialysis CKD cohorts 

comprising almost 7000 participants reporting associations of adverse outcomes with 

bioimpedance-derived fluid parameters. The BCM device was used in 7 of these studies 

(>1500 participants in total).22 

 

Weighting of the analyses in the bioimpedance substudy 

 

Weighting of values obtained corresponding to the 2- and 18-month follow-up visits were 

weighted according to the relative duration of each follow-up time period. The ideal time point 

for a 2-month measurement was 60 days post-randomization but measurements taken on or 

after day 30 but before day 400 were mapped to the 2-month visit. The 18-month visit ideally 

occurred on day 540 post-randomization and readings on or after day 400 and before day 680 

could be analysed in reference to this time point. The first follow-up window is therefore 370 

days in duration (≥30 to <400 days) and the second spanning 280 days (≥400 to <680 days) 

therefore analyses were pre-specified to weight information from the first time period at 

approximately 55% compared to 45% for the second time period (weighting factors of 0.569 

and 0.431). This was considered appropriate based on a hypothesised larger effect on “Fluid 

Overload” at the early 2-month time period relative 18 months based on known haemodynamic 

mechanisms of the intervention. 

 

Handling of missing and duplicate data  
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In bioimpedance substudy analyses, participants with a missing baseline bioimpedance 

measurement could still be included if subsequent bioimpedance measurements were 

obtained within the 2- and/or 18-month follow-up windows. Missing baseline bioimpedance 

measurements were imputed with the mean observed value across both treatment groups 

combined. Participants with missing baseline values relevant to subgroup analyses were 

included in the subgroup containing the mean value (or the most frequent category for a binary 

variable). Missing follow-up bioimpedance measurements including “Fluid Overload” at 2 and 

18 months were handled by the mixed model repeated measures (MMRM) modelling 

approach. 

 

In all bioimpedance substudy analyses, if more than one valid bioimpedance measurement 

was available at a single follow-up visit (i.e. date), the measurement with the highest Q value 

(see Data Analysis Plan appendix 8.1) was used and additional measurements ignored. In all 

bioimpedance substudy analyses, if valid bioimpedance measurements are made on more 

than one day within a follow-up period, then the valid bioimpedance measurement made on 

the day nearest the ideal follow-up day was used. 

 

In analyses of the full trial cohort, participants missing baseline measurements for weight, 

blood pressure, HbA1c or hematocrit were excluded from the analysis, following the procedure 

pre-specified in the main EMPA-KIDNEY trial analyses for consistency with previously 

published results. Analyses of waist and hip circumference and waist-to-hip ratio required a 

different analytic approach since measurements were only made at a single time-point. All 

6609 participants were included, missing baseline measurements were handled by mean 

imputation and missing follow-up measurements were handled by multiple imputation. The 

multiple imputation model included non-missing values of baseline and follow-up 

measurements of waist, hip, waist-to-hip ratio, weight and BMI, as well as the minimization 

algorithm variables (age, sex, eGFR, uACR and region) and NT-proBNP (which was 

associated with missingness of waist-to-hip ratio univariable logistic regression). Imputation 

was carried out separately by treatment allocation. Multiple imputation produced 20 imputed 

datasets which were each analysed by ANCOVA and treatment-specific estimated marginal 

means and standard errors were then pooled using the method of Rubin. All multiple 

imputation analyses were implemented using the multiple imputation procedure in SAS 

version 9.4 (SAS Institute, Cary NC), using the expectation-maximization algorithm (which 

assumes a multivariate normal distribution) to impute values. 
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Data quality assessment pilot procedure in the bioimpedance substudy 

 

Data quality assessment was devised and tested blind to treatment allocation using a 

preliminary dataset in April 2022. The data quality assessment process was then applied to 

the complete dataset in November 2022, while reviewers still remained blinded to individual 

participants’ treatment allocation. This was completed independently by two reviewers, with 

differences resolved by discussion. The main results of the EMPA-KIDNEY trial were 

published on 4th November 2022 therefore reviewers were inevitably unblinded to the main 

trial results. 

 

Two levels of assessment were devised with the support of a clinical scientist experienced in 

the use and interpretation of bioimpedance data: 

(A) Criteria to be applied to all bioimpedance readings to identify readings which may 

be of poor quality and should be further assessed by visual inspection of Cole-Cole 

plots (see Data Analysis Plan Appendix 8.1) 

(B) Criteria to be applied when visually inspecting Cole-Cole plots for readings 

identified in step (A) to determine inclusion in the primary analysis (see Data Analysis 

Plan Appendix 8.4) 

 

From the preliminary dataset containing 1495 readings, 172 readings were identified as 

meeting at least one of the above criteria (A) triggering visual inspection of the Cole-Cole plot 

(B). Reviewer 1 was trained by expert reviewer 2 in assessment of the Cole-Cole plot. There 

are no published guidelines for assessment of the Cole-Cole plot therefore these were devised 

based upon expert knowledge of reviewer 2 (see Data Analysis Plan Appendix 8.4) and 

revised in an iterative process throughout three rounds of Cole-Cole plot review. Reviewers 

then agreed upon one key criterion (B) (see Data Analysis Plan Appendix 8.4) to be applied 

when assessing Cole-Cole plots for measurements in the final dataset to determine inclusion 

in the primary analysis. This criterion was applied to all identified measurements by both 

reviewers independently with differences resolved by discussion. 

 

This pilot process also informed revision of criteria (A) which were being used to identify 

measurements requiring Cole-Cole plot review as the original criteria were thought to identify 

measurements for review unnecessarily, potentially introducing bias. The revised criteria (see 

table) aimed to minimise this.  
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Data quality assessment: Original and revised criteria (A) for identification of bioimpedance measurements to be further assessed by Cole-Cole plot review 

 

Original criterion Revised criterion Justification 

Exclusion* if Q value <80 
Q value <80 triggered manual review of 
Cole-Cole plot in each case 

All Cole-Cole plots with a Q value <80 were reviewed and >50% 
deemed of acceptable quality based on Cole-Cole plot review 
therefore this revised criterion is necessary to avoid automatic 
exclusion of valid readings based on Q<80 alone. 
A random subset of 50 measurements with a Q score ≥80 were 
also selected for Cole-Cole plot review to test this criterion. Q 
scores above this threshold were confirmed to be a reliable 
indicator of good data quality.  

Exclusion* if absolute “Fluid Overload” 
extreme outlier: >2 standard deviations 
(SD) from the mean 

Absolute “Fluid Overload” more negative 
than -5L automatically excluded.  
All other outliers retained and do not 
warrant Cole-Cole plot review. 

Cole-Cole plots for all measurements lying >2 SD from the mean 
were reviewed. It was found that outlying positive values of “Fluid 
Overload” were reliably associated with satisfactory Cole-Cole 
plots whereas outlying negative values were consistently 
associated with poor Cole-Cole plots. The -5L cut-off was 
selected based on review of each individual plot combined with 
clinical reasoning based upon plausibility.  

Exclusion* if multiple measurements at the 
same time with more than 0.5L between the 
highest and lowest absolute “Fluid 
Overload” values 

If more than one valid bioimpedance 
measurement is available at a single 
follow-up visit (i.e. date), the measurement 
with the highest Q value will be used and 
additional measurements ignored. 

All duplicate measurements were reviewed in the pilot dataset 
and the measurement with the highest Q score also had the most 
favourable Cole-Cole plot in every case. MMRM analysis requires 
a single reading for each participant at each time point. 

 

 

* exclusion from primary outcome assessment
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Tertiary & exploratory post-hoc assessments in the bioimpedance substudy 

 

Tertiary assessments included effects of empagliflozin on the primary outcome by four pre-

specified substudy subgroups: sex, diabetes status, N-terminal pro-brain-type natriuretic 

peptide (NT-proBNP) and eGFR at randomization. Post-hoc exploratory subgroup analyses 

by baseline hydration status, any diuretic use, and race were also performed. Baseline “Fluid 

Overload” was subcategorized into fluid depletion; normohydration; moderate “Fluid 

Overload”; and severe “Fluid Overload”, based on the following relative “Fluid Overload” cut-

offs:  ≤ -7%; > -7%, ≤ +7%; > +7%, ≤ +15%; and > +15%. The normohydration category – 

which included 60% of the substudy population – was further separated into low- (> -7% ≤ 0%) 

and high-normohydration (> 0% ≤ +7%). Other tertiary assessments included effects of 

empagliflozin versus placebo on ECW, ICW, LTI, FTI, body weight, body mass index (BMI), 

waist and hip circumference and their ratio; and effects on each of the four components of the 

key secondary outcome; and time-to-first outcome of regression of “Fluid Overload” (i.e. 

regression of moderate or severe “Fluid Overload” at randomization to any lower hydration 

category). 

 

Clinical assessments in the full trial cohort 

 

Analyses include effects on weight, body mass index, waist-to-hip ratio and blood pressure in 

the full EMPA-KIDNEY trial cohort and exclude participants with missing baseline values of 

the outcome variable of interest in each analysis. These measurements were made at routine 

trial visits using Local Clinical Centre (LCC) equipment (i.e. standardised equipment and 

techniques were not mandated and calibration certificates were not required). This approach 

was adopted in accordance with the trial’s streamlined design, aiming to provide generalizable 

results using “real-world” measurements. Weight (kg) and blood pressure (mmHg) were 

measured at the randomization visit and all subsequent scheduled visits. Height (metres) was 

measured at randomization and used to calculate BMI as weight divided by height squared for 

each study visit. Waist (i.e. the smallest part of the trunk or the level of the umbilicus if natural 

indent not apparent) and hip (the widest area around the hips) circumferences were measured 

in centimetres at randomization, 18 months and the final visit only. Weight, height and 

waist/hip circumferences were required to be measured in the specified units – no conversion 

from imperial units was permitted. Trained LCC Research Co-ordinators (LRC) were advised 

to obtain measurements without footwear, outer clothing and with items removed from 

pockets. Guidance was provided to measure waist circumference in the standing position 

during exhalation, with arms folded. Blood pressure was measured using an automated digital 
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sphygmomanometer or manual device if more appropriate (e.g. if the participant had an 

irregular heart beat) using an appropriately sized cuff. LRCs were advised the participant 

should sit comfortably for five minutes prior; to apply the cuff to the exposed upper arm at the 

level of the heart; neither the LRC nor the participant should speak during measurement and 

the participant should be advised to remain still. Only one reading was required, in accordance 

with streamlined trial principles. 

 

Laboratory assessments in the full trial cohort 

 

Analyses include effects on glycated hemoglobin (HbA1c) and hematocrit in the full EMPA-

KIDNEY trial cohort.  HbA1c was measured in the central laboratory at randomization, 2 and 

18 months and the final follow-up visit (varies by participant); measurements at 2-, 18- 24- and 

30-month time points were included in analyses of the full trial cohort. Kit boxes were provided 

by the Central Co-ordinating Centre to be used to collect and store the samples required for 

central analysis. Guidance was provided on centrifugation and storage prior to transfer to the 

central laboratory. HbA1c determination used the high-performance liquid chromatographic 

(HPLC) method using ethylenediaminetetraacetic acid (EDTA) blood on an Arkray HA8180 

analyser and reagents with a calibrator supplied by Menarini Diagnostics UK traceable to 

International Federation of Clinical Chemistry (IFCC) reference standards. Hematocrit was 

assessed in an approximately 20% subset of the full trial cohort using local laboratory 

measurements at randomization and 18 months only. Sample collection bottles/tubes for local 

laboratory testing were not supplied by the study, so used the bottles which are sourced locally 

for routine clinical use. LRCs were instructed to enter all test results from the local laboratory 

into the electronic care report form within 48 hours of collection and were requested to keep a 

paper copy of any tests results provided by the local laboratory specifically for the study within 

the participant’s study records for monitoring purposes.
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EMPA-KIDNEY Body Composition Measurement Substudy 

 

Study Title: A multicentre international randomized parallel group double-blind placebo-

controlled clinical trial of EMPAgliflozin once daily to assess cardio-renal 

outcomes in patients with chronic KIDNEY disease  

Sponsor protocol number: 1245-0137 

Protocol identifier:  CTSUEMPA-KIDNEY1.4 2018-04-25 

EudraCT number:     2017-002971-24 

 

Summary 

This document provides the rationale and design of an EMPA-KIDNEY substudy to measure body 

composition in a subset of the 5000 EMPA-KIDNEY participants using bioimpedenace spectroscopy. 

The substudy does not alter the main protocol in any respect. 

 

Background 

In the EMPA-REG OUTCOME trial, empagliflozin 10-25mg was shown to reduce the composite 

outcome of death from cardiovascular causes, nonfatal myocardial infarction, or nonfatal stroke by 

14% compared to placebo (hazard ratio [HR] 0.86, 0.74-0.99) in 7020 people with type 2 diabetes 

mellitus (T2DM) and prior atherosclerotic cardiovascular disease.1 This effect was in large part the 

result of a highly significant 38% (HR 0.62, 0.49-0.77) reduction in cardiovascular death. The pre-

specified secondary outcome of hospitalization for heart failure was reduced by 35% (HR 0.65, 0.50-

0.85).1 Exploration of EMPA-REG OUTCOME data has suggested that the increase in haematocrit 

caused by empagliflozin, a possible surrogate for reductions in plasma volume, was the intermediate 

clinical parameter with the largest mediating effect on the reduction in cardiovascular death.2 These 

observations may have particular relevance in people with chronic kidney disease (CKD) who have 

disturbed salt and water homeostasis which may cause chronic fluid overload which in turn contributes 

to the observed excess of structural heart disease and heart failure.3  

 

In EMPA-REG OUTCOME, allocation to empagliflozin led to a sustained loss of weight (of about 2Kg 

from a mean of 86Kg) and a 2cm reduction in waist circumference (from a mean of 105cm).1 How 

much of this weight change reflected reduction in total body water versus adipose tissue is unknown. 

A previous trial suggested that, after 2 years, weight loss resulting from SGLT-2 inhibition in people 

with T2DM appears almost completely attributable to reduced adipose tissue (measured using dual 

energy X-ray absorptiometry).5 Lower kidney function substantially reduces glycosuric effects of 

SGLT-2 inhibition, and so reduced calorie loss at lower levels of kidney function may attenuate any 

loss of adipose tissue. However, no attenuation of the weight-lowering effects of SGLT-2 inhibition 
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was identified in those with CKD compared to those without (within the range of kidney function 

studied to date).6-8 Furthermore, meta-analysis of three large placebo-controlled trials suggests effects 

of SGLT-2 inhibition on heart failure are at least as large among those with reduced kidney function.9 

Part of the preserved effect of SGLT-2 inhibition on body weight and heart failure in CKD may 

therefore result from reductions in excess extracellular water (ECW) being preserved in those with 

CKD, despite attenuated effects on glycosuria. This raises a hypothesis that the effects of 

empagliflozin on excess ECW and fat levels may be different in people with different levels of kidney 

function.  

 

Figure 1: Effect of SGLT-2 inhibition versus placebo on hospitalization for heart failure, by baseline 

kidney function (meta-analysis EMPA-REG OUTCOME, CANVAS and DECLARE) 9 

 

Bioimpedance spectroscopy can assess different resistance patterns in the body which are affected 

by the amount of water present. Low frequency current exclusively passes extracellularly, whereas 

high frequencies can pass through all body water compartments. Comparing spectroscopy readings 

over a range of frequencies it is possible to derive total body water in Litres and separately the volume 

of ECW. From such measurements it is also possible to estimate normally hydrated adipose tissue 

and lean tissue mass, from which an index referred to as "Fluid Overload" (or overhydration) can be 

algorithmically calculated.10 Sustained "Fluid Overload" measured by bioimpedance spectroscopy has 

been associated with increased risk of mortality among people on dialysis,4 and some dialysis units 

are now using bioimpedance spectroscopy measurements clinically to guide patients’ fluid 

management and dialysis prescription. 

 

At each Follow-up Visit, EMPA-KIDNEY participants will have their weight measured and central 

plasma/serum blood samples collected. At Randomization, 2 & 18 months and Final Follow-up Visit, 

they will also have a measure of waist and hip circumference. A substudy using bioimpedance-based 

body composition measurements will ensure uncertainty about the effects of empagliflozin on ECW, 

adipose tissue and particularly "Fluid Overload" will be assessed in a CKD population. 
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Aims 

The primary aim of this substudy is to use bioimpedance spectroscopy to assess, in a subset of 

EMPA-KIDNEY participants, the effect of empagliflozin 10mg versus matching placebo on "Fluid 

Overload" at the 2 month and 18 month Follow-up Visits. 

 

Secondary aims are to use bioimpedance spectroscopy to assess: 

1. Whether any effects of empagliflozin 10mg versus matching placebo on "Fluid Overload" are 

modified by baseline factors, in particular by level of kidney function, glycosylated haemoglobin, 

body mass index, NT-proBNP, age, sex, RAS inhibitor use, and different diuretics 

2. The effects of empagliflozin 10mg versus matching placebo early and later during follow-up on: 

o ECW 

o Intracellular water (ICW) 

o Adipose tissue mass indexed to weight (i.e. %) 

o Lean tissue mass indexed to weight (i.e. %) 

Exploratory aims are to: 

 Assess if changes in ECW, ICW, % adipose tissue mass, % lean tissue mass and "Fluid Overload" 

correlate with changes in blood pressure and relevant other biomarkers. 

 

Sample size estimates 

The study will start a vanguard phase in a small number of sites in which bioimpedance spectroscopy 

will be performed at Randomization, 2 months and 18 months of Follow-up Visits. This vanguard 

phase will be expanded to other sites once feasiblity of adding a bioimpedance spectroscopy 

measurement is demonstrated. Feasbility will be based on feedback from the participating sites, 

successful completion of the other protocol-specified procedures and logistical considerations. It is 

estimated that at least 400 (of the 5000) EMPA-KIDNEY participants with follow-up bioimpedance 

spectroscopy measurements will provide ample power (>90%, 2p=0.05) to detect at least a ±300mL 

difference in "Fluid Overload" (reference range in healthy adults is ± 1100mL with a standard deviation 

of 900mL) based on an independent 2-sided t-test (Table 1).  

 

Table 1: Sample size calculations for a study with Randomization Visit measurements 

Outcome Effect size Standard deviation Required sample size 

"Fluid Overload" (ref range: ±1.1L) ±300mL 900mL 382 

Note: An estimate of the correlation between successive bioimpedance spectroscopy measurements 

would be required to calculate the reduction in sample size that could be achieved by using ANCOVA 

analyses, but no such longitudinal data has yet been collected in a CKD population.  
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If a bioimpedance spectroscopy measurement at the Randomization Visit is shown to be infeasible, 

the substudy will be modifed to exclude the measurement at the Randomization Visit and only be 

performed at the relatively less busy phases of the study (i.e. measurements will be restricted to the 

2 and 18 month Follow-up Visits). In this design, the sample size would need to increase to 850. This 

is because the absence of a bioimpedance spectroscopy measurement at the Randomization Visit 

means any imbalances in "Fluid Overload" between treatment arms at baseline cannot be corrected 

for. These imbalances could result in either the treatment effect being overestimated or a smaller than 

expected difference in mean "Fluid Overload" at follow-up. However, with a sample size of 850, the 

probability of large baseline imbalances is small, making it unlikely that the treatment effect would be 

overstated by more than 100mL (Table 2). With a sample size of 850, there would be sufficient power 

to detect a reduced difference in mean "Fluid Overload" of ± 200 mL at follow-up. This calculation is 

based on an independent 2-sided t-test using data from a healthy population (Note: sample size 

estimates differ little if dialysis population data are used). 

 

Table 2: Sample size calculations for a study without Randomization Visit measurements 

 

Data Analysis Plan  

The primary analysis will estimate the differences in "Fluid Overload" between treatment groups 

across all time points, regardless of whether a participant received all, some or none of their allocated 

treatment (i.e. intention-to-treat analyses). Secondary outcomes include ECW, ICW, % adipose tissue 

mass, and % lean tissue mass“. Differences in "Fluid Overload” and the secondary outcomes between 

treatment groups overall, and separately at 2 and 18 months, will be calculated using linear regression 

adjusted (or stratified) for the elements included in the minimization algorithm. The primary analysis 

will focus on a weighted average of the values at the two time points (with weights proportional to the 

amount of time between visits). Missing measurements will be imputed. Results from the imputed 

analyses will be compared with those from equivalent “complete-case” analyses, but primary 

emphasis will be placed on the results after multiple imputation. More complete details of statistical 

methods, including definitions of subgroups, methods of imputation, approaches to adjustments and 

Sample size Assumed 
possible baseline 
imbalance in 
Fluid Overload 
(mL) 

Probability of a 
baseline 
imbalance at 
least this size 
due to chance  
(1-sided) 

Difference between 
groups at follow-up 
(mL) after subtracting 
possible baseline 
imbalance from 
assumed treatment 
effect of 300 mL 

Power to detect 
reduced difference in 
follow-up values at 
2p=0.05 

850  
0 

50 

 
Not applicable 

12.6% 

 
300 
250 

 
>99% 
98% 

 100 1.1% 200 90% 
 150 0.03% 150 68% 
 200 0.0002% 100 37% 
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weighting of averages will be set out in a separate full Data Analysis Plan which will be consistent 

with the main study Data Analysis Plan.  

 

Flowchart of Substudy Activities 
 

INVITATION 

 Invite potential participants shortly before or at the time of the Randomization Visit 

 Written informed consent is sought from willing individuals at the first visit when a bioimpedance 

spectroscopy measurement is offered 

RANDOMIZATION VISIT AND AT 2 & 18 MONTHS OF FOLLOW-UP 

 A bioimpedance spectroscopy measurement is added to the protocol-specified study follow-up visit 

procedures 

 

Design 

Eligibility: In selected regions, EMPA-KIDNEY Local Clinical Centres (LCCs) with a Fresenius Medical 

Care Body Composition Monitor (BCM) machine will be invited to join this optional substudy. All those 

participants at these LCCs who have yet to attend the relevant scheduled study visit are eligible for 

invitation. There are no exclusion criteria. 

 

Invitation and methods: Potential participants will be invited to join this substudy at before or around 

the time of their Randomization Visit. At the relevant visit, clinic staff will explain the substudy to 

potential participants using the Participant Information Leaflet and Consent Form. Consenting 

participants will have a measure of bioimpedance made in addition to the protocol-specified follow-up 

procedures. Bioimpedance measurements take about 2 minutes to record and pose no risk to health 

(although it is conceivable the 4 self-adhesive pads could rarely cause a skin reaction).  

 

Body Composition Measurement 
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Training materials on how to perform Body Composition 

Measurements will be provided. The measurement requires 

four disposable self-adhesive electrode pads (2x on a wrist and 

the other 2x on an ankle) to be attached to a portable machine 

whilst a participant is lying supine. Bioimpedance spectroscopy 

readings are made automatically across about 50 frequencies 

over a range of 5-1000 kHz. The measurements take about 2 

minutes to make. Data are then automatically transferrable 

onto a Storage Card which is linked securely to the participant 

by means of a unique Storage Card ID entered onto the relevant study visit form on trial’s web-based 

data entry system (i.e. Storage Cards containing results are pseudonymised). The Storage Card will 

be stored securely before being transferred securely to the Central Coordinating Office in Oxford for 

downloading into the study database. Data may be transferred securely to specialists in bioimpedance 

for Quality Control review. 
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1 RELEVANT PROCEDURAL DOCUMENTS 
 

Document title EDMS# 

EMPA-KIDNEY Protocol 5434 

EMPA-KIDNEY BCM Substudy Protocol Supplement 6251 

EMPA-KIDNEY Data Analysis Plan (SOP11) 6290 

EMPA-KIDNEY BCM datacard download IOP 6433 

EMPA-KIDNEY Leeds BCM Card Data Transfer for Outcome 

Derivation 

7248 

EMPA-KIDNEY BCM kit leaflet 6240 

2 ABBREVIATIONS 
 

Abbreviation Definition 

ACR Albumin-to-creatinine ratio 

ATM Adipose tissue mass 

BCM Body composition monitor 

BMI Body mass index 

CKD-EPI Chronic Kidney Disease Epidemiology Collaboration 

DPP-4 Dipeptidyl peptidase-4 

ECW Extracellular water 

EDMS Electronic document management system 

eGFR Estimated glomerular filtration rate 

FTI Fat tissue index 

GLP-1  Glucagon-like peptide-1 

HbA1c Glycosylated haemoglobin 

ICW Intracellular water 

LTI Lean tissue index 

LTM Lean tissue mass 

MMRM Mixed model repeated measures 

NT-proBNP N-terminus prohormone of brain natriuretic peptide 

RAS Renin-angiotensin system 

SOP Standard operating procedure 

TBW Total body water 
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3 INTRODUCTION 

This document provides a Data Analysis Plan for the EMPA-KIDNEY substudy, which has 

measured body composition of a subset of approximately 650 EMPA-KIDNEY participants 

recruited from the UK and Germany using bioimpedenace spectroscopy on a body 

composition monitor (BCM). An outline BCM data analysis plan was provided in the BCM 

substudy’s Protocol Supplement (EDMS#6251). The purpose of this BCM Data Analysis Plan 

is to define, before unblinding of the treatment allocation, detail of pre-specified randomized 

analyses to be presented in initial publication(s) of the substudy. The nature of all analyses 

(randomized or observational) including those related to subsequent publications and 

exploratory analyses cannot be specified in detail but, where appropriate, a general analytical 

approach is set out. Approaches, wherever possible, will follow those set out in EMPA-

KIDNEY’s main data analysis plan (SOP11; EDMS#6290). 

 

Note: this pre-specified Data Analysis Plan re-orders the priority of some of the assessments 

set out in the BCM substudy Protocol Supplement (EDMS#6251). Certain assessments have 

been moved from secondary to tertiary assessments, and a new key secondary assessment 

introduced. This follows a more detailed review of data whilst compiling this plan. This pre-

specified Data Analysis Plan therefore supersedes the proposed assessments set out in the 

Protocol Supplement and prevails in the event of any discrepancies between the two 

documents. In addition to the pre-specified comparisons, other post-hoc analyses may be 

performed with due allowance for their exploratory and, perhaps, data-dependent nature. 
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4 KEY FLUID OVERLOAD DEFINITIONS  

There is no standard nomenclature for BCM-derived fluid overload parameters in existing 

literature, with a range of terminology and threshold values to infer clinical significance 

employed. We have used the following approach to report the EMPA-KIDNEY BCM substudy. 

 

Terminology Definition 

Fluid Overload 

Overhydration in litres, computed as the difference between expected 

(based upon weight and body composition) versus measured 

extracellular water (ECW) volume (1), with positive values 

representing excess fluid.  

Fluid Overload = ECWmeasured - ECWexpected. 

Relative Fluid Overload 

Overhydration index* relative to measured ECW volume, expressed as 

a percentage (2).  

Relative Fluid Overload = Fluid Overload ÷ ECWmeasured. 

Clinically 

Significant        

Fluid Overload 

Moderate 

Relative Fluid Overload >7% to ≤15% [where 7% reflects the 90th 

percentile in a healthy reference population and is approximately 

equivalent to absolute Fluid Overload of +1.1L (3)]. 

Severe 

Relative Fluid Overload >15% [which represents the highest quartile in 

a haemodialysis reference population (1, 2); approximately equivalent 

to absolute Fluid Overload of +2.5L (2-5)].  

 
*Although scientific literature has used the term “overhydration index” to refer to both absolute Fluid 
Overload in litres and Relative Fluid Overload (6, 7), we consider it to most accurately describe 
overhydration indexed to ECW. 
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5 BASELINE CHARACTERISTICS 

In order to assess balance of baseline characteristics between randomized arms of BCM 

substudy, the following variables recorded at Randomization (or at Screening) will be 

presented for each of the empagliflozin and placebo groups. All participants with at least one 

valid BCM measurement will be included, with missing baseline BCM values imputed using 

methods set out in section 7.1.  

 

Note that these are a subset of the characteristics pre-specified in the main Data Analysis 

Plan (SOP11; EDMS#6290) plus other measures of anthropometry and BCM measurement 

variables. Categories will be consistent with those from the main trial publications or subgroup 

analyses: 

 

a. History of prior disease:  

i. Diabetes mellitus (presence vs absence);  

ii. Self-reported heart failure (presence vs absence); 

iii. Primary renal diagnosis (diabetic kidney disease, hypertensive/renovascular 

disease, glomerular disease, other  or unknown 1) 

b. Patient characteristics; 

i. Age (continuous and categorised: <60; ≥60 <70; ≥70 years); 

ii. Sex (male vs female); 

iii. Race (White, Black/African American, South Asian, Southeast Asian, Mixed or 

Other); 

iv. Smoking status (ever smoked regularly at Randomization, yes vs no); 

v. Weight in kg*; 

vi. Body mass index (BMI) (continuous and categorised: <25; ≥25 <30; ≥30 

kg/m2); 

vii. Waist-to-hip ratio*; 

viii. Extracelllular water (ECW) in litres*; 

ix. Intracellular water (ICW) in litres*; 

x. Fluid Overload in litres*;  

xi. Relative Fluid Overload (%)*; 

xii. Clinically Significant Fluid Overload (%, presence vs absence)*; 

- Moderate 

                                                
1 Other includes tubulointerstitial disease, familial/hereditary nephropathies, other systemic disorders 
and miscellaneous renal disorders. Glomerular disease is subcategorised as follows: focal segmental 
glomerulosclerosis, IgA nephropathy, membranous nephropathy, minimal change disease and other 
glomerular disease. 
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- Severe (see section 4 for definitions)  

xiii. Lean tissue index (LTI) (lean tissue mass [LTM] indexed to height) *; 

xiv. Fat tissue index (FTI) (adipose tissue mass [ATM] indexed to height) *; 

xv. Systolic blood pressure (continuous and categorised: <130; ≥130 <145; ≥145 

mmHg);  

xvi. Diastolic blood pressure (continuous and categorised: <75; ≥75 <85; ≥85 

mmHg); 

c. Laboratory values at Randomization:  

a. CKD-EPI estimated glomerular filtration rate (eGFR) (continuous and 

categorised: <30, ≥30 <45, ≥45 mL/min/1.73m2 estimated from central 

enzymatic creatinine [or local creatinine where central value unavailable]) 

b. Urinary albumin:creatinine ratio (ACR): (continuous and categorised: <30, ≥30 

≤300, >300 mg/g) 

c. Glycosylated haemoglobin (HbA1c) (continuous and categorised: <39 

[normoglycaemia], ≥39<48 [pre-diabetes], ≥48<75 [well-controlled diabetes], 

≥75 [poor glycaemic control] mmol/mol, or missing 

d. N-terminus prohormone of brain natriuretic peptide (NT-proBNP) (continuous 

and categorised: <110, ≥110 <330, ≥330 ng/L) 

e. Haematocrit (continuous and categorised: <37%; ≥37% <41%; ≥41%) 

d. Medication use at randomization:  

i. RAS inhibition (yes vs no);  

ii. Diuretics (yes vs no, and analyses by type [loop vs thiazide vs mineralocorticoid 

receptor antagonist vs other potassium-sparing]. 

iii. Antidiabetic medications (yes vs no, and analyses by type [biguanide vs 

sulphonylurea vs insulin vs DPP-4 inhibitor vs GLP-1 agonist vs other] 

 

* continuous and categorized into approximate thirds of the distribution. 

 

In general, baseline characteristics presented in publications will include all those listed above, 

with those provided in main versus subsidiary tables selected based upon relevance to the 

publication. For continuous variables, mean (standard deviation) will be presented unless the 

variable has a skewed distribution, in which case median (interquartile range) will be used. 

For all categorical variables, the number and percentage of participants in the category will be 

presented. All possible categories will be displayed, zero-filled where necessary, the category 

‘missing’ will only be displayed (e.g. in footnotes) if there are actually missing values.  
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6 DEFINITIONS OF KEY RANDOMIZED ASSESSMENTS 

BCM measurements were specified to be performed at Randomization, 2 and 18 months of 

Follow-up Visits (EDMS#6251). At these visits, weight, waist circumference, and hip 

circumference were measured together with blood and urine for central analysis and storage. 

The COVID-19 pandemic caused a substantial proportion of face-to-face Follow-up Visits to 

be delayed, however BCM measurements were permitted at later attended Follow-up Visit 

appointments, as outlined in the table below. Unless otherwise specified, all analyses will 

involve an intention-to-treat comparison among all randomized participants with at least one 

valid BCM measurement during Follow-up of the effects of allocation to empagliflozin versus 

placebo during the scheduled treatment period (i.e. all participants will be included irrespective 

of whether they take none, some or all of their allocated treatment) (8-10). Handling of missing 

valid BCM measurements is described in section 7.1. 

 

Scheduled Follow-up Visits relative to the Randomization Visit date 

Trial visit 

number 

Follow-up month Follow-up period  Ideal Follow-up day 

1 2 ≥30, <400 days 60 days 

4 18 ≥400 days, until Final 

Follow-up*  

540 days 

* Assume <680 days for maximum window for purposes of calculating weighting. 

6.1 Hypotheses 

For all statistical tests (other than tests for heterogeneity or trend), the null hypothesis will be 

that the effect of allocation to empagliflozin on the parameter of interest (e.g. Fluid Overload) 

in the target population is the same as the effect of allocation to placebo (and hence the 

alternative hypothesis will be that the effect of allocation to empagliflozin is not the same as 

the effect of allocation to placebo). 

 

6.2 Primary randomized assessment 

The primary assessment will be the effect of allocation to empagliflozin on mean absolute 

Fluid Overload in litres. Effects on Relative Fluid Overload (overhydration indexed to ECW, 

expressed as a percentage) will be presented alongside. Effects will be averaged over the two 

Follow-up time points (with weights proportional to the amount of time between visits, see 

section 7.2.1), adjusted for Randomization Fluid Overload values. The details of analysis 

methods for the primary assessment are described in section 7.2.1. 
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6.3 Key secondary randomized assessment 

The key secondary composite outcome combines clinical outcome data with BCM 

measurements. Important data on fluid overload captured by BCM measurements is missed 

when remote Follow-up visits are necessary (e.g. as a result of the COVID-19 pandemic) or 

after death, so the composite outcome serves to capture all recorded data on fluid overload 

and its clinical consequences (whether measured by BCM or reflected in reported adverse 

events). The key secondary assessment is time-to-first development or worsening of Clinically 

Significant Fluid Overload. The composite outcome is defined as: 

 Death from Heart Failure; 

 Hospitalization for Heart Failure (as defined for the main trial analyses in SOP11; 

EDMS#6290); or 

 Development of moderate Clinically Significant Fluid Overload (defined as >7% to 

≤15% Relative Fluid Overload) among those without any Clinically Significant Fluid 

Overload at baseline; or 

 Development of severe Clinically Significant Fluid Overload (defined as >15% 

Relative Fluid Overload) among those without this outcome at baseline.  

The analysis method is described in section 7.2.2. 

 

6.4 Other secondary randomized assessment 

The other secondary assessment is to test whether the effects of empagliflozin 10mg versus 

matching placebo on Fluid Overload vary with time – in addition to the primary randomized 

assessment, analyses will be presented for the separate early (2-month) versus late (18-

month) time points. The analysis method is described in section 7.2.3. 

 

6.5 Tertiary randomized assessments including subgroup analyses 

Tertiary assessments include: 

i. Whether any effects of empagliflozin 10mg versus matching placebo are modified by 

baseline factors listed in section 5 for the primary assessment (absolute Fluid Overload). 

Subgroups based on sex, diabetes status, NT-proBNP, and eGFR will be the key subgroups 

and will be emphasised in presentation and interpretation. The sensitivity of subgroup 

assessments to indexing to ECW will be assessed by repeating subgroup analyses for the 

outcome of Relative Fluid Overload.  

 

ii. The effects of empagliflozin 10mg versus matching placebo overall, and also early versus 

later during follow-up on: 
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a. Extracellular water (ECW) 

b. Intracellular water (ICW) 

c. Lean tissue index (LTI) (lean tissue mass [LTM] indexed to height)  

d. Fat tissue index (FTI) (adipose tissue mass [ATM] indexed to height) 

e. Body weight 

f. BMI 

g. Waist circumference 

h. Hip circumference 

i. Waist-to-hip ratio 

 

iii. The effects of empagliflozin 10mg versus matching placebo on the four separate 

components of the key secondary outcome of development or worsening of Clinically 

Significant Fluid Overload. 

 

iv. The effects of empagliflozin 10mg versus matching placebo on regression of Clinically 

Significant Fluid Overload from Severe (>15%) to Moderate (>7%); Severe to normal (≤7%); 

or Moderate to normal.  

 

The analysis method for tertiary assessments is described in section 7.2.4. 

 

6.6 Additional exploratory analyses 

Additional exploratory analyses are planned however these are beyond the scope of this 

DAP and will be described in detail elsewhere.  
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7 STATISTICAL METHODOLOGY 

7.1 Handling of missing and extreme values  

Participants with a missing baseline BCM measurement will still be included in analyses if 

subsequent BCM measurements are obtained within the 2- and/or 18-month Follow-up 

windows. Missing baseline BCM measurements will be imputed with the average observed 

value (in both treatment groups combined). Sensitivity analyses will be performed limited to 

participants with complete baseline BCM data. Participants with missing baseline values 

relevant to subgroup analyses will be included in the subgroup containing the average value 

(or the most frequent category for a binary variable). Missing Follow-up BCM measurements 

including Fluid Overload at 2 and 18 months will be handled in the mixed model repeated 

measures (MMRM) approach (as outlined in section 7.2.1).  

 

7.2 Methods of analysis 

7.2.1 Primary randomized assessment 

Absolute Fluid Overload in litres will be analysed as a continuous variable. Extreme outliers 

(defined as >2 standard deviations from the mean) will be reviewed prior to unblinding to 

assess data quality and plausibility (see Appendix section 8.1). These analyses will be 

completed before any randomized comparisons are conducted. Differences in Fluid Overload 

between treatment groups will be assessed using a mixed model repeated measures (MMRM) 

approach adjusted for the elements included in the minimization algorithm which determined 

treatment allocation (age, sex, prior diabetes, eGFR, and urinary ACR [but not region as the 

BCM substudy was only conducted in Europe]). 

 

The primary assessment will focus on a weighted average of the values at the two Follow-up 

time points with weighting based on the relative size of each Follow-up window as set out in 

section 6. As the first Follow-up window (2-month Follow-up) is 370 days (days 30-400 post-

Randomization) and the second window (18-month Follow-up) assumed to be 280 days (days 

400-680 post-Randomization), this effectively weights information at the first Follow-up visits 

as 55% compared to 45% at the second. This is appropriate as we hypothesise that there will 

be a greater effect of empagliflozin versus placebo on Fluid Overload at 2 months versus 18 

months as the effect of empagliflozin on Fluid Overload is expected to develop rapidly and 

diminish over time. Additionally, changes to other medication which can influence fluid balance 

may occur over time. Time will be included in the model as a categorical variable to avoid 

assuming a linear association between treatment allocation and Fluid Overload over time. The 

model will include fixed, categorical effects of treatment allocation, treatment-by-time 

interaction, and the prognostic variables used in the minimization algorithm (in the same 
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categories used in the minimization process) along with continuous effects of baseline 

(randomization) measurements and baseline-by-time interaction. The within-person error 

correlations will be assumed to be unstructured.  

 

7.2.2  Assessment for key secondary randomized assessment 

Time-to-first event analyses will use adjusted Cox regression. The general statistical methods 

and approaches to subgroup analyses are set out in the main Data Analysis Plan (SOP11; 

EDMS#6290). Follow-up for the clinical components of the composite outcome will be 

censored according to the main Data Analysis Plan. Follow-up for the BCM-derived 

components of the development or worsening of Fluid Overload outcomes (see section 4 for 

definitions) will be censored on the day after the last valid BCM measurement (but these 

individuals may remain at risk of clinical outcomes) or at death/withdrawal of consent. 

 

7.2.3 Other secondary randomized assessment   

The effect of treatment allocation on Fluid Overload separately at 2 and 18 months (see 

section 6.4) will be analysed using the same MMRM approach outlined in 7.2.1. 

 

7.2.4 Tertiary randomized assessments including subgroup analyses 

The same MMRM approach outlined in section 7.2.1 will be used for tertiary assessments (i) 

and (ii) as described in section 6.5. Tertiary assessment (i) is an analysis of the primary 

outcome by subgroup. Subgroup analysis will be performed by fitting relevant interaction terms 

for subgroups in the MMRM model with the aim of assessing whether the proportional effects 

in specific subgroups are statistically different from the overall effect. Interpretation will take 

into account the number of subgroups assessed as well as biological rationale. Tertiary 

assessment (ii) will use the same MMRM approach as for the primary assessment (section 

7.2.1). Tertiary assessments (iii) and (iv) which analyse effects of treatment allocation on the 

components of the composite key secondary outcome and regression of Clinically Significant 

Fluid Overload will be analysed according to the same time-to-event approach outlined in 

section 7.2.2.  

 

Further technical documentation to accompany this Data Analysis Plan may also be added as 

an appendix, if additional methodological details for the approaches described in section 7 are 

found to be required.   
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8 APPENDIX: DEFINITION OF VALID BCM MEASUREMENTS AND DATA 

HANDLING CONSIDERATIONS 

 

8.1 Definition of a valid BCM measurement 

To be included in analyses, an EMPA-KIDNEY participant must have at least one valid BCM 

measurement during Follow-up and been allocated to empagliflozin 10mg or matching 

placebo. To be included in analyses, each BCM measurement must have a corresponding 

weight measurement recorded at the same visit, from which BCM parameters can be derived 

according to the procedure set out in EDMS#7248. 

 

Validity of BCM measurements will be assessed, prior to unblinding. Measurements with an 

absolute Fluid Overload value more negative than -5 litres will be excluded due to 

implausibility1. Measurements with a Q value2 of <80 (site staff were trained to repeat BCM 

measurements if the Q value was <80; EDMS#6240) will be identified for visual inspection of 

the associated Cole-Cole plot3 to assess data quality and determine inclusion in analyses. 

Two observers blind to treatment allocation will independently assess Cole-Cole plots by 

visual inspection, applying pre-specified criteria (outlined in section 8.4), with any differences 

resolved by consensus discussion. 

 

Information on completeness of valid BCM data at each visit (i.e. number of participants with 

at least one valid BCM measurement at each visit, no valid BCM measurement but at least 

one invalid measure, or no BCM measurement) will be presented in the substudy CONSORT 

flow diagram. Statistical comparisons by treatment will be presented for the following 

parameters: 

 The distribution of Q values for measurements included in the main comparison and 

sensitivity analyses 

 The distribution of time-to-measurements from Randomization for each Follow-up 

window. 

                                                
1 In pilot work, Cole-Cole plots were reviewed for all measurements with absolute Fluid Overload values 
>2 standard deviations from the mean in a preliminary dataset to inform this cut-off. Values more 
negative than -5 litres were consistently associated with poor quality Cole-Cole plots. Conversely, 
outlying positive values were found to consistently have good quality Cole-Cole plots (and are 
considered plausible results). 
2 The Q score is an assessment of data quality generated by the BCM where 100 is a perfect Q value. 
In pilot work, a random subset of 50 measurements with a Q score ≥80 were selected for Cole-Cole 
plot review. Q scores above this threshold were confirmed to be a reliable indicator of good data quality 
in the cohort. 
3 The Cole-Cole plot generated by the BCM device fits a curve to the measured impedance data and 
defines the extracellular and intracellular resistances upon which all body composition data are based. 
Visual inspection of Cole-Cole plots identifies artefact within the impedance data. 
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8.2 Handling multiple BCM measurements 

8.2.1  Multiple valid BCM measurements at the same visit 

In all analyses, if more than one valid BCM measurement is available at a single Follow-up 

visit (i.e. date), the measurement with the highest Q value will be used and additional 

measurements ignored. In the situation where >1 valid measurements are obtained with an 

identical Q value, the first measurement will be used.  

 

8.2.2 Multiple valid BCM measurements within a Follow-up window 

In all analyses, if valid BCM measurements are made on more than one day within a Follow-

up period, then the valid BCM measurement made on the day nearest the ideal follow-up day 

will be used and other BCM measurement excluded (see section 6 for Follow-up days). In the 

situation where >1 valid BCM measurements are obtained within the Follow-up window on 

dates which are equidistant from the ideal Follow-up date, a mean value will be calculated and 

used in analyses. This is considered a more scientifically robust approach in this unique 

situation due to the hypothesised interaction of time in the association between treatment 

allocation and Fluid Overload which means that selecting one or other equidistant 

measurement on the basis of Q values could introduce bias.  

 

8.2.3 Multiple measurements at different visits on a single BCM card 

Where data for two separate visits is recorded on a single BCM card, valid BCM results will 

be derived for the separate visits, wherever possible. 
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8.3 Data processing: BCM variables  

The BCM provides measurement of: 

 Extracellular water (ECW) resistance (denoted as Re) 

 Intracellular water (ICW) resistance (denoted as Ri) 

 

BCM data are downloaded to study-specific laptops in a .pat file format and imported into a 

Microsoft Excel™ spreadsheet according to the procedure set out in EDMS#7248.  

 

The following data are extracted from the analysis database to allow processing of the BCM 

data: 

 Age, recorded in whole years at the time of each BCM measurement 

 Weight, measured in kilograms, at the time of each BCM measurement 

 Height, measured in centimetres, at Randomization 

 Sex, recorded as male or female, at Randomization 

along with Re and Ri reported by the BCM  

 

Standard formulae will be applied to methodology described by Moissl and Chamney et al (11, 

12) 1 to derive the following: 

 Body mass index (BMI) in kg/m2 using height and weight 

 Extracellular water (ECW) in litres  

 Intracellular water (ICW) in litres  

 Total body water (TBW) in litres, by addition of ECW and ICW values 

 Absolute Fluid Overload in litres 

 Relative Fluid Overload (indexed to ECW), expressed as % 

 Lean tissue index (LTI) 

 Fat tissue index (FTI) 

 

  

                                                
1 Methods will use different coefficients to those available in published the current literature 
(coefficients which have been shared with permission). 
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8.4 Criteria for rejecting BCM measurements by Cole-Cole plot visual inspection 

 

The two diagrams below provide a basic interpretation of the Cole-Cole plot: 

 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 

When manually reviewing Cole-Cole plots generated by the BCM for quality assurance, the 

following rule will be used to classify measurements as having poor data quality. 

 

KEY CRITERION: In the opinion of the observer blind to treatment allocation, a good quality 

Cole-Cole plot should have the basic structure of a parabola, ignoring any artefacts at the high 

and low frequency end, and the plotted blue curve should closely fit the raw data red. 

Examples of good (“pass”) and poor (“fail”) quality bioimpedance data are provided below: 

 

 

 

 

 

                 

 

              
 
 
 
Note: review of the Cole-Cole plot is not affected by the height or width of the plot, length of 

either end of a parabola, nor its position in the plot region.  
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of plotted curve 

against raw data 

Ignoring artefact at high 

frequency, acceptable 

parabola with good fit  
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Fail 

 

 

 

 

Pass 

 

 

 

 

Fail 

 

 

 

 

Pass 
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8.5 Sensitivity analyses 

 

Data quality assessment outlined in section 8.1 will be used to determine data inclusion in the 

primary analysis. Sensitivity analyses will also be conducted to assess the impact of the data 

quality assessments on the effects of empagliflozin versus placebo on the primary randomized 

assessment. These include analyses: 

1. Of all single BCM measurements, irrespective of quality assessment or outlying values 

(i.e. the complete “unreviewed” set) 

2. Restricted to single BCM measurements with a Q value ≥80 (i.e. a stricter criterion 

than the primary approach) 

The criteria outlined in section 8.1 are thought to represent the optimal data quality 

assessment procedure to determine inclusion in the primary analysis and these sensitivity 

analyses represent the two alternative most extreme approaches.  
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Supplemental Table 1: Bioimpedance substudy cohort: additional baseline characteristics  
Empagliflozin 

(n=332) 
Placebo 
(n=328) 

Overall 
(n=660) 

DEMOGRAPHICS    

Age (years)    

<60  103 (31.0) 107 (32.6)  210 (31.8)  

≥60 <70 81 (24.4) 83 (25.3)  164 (24.8)  

≥70 148 (44.6) 138 (42.1)  286 (43.3)  

CAUSE OF KIDNEY DISEASE  
 

 

Diabetic kidney disease 70 (21.1) 52 (15.9)  122 (18.5)  

Hypertension/renovascular 64 (19.3) 75 (22.9)  139 (21.1)  

Glomerular 87 (26.2) 87 (26.5)  174 (26.4)  

Other 47 (14.2) 61 (18.6)  108 (16.4)  

Unknown 64 (19.3) 53 (16.2)  117 (17.7)  

HISTORY OF SMOKING 178 (53.6) 161 (49.1)  122 (18.5)  

CLINICAL MEASUREMENTS    

Weight (kg)    

<80  107 (32.2)   121 (36.9)   228 (34.5)  

≥80 <95  113 (34.0)   100 (30.5)   213 (32.3)  

≥95  112 (33.7)   106 (32.3)   218 (33.0)  

Missing     0 (0.0)      1 (0.3)     1 ( 0.2)  

Waist-to-hip ratio    

<0.9   39 (11.7)    40 (12.2)    79 (12.0)  

≥0.9 <1.0  101 (30.4)    96 (29.3)   197 (29.8)  

≥1.0  192 (57.8)   192 (58.5)   384 (58.2)  

Missing 0 (0) 0 (0) 0 (0) 

Body mass index (kg/m2)    

<25 54 (16.3) 62 (18.9)  116 (17.6)  

≥25 <30 133 (40.1) 133 (40.5)  266 (40.3)  

≥30 145 (43.7) 132 (40.2)  277 (42.0)  

Missing 0 (0) 1 (0.3)    1 ( 0.2)  

Systolic BP (mmHg)    

<130 111 (33.4) 114 (34.8)  225 (34.1)  

≥130 <145 112 (33.7) 106 (32.3)  218 (33.0)  

≥145 109 (32.8) 108 (32.9)  217 (32.9)  

Missing 0 (0) 0 (0) 0 (0) 

Diastolic BP (mmHg)    

<75 140 (42.2) 126 (38.4)  266 (40.3)  

≥75 <85 86 (25.9) 102 (31.1)  188 (28.5)  

≥85 106 (31.9) 100 (30.5)  206 (31.2)  

Missing 0 (0) 0 (0) 0 (0) 

BIOIMPEDANCE-DERIVED PARAMETERS*    

Absolute “Fluid Overload” (L)    

Mean (SD)   0.45 (1.68)   0.32 (1.68)   0.39 (1.68) 

Distribution    

<-1   32 (9.6)    34 (10.4)    66 (10.0)  

≥-1 <+1  136 (41.0)   155 (47.3)   291 (44.1)  

≥+1  154 (46.4)   133 (40.5)   287 (43.5)  

Relative “Fluid Overload” (%)    

Mean (SD)   1.9 (8.7)   1.3 (8.3)   1.6 (8.5) 

Distribution    

<-3   75 (22.6)    90 (27.4)   165 (25.0)  

≥-3 <+5  117 (35.2)   129 (39.3)   246 (37.3)  

≥+5  130 (39.2)   103 (31.4)   233 (35.3)  

Extracellular water (L)    

Mean (SD)  19.0 (3.8)  18.4 (3.7)  18.7 (3.8) 

Distribution    

<16   61 (18.4)    72 (22.0)   133 (20.2)  

≥16 <20  122 (36.7)   133 (40.5)   255 (38.6)  

≥20  139 (41.9)   117 (35.7)   256 (38.8)  

Intracellular water (L)    

Mean (SD)  20.7 (4.5)  20.1 (4.6)  20.4 (4.6) 

Distribution    

<17   61 (18.4)    68 (20.7)   129 (19.5)  

≥17 <22  135 (40.7)   138 (42.1)   273 (41.4)  

≥22  126 (38.0)   116 (35.4)   242 (36.7)  
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Supplemental Table 1 (continued) 

 Empagliflozin 
(n=332) 

Placebo 
(n=328) 

Overall 
(n=660) 

Lean tissue index (kg/m2)    

Mean (SD)  13.3 (3.1)  12.9 (3.0)  13.1 (3.1) 

Distribution    

<11   57 (17.2)    69 (21.0)   126 (19.1)  

≥11 <14  126 (38.0)   128 (39.0)   254 (38.5)  

≥14  139 (41.9)   125 (38.1)   264 (40.0)  

Fat tissue index (kg/m2)    

Mean (SD)  12.6 (5.4)  12.5 (5.1)  12.5 (5.3) 

Distribution    

<10  105 (31.6)    91 (27.7)   196 (29.7)  

≥10 <14   92 (27.7)   123 (37.5)   215 (32.6)  

≥14  125 (37.7)   108 (32.9)   233 (35.3)  

LABORATORY MEASUREMENTS    

Urinary albumin-to-creatinine ratio (mg/g)    

<30 91 (27.4) 84 (25.6)  175 (26.5)  

≥30 ≤300 90 (27.1) 101 (30.8)  191 (28.9)  

>300 151 (45.5) 143 (43.6)  294 (44.5)  

Glycated hemoglobin (mmol/mol)    

<39 129 (38.9) 141 (43.0)  270 (40.9)  

≥39 <48 107 (32.2) 96 (29.3)  203 (30.8)  

≥48 <75 86 (25.9) 78 (23.8)  164 (24.8)  

≥75 4 (1.2) 6 (1.8)   10 ( 1.5)  

Missing 6 (1.8) 7 (2.1)   13 ( 2.0)  

NT-proBNP (ng/L)    

<110 100 (30.1) 90 (27.4)  190 (28.8)  

≥110 <330 110 (33.1) 114 (34.8)  224 (33.9)  

≥330 117 (35.2) 117 (35.7)  234 (35.5)  

Missing 5 (1.5) 7 (2.1)   12 ( 1.8)  

Hematocrit (%)    

Mean (SD) 39.2 (4.8) 39.3 (4.9) 39.3 (4.8) 

Distribution    

<37 84 (25.3) 98 (29.9)  182 (27.6)  

≥37 <41 107 (32.2) 89 (27.1)  196 (29.7)  

≥41 124 (37.3) 131 (39.9)  255 (38.6)  

Missing 17 (5.1) 10 (3.0)   27 ( 4.1)  

MEDICATIONS    

Mineralocorticoid receptor antagonist 42 (12.7) 42 (12.8)   84 (12.7)  

Loop diuretic 120 (36.1) 123 (37.5)  243 (36.8)  

Thiazide diuretic 64 (19.3) 57 (17.4)  121 (18.3)  

Potassium-sparing diuretic 5 (1.5) 0 (0)    5 ( 0.8)  

Any diabetes therapy 119 (35.8) 102 (31.1)  221 (33.5)  

Insulin 77 (23.2) 62 (18.9)  139 (21.1)  

Sulfonylurea 19 (5.7) 14 (4.3)   33 ( 5.0)  

Metformin 41 (12.3) 35 (10.7)   76 (11.5)  

GLP-1 agonist 19 (5.7) 12 (3.7)   31 ( 4.7)  

DPP-4 inhibitor 38 (11.4) 40 (12.2)   78 (11.8)  

Other diabetes drug 4 (1.2) 1 (0.3)    5 ( 0.8)  

    

Data are presented as mean (SD) or median (Q1-Q3) for continuous variables and n (%) for categorical variables. History of 
smoking = “ever smoked tobacco regularly” as determined by the participant. Weight, waist-to-hip ratio and all bioimpedance-
derived parameters are presented as approximate tertiles, all other categorizations use pre-specified groupings as per the Data 
Analysis Plan. Bioimpedance-derived parameters were missing at baseline for 10 participants in the empagliflozin group (3.0%) 
and 6 participants in the placebo group (1.8%). *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: NT-
proBNP = N-terminal pro-brain-type natriuretic peptide; GLP-1 = glucagon-like peptide-1 receptor; DPP-4 = dipeptidyl-
peptidase 4.  
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Supplemental Table 2: Bioimpedance substudy cohort: baseline characteristics by categories of 

baseline bioimpedance-derived “Fluid Overload” 

 Fluid-deplete 
(n=89) 

Normohydrated 
(n=399) 

Moderate “Fluid 
Overload” 

(n=126) 

Severe “Fluid 
Overload” 

(n=30) 

 ≤ -7% > -7% ≤ +7% > +7% ≤ +15% > +15%* 

DEMOGRAPHICS 

Age (years)  58.9 (14.6)  63.9 (14.9)  68.7 (12.8)  71.0 (9.1) 

Female sex 47 (52.8) 115 (28.8) 37 (29.4) 3 (10.0) 

Race     

Black/African American 0 (0.0) 3 (0.8) 0 (0.0) 0 (0.0) 

Asian 4 (4.5) 7 (1.8) 1 (0.8) 0 (0.0) 

Mixed/Other 0 (0.0) 6 (1.6) 3 (2.4) 0 (0.0) 

White 85 (95.5) 383 (96.0) 122 (96.8) 30 (100.0) 

     

PRIOR DISEASE     

Diabetes    26 (29.2)    143 (35.8)     58 (46.0)     21 (70.0)  

Heart failure 10 (11.2) 78 (19.5) 34 (27.0) 13 (43.3) 

     

CLINICAL MEASUREMENTS 

Weight (kg) 97.0 (22.9) 88.2 (18.9) 84.8 (20.1) 89.2 (15.6) 

BMI (kg/m2) 34.1 (7.2) 29.9 (5.9) 28.9 (6.0) 29.2 (4.6) 

Waist-to-hip ratio 0.9 (0.1) 1.0 (0.1) 0.9 (0.1) 1.0 (0.2) 

Systolic BP (mmHg) 132.4 (15.4) 137.5 (18.9) 137.0 (20.1) 148.8 (19.4) 

Diastolic BP (mmHg) 80.3 (10.7) 79.2 (11.7) 74.4 (12.7) 76.4 (13.7) 

     

BIOIMPEDANCE-DERIVED PARAMETERS 

Absolute “Fluid Overload” (L) -2.1 (1.4) 0.1 (0.7) 2.1 (0.7) 4.1 (1.0) 

Relative “Fluid Overload” (%) -12.0 (7.2) 0.5 (3.8) 10.6 (2.4) 18.2 (2.9) 

Extracellular water (L) 17.4 (3.6) 18.4 (3.5) 19.5 (4.1) 22.4 (3.2) 

Intracellular water (L) 21.3 (5.9) 20.6 (4.4) 19.3 (4.3) 20.2 (2.9) 

Lean tissue index (kg/m2) 13.4 (4.3) 13.2 (2.9) 12.5 (2.6) 12.8 (2.2) 

Fat tissue index (kg/m2)  15.8 (6.7)  12.3 (5.0)  11.5 (4.4)  11.0 (3.7) 

     

LABORATORY MEASUREMENTS 

Estimated GFR (mL/min/1.73m2)     

Mean (SD) 39.5 (12.9) 36.0 (12.2) 34.5 (12.7) 33.0 (11.0) 

Distribution     

<30    17 (19.1)    141 (35.3)     61 (48.4)     15 (50.0)  

≥30 <45    48 (53.9)    192 (48.1)     43 (34.1)     11 (36.7)  

≥45    24 (27.0)     66 (16.5)     22 (17.5)      4 (13.3)  

Urinary albumin-to-creatinine 
ratio (mg/g) 

231 (21-852) 207 (22-938) 166 (29-982) 311 (47-1466) 

Glycated hemoglobin (mmol/mol) 43.3 (12.3) 43.3 (10.9) 44.5 (10.8) 46.7 (11.6) 

NT-proBNP (ng/L) 100 (48-223) 187 (88-399) 549 (172-1250) 953 (463-2168) 

     

MEDICATIONS 

RAS inhibitor 84 (94.4) 357 (89.5) 111 (88.1) 26 (86.7) 

Any diuretic therapy 49 (55.1) 191 (47.9) 86 (68.3) 21 (70.0) 

     

Data are not presented for 16/660 (2%) participants with missing bioimpedance data at baseline. *Categorization uses 
relative “Fluid Overload”; 7% and 15% approximately equate to absolute “Fluid Overload” thresholds of 1.1 and 2.5 L. 
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Supplemental Table 3: Baseline characteristics for the substudy, substudy region and the full trial 

cohorts  

Bioimpedance 
Substudy Cohort 

(n=660) 

Bioimpedance 
Substudy Countries 

(i.e. all United Kingdom 
& Germany participants) 

(n=2402) 

Full Trial 
Cohort 

(N=6609) 

DEMOGRAPHICS    

Age (years) 64.6 (14.5) 65.5 (13.9) 63.8 (13.9) 

Female sex 205 (31.1) 710 (29.6) 2192 (33.2) 

Race    

Black/African American 3 (0.5) 74 (3.1) 262 (4.0) 

Asian 12 (1.8) 38 (1.6) 2393 (36.2) 

Mixed/Other 9 (1.4) 34 (1.4) 95 (1.4) 

White 636 (96.4) 2256 (93.9) 3859 (58.4) 

    

PRIOR DISEASE    

Diabetes 256 (38.8) 966 (40.2) 3040 (46.0) 

Heart failure 136 (20.6) 380 (15.8) 658 (10.0) 

    

CLINICAL MEASUREMENTS    

Weight (kg) 88.8 (19.8) 89.9 (19.9) 84.1 (21.4) 

Body mass index (kg/m2) 30.3 (6.2) 30.7 (6.3) 29.7 (6.8) 

Waist-to-hip ratio 1.0 (0.1) 1.0 (0.1) 1.0 (0.1) 

Systolic BP (mmHg) 137.3 (18.9) 137.0 (18.6) 136.5 (18.3) 

Diastolic BP (mmHg) 78.2 (12.0) 78.2 (11.6) 78.1 (11.8) 

    

LABORATORY MEASUREMENTS    

Estimated GFR (mL/min/1.73m2)    

Mean (SD) 36.0 (12.4) 35.0 (12.0) 37.3 (14.4) 

Distribution, n (%)    

<30 241 (36.5) 933 (38.8) 2282 (34.5) 

≥30 <45 302 (45.8) 1098 (45.7) 2928 (44.3) 

≥45 117 (17.7) 371 (15.4) 1399 (21.2) 

Urinary albumin-to-creatinine ratio (mg/g) 203 (26-936) 220 (29-909) 329 (49-1069) 

HbA1c (mmol/mol) 43.7 (11.1) 44.5 (12.7) 45.0 (13.6) 

NT-proBNP (ng/L) 211 (93-581) 209 (92-571) 160 (69-419) 

    

MEDICATIONS    

RAS inhibitor 592 (89.7) 2092 (87.1) 5628 (85.2) 

Any diuretic therapy 353 (53.5) 1270 (52.9) 2815 (42.6) 

    
Abbreviations: GFR = glomerular filtration rate; HbA1c = glycated haemoglobin; NT-proBNP = N-terminal pro-brain-type 
natriuretic peptide; RAS = renin-angiotensin system.  
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Supplemental Table 4: Sensitivity analyses for the effects of empagliflozin on mean bioimpedance-derived absolute “Fluid Overload” in L 

 

   Empagliflozin Placebo  

 
Follow-up 

measurements 
analyzed 

Participants 
analyzed 

Mean SE Mean SE 
Absolute 

Difference 
95% CI 

         

PRIMARY ASSESSMENT 1047 620 0.10 0.05 0.34 0.05 -0.24 (-0.38, -0.11) 

         

Sensitivity analysis 1         

Maximal inclusion: irrespective of quality 
assessment/implausible values 

1082 629 -0.07 0.07 0.25 0.07 -0.32 (-0.52, -0.12) 

         

Sensitivity analysis 2         

Limited to measurements with  
Q value ≥80 

1029 614 0.07 0.06 0.37 0.06 -0.30 (-0.46, -0.14) 

         

Sensitivity analysis 3         

Cohort with complete baseline 
bioimpedance data 

1008 595 0.09 0.05 0.33 0.05 -0.24 (-0.38, -0.11) 

 

All results are study averages (and absolute difference between treatment groups) for absolute “Fluid Overload” in L. Mean effects are adjusted for baseline absolute “Fluid Overload” (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 and weighted in proportion to the amount of follow-up time represented using an MMRM model (see Supplemental Methods). Out of a total of 1726 measurements from all 
participants: (a) 1650 measurements had Q scores ≥80 and 76 were <80; (b) 17 measurements had absolute “Fluid Overload” values more negative than -5 L (range -5.1, -13.0), of which 10 
had a Q score <80, 7 had a Q score ≥80. All measurements with Q<80 and/or absolute “Fluid Overload” < -5 L were assessed by manual review of the Cole-Cole plot. 44 measurements (from 
42 participants) were finally consider to be invalid (17 with extreme negative values and 27 identified based on Q score), the remaining 1682 measurements (for 660 participants) could be 
included in analyses. All analyses excluded the 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). The median (Q1-Q3) Q value (quality score) for the empagliflozin vs placebo groups for each analysis were as follows, primary 
assessment:  94.0 (90.2-96.4) vs 94.5 (91.2-96.7), Wilcoxon rank sum p = 0.05; sensitivity analysis 1: 93.8 (89.7-96.3) vs 94.4 (90.7-96.7), p=0.05; sensitivity analysis 2: 94.1 (90.6-96.5) vs 
94.6 (91.6-96.7), p=0.03; sensitivity analysis 3: 94.0 (90.2-96.4) vs 94.4 (91.1-96.7), p=0.09. 
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Supplemental Table 5: Bioimpedance substudy cohort: unadjusted baseline means and adjusted study averages for “Fluid Overload” for each 

subgroup by treatment group (additional data to accompany Figure 3) 

 

Subgroup 
Baseline mean (SE) "Fluid Overload" (L) Adjusted study average (SE) "Fluid Overload" (L) 

Empagliflozin Placebo Empagliflozin Placebo Absolute difference (95% CI) 

Sex      

Male 0.67 (0.11) 0.60 (0.11) 0.17 (0.06) 0.41 (0.06) -0.24 (-0.40, -0.08) 

Female 0.12 (0.16) -0.22 (0.11) -0.05 (0.09) 0.21 (0.09) -0.25 (-0.50, -0.00) 

Diabetes      

Diabetes absent 0.14 (0.11) 0.21 (0.10) 0.10 (0.06) 0.29 (0.06) -0.19 (-0.36, -0.02) 

Diabetes present 1.02 (0.16) 0.61 (0.16) 0.13 (0.08) 0.44 (0.08) -0.32 (-0.54, -0.10) 

NT-proBNP, ng/L      

<110 -0.39 (0.14) -0.27 (0.14) 0.03 (0.09) 0.38 (0.10) -0.36 (-0.61, -0.10) 

≥110 <330 0.40 (0.13) 0.06 (0.13) 0.15 (0.08) 0.23 (0.08) -0.07 (-0.30, 0.15) 

≥330 1.42 (0.16) 1.18 (0.15) 0.13 (0.09) 0.43 (0.08) -0.30 (-0.53, -0.07) 

Estimated GFR, mL/min/1.73m2     

<30 0.94 (0.16) 0.51 (0.16) 0.22 (0.08) 0.33 (0.08) -0.11 (-0.34, 0.12) 

≥30 <45 0.17 (0.13) 0.26 (0.13) 0.06 (0.07) 0.37 (0.07) -0.30 (-0.50, -0.11) 

≥45 0.43 (0.22) 0.27 (0.19) 0.03 (0.11) 0.30 (0.12) -0.27 (-0.59, 0.05) 

Overall 0.50 (0.09) 0.35 (0.09) 0.10 (0.05) 0.34 (0.05) -0.24 (-0.38, -0.11) 

 

The adjusted effects of empagliflozin versus placebo on absolute "Fluid Overload" for each of these subgroups is plotted in Figure 3. Abbreviations: NT-proBNP = N-terminal pro-brain-type 
natriuretic peptide; GFR = glomerular filtration rate. 
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Supplemental Table 6: Effects of empagliflozin on tertiary (and post-hoc) bioimpedance-derived parameters assessments by time 

 

 
Empagliflozin 

(n=311) 
Placebo 
(n=309) 

 

 Mean SE Mean SE Absolute Difference 95% CI 

EXTRACELLULAR WATER, L       

Randomization 18.96 0.22 18.40 0.21   

2-month follow-up 18.19 0.07 18.70 0.07 -0.52 (-0.72, -0.32) 

18-month follow-up 18.13 0.10 18.59 0.10 -0.46 (-0.74, -0.19) 

Study average 18.16 0.07 18.66 0.07 -0.49 (-0.69, -0.30) 

INTRACELLULAR WATER, L       

Randomization 20.63 0.27 20.12 0.25   

2-month follow-up 20.02 0.10 20.37 0.10 -0.35 (-0.64, -0.07) 

18-month follow-up 20.20 0.14 20.44 0.13 -0.24 (-0.61, 0.14) 

Study average 20.10 0.10 20.40 0.10 -0.30 (-0.57, -0.03) 

TOTAL BODY WATER, L       

Randomization 39.59 0.46 38.51 0.44   

2-month follow-up 38.19 0.16 39.09 0.16 -0.89 (-1.33, -0.45) 

18-month follow-up 38.32 0.21 39.04 0.21 -0.73 (-1.30, -0.15) 

Study average 38.25 0.15 39.07 0.15 -0.82 (-1.24, -0.40) 

       

LEAN TISSUE INDEX, kg/m2       

Randomization 13.22 0.18 12.92 0.16   

2-month follow-up 12.81 0.09 13.00 0.09 -0.20 (-0.46, 0.06) 

18-month follow-up 13.02 0.13 13.10 0.13 -0.08 (-0.43, 0.28) 

Study average 12.90 0.09 13.05 0.09 -0.14 (-0.39, 0.10) 

FAT TISSUE INDEX, kg/m2       

Randomization 12.43 0.30 12.48 0.30   

2-month follow-up 12.44 0.10 12.50 0.10 -0.06 (-0.33, 0.22) 

18-month follow-up 12.21 0.14 12.30 0.14 -0.10 (-0.49, 0.30) 

Study average 12.34 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 and weighted in proportion to the amount of follow-up time represented using an MMRM model 
(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). Analyses of effects on total body water were conducted as post-hoc exploratory analyses to aid interpretation of effects on “Fluid 
Overload”; total body water is the sum of extracellular and intracellular water. 
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Supplemental Table 7: Effects of empagliflozin on other bioimpedance-derived adiposity parameters 

 
Empagliflozin 

(n=311) 
Placebo 
(n=309) 

 

 Mean SE Mean SE Absolute Difference 95% CI 

LEAN TISSUE MASS, kg       

Randomization 39.40 0.66 38.24 0.61   

2-month follow-up 38.01 0.29 38.73 0.29 -0.72 (-1.52, 0.09) 

18-month follow-up 38.65 0.39 39.05 0.38 -0.40 (-1.47, 0.66) 

Study average 38.28 0.27 38.87 0.27 -0.58 (-1.34, 0.18) 

 
FAT TISSUE MASS, kg 

      

Randomization 36.30 0.88 36.11 0.81   

2-month follow-up 36.19 0.30 36.38 0.30 -0.18 (-1.01, 0.64) 

18-month follow-up 35.52 0.42 35.76 0.41 -0.24 (-1.39, 0.91) 

Study average 35.90 0.30 36.11 0.30 -0.21 (-1.04, 0.62) 

 
ADIPOSE TISSUE MASS, kg 

      

Randomization 49.39 1.19 49.13 1.10   

2-month follow-up 49.24 0.40 49.49 0.40 -0.25 (-1.37, 0.87) 

18-month follow-up 48.33 0.57 48.66 0.56 -0.32 (-1.89, 1.24) 

Study average 48.85 0.41 49.13 0.41 -0.28 (-1.41, 0.85) 

       

The pre-specified analysis parameters lean tissue index and fat tissue index in kg/m2 are calculated from lean tissue mass and adipose tissue mass in kg indexed to height squared. Adipose 
tissue mass consists of the fat tissue mass plus proteins, minerals and fluid. 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 and 
weighted in proportion to the amount of follow-up time represented using an MMRM model (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).  
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Supplemental Table 8: Effects of empagliflozin on weight and body mass index (bioimpedance substudy & full trial cohorts) 

 Empagliflozin Placebo  

 Mean SE Mean SE Absolute Difference 95% CI 

WEIGHT, kg       

Bioimpedance substudy cohort*       

Randomization 89.0 1.1 88.2 1.1   

2-month follow-up 87.8 0.2 88.7 0.2 -0.9 (-1.4, -0.3) 

18-month follow-up 87.4 0.3 88.0 0.3 -0.6 (-1.5, 0.4) 

Study average 87.6 0.2 88.4 0.2 -0.7 (-1.3, -0.1) 

Full trial cohort†       

Randomization 84.0 0.4 83.9 0.4   

2-month follow-up 83.3 0.1 84.1 0.1 -0.7 (-1.0, -0.5) 

18-month follow-up 82.4 0.1 83.3 0.1 -0.9 (-1.2, -0.5) 

Study average 82.3 0.1 83.2 0.1 -0.9 (-1.2, -0.6) 

       

BODY MASS INDEX, kg/m2       

Bioimpedance substudy cohort*       

Randomization 30.2 0.3 30.1 0.4   

2-month follow-up 29.9 0.1 30.1 0.1 -0.3 (-0.5, -0.1) 

18-month follow-up 29.7 0.1 29.9 0.1 -0.2 (-0.5, 0.1) 

Study average 29.8 0.1 30.0 0.1 -0.3 (-0.5, -0.1) 

Full trial cohort†       

Randomization 29.7 0.1 29.8 0.1   

2-month follow-up 29.5 0.0 29.8 0.0 -0.3 (-0.4, -0.2) 

18-month follow-up 29.2 0.0 29.5 0.0 -0.3 (-0.4, -0.2) 

Study average 29.1 0.0 29.5 0.0 -0.3 (-0.4, -0.2) 

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, urinary albumin-to-creatinine ratio and, in the full trial cohort, region) between treatment groups and weighted in proportion to the amount of follow-up time represented 

using an MMRM model (see Supplemental Methods). Analyses include all individuals with at least one follow-up weight measurement. *Analyses in the bioimpedance substudy cohort use the 

2 and 18 month time windows pre-specified in the substudy Data Analysis Plan and analyze the 620 individuals included in the MMRM analyses of bioimpedance parameters. †Analyses in the 

full trial cohort use all available measurements; effects by time at 6-, 12-, 24-, 30- and 36-month study visits are not shown. The effects of study treatment on weight were similar in substudy 
versus non-substudy participants (heterogeneity p value = 0.60) and there was no significant interaction between time and treatment effect on weight (p for interaction with time in full trial cohort 
= 0.47; substudy cohort = 0.44). 
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Supplemental Table 9: Effects of empagliflozin on waist and hip measurements (bioimpedance substudy & full trial cohorts) 

 Empagliflozin Placebo  

 Mean SE Mean SE Absolute Difference 95% CI 

WAIST CIRCUMFERENCE, cm       

Bioimpedance substudy cohort       

Randomization 105.2 (0.8) 105.5 (0.8)   

18-month follow-up 106.1 (0.5) 105.5 (0.4) 0.6 (-0.7, 1.8) 

Full trial cohort       

Randomization 102.8 (0.2) 102.7 (0.2)   

18-month follow-up 102.2 (0.2) 102.9 (0.2) -0.8 (-1.2, -0.3) 

       

HIP CIRCUMFERENCE, cm       

Bioimpedance substudy cohort       

Randomization 109.3 (0.7) 109.4 (0.7)   

18-month follow-up 109.6 (0.4) 109.1 (0.4) 0.4 (-0.6, 1.5) 

Full trial cohort       

Randomization 107.3 (0.2) 107.2 (0.2)   

18-month follow-up 106.4 (0.2) 107.0 (0.2) -0.6 (-1.1, -0.1) 

       

WAIST-TO-HIP RATIO       

Bioimpedance substudy cohort       

Randomization 0.96 (0.01) 0.96 (0.01)   

18-month follow-up 0.97 (0.00) 0.97 (0.01) 0.00 (-0.02, 0.02) 

Full trial cohort       

Randomization 0.96 (0.00) 0.96 (0.00)   

18-month follow-up 0.96 (0.00) 0.97 (0.00) -0.00 (-0.01, 0.00) 

       
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, urinary albumin-to-creatinine ratio and, in the full trial cohort, region). Waist, hip and the associated ratio measures were analyzed at a single follow-up time point and 
are therefore analyzed by analysis of covariance (ANCOVA). Full trial cohort analyses include all 6009 participants; missing measurements were handled by mean imputation for baseline and 
multiple imputation for follow-up measurements (see Supplemental Methods). Substudy cohort analyses include the 620 individuals included in the MMRM analyses of bioimpedance 
parameters, all of whom had a baseline waist-to-hip measurement; missing follow-up measurements were imputed following the same procedure for the full trial cohort. 
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Supplemental Table 10: Effects of empagliflozin on glycated hemoglobin and hematocrit (bioimpedance substudy & full trial cohorts) 

 

  Empagliflozin Placebo  

 
Participants 

analyzed 
Mean SE Mean SE Absolute Difference (95% CI) 

GLYCATED HEMOGLOBIN, mmol/mol 

Bioimpedance substudy cohort        

Prior diabetes 240 53.8 0.6 53.8 0.6 0.0 (-1.6, 1.6) 

No prior diabetes 379 37.1 0.2 36.8 0.1 0.3 (-0.2, 0.7) 

All 619 43.5 0.2 43.3 0.2 0.2 (-0.5, 0.9) 

        

Full trial cohort         

Prior diabetes 2914 53.4 0.3 54.3 0.3 -0.9 (-1.6, -0.1) 

No prior diabetes 3444 36.9 0.1 36.9 0.1 0.0 (-0.2, 0.2) 

All 6358 44.5 0.1 44.9 0.1 -0.4 (-0.8, -0.0) 

 
HEMATOCRIT, % 
Bioimpedance substudy cohort 196 41.7 0.3 39.1 0.3 2.5 (1.7, 3.4) 

        

Full trial cohort 1368 40.7 0.1 38.4 0.1 2.3 (1.9, 2.7) 

        
Study averages 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, urinary albumin-to-creatinine ratio and, in the full trial cohort, region) between treatment groups. Analyses of glycated hemoglobin use central laboratory samples from 
randomization, 2-, 18-, 24- and 30-month follow-up visits, weighted in proportion to the amount of follow-up time represented (see Supplemental Methods) in MMRM analyses. All participants with 
at least one follow-up measurement of glycated hemoglobin were included, full trial cohort analyses exclude those with missing baseline measurements. Hematocrit was only assessed in a ~20% 
subset of the full trial cohort using local laboratory measurements at randomization and 18 months using analysis of covariance (ANCOVA) and excludes those with missing baseline 
measurements. Hematocrit is analyzed in the 196 of the 620 bioimpedance substudy cohort with an 18-month measurement with mean imputation of missing baseline measurements for 
consistency with the substudy analysis approach.  
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Supplemental Table 11: Effects of empagliflozin on blood pressure (bioimpedance substudy & full trial cohorts) 

 Empagliflozin Placebo   

 Mean SE Mean SE 
Absolute 

Difference 
95% CI 

P value for 
interaction 
with time 

SYSTOLIC BLOOD PRESSURE, mmHg        

Bioimpedance substudy cohort*       0.029 

Randomization 137.0 1.1 137.3 1.1    

2-month follow-up 132.0 0.9 136.3 0.9 -4.3 (-6.7, -1.9)  

18-month follow-up 132.2 1.1 134.2 1.1 -2.0 (-4.9, 0.9)  

Study average 132.1 0.8 135.4 0.8 -3.3 (-5.5, -1.2)  

        

Full trial cohort†       <0.001 

Randomization 136.4 0.3 136.7 0.3    

2-month follow-up 131.8 0.3 135.8 0.3 -4.0 (-4.7, -3.2)  

18-month follow-up 133.0 0.3 135.3 0.3 -2.3 (-3.2, -1.4)  

Study average 132.7 0.2 135.3 0.2 -2.6 (-3.3, -1.9)  

        

DIASTOLIC BLOOD PRESSURE, mmHg        

Bioimpedance substudy cohort*       0.14 

Randomization 77.9 0.7 78.8 0.7    

2-month follow-up 77.3 0.5 77.8 0.5 -0.5 (-1.9, 0.9)  

18-month follow-up 77.7 0.6 77.5 0.6 0.2 (-1.5, 1.9)  

Study average 77.5 0.4 77.7 0.4 -0.2 (-1.4, 1.0)  

        

Full trial cohort†       0.004 

Randomization 78.1 0.2 78.1 0.2    

2-month follow-up 76.3 0.2 77.4 0.2 -1.1 (-1.6, -0.7)  

18-month follow-up 76.6 0.2 77.0 0.2 -0.4 (-0.9, 0.1)  

Study average 76.3 0.1 76.8 0.1 -0.5 (-0.9, -0.1)  

        
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, urinary albumin-to-creatinine ratio and, in the full trial cohort, region) between treatment groups and weighted in proportion to the amount of follow-up time represented 

using an MMRM model (see Supplemental Methods). *Analyses in the bioimpedance substudy cohort use the 2 and 18 month time windows pre-specified in the substudy Data Analysis Plan 

and analyze the 620 individuals included in the MMRM analyses of bioimpedance parameters. †Analyses in the full trial cohort include all individuals with at least one follow-up measurement 

and use all available measurements; effects by time at 6, 12, 24, 30 and 36 month study visits are not shown. The p value for the interaction with time are extracted from likelihood ratio tests 
comparing models with and without an interaction term testing for significant interaction between treatment allocation and time (using all available time points). The effects of study treatment 
on systolic blood pressure were similar in substudy versus non-substudy participants (heterogeneity p value = 0.52). 
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Supplemental Table 12: Bioimpedance substudy cohort: effects of empagliflozin on dehydration by categories of baseline bioimpedance-derived 

“Fluid Overload” 

 

 Empagliflozin Placebo 

 
Number of 

participants/total 
% Number of 

participants/total 
% 

     

SERIOUS DEHYDRATION     

     

Fluid-deplete 0/41 0.0 0/45 0.0 

Normohydrated 1/207 0.5 2/211 0.9 

Moderate “Fluid Overload” 3/70 4.3 2/56 3.6 

Severe “Fluid Overload” 0/14 0.0 0/16 0.0 

Bioimpedance substudy overall 4/332 1.2 4/328 1.2 

     

Full trial cohort 30/3304 0.9 24/3305 0.7 

     

SYMPTOMATIC DEHYDRATION     

     

Fluid-deplete 1/42 2.4 0/45 0.0 

Normohydrated 3/207 1.4 3/211 1.4 

Moderate “Fluid Overload” 6/70 8.6 2/56 3.6 

Severe “Fluid Overload” 0/14 0.0 0/16 0.0 

Bioimpedance substudy overall 10/332 3.0 5/328 1.5 

     

Full trial cohort 83/3304 2.5 76/3305 2.3 

     

Baseline “Fluid Overload” is categorised using relative “Fluid Overload”: fluid depletion = ≤ -7%, normohydration = > -7% ≤ +7%, moderate “Fluid Overload” = > +7% ≤ +15%, severe “Fluid 
Overload” = > +15%; participants without a valid baseline bioimpedance measurement are included in the normohydrated category based upon the imputed mean value. Symptomatic 
dehydration was defined as symptoms attributed by participants to dehydration, such as feeling faint or fainting. In the full trial cohort, there were 54 reports of serious dehydration 
(empagliflozin 30/3304 [%] vs placebo 24/3305 [%]; hazard ratio 1.25, 95% CI 0.73–2.14) and 159 reports of symptomatic dehydration (empagliflozin 83/3304 [%] vs placebo 76/3305 [%]; 
hazard ratio 1.10, 95% CI 0.81–1.51). In the full trial cohort, loop diuretic therapy was initiated during follow-up when not recorded at randomization in 159/2453 (6.5%) participants allocated 
empagliflozin versus 212/2409 (8.8%) allocated placebo; representing a 26% lower risk of requiring to start loop diuretics during follow-up among participants allocated empagliflozin versus 
placebo (RR 0.74, 95% CI 0.60-0.90).  
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Supplemental Figure 1: Bioimpedance substudy cohort CONSORT flowchart 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

* Metal knee implants. † Invalid reasons: inadequate data quality, implausible outlying values or missing accompanying weight measurement (see Data Analysis Plan – Supplemental Material). ‡ 

Reasons for missed measurements were not recorded for all participants but include telephone follow-up (due to COVID-19), missed follow-up or rarely patient refusal/technical failure; missed 

measurement in one time period did not preclude a participant from future measurements. § Died within time window of missing bioimpedance measurement; does not include deaths after valid 

measurement obtained; total deaths until end of follow-up = 35 (empagliflozin=18; placebo=17). ǁ Number (proportion) of participants who reported taking “most” of their study treatment at 12 

months: empagliflozin 282 (89%); placebo 292 (91%).  All 660 participants were included in secondary analyses. The analysis population for MMRM analyses excluded 40 participants who did not 

have a single valid follow-up measurement.  

The EMPA-KIDNEY trial 
n=6609 
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n=668 
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n=660 
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No data received      n=4 
Other        n=1 
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Supplemental Figure 2: Effects of empagliflozin on mean absolute “Fluid Overload” (bioimpedance substudy cohort: post-hoc subgroups) 
 

 

Baseline “Fluid Overload” subgroup analysis was conducted post-hoc and is categorised using relative “Fluid Overload”: fluid depletion = ≤ -7%, low-normohydration = > -7% ≤ 0%, high-
normohydration = >0% ≤ +7%, moderate “Fluid Overload” = > +7% ≤ +15%, severe “Fluid Overload” = > +15%; participants without a valid baseline bioimpedance measurement are included in 
the high-normohydration category based upon the imputed mean value. 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, urinary albumin-to-creatinine ratio and, in the full trial cohort, region) between treatment groups and 
weighted in proportion to the amount of follow-up time represented using an MMRM model (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).
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Supplemental Figure 3: Correlation between change in weight (relative to baseline) with change in 

different bioimpedance indices at the 2-month follow-up visit, by treatment allocation 
 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 
 

Correlations analysed post-hoc at peer reviewer request. Correlations shown are for substudy participants with valid and non-missing bioimpedance and weight 

measurements at the 2-month time point (empagliflozin n=273; placebo n=279). The correlations are non-randomized observational analyses and should not 

be attributed to effects of allocated treatment. Perfect correlation is not expected due to multiple determinants of weight (3 available bioimpedance indices are 

shown) and any measurement error in weight or bioimpedance indices. Randomized analyses assessing effects of allocated treatment (i.e. between-group 

difference with 95% CI) are provided for context with extracellular water and intracellular water combined to formulate total body water (in order to put effects 

on total fluid differences in the context of effects on body weight). At 2 months, the adjusted mean (SE) body weight in the substudy was: empagliflozin 87.8 

(0.2); placebo 88.7 (0.2); between-group difference (95% CI) -0.9 (-1.4, -0.3) kg. Note that any measurement error between treatment groups would be expected 

to be non-differential with respect to treatment allocation due to the systematic use of the same methods of measurement and the trial’s randomized double-

blind design. The between group differences should therefore be considered to be reliable and unbiased with respect to treatment allocation. Any measurement 

error in weight or bioimpedance parameters would only result in lower precision (i.e. widened confidence intervals for the between-group differences) which 

increases the chances of a type 2 error (i.e. increases the chances of falsely concluding an absence of effect). A simulation-based example of classical 

measurement error in randomized trials is provided in Nab et al. Statistics in Medicine. 2019;38:5182–5196. 

EMPAGLIFLOZIN PLACEBO 
Total Body Water (TBW), L 

2-month adjusted mean (SE): empagliflozin 38.2 (0.2); placebo 39.1 (0.2);  
between-group difference (95% CI) -0.9 (-1.3, -0.5) L 

  

Adipose Tissue Mass (ATM), kg 
2-month adjusted mean (SE): empagliflozin 49.2 (0.4); placebo 49.5 (0.4);  

between-group difference (95% CI) -0.3 (-1.4, 0.9) kg 

Lean Tissue Mass (LTM), kg 
2-month adjusted mean (SE): empagliflozin 38.0 (0.3); placebo 38.7 (0.3);  

between-group difference (95% CI) -0.7 (-1.5, 0.1) kg 
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Supplemental Figure 4: Effects of empagliflozin on weight, body mass index, systolic blood 

pressure, glycated hemoglobin, and hematocrit by race (full trial cohort) 

 

 

 

Overall results shown are the study averages using all available measurements for weight, body mass index and blood pressure; 

glycated hemoglobin and hematocrit analyses exclude measurements made outside of the specified time points in the Data Analysis 

Plan. 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, urinary albumin-to-creatinine ratio and 

region) between treatment groups and weighted in proportion to the amount of follow-up time represented using an MMRM model 

(see Supplemental Methods). Analyses include all individuals with at least one measurement of the outcome variable during follow-

up.  
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