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Abstract

Background: Sodium glucose cotransporter 2 (SGLT2) inhibitors reduce risk of hospitalization
for heart failure (HF) in patients with HF and preserved ejection fraction (HFpEF), but the
hemodynamic mechanisms underlying these benefits remain unclear. This study sought to
determine if treatment with dapagliflozin affects pulmonary capillary wedge pressure (PCWP)

at rest and during exercise in patients with HFpEF.

Methods: This was a single-center, double-blinded, randomized, placebo-controlled trial testing
the effects of dapagliflozin 10 mg once daily in patients with HFpEF. Patients with class I1-

Il HF, EF=50%, and elevated PCWP during exercise were recruited. Cardiac hemodynamics
were measured at rest and during exercise using high-fidelity micromanometers at baseline and
following 24 weeks of treatment. The primary endpoint was change from baseline in rest and
peak exercise PCWP incorporating both measurements, compared using a mixed model likelihood
ratio test (LRT). Key secondary endpoints included body weight and directly-measured blood and
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plasma volumes. Expired gas analysis was performed evaluate oxygen transport in tandem with
arterial lactate sampling.

Results: Among 38 patients completing baseline assessments (median age 68, 66% women,

71% obese), 37 completed the trial. Treatment with dapagliflozin resulted in reduction in the
primary endpoint of change in PCWP at rest and during exercise at 24 weeks relative to treatment
with placebo (LRT for overall changes in PCWP p<0.001), with lower PCWP at rest (estimated
treatment difference, ETD —3.5 mmHg, 95% CI: —-6.6 to —0.4; p=0.029) and maximal exercise
(ETD -5.7 mmHg, 95% CI: -10.8 to —0.7; p=0.027). Body weight was reduced with dapagliflozin
(ETD -3.5 Kkg; 95% ClI: -5.9 to —1.1; p=0.006), as was plasma volume (ETD -285 ml; 95% ClI:
-510 to —60; p=0.014), but there was no significant effect on red blood cell volume. There were no
differences in oxygen consumption at 20W or peak exercise, but dapagliflozin decreased arterial
lactate at 20W (-0.70£0.77 vs +0.37+£1.29 mM, p=0.006).

Conclusions and Relevance: In patients with HFpEF, treatment with dapagliflozin reduces
resting and exercise pulmonary capillary wedge pressures, along with favorable effects plasma
volume and body weight. These findings provide new insight into the hemodynamic mechanisms
of benefit with SGLT2 inhibitors in HFpEF.

Keywords
heart failure; HFpEF; mechanism; diastolic function; exercise

Introduction

Sodium glucose cotransporter-2 inhibitors (SGLT2i) have been shown to reduce the risk
of heart failure (HF) hospitalization or cardiovascular death and improve quality of life in
patients with HF and preserved ejection fraction (HFpEF).1: 2 However, the mechanisms
underlying these salutary effects remain unclear.3-> Natriuretic effects may reduce plasma
and blood volumes, erythropoiesis increases, and myocardial function may improve, but
accumulating evidence suggests that SGLT2i also work in part by enhancing nutrient
deprivation signaling and reducing nutrient surplus signaling pathways in patients with
HFpEF.5: & Chronic nutrient surplus relative to energy expenditure causes obesity, a major
risk factor for HFpEF.”

Assessment of cardiac filling pressures at rest and during exercise serves as the gold
standard for diagnosis of HFpEF® and provides the most direct means to evaluate the

ability of the heart to function adequately as a pump that fills with and ejects blood at
normal physiologic pressures.® 10 Patients with HFpEF characteristically display elevation
in cardiac diastolic filling pressures, assessed by the pulmonary capillary wedge pressure
(PCWP), which leads to secondary elevations in pulmonary artery pressure.10-12 Greater
increases in PCWP with activity are associated with impairments in exercise capacityl1: 13
as well as increases in morbidity and mortality,14-16 but no study has evaluated the effects of
SGLT2i on exercise hemodynamics in patients with HFpEF.

This randomized controlled trial tested the hypothesis that treatment with the SGLT2i
dapagliflozin would reduce PCWP at rest and during exercise in patients with HFpEF,
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and further evaluated the effects of dapagliflozin on directly measured blood and plasma
volumes, other hemodynamic measures, and oxygen transport.

Methods

Study overview

The data that support the findings of this study are available from the corresponding author
upon reasonable request. This was an investigator initiated, prospective, randomized clinical
trial of dapagliflozin 10 mg once daily compared with placebo in patients with HFpEF.

All participants provided written informed consent. The Mayo Clinic institutional review
board reviewed and approved the study. Investigators, patients, care providers and outcome
assessors were blinded to treatment assignment. The study was investigator initiated and
the authors had complete access to the data. Funding was provided by AstraZeneca, with

a contract that provided no limitations on data to be considered for publication. The study
protocol and statistical analysis plan are provided in Supplement 1 and Supplement 2,
respectively.

Study Patients

Ambulatory patients with a diagnosis of HFpEF were eligible if they were 18 years of age
or older, with symptoms of exertional dyspnea (NYHA class IlI-111), and left ventricular
EF=50%. Patients were required to display elevated PCWP during exercise (=25 mmHg)
at the baseline invasive exercise test following consent. Patients not meeting this criterion
were considered screen failures. Other exclusion criteria included type 1 diabetes or type 2
diabetes with poor control (HbA1c>10%), primary cardiomyopathy or pericardial disease,
significant left-sided valvular heart disease, dyspnea primarily due to lung disease or
ischemic heart disease, and severe anemia, liver, or kidney disease (estimated GFR<30).
Full eligibility criteria are provided in Supplement 3.

Study Design

Following consent, participants underwent phlebotomy, echocardiography, measurement of
blood and plasma volume, and then right heart catheterization at rest and with exercise

to volitional exhaustion. Patients meeting the hemodynamic eligibility criteria were then
randomized to treatment with dapagliflozin 10 mg once daily or matching placebo. Video

or telephone visits (based upon patient preference) were conducted at 2 days, 1 week, 2
weeks, and then every 4 weeks for the 24 week study duration to assess for adverse events
and encourage adherence with study medication. At 24 weeks, participants again underwent
phlebotomy, echocardiography, blood/plasma volume measures, and rest/exercise right heart
catheterization. A final follow up telephone/video visit was carried out 1 week following the
24 week visit.

Intervention and Randomization

Participants were treated with dapagliflozin 10 mg by mouth once daily or matching
placebo for 24 weeks. The Mayo Clinic Research Pharmacy was provided with a block
randomization sequence that was used to randomize enrolled patients 1:1 to dapagliflozin
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or placebo. Placebo and dapagliflozin tablets (provided in bulk by AstraZeneca) had an
identical appearance to ensure that medical staff and patients remained blinded.

Outcome Measures

The primary endpoint was the change in pulmonary capillary wedge pressure (PCWP)

at rest and during maximal exercise from the baseline study to the 24 week visit. The
rationale for including both rest and exercise PCWP in the primary endpoint definition is
that dapagliflozin may work on either or both components due to pleiotropic effects on
plasma volume, myocardial reserve, or vascular loading conditions with stress. Participants
had a wide range of exercise capacity, which limited direct comparisons between groups

at each of the intermediate workloads due to the censoring of subsequent values once
exhausted. To address this, the primary outcome values incorporate PCWP data from the rest
phase prior to exercise and at peak exercise level defined as the highest workload reached.
Key secondary endpoints included changes in right atrial and pulmonary artery pressures
incorporating both rest and maximal exercise values, along with changes in plasma volume,
total blood volume, red cell volume, and body weight. Measurements of oxygen transport
including oxygen consumption (VO,), arterial-venous O, content difference (Ca-vO5,), and
arterial lactate were examined as exploratory endpoints to provide further perspective.

Experimental Protocol

Hemodynamics including PCWP were measured using a high fidelity, solid state 2 Fr
micromanometer advanced through a 7 Fr balloon tipped catheter as previously described,
which provides higher frequency response than standard fluid-filled catheters (Figure
$1).17. 18 pressures were measured at end expiration and represent the mean of 3 replicate
measurements during rest and exercise. Oxygen consumption (VO,) was measured using
expired gas analysis at rest and during exercise (MedGraphics, St. Paul, MN). Arterial

and mixed venous (pulmonary artery) blood samples were obtained at rest and during

each stage of exercise to measure O, content, Ca-vO,, and lactate. Cardiac output was
determined using the direct Fick method as the quotient of VO, and Ca-vO,. Transthoracic
echocardiography was performed at the time of catheterization by a cardiologist to measure
ejection fraction. Total blood volume, plasma volume, and red blood cell volume were
directly measured using the radiolabeled iodinated albumin (3311, 5-25 uCu) indicator
dilution technique (BVA-100 Blood Volume Analyzer, Daxor Corp, NY) as previously
described.1?

Statistical analysis

Based on preliminary data from our previous studies,1’- 18 the standard deviation of change
in PCWP was estimated to be ~5 mmHg, with some proportionality to the mean expected.
Little improvement was expected in PCWP in the control group, and the assumed average
exercise PCWP in patients with HFpEF was 30 mmHg, expecting a 20% (~6 mmHg)
reduction in exercise PCWP in patients treated with dapagliflozin compared with patients
with placebo. Based on two sample t test, 36 patients (18 receiving dapagliflozin and 18
placebo) would provide 93% power to detect a difference of 6mmHg or greater in PCWP
during exercise workloads between the dapagliflozin and placebo groups, with a common
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standard deviation of 5 mmHg, at 0.05 significance level. Up to 51 patients were planned to
be enrolled if necessary to allow for at least 36 to complete the trial.

The primary outcome measure was PCWP. This outcome was measured at rest and at
maximal exercise intensity during both the baseline and end of treatment study visits.

The primary measure of treatment effect, denoted as the estimated treatment difference
(ETD), was defined as the between group differences of the changes from baseline to

the end of study in PCWP at both rest and maximal exercise. The primary analysis was
conducted on the intention to treat analysis set using all available data. The statistical

model used was a linear mixed model consisting of eight repeated measures for PCWP

(2 treatment groups x 2 study visits x 2 exercise levels). To account for the a priori
assumption that the variance of PCWP would be larger at maximal exercise, an unstructured
variance-covariance variance structure was used to allow for separate standard errors at each
combination of study visit and exercise intensity. To address the design consideration that
the primary outcome measure (PCWP) was measured at two exercise intensities, an overall
test for treatment effect was constructed using a likelihood ratio test (LRT) under maximum
likelihood estimation. This testing approach compared two statistical models: one model
fully specified (i.e., 8 estimated means as noted above) with treatment and its associated
interactions (treatment x study period; treatment x exercise level; and the treatment x study
period x exercise level) and a second model with only 4 estimated means (2 study visits x 2
exercise levels) that removed all of the treatment related variables from the model. Thus, the
LRT provided a means to simultaneously test a global null hypothesis of no treatment effect
vs. the alternative that there was a treatment effect observed for at least one of the exercise
levels or study periods. The ETDs measured at maximal exercise intensity and rest were
constructed by comparing the appropriate model-based means between the end of study and
baseline using the fully specified model with treatment and interactions after rejecting the
global null hypothesis with a LRT.

This same modeling framework was used for the remaining secondary endpoints that were
measured both at rest and peak exercise intensity. For endpoints measured only once at

the final visit, a simplified repeated measures mixed model was fit using four estimated
means (2 treatment groups x 2 study visits). Similar to the primary analysis, model-based
contrasts were used to provide estimates of the differences in changes in outcomes over the
study period between groups (e.g., effectively two-sample t-tests on the change values while
allowing for missing data). All p-values are two-sided. P<0.05 was taken as statistically
signficiant, and no corrections for multiple testing have been added to any reported p-values
or confidence intervals. Analyses were performed using R 4.2.2 using the gimmTMB
(version 1.1.7) package for the mixed model estimation. See Supplement 2 (Statistical
Analysis Plan) for additional details.

Study participants

Between February 2021 and May 2022, a total of 43 patients were consented, and 38
patients received treatment with study drug, with one patient (randomized to placebo)
withdrawing from all follow up measurements (Figure 1). Patients were predominantly
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women (25/38, 66%) older aged (median age 68 years), with severe symptoms of heart
failure (NYHA functional class 3 in 68% (26/38) of patients) and most were obese (27/38,
71%)(Table 1). Pulmonary capillary wedge pressure was normal (<15 mmHg) at rest

in 37% or patients (14/38). Comorbidities were common including hypertension, atrial
fibrillation and coronary disease, in keeping with typical HFpEF characteristics observed in
the community.

On average, participants had mildly elevated resting right atrial pressure, pulmonary artery
pressure, and PCWP prior to treatment, with marked elevation in cardiac filling pressures
and pulmonary artery pressures during exercise (Table 2). Total blood volume and plasma
volumes were mildly increased at baseline assessment, indicating low-grade congestion, and
red blood cell volume was mildly reduced at baseline (Tables 1 and 2). During the study
period there were diuretic escalations in 3/17 patients in the placebo group and 5/21 in the
dapagliflozin group (p=0.71), and diuretics were reduced in 1/17 and 1/21 patients in the
placebo and dapagliflozin groups, respectively (p=1.0).

Primary Endpoint

Treatment with dapagliflozin was found to result in statistically significant reductions

in PCWP incorporating values at both rest and maximal exercise intensity (p<0.001).
Following 24 weeks of treatment, as compared with placebo, there was a significant
reduction in PCWP with dapagliflozin incorporating values measured at rest (ETD -3.5
mmHg, 95% CI: -6.6 to —0.4, p=0.029) and at peak exercise (ETD -5.7 mmHg, 95% ClI:
-10.8 to —0.7, p=0.027) (Table 2, Figure 2).

Secondary Endpoints

Treatment with dapagliflozin was found to result in statistically significant reductions in
right atrial and mean pulmonary artery pressure incorporating values at both rest and
maximal exercise intensity (LRT p<0.001, Table 2). As compared with placebo, treatment
with dapagliflozin resulted in a significant reduction in body weight (ETD -3.5 kg, 95% ClI:
-5.9t0 -1.1; p=.006, Table 2, Figure 3). Although treatment with dapagliflozin significantly
reduced plasma volume as compared with placebo (ETD —285 ml, 95% CI: =510 to —-60;
p=.015, Table 2), there was not a statistically significant effect on total blood volume or red
blood cell volume.

Exploratory and Mechanistic analyses

Treatment with dapagliflozin increased hematocrit and decreased NTproBNP levels
compared with placebo but had no statistically significant effect on estimated glomerular
filtration rate (Table 3) or systolic blood pressure (Table S1). Dapagliflozin had no effect

on exercise capacity measured by peak VO, peak workload, cardiac output, or arterial-
venous oxygen content difference (Table 4). Dapagliflozin reduced arterial lactate during the
matched 20W workload intensity (—=0.70£0.77 vs +0.37£1.29 mM, p=.006) even as there
were no differences in 20W VO, (-18+231 vs —-47+193 ml/min, p=.69; Figure S2). Arterial
lactate was numerically lower at peak exercise following treatment with dapagliflozin but
this was not significantly different than placebo (Table 4). Pulmonary capillary wedge
pressure at a common workload of 20W was also reduced by dapagliflozin compared
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with placebo (-6.7+6.9 vs —0.5+7.3 mmHg, p=0.012) consistent with the beneficial effects
observed at peak exercise.

In correlation analyses, the change in PCWP at rest and with exercise was correlated with
the change in body weight (r=0.51, p=.001 and r=0.43, p=0.009; Figure 3). Change in
plasma volume was also correlated with change in body weight (r=0.51, p=0.001), but
changes in rest and exercise PCWP were poorly correlated with the change in plasma
volume (r=0.29, p=0.08 and 0.34, p=0.04).

One patient who was randomized to placebo withdrew from the study because of symptoms
of medication intolerance (Table S2). A total of 4 serious adverse events in those treated
with dapagliflozin and none in the group treated with placebo. These were all non-heart
failure hospitalizations and none were judged to be related to treatment with study drug.

Discussion

In this study, treatment with the SGLT2 inhibitor dapagliflozin was shown to favorably
reduce PCWP at rest and during exercise, improving the fundamental hemodynamic
abnormality underlying this disorder. Treatment with dapagliflozin also decreased exertional
right atrial pressures and pulmonary artery pressures, and led to reductions in body weight
and plasma volume. Changes in body weight were correlated with changes in PCWP and

to lesser extent, changes in plasma volume. Dapagliflozin had no effect on rest or exercise
cardiac output, Ca-vO,, or peak VO, but arterial lactate during 20W exercise was reduced
compared with placebo. These findings provide new insight into the mechanisms underlying
the favorable clinical effects of dapagliflozin in patients with HFpEF.

For years there was no clearly effective treatment for HFpEF2C until the recent publications
of two large trials showing that the SGLT2i’s empagliflozin and dapagliflozin reduce the
risk of hospitalization for HF or cardiovascular death by 18-21%.1: 2 Treatment with
dapagliflozin has also been shown to improve submaximal exercise capacity as measured
by 6 minute walk distance and patient reported health status in patients with HFpEF,2! and
improvements in health status appear to be greater among patients with higher body mass.22
Potential hemodynamic mechanisms associated with these improvements have remained
unclear.

Exercise intolerance in HFpEF is caused by complex interplay between the heart and
extracardiac organs,23 24 but an inability of the heart to pump blood during exercise

without a pathologic rise in PCWP is common to all patients. Elevation in PCWP increases
hydrostatic pressure in the lung capillaries to cause pulmonary congestion during exercise,
while simultaneously increasing pulmonary artery pressures and the afterload seen by

the right ventricle.10 Greater increases in PCWP with exercise in patients with HFpEF

are associated with more severe symptoms of dyspnea, pulmonary reserve limitations,
impairments in aerobic capacity, and increased risk for HF hospitalization and death, making
this an important therapeutic target,11-16
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Three prior studies have evaluated hemodynamic effects of SGLT2i in other patient
populations. In patients with diabetes, treatment with empagliflozin for 13 weeks had no
effect on the primary endpoint of PCWP at 25 W exercise, but there was a reduction

in PCWP at rest.25 In patients with HF and reduced ejection fraction (HFrEF), treatment
with empagliflozin did not reduce the ratio of PCWP to cardiac index at peak exercise
(primary endpoint), nor did it affect PCWP at rest or exercise as compared with placebo.2
In another trial that enrolled patients with HF regardless of EF who also had preexisting
implantable pulmonary artery pressure sensors,2’ treatment with dapagliflozin was shown
to result in a modest reduction in pulmonary artery diastolic pressure at rest (-1.7 mmHg).
However, the sensor utilized in the prior study is only able to measure pressures in the
pulmonary artery (rather than PCWP), and importantly, measurements could not be obtained
during exercise. This is significant because approximately one-third of patients with HFpEF
develop elevation in PCWP only during the stress of exertion, where symptoms are typically
noted.1® The present data show improved ability of the heart to function as a pump that

can perfuse the tissues at low filling pressures at rest and during the stress of exercise, with
no reduction in cardiac output. The reduction in exercise PCWP (-5.7 mmHg) observed

is clinically meaningful, as prior studies have shown that the risk of HF hospitalization or
death increases by ~60% for increases in exercise PCWP of this magnitude.16

The magnitude of hemodynamic efficacy observed in patients with HFpEF exceeds the
results reported in earlier studies that predominantly included patients with HFrEF. This
is consistent with evidence that HFpEF is pathophysiologically more strongly tied to
excess body fat than HFrEF.”- 28 The present findings relating body weight reduction to
greater reduction in PCWP may provide mechanistic insight into recent findings from
the DELIVER (Dapagliflozin Evaluation to Improve the Lives of Patients with Preserved
Ejection Fraction Heart Failure) trial, which showed greater improvements in patient-
reported health status and greater absolute weight reduction with dapagliflozin among
patients with higher body mass.22

Weight reduction is sometimes used as a surrogate measure of decongestion in HF,29 but
while the present data show correlations between weight loss and reduction in plasma
volume, it is notable that the reduction in body weight (mean —3.5 kg) far exceeds the
weight loss expected based upon plasma loss (=285 ml), though certainly reduction in
interstitial fluid may also have contributed. Only one prior study has directly evaluated
changes in plasma volume with SGLT2i in HF using the 1-131 albumin indicator dilution
technique, which also showed reductions over 2 weeks,3 consistent with the present study
evaluating changes over 24 weeks of treatment. Plasma volume reduction with SGLT?2
inhibitors has been hypothesized to occur as a compensatory adaptation to accommodate
an increase in red cell mass.® Here, using direct measures, it is shown that that plasma
volume was reduced with dapagliflozin, with no increase red cell mass, arguing against
this possibility. The lack of increase in red cell mass in the present study was unexpected
given the known erythropoeitc effects of SGLT2i, and may relate to undiagnosed iron
deficiency among participants. Notably, the reduction in PCWP observed here was only
weakly correlated with the change in plasma volume, indicating that volume contraction
alone is not a sufficient explanation for the hemodynamic improvements observed with
dapagliflozin.
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Dapagliflozin had no effect on measures of O transport including cardiac output, Ca-vO»,
or VO, at rest or exercise as compared to placebo. This may reflect a lack of effect on these
determinants of exercise tolerance, but may also relate to type Il error, as this study was

not powered on these endpoints. Indeed, the point estimates for the mean change in peak
VO, was numerically greater for dapagliflozin (0.1 vs —0.8 ml/kg/min, p=0.37). It may
also be that exercise tolerance is improved to greater extent during lower workload, which
is consistent with the previously demonstrated improvement in 6 minute hall walk distance
with dapagliflozin.2! Reduction in cardiac filling pressures may be more relevant to these
submaximal workloads as compared to the point of volitional exhaustion. The significant
reduction in arterial lactate during 20W exercise with dapagliflozin is also interesting in this
regard, even as VO and cardiac output were unchanged, perhaps suggesting other favorable
metabolic effects.

The study was single center, owing to the highly specialized nature of invasive exercise
testing. While this may reduce generalizability, this is not a significant limitation because
clinical efficacy for SGLT2 inhibitors has already been demonstrated in large-scale
multicenter trials. The goal of this study was to evaluate hemodynamic effects, both at rest,
and during exercise, where abnormalities become most apparent in HFpEF, and the greater
precision and accuracy of hemodynamic assessments using high fidelity micromanometer
catheters reduces variability and enhances scientific rigor. By designing the protocol to
evaluate hemodynamic effects at rest and during exercise, the operationalization of the
primary endpoint increased in complexity. The analysis approach used a simultaneous test
(likelihood ratio test) to test for any differences in the changes of PCWP over the study
duration. This overall test was supplemented with separate tests at rest and at peak exercise
intensity, which could increase the overall study type | error rate due to multiple testing.
Using a multiple testing strategy that accounts for the correlation present in the changes in
PCWP at rest and at peak exericse,3! the correlation adjusted level of significance would
be 0.037 (0.05/g* where g*=(g+1)-(1+(g-1) ICC), for g=2, ICC=0.6583066, which was
the intraclass correlation (ICC) for the change in PCWP at rest and peak exercise). The
estimated treatment effects at rest and peak exercise met statistical significance at this level
of significance.

Additional limitations included that the cohort studied is relatively small, but sample size
was selected to provide adequate power to test the study hypothesis while balancing cost,
risk, and participant burden, which was significant, including two invasive procedures. This
design decision, while necessary from a human subjects perspective, meant that some key
mechanistic hypotheses and potential outcome measures such as peak oxygen consumption
would not be adequately powered.

Conclusion

Among patients with HFpEF, treatment with dapagliflozin reduces both resting and exercise
pulmonary capillary wedge pressures, along with favorable effects on pulmonary artery and
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right heart filling pressures, plasma volume, and body weight. These findings provide new
insight into the hemodynamic mechanisms of benefit with SGLT2 inhibitors in HFpEF.

Supplementary Material

Refer to Web version on PubMed Central for supplementary material.
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Clinical Perspectives
What is New?

. In this randomized clinical trial, treatment with the sodium glucose
cotransporter-2 (SGLT?2) inhibitor dapagliflozin reduced pulmonary capillary
wedge pressure at rest and during exercise compared with placebo in patients
with heart failure and preserved ejection fraction (HFpEF).

. Dapagliflozin also reduced exertional pulmonary artery and right atrial
pressure, as well as body weight and plasma volume compared with placebo.

What are the Clinical Implications?

. These data provide new insight into the mechanisms of benefit for SGLT2
inhibitors in HFpEF, showing favorable hemodynamic effects at rest and
during exercise.
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Figure 1:
Flow of participants through the trial.
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Rest
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[A] Pulmonary capillary wedge pressure (PCWP) at rest and during exercise prior

to treatment and following 24 weeks of treatment with placebo (left panels, blue)

or dapagliflozin (right panels, orange). [B] Changes in PCWP at rest and exercise

compared to the baseline cardiac catheterization in patients treated with placebo (blue)

or dapagliflozin (orange). Error bars in panel [A] reflect standard deviation and [B] Tukey
box plots represent median and interquartile range with whiskers representing minimum and
maximum values, with individual patient data superimposed.
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Figure 3:

Changes in body weight from baseline to 24 weeks in patients treated with placebo and
dapagliflozin (top panels). Bottom panels show correlations between changes in body weight
and absolute reductions in pulmonary capillary wedge pressure (PCWP) at rest (r=.51,
p=.001) and during exercise (r=.43, p=.009).

Circulation. Author manuscript; available in PMC 2024 September 05.



1duosnuey Joyiny 1duosnuen Joyiny 1duosnuey Joyiny

1duosnuep Joyiny

Borlaug et al.

Table 1:
Baseline Characteristics
Placebo Dapagliflozin
(n=17) (n=21)

Age, years 67 (9) 67 (9)
Women, n (%) 11 (65%) 14 (67%)
Men, n (%) 6 (35%) 7 (33%)
Body weight, kg 98.1(18.2) 100.8 (26.5)
Body mass index, kg/m?2 345 (5.7) 35.0(7.2)
NYHA functional class, n (%)

Class 1 5 (29%) 7 (33%)

Class Il 12 (71%) 14 (67%)
Left ventricular ejection fraction, % 63 (6) 61 (6)
Resting PCWP <15 mmHg, n (%) 6 (35%) 8 (38%)
Comorbidities
Obesity (BMI=30), n (%) 12 (71%) 15 (71%)
Hypertension, n (%) 10 (59%) 14 (67%)
Diabetes, n (%) 1 (6%) 6 (29%)
Atrial Fibrillation, n (%) 6 (35%) 8 (38%)
Coronary artery disease, n (%) 5 (29%) 4 (19%)
Medications
Diuretic, n (%) 12 (71%) 12 (57%)
ACEI/ARB/ARNI, n (%) 4 (24%) 6 (29%)
Beta-blocker, n (%) 9 (53%) 6 (29%)
Mineralocorticoid antagonist, n (%) 6 (35%) 7 (33%)
Laboratories
Hemoglobin, g/dl 13.6 (1.4) 13.0(1.5)
Hematocrit, % 40.7 (3.5) 39.1(4.0)
eGFR, ml/min/m173 73 (16) 71(17)
eGFR<60 ml/min/m173, n (%) 3 (18%) 5 (24%)

NTproBNP, pg/mi

Blood and Plasma Volumes?

Total blood volume deviation from normal, %
Red blood cell volume deviation from normal, %

Plasma volume deviation from normal, %

118 (76, 226)

+2(-2,9)
-6 (-14, 6)
+5 (2, 14)

235 (102, 394)

+4 (-2, 11)
-8 (20, 1)
+12 (5, 22)

Values represent mean (standard deviation) or median (25th, 75th)

Page 17

Abbreviations: ACEi — angiotensin converting enzyme inhibitor; ARB — angiotensin receptor blocker; ARNI — angiotensin receptor blocker/

neprilysin antagonist; BMI — body mass index; eGFR — estimated glomerular filtration rate; NTproBNP — N Terminal pro Brain Natriuretic
Peptide; NYHA — New York Heart Association (higher class indicates more severe heart failure severity)

a o . R .
Blood and plasma volumes expressed as deviation from expected normal values based upon weight and sex, negative sign indicates a net deficit

compared to normal and positive sign indicates a net excess compared to normal values.
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