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Abstract 
 
Background: Stressed blood volume (SBV) is a major determinant of systemic and pulmonary 
venous pressures which, in turn, determine left and right ventricular fillings and regulates cardiac 
output via the Frank-Starling mechanism. It is not known whether inhibition of the sodium–
glucose cotransporter-2 (SGLT2) favorably affects SBV. We investigated the effect of 
empagliflozin on estimated stressed blood volume (eSBV) in patients with heart failure and 
reduced ejection fraction (HFrEF) compared to placebo. 
Methods: This was a post-hoc analysis of an investigator-initiated, double-blinded, placebo-
controlled, randomized trial. Seventy patients were assigned to empagliflozin 10 mg or matching 
placebo once-daily for 12 weeks. Patients underwent right heart catheterization at rest and during 
exercise at baseline and follow-up. The outcome was change in eSBV after 12 weeks of 
empagliflozin treatment over the full range of exercise, determined using a recently introduced 
analytical approach based on invasive hemodynamic assessment.  
Results: Patients with HFrEF, mean age, 57 years and mean ejection fraction 27 %, with 47 
patients (71%) receiving diuretics were randomized. The effect of empagliflozin on eSBV over 
the full range of exercise loads showed a statistically significant reduction compared with 
placebo (−198.4 mL, 95%CI: −317.4; −79.3, p=0.001), a 9% decrease. The decrease in eSBV by 
empagliflozin was significantly correlated with the decrease in PCWP ((R= ̶ 0.33, p<0.0001). 
The effect of empagliflozin was consistent across subgroup analysis. 
Conclusions:  Empagliflozin treatment significantly reduced stressed blood volume compared 
with placebo after 12 weeks of treatment in patients with stable chronic HFrEF during sub 
maximal exercise. 
Registration: URL: https://www.clinicaltrials.gov, Unique identifier: NCT03198585 
 
Key Words: Heart Failure; SGLT2i; Stressed Blood Volume; Hemodynamics; Exercise  
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Nonstandard Abbreviations and Acronyms  
CO = Cardiac Output 
eSBV = estimated Stressed Blood Volume 
eTBV = estimated Total Blood Volume 
HFrEF = Heart Failure with Reduced Ejection Fraction;  
PCWP = Pulmonary Capillary Wedge Pressure;  
SGLT2 = Sodium–glucose cotransporter 2  
 
What is New? 

• Twelve weeks of treatment with empagliflozin added to contemporary guideline-directed 
HF therapy significantly reduced estimated stressed blood volume (eSBV) compared to 
placebo over the full range of exercise by 198.4 ml (9%), while reducing estimated total 
blood volume (eTBV) by only 65.4 ml (1%) from baseline to 12 weeks follow-up.  The 
decrease in eSBV was correlated with decreases of pulmonary capillary wedge pressure 
(PCWP) but not with eTBV. The present data suggest that an effect on the distribution of 
blood volume may partially explain the salutary effects of empagliflozin on PCWP in 
HFrEF.   
 

What are the Clinical Implications? 
• The effect on the distribution of blood volume may partially explain the salutary effects 

of empagliflozin on PCWP in HFrEF.   
• Modulation of sympathetic activity might be one of the mechanisms explaining the 

decreased eSBV by empagliflozin.   
• These data may provide new potential insights into the mechanisms by which 

empagliflozin improves clinical status in HF. 
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Introduction 

A hallmark of heart failure (HF) with reduced ejection fraction (HFrEF) is abnormally high 

central and pulmonary venous pressures, particularly during exercise1,2. These pressures are 

determined in part by total blood volume (TBV)3 and its distribution between two functional 

components. The portion of TBV that fills the system without exerting tension on the vessel wall 

(transmural pressure of 0 mmHg) is termed "unstressed blood volume" (UBV). The blood 

volume in excess of UBV is termed "stressed blood volume" (SBV) and this component 

contributes to pressure generation. While TBV is the sum of UBV and SBV, the 

compartmentalization of blood between these two components is functional, not anatomic.4 

Chronically increased sympathetic tone and activation of the renin-angiotensin-

aldosterone system increase SBV in HFrEF by at least two mechanisms: 1) inducing salt and 

water retention, which increases TBV; and 2) functionally shifting blood from UBV to SBV, due 

to venoconstriction.5,6  Additionally, acute sympathetic activation during exercise induces rapid 

shifts from UBV to SBV which plays a crucial role in regulating systemic and pulmonary venous 

pressure despite a constant total blood volume;7 the latter contributes significantly to exercise 

intolerance experienced by heart failure patients. 

Sodium–glucose cotransporter 2 (SGLT2) inhibitors have been shown to reduce HF 

hospitalizations, and improve survival and HF related health status when added to standard HF 

therapies in HFrEF patients.8,9,10 SGLT2 inhibitors affect plasma volume and reduce filling 

pressures in HFrEF.11,12 We hypothesized that a reduction in SBV may contribute to the 

observed reduction in filling pressures. This post-hoc substudy of a randomized, double-blind 

clinical trial, evaluated whether empagliflozin influences SBV at rest and during exercise in 

patients with HFrEF. 
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Methods 

The data, analytic methods, and study materials will not be made available to other researchers 

for purposes of reproducing the results or replicating the procedure. The authors agree to make 

data available upon reasonable request. 

Trial design 

This study is a post-hoc analysis of the Empagliflozin in Heart Failure Patients with Reduced 

Ejection Fraction (Empire HF) trial.13,14 The Empire HF Hemodynamic was a randomized, 

double-blind, placebo-controlled study in 70 patients at a single, tertiary center (Odense 

University Hospital, Denmark) that tested the effect of empagliflozin on the ratio of pulmonary 

capillary wedge pressure (PCWP) to Cardiac Index (CI) after 12 weeks treatment. The study 

demonstrated that empagliflozin significantly decreased pulmonary artery wedge pressure 

(PCWP) compared with placebo over the entire range of hemodynamic measurements, but with 

no significant effect on cardiac index (CI) or the PCWP/CI ratio.11 The trial complied with the 

Declaration of Helsinki, was approved by the ethics committee in Denmark (ref. no 61738), and 

was conducted according to Good Clinical Practice. All patients provided written informed 

consent. The study was designed and conducted without any interference or financial support 

from the manufacturer of empagliflozin. 

Patients 

In brief, 70 stable HFrEF patients, aged 18 ̶ 85 years, with New York Heart Association (NYHA) 

Class II–III symptoms and left ventricular (LV) ejection fraction of ≤40% were recruited from 

the HF outpatient clinic. Key exclusion criteria were estimated glomerular filtration rate ≤30 

ml/min/1.73 m2, admission for HF within 30 days, admission for hypoglycemia in the past 12 
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months, and symptoms of hypotension with a systolic blood pressure <95 mmHg. A complete 

description is described in the Empire HF protocol.14 

Randomization and blinding 

Eligible patients were randomly assigned to receive either empagliflozin (10 mg once daily) or 

matching placebo in a double-blinded fashion using a fixed-randomization schedule according to 

blocks of ten pill bottles. Patients underwent clinical examination, blood tests, and right heart 

catheterization (RHC) at rest and during exercise at randomization and 12 weeks later.  

Right heart catheterization (RHC) 

RHCs were performed with patients in a fasting state. Guided by ultrasound and under local 

anesthesia, a 7.5-F triple lumen Swan-Ganz catheter (Edwards Lifesciences, Irvine, CA) was 

advanced into a wedge position in the pulmonary artery via the right internal jugular vein. 

Resting systolic pulmonary arterial pressure (sPAP), diastolic pulmonary arterial pressure 

(dPAP), mean pulmonary artery pressure (mPAP), mean right atrial pressure (RAP), and PCWP 

were measured at end-expiration as the average of ≥3 cardiac cycles. CO was measured using 

thermodilution as the mean of three measurements with <10% variation. CO was divided by 

body surface area to calculate CI. All patients performed at multistage symptom-limited cycle 

ergometric exercise testing, with the patient in a 45-degree upright position. Ergometry workload 

started at 0 watt (pedaling with no resistance) with 60 revolutions per minute, where resistance 

was increased by 25W every three minutes until exhaustion judged by patients and physicians. 

At each exercise level, RAP, PAP, CO, PCWP, heart rate (HR), non-invasive blood pressure 

(BP), and arterial oxygen saturation were recorded. Patients were monitored continuously with 

electrocardiograms. At rest and at maximal exercise, a mixed venous blood sample was drawn 
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from the distal tip of the catheter and analyzed for lactate concentration, mixed venous oxygen 

saturation and pH. Stroke volume (SV) was calculated as CO heart rate.  

Stressed Blood Volume Estimation 

As noted above, TBV is functionally divided into UBV and SBV pools: TBV=UBV+SBV. 

Direct measurement UBV and SBV require complex experimental preparations and maneuvers 

that are not readily applicable to humans and are especially not applicable to studies of exercise 

physiology. Accordingly, we employed a previously described simulation-based method for 

estimating SBV based on widely used models of the cardiovascular system.15–18 The systemic 

and pulmonary circulations are represented by series of resistors and capacitors19 and the heart 

chambers are represented by individual time-varying elastances.20–23 The nonlinear, time-varying 

differential equations governing this model can be solved by numerical integration. For 

estimation of SBV, the measured values of heart rate, cardiac output, RAP, PCWP, systolic and 

diastolic systemic and pulmonary artery pressures and left ventricular ejection fraction are 

provided to the model. Left ventricular ejection fraction was assessed were assessed using the 

biplane method of disks from a transthoracic echocardiography.24 Model parameter values that 

are optimized, including right and left ventricular end-systolic elastances and diastolic stiffness 

constants, systemic and pulmonary arterial compliances and characteristic impedances and, 

finally, SBV. For a given patient, ventricular stiffness constants were assumed to be the same at 

rest and during exercise. In addition, based on preclinical studies showing that venous 

compliance is minimally influenced by sympathetic tone or infusions of exogenous 

catecholamines25,26, venous compliance was also assumed to be the same at rest and during 

exercise so that change in SBV would be the result of shifts of the venous pressure-volume 

relationship. Because SBV determined by this method is not a direct measurement, it will be 
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designated as estimated SBV (eSBV). The parameter fitting algorithm has been implemented and 

used in prior studies.15,16,18,19,27 To account for differences in patient sizes, all eSBV values are 

presented as ml/70 kg body weight. Estimated Total blood volume (eTBV) was calculated as: α 

+ [β  * weight in kg], in which α = 1,530 and β = 41 for men, whereas α = 864 and β = 47.9 for 

women.28,29 

Statistical analysis 

Baseline characteristics and echocardiographic measurements were reported as mean and 

standard deviation (SD) for normally distributed variables, number (%) for categorical variables, 

and median with interquartile range (IQR) for non-normally distributed variables. The 

investigation of eSBV was included as an unplanned, post-hoc analysis; therefore, no specific 

sample size estimation was performed. Thus, the study population size is based on the 70 

patients in the hemodynamic study.11  

The primary statistical analysis was based on all included patients with available required 

hemodynamic values for the eSBV calculation. The between group difference in eSBV was 

analyzed using a linear mixed effect model with a random intercept to account for repeated 

measurements from the same individual including values at all stages of exercises and was 

reported as a coefficient value and 95% confidence intervals (95% CIs). The between group 

difference in HR and systolic blood pressure (SBP) measured under exercise was analyzed using 

the aforementioned statistical analysis as in eSBV. Subgroup analysis was reported with the 

estimated treatment effect and 95% CI within each subgroup, as well as the p-value for the 

interaction between treatment and the baseline subgroup variable. The correlation between 

PCWP and eSBV and eTBV are conducted using correlation analysis. All statistical tests were 

carried out at a two-sided 0.05 level of significance. Statistical analyses were conducted using 
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Stata Statistical Software, version 16 (Stata Corp, College. Station, Texas, USA). The Empire 

HF is publicly registered on ClinicalTrials.gov, NCT03198585, and EudraCT, 2017-001341-27. 

 

Results 

Seventy patients were enrolled. Two patients (3%) in the intervention group terminated the study 

prematurely: one due to urgent surgery and one that was unwilling to repeat the invasive 

procedure. Two patients (3%) in the placebo group terminated the study prematurely: one due to 

back pain and one from balance problems/dizziness. Withdrawals were not deemed related to 

study drug. As a result, 33 patients with RHC at both visits were included in the intervention 

group and 33 in the placebo group (Figure 1). 

Baseline characteristics were well-balanced between the allocated treatment groups 

(Table 1). The average age was 57 ± 10 years, LVEF was 27 ± 7.6 %, with 62% of the patients 

having non-ischemic HFrEF etiology. Changes in diuretic doses were done in one (1%) patient 

in the empagliflozin group and three (4%) patients in the placebo group, where two (3%) in the 

placebo group and no one in the empagliflozin group had a change in their guideline-directed 

heart failure therapy. Those changes were without any clinically relevant difference between the 

groups.  

Invasive hemodynamics 

Detailed hemodynamic results have been published previously.11 In brief, baseline PCWP was 12 

± 5 mmHg at rest and increased to 29 ± 11 mmHg at peak exercise. There was a significant 

difference in baseline PCWP between the groups at peak exercise (Placebo: 26 ± 11 vs. 

Empagliflozin: 30 ± 10 mmHg, p=0.03). Baseline CO was 4.9 ± 1.1 L/min at and rest increased 

to 12 ± 4 L/min at peak exercise, where CI was 2.3 ± 0.4 L/min/m2 at rest increased to 5.6 ± 1.9 
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L/min/m2. Over the full range of exercise, PCWP was significantly reduced after 12 weeks 

treatment with empagliflozin compared to placebo (PCWP; −2.0 mmHg, 95% CI: −3.5 to −0.5, 

p=0.008). No significant change was found on cardiac index (CI; −0.1 L/min/m2, 95% CI: −0.4 

to 0.1, p=0.36). Baseline HR was 66 ± 11 bmp at rest and increased to 113 ± 23 bmp at peak 

exercise, where SBP was 119 ± 16 mmHg at rest increased to 173 ± 42 mmHg at peak exercise. 

Over the full range of exercise, there was no significant change in HR compared to placebo (HR: 

−3.1 bmp, 95% CI: −6.4 to 0.2, p=0.064), neither in systolic blood pressure measured under 

exercise (SBP: −2.4 mmHg, 95% CI: −9.1 to 4.4, p=0.50).  

Estimated stressed blood volume 

At baseline, resting eSBV for all patients was 1715 ± 354 mL, which increased during exercise 

to 2258 ± 444 mL at 0 Watts, 2369 ± 549 mL at 25 Watts, 2406 ± 463 mL at 25% of peak 

workload, and 3225 ± 527 mL at peak workload. The increase of eSBV from rest to peak 

exercise amounted to 1511 ± 173 mL, an 88% increase (Figure 2).  

The effect of empagliflozin on eSBV over the full range of exercise loads showed a 

statistically significant reduction after 12 weeks of treatment compared with placebo (−198.4 ml, 

95% CI: −317.4 to −79.3, p=0.001), which amounted to an 8.8% decrease from baseline (Figure 

3). Comparisons at each level of workload showed that compared to controls, patients treated 

with empagliflozin experienced a significant reduction of eSBV at 0 Watts (−257.6 ml, 95% 

Confidence interval (CI): −476.1 to −39.1, p=0.021), 25 Watts (−300.5 ml, 95% CI: −561.1 to 

−40.0, p= 0.024), and at 25% of peak load (−262.2 ml, 95% CI: −490.2 to −34.2, p=0.024) 

(Table 2).  The change in eSBV from baseline to 12 weeks was significantly correlated with the 

decrease in PCWP (R=  ̶ 0.33, p<0.0001), accounting for 11% of the change of PCWP. The result 

for eSBV was consistent across multiple subgroups except patients whom had a body mass index 
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of ≥30 kg/m2 at baseline, who did not exhibit a decrease in eSBV by empagliflozin (p for 

interaction=0.02) (Figure 4). 

Estimated total blood volume 

eTBV did not differ between groups at baseline (Table 1). From baseline to follow-up eTBV 

decreased significantly in the empagliflozin group (−45.9 ml, 95% CI: −54.4 to −37.3, p<0.001), 

and increased in the placebo group (19.6 ml, 95% CI: 11.0 to 28.1, p<0.001). Thus, compared to 

controls, patients treated with empagliflozin had a net −65.4 ml (95% CI: −77.5 to −53.3, 

p<0.001) difference reduction of eTBV after 12 weeks of treatment, which amounted to a 1% 

decrease from baseline (Figure 5). No significant correlation was found between changes in 

eSBV and eTBV (R= 0.14, p=0.07). 

 

Discussion 

We previously showed that empagliflozin reduces PCWP in patients with HFrEF.11 We now 

studied underlying physiological factors contributing to this finding, and showed that 12 weeks 

of treatment with empagliflozin added to contemporary guideline-directed HF therapy 

significantly reduced eSBV compared to placebo over the full range of exercise by 198.4 ml 

(9%), while reducing eTBV by only 65.4 ml (1%), with no correlation between the change in 

eSBV and eTBV. The decrease in PCWP was correlated with the changes in eSBV, accounted 

for only 12% of the change of PCWP. Thus, the present data suggest that an effect on the 

distribution of blood volume may partially explain the salutary effects of empagliflozin on 

PCWP in HFrEF.   

Chronic sympathetic and renin-angiotensin-aldosterone system (RAAS) activation are 

well-known compensatory mechanisms aimed at maintaining adequate blood flow and arterial 
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pressure to satisfy end-organ metabolic needs circulatory compromise. While these 

compensatory mechanisms are beneficial in the early stages of HF, their sustained activation lead 

to salt and water fluid retention which underly the hemodynamic and neurohormonal forces that 

drive remodeling and worsening of cardiovascular outcomes.30 Beyond that, acute stressors such 

as exercise cause further and rapid acute sympathetic activation. Among many other effects, this 

results in venoconstriction of the splanchnic bed, functional shift of blood from unstressed to 

stressed blood volume pool, and physical shifts of blood from the splanchnic venous reservoir to 

the central circulation, despite a constant TBV.17,29,31  Under normal non-heart failure conditions, 

these shifts are major factors contributing to increased CO (by the Frank-Starling mechanism) to 

meet increased metabolic demands of exercise.  However, in heart failure, increases of SBV are 

less effective at increasing CO because the heart is operating on the plateau, or even descending 

limb, of the Frank-Starling curve.  Rather, in heart failure, the major consequence of these 

functional and physical shifts of blood volume is to promote congestion by increasing PCWP and 

CVP.17,29 A key question remains as to how SGLT2 inhibition can reduce SBV and modulate 

exercise-induced elevations of PCWP.  

SGLT2 inhibitors have been the subject of intense investigation over the past decade and 

a very wide range of actions have been identified, well beyond simply inhibiting renal SGLT2 

activity.32,33 Proposed mechanisms include diuresis12,34, reduction of blood pressure, improved 

glucose control and mitigation of glycemia-related cardiotoxicity, weight loss, increased 

erythropoietin levels, red blood cell mass and hematocrit, promotion of cardioprotective 

ketogenic nutrient deprivation signaling pathways,35 amelioration of oxidative stress, mitigation 

of mitochondrial dysfunction, attenuation of proinflammatory pathways, reduction of myocardial 

fibrosis,36 inhibition of cardiomyocyte sodium-hydrogen exchanger-137,38 and promotion of 
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autophagy and mitophagy.35 Many of these mechanisms have been either refuted as explaining 

effects of SGLT2 inhibitors in heart failure39 or are not relevant to explain how SGLT2 

inhibition could modulate the exercise-induced increases of PCWP reported in the Empire HF 

study.  While it is still tempting to speculate that these effects were mediated by a diuretic effect, 

the magnitude of eSBV decrease was significantly larger than the decrease of eTBV, suggesting 

that it is not the dominant mechanism. Thus, consistent with prior observations40 we also 

conclude that the observed hemodynamic effects are not fully explained by a diuretic effect of 

empagliflozin.   

An additional, recently proposed mechanism of SGLT2 inhibition that has not received 

significant attention is sympathoinhibition, which has been identified in a murine model of 

neurogenic hypertension.33,41 When treated with SGLT2 inhibitor (dapagliflozin), decreased 

density of tyrosine hydroxylase staining and decreased tissue levels of norepinephrine, indicating 

both reduced sympathetic nerve innervation and activity.  The precise mechanism underlying 

these findings was not identified and a simple “bystander effect” was not 

excluded.33 Furthermore, it has been proposed that SGLT2 inhibitors have the ability to 

selectively reduce extracellular interstitial fluid,12,42 which differs from the reduction in 

intravascular volume observed with conventional loop-diuretics that  may lead to further 

neurohormonal activation.43 The reduction in PCWP and eSBV did not impair cardiac output 

after 12 weeks of treatment, suggesting that SGLT2 inhibitors might have the unique mechanism 

to selectively decongest fluid accommodation by compartment and hereby impede the activation 

of the sympathetic nervous system. Nevertheless, whether a primary or secondary effect, 

modulation of sympathetic activity is a viable mechanism for explaining decreased eSBV after 

SGLT2 inhibition at rest and especially during exercise.  
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Limitations  

The main limitation of the present study relates to the fact that total blood volume, plasma blood 

volume and stressed blood volume were estimated, not directly measured. Specifically related to 

direct measurements of SBV, complex invasive experimental setups are required which are not 

feasible in patients, especially during exercise.   

 

Conclusion 

Empagliflozin was shown to induce a modest reduction of estimated stressed blood volume 

greatly exceeding the reduction of estimated total blood volume, suggesting that a salutary effect 

on venous capacitance may contribute to hemodynamic benefits following treatment with 

SGLT2i in patients with HFrEF. 
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Table 1. Baseline Characteristics* 
Empagliflozin Placebo 
(N = 35) (N = 35) 

Demographics 
Age, years 59 ± 8 56 ± 11 
Gender Male, no. (%) 32 (91) 31 (89) 
Body Mass Index† 29 [27,33] 29 [25,32] 
Systolic Blood Pressure, mmHg‡ 116 ± 20 117 ± 16 
Heart Rate, Beats/min‡ 69 ± 11 73 ± 11 

Heart Failure Characteristics 
Duration of Heart Failure, m 45 [11,98] 29 [12,73] 
Heart Failure Cause, no. (%) 

Ischemic Heart failure 13 (37) 13 (37) 
Non-ischemic Heart failure 22 (63) 22 (63) 
Latest Recorded Ejection Fraction, % 25 ± 8 28 ± 7 
NYHA Class 

   II 27 (77) 31 (89) 
   III 8 (23) 4 (11) 

KCCQ Overall Summary Score 71 [63,82] 78 [60,93] 
KCCQ Clinical Summary Score 78 [60,90] 82 [67,94] 

Comorbidities 
Type 2 Diabetes 5 (14) 7 (20) 
Hypertension 8 (23) 9 (26) 
Atrial Fibrillation 10 (29) 8 (23) 
Ischemic Heart Disease 14 (40) 14 (40) 
Chronic Kidney Disease 1 (3) 3 (9) 

Heart Failure Medication 
ACEi/ARB 25 (71) 29 (83) 
Sacubitril–Valsartan 9 (26) 4 (11) 
β-blocker 32 (91) 31 (89) 
Mineralocorticoid Receptor Antagonist 22 (63) 20 (57) 
Diuretics§ 24 (69) 26 (74) 
Device Type, no. (%) 
   CRT-D 3 (4) 0 (0) 
   CRT-P 7 (10) 10 (14) 
   ICD 15 (21) 14 (20) 

Blood samples 
Median NT-proBNP, ng/l 428 [246,944] 510 [209,966] 
eGFR, mL/min/1.73m2 86 [57,90] 75 [58,90] 
Hemoglobin A1c, mmol/mol 40 [37,48] 38 [35,45] 
Estimated Total Blood Volume, ml 5420 ± 704 5503 ± 854 
Hematocrit, volume Fraction 42 [39,46] 42 [38,45] 

* Value are presented as number (%), mean standard deviation ± SD or median interquartile range [IQR]. There
were no significant differences between the two groups.  NYHA, New York Heart Association; KCCQ, Kansas
City Cardiomyopathy Questionnaire; ACEi, angiotensin-converting enzyme inhibitor; ARB, angiotensin-receptor
blocker; NT-proBNP, CRT-D, cardiac resynchronization therapy defibrillator; CRT-P, cardiac resynchronization
therapy pacemaker; N-terminal pro–B-type natriuretic peptide; GFR, glomerular filtration rate. † The body-mass
index is the weight in kilograms divided by the square of the height in meters. ‡ Blood pressure and heart are
measured with the clinical examination at randomization visit. §Diuretics includes Loop diuretics or Thiazide
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Table 2. Changes in Stressed Blood Volume by Exercise after Exposure to Empagliflozin 10 
mg/day or Placebo for 12 weeks 
Empagliflozin, 10 mg/d Placebo P value 
Estimated Stressed Blood Volume(mL) 
Exercise Load 
Rest 
Baseline 1697 ± 312 1732 ± 396 
At 12 weeks 1601 ± 337 1711 ± 409 
Change over 12 weeks −96 ± 396 −21 ± 462 
Adjusted between group treatment effect* −75 (−279; 130) 0.47 
0 Watt 
Baseline 2381 ± 363 2138 ± 486 
At 12 weeks 2121 ± 423 2135 ± 444 
Change over 12 weeks −260 ± 457 −3 ± 456 
Adjusted between group treatment effect* −258 (−476; −39) 0.02 
25 Watt 
Baseline 2504 ± 546 2234 ± 525 
At 12 weeks 2229 ± 455 2259 ± 507 
Change over 12 weeks −276 ± 593 25 ± 499 
Adjusted between group treatment effect* −301 (−561; −40) 0.02 
25% of peak load 
Baseline 2478 ± 424 2335 ± 495 
At 12 weeks 2190 ± 395 2309 ± 516 
Change over 12 weeks −288 ± 430 −26 ± 525 
Adjusted between group treatment effect* −262 (−490; −34) 0.02 
Peak load 
Baseline 3269 ± 486 3180 ± 571 
At 12 weeks 3105 ± 509 3111 ± 798 
Change over 12 weeks −165 ± 670 −68 ± 781 
Adjusted between group treatment effect* −96 (−444; 251) 0.59 

*Linear mixed-effect model was used for the treatment effect differences between groups with the 95%
Confidence interval.. Comparison of treatment difference after adjusting for period effect, a random effect
for each participant, and baseline variable for each measurement (when available). Adjusted for age, sex,
and diabetes.
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Figure Legends 

Figure 1. Trial profile 

Figure 2. The distribution of stressed blood volume at different exercise levels compared to 

the estimated total blood volume for the hole cohort. The box represents median and inter 

quartile range (IQR) and whiskers represent 1.5 times the IQR. 

Figure 3. Changes in estimated Stressed Blood Volume by Exercise. Panel A – Error bars 

denotes Standard Error. All the patients reached 25 Watt and 25% of Peak Load.  

Figure 4. Treatment Differences in All Stages of estimated Stressed Blood Volume 

According to Pre-Defined Subgroup. P values represents subgroups comparison correspond to 

test for interaction. HF, Heart failure; BMI, Body mass index; eGFR, Estimated glomerular 

filtration rate (mL/min/1.73m2); NT-proBNP, N-terminal fragment of the prohormone brain 

natriuretic peptide. 

Figure 5. Changes in estimates stressed blood volume compared to the changes in estimated 

total blood volume. Unadjusted changes in the empagliflozin group and the placebo group with 

p values from the adjusted analyses. The box represents median and inter quartile range (IQR) 

and whiskers represent 1.5 times the IQR. 
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