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Abstract

Background and Hypertension has a high prevalence in heart failure with preserved ejection fraction (HFpEF), which can be controlled, un-

Aims controlled, or even resistant. The effects of empagliflozin on systolic blood pressure (SBP), time in target range, incidence of
hypertensive urgencies, and studied cardiovascular and renal outcomes in different hypertension categories and after treat-
ment with empagliflozin in the EMPEROR-Preserved trial were explored.

Methods A total of 5533 patients were studied and the population was separated into resistant (resHTN), uncontrolled (uctrHTN),
and controlled (ctrHTN) hypertension. The effect of SBP on outcomes and treatment effects of empagliflozin were ex-
plored. Analyses were done with Cox regression analyses adjusted for demographic and clinical confounders and with a
mixed model for repeated measures.

Results Empagliflozin reduced SBP in resHTN slightly more than in the other categories in the first weeks, while thereafter there were
no significant differences. The modest reduction in SBP resulted in a moderate increase in time at target and reduced hyper-
tensive urgencies. The primary endpoint was more prevalent in resHTN (P =.0358), but the treatment effect of empagliflozin
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on the primary endpoint was similar in resHTN, uctrHTN, and ctrHTN (P for interaction = .92) as was the improvement of the
estimated glomerular filtration rate slope (P for interaction =.95) and change in quality of life by empagliflozin.

Conclusions In HFpEF, the prevalence of resHTN is high and is associated with frequently higher outcome rates compared with ctrHTN
and uctrHTN. The treatment effect was not modified by hypertension categories. This indicates that in HFpEF, moderate
modifications of blood pressure do not affect overall outcomes and treatment effects of empagliflozin.

Structured Graphical Abstract

Key Question
Do outcomes differ in patients with heart failure with preserved ejection fraction (HFpEF) according to different hypertension (HTN)

categories, particularly resistant hypertension HTN? Is the benefit of empagliflozin modified by systolic blood pressure (SBP) levels?
Key Finding

In the EMPEROR-Preserved trial, empagliflozin reduced SBP in resistant HTN more than in other hypertension categories in the first
treatment week only. The primary endpoint was more prevalent in resistant HTN. The benefit of empagliflozin on the primary endpoint
was similar in all hypertension categories, as was the improvement of estimated glomerular filtration rate slope and quality of life.

Take Home Message
Resistant HTN is highly prevalent in HFpEF, but the modest effect of empagliflozin on SBP does not contribute to its overall beneficial

effects on cardiovascular and renal outcomes as well as quality of life.
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Study flow (A), effect of empagliflozin on systolic blood pressure over time (B), incidence of primary endpoint within placebo (C), effect of empagli-
flozin on the primary endpoint (D), and the effect on the estimated glomerular filtration rate slope (E) in patients with resistant hypertension, un-
controlled hypertension, and controlled hypertension. eGFR, estimated glomerular filtration rate; HFpEF, heart failure with preserved ejection

fraction; HTN, hypertension; MRA, mineralocorticoid receptor antagonist; SBP, systolic blood pressure.
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Introduction

Hypertension is the most prevalent risk factor for incident heart fail-
ure." In heart failure with preserved ejection fraction (HFpEF), the
prevalence of previous hypertension ranges between 55% and 90%>3
and is higher compared with patients with heart failure with reduced
ejection fraction (HFrEF).* Blood pressure (BP) control in hypertension
is a powerful prevention tool against HFpEF.>™® In overt HFpEF, hyper-
tension is the most prevalent comorbidity linked to worse outcomes.**
Resistant hypertension (resHTN) is defined as uncontrolled and per-
sistently elevated BP despite treatment with at least three antihyper-
tensive drugs, including an inhibitor of the renin—angiotensin system,
a calcium channel blocker, and a diuretic in adequate doses.>™?
Resistant hypertension associates with higher rates of cardiovascular
outcomes and a higher prevalence of comorbidities compared with pa-
tients with treated and controlled hypertension.'®™'? While in patients
with HFpEF, sodium-glucose cotransporter 2 (SGLT?2) inhibition with
dapagliflozin and empagliflozin is established to reduce cardiovascular
death (CVD) and heart failure hospitalization (HFH) as well as to pro-
tect kidneys and improve quality of life,"*"* the role of BP reduction and
modification of the treatment effects of empagliflozin in the presence of
controlled hypertension (ctrHTN), uncontrolled hypertension
(uctrHTN), and resHTN is not well understood. As supported by a re-
cent registry, the population with resHTN accounts for ~17% of
HFpEF and is lower in HFrEF (10%)." In this analysis of the
EMPEROR-Preserved trial, we explored the association to outcome
by categories of hypertension with ctrHTN [systolic BP (SBP) 110—
140 mmHg, irrespective of number of antihypertensive drugs],
uctrHTN (SBP > 140 mmHg and less than three antihypertensive
drugs), and resHTN (SBP > 140 mmHg on three or more drug classes,
one being a diuretic). Mineralocorticoid receptor antagonists (MRAs)
are recommended as fourth-line agents for the treatment of
resHTN. Therefore, the latter group was further subdivided into those
who are not treated in resHTN with an MRA and those who are trea-
ted with an MRA but remained still uncontrolled despite MRA treat-
ment (sometimes referred to as ‘refractory’ hypertension).”> The
following outcomes were analysed in the different hypertension cat-
egories: the effect of empagliflozin on SBP, on the time in target SBP
range, on incident hypertensive urgencies as well the treatment effect
of empagliflozin in the different categories on cardiovascular outcomes,
kidney dysfunction, and quality of life. We hypothesized that empagliflo-
zin has moderate effects on SBP and time in target range as well as a
consistent treatment effect in patients with HFpEF irrespective of the
hypertension categories.

Methods

Study design

The design and results of the EMPEROR-Preserved trial have been pub-
lished previously.'*'® The ethics committees of each of the participating in-
stitutions approved the protocol. All patients gave written informed
consent. The registration of the identifier at ClinicalTrials.gov is
NCT03057951. Patients with heart failure and ejection fraction > 40%
were randomized in a double-blind 1:1 fashion to receive either placebo
or empagliflozin 10 mg in addition to the usual drug therapy as defined at
the discretion of the treating physicians. Patients with SBP > 180 mmHg,
symptomatic hypotension, and/or SBP <100 mmHg at randomization
were excluded, and patients with SBP > 150 and <180 mmHg at random-
ization should be receiving at least three antihypertensive drugs. If eligibility
criteria were fulfilled, patients underwent BP measurements in a sitting

position after 5 min of rest at the screening and follow-up visits. At screen-
ing, the mean of three BP measurements was used to determine eligibility.
Blood pressure was taken at each visit similarly by a standard manometer
with an appropriate cuff size at the same arm. Patients were assessed at
all study visits for major outcomes, vital signs, and creatinine-based esti-
mated glomerular filtration rate (eGFR) according to the Chronic Kidney
Disease Epidemiology Collaboration formula. Changes in medications or
clinical status that reflected changes in the course of heart failure were re-
corded and documented. All randomized patients were followed up ac-
cording to the intention-to-treat principle. The trial conforms to the
principles of the Declaration of Helsinki.

Systolic blood pressure analysis

Patients were categorized by the European Society of Cardiology (ESC)"”
and the European Society of Hypertension (ESH)’ guidelines. Resistant
hypertension was defined as SBP > 140 mmHg on three or more antihy-
pertensive drug classes, one being a diuretic. The comparator categories
were ctrHTN (110-140 mmHg, irrespective of the number of used medi-
cations) and uctrHTN (>140 mmHg) on less than three drug classes. A fur-
ther analysis was done in patients with resHTN, when they were on an
MRA or without an MRA. In patients with HFpEF in clinical trials and regis-
tries, U- or J-shaped SBP—-risk relationships were observed indicating that
low SBP values are also linked to poor outcomes, most likely due to inverse
causation.'®"? Therefore, patients with baseline SBP < 110 mmHg (n =
455) were excluded from this analysis. The subgroup with the inverse
risk—SBP relationship has been published before?® and showed slightly high-
er event rates on placebo based on 30 events in these 455 patients. Time in
target range and time above range were determined by taking 120—
130 mmHg as guideline-directed treatment targets recommended by the
European guidelines."” A study flow scheme is depicted in Figure 1. We fur-
thermore explored the effect of empagliflozin on hypertension urgencies
defined via different criteria such as investigator-reported adverse event
based on the following preferred terms ‘hypertensive crisis’, ‘hypertensive
emergency’, ‘hypertensive encephalopathy’, ‘hypertensive end-organ dam-
age’, ‘hypertensive urgency’, ‘malignant hypertension’, ‘malignant hyperten-
sive heart disease’, and ‘malignant renal hypertension’ or based on
measured BP: SBP > 180 mmHg or diastolic BP (DBP) > 120 mmHg; SBP
> 160 mmHg or DBP > 100 mmHg; or a composite based on adverse
events and the SBP definitions.

Outcome measurements

The primary composite endpoint of adjudicated CVD or HFH and the indi-
vidual components of the composite were analysed as time to first event.
The first secondary endpoint was adjudicated total HFH including first
and recurrent events. Furthermore, we studied the slope of change from
Week 4 in eGFR as the second secondary endpoint, quality of life assessed
by the Kansas City Cardiomyopathy Questionnaire Clinical Summary Score
(KCCQ-CSS) at Weeks 12, 32, and 52 and all-cause mortality. We explored
the influence of hypertension categories on these outcomes, the effect of
empagliflozin on SBP and time in or above target range, and the treatment
effect of empagliflozin on cardiovascular outcomes in these hypertension
categories. Time in range (120-130 mmHg) and time above range
(>130 mmHg) were derived based on percentage of days with values in
the respective range considering interpolated SBP values from baseline to
last SBP measurement on treatment respective occurrence of primary end-
point. The effects of empagliflozin on SBP were determined over 172
weeks.

Statistical analysis

Baseline characteristics are shown as frequency with percentage mean +
standard deviation or medians with interquartile range. The effect of differ-
ent hypertension categories on outcomes in the placebo group and the ef-
fects of empagliflozin compared with placebo on the time to first event
were examined using Cox proportional hazard regression models with
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Figure 1 Outcomes according to hypertension categories on placebo. Hazard ratio for the primary endpoint (A), heart failure hospitalization (B),
recurrent heart failure hospitalization (C), cardiovascular death (D), and all-cause death (E) in resistant hypertension, uncontrolled hypertension com-
pared with controlled hypertension (reference) in patients treated with placebo. P-values for hypertension category are derived from Cox regression
models and joint frailty model, respectively, adjusting for the competing risk of cardiovascular death (for recurrent heart failure hospitalization; C). Cox
proportional hazard regression models and the joint frailty model were examined using prespecified covariates of age, sex, geographical region, diabetes
status at baseline, left ventricular ejection fraction, and estimated glomerular filtration rate at baseline and hypertension category. Cl, confidence inter-
val; CVD, cardiovascular death; HFH, heart failure hospitalization; HR, hazard ratio

prespecified covariates of age, sex, geographical region, diabetes status at
baseline, left ventricular ejection fraction, and eGFR at baseline. The first
secondary outcome of total (first and recurrent) HFH was evaluated using
the joined frailty model that accounted for informative censoring because of
CVD. Changes in SBP and KCCQ-CSS were analysed in a mixed model for
repeated measures (MMRM). Between-group differences in the slope of
eGFR were analysed using a random slope model on on-treatment data.
The slope, the joined frailty, and MMRM models included the same covari-
ates as the Cox models. The interaction between hypertension categories
and treatment group on the occurrence of the prespecified outcomes was
tested using a treatment-by-hypertension category interaction term. All
analyses were performed using SAS version 9.4 (SAS Institute, Cary, NC,
USA). All P-values reported are two sided, and P < .05 was considered stat-
istically significant in all cases. No adjustments for multiple testing were
made due to the exploratory nature of the study.

Results

Patient characteristics

A total of 5988 patients were randomly assigned to receive either em-
pagliflozin (n=2997, 10 mg once daily) or placebo (n=2991). The
population was divided into resHTN (n = 1406), uctrHTN (n =581),
and ctrHTN (n = 3546) (i.e. normal SBP, hypertension, or few with

no hypertension as 90% having a history of hypertension). The flow
of the analysis is depicted in Supplementary data online, Figure ST.
Table 1 presents the baseline characteristics across hypertension cat-
egories. There were some significant differences in age, race, region,
and ejection fraction. Patients with resHTN had slightly higher weight
and body mass index. While eGFR showed no significant differences,
elevated urine albumin excretion was significantly more prominent in
patients with resHTN than ctrHTN and uctrHTN. Resistant hyperten-
sion was more frequently associated with diabetes. Mineralocorticoid
receptor antagonist use was more prevalent in ctrHTN vs. resHTN
(39.7% vs. 35.7%), and B-blocker use was more common in resHTN
than ctrHTN (93.3% vs. 80.7%). Table 1 (right side) summarizes the
same data for patients with resHTN without MRA or with MRA.

Association of hypertension categories

with outcomes

Association of hypertension category with the primary composite out-
come, its components (HFH or CVD), and first and recurrent HFH or
all-cause death were studied in patients on placebo. The data are shown
in Figure 1. Compared with ctrHTN (reference), the primary endpoint
was more common in resHTN with a hazard ratio of 1.24 (1.01-1.53)
(Figure 1A), while for its components, there were no significant
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A Resistant hypertension

Adjusted mean [SE]
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Week 148
Week 172 -

Baseline

Week 4
Week 12
Week 32
Week 52

Planned study week

Placebo 701 693 676 619 593 514 371 248 164 66
Empaglifiozin 688 684 663 618 586 503 378 212 175 66

C Controlled hypertension

Adjusted mean [SE]
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Week 4
Week 12
Week 32
Week 52
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Week 100
Week 124
Week 148
Week 172 -

Planned study week

Placebo 1744 1734 1686 1565 1472 1287 974 690 424 136
Empaglifiozin 1762 1754 1705 1566 1482 1273 943 686 408 141

B Uncontrolled hypertension
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D SBP over time - Placebo corrected change from baseline

Resistant hypertension
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Figure 2 Effect of treatment with empaglifiozin (filled symbols) or placebo (open symbols) in resistant hypertension (A), uncontrolled hypertension
(B), and controlled hypertension (C) on change from baseline systolic blood pressure (A—C) and placebo-corrected change of systolic blood pressure
over time (D) based on mixed model for repeated measures model adjusted for age, baseline estimated glomerular filtration rate (Chronic Kidney
Disease Epidemiology Collaboration formula), baseline left ventricular ejection fraction as linear covariate(s) and region, baseline diabetes status,
sex, week reachable, visit by treatment by hypertension status interaction, and baseline systolic blood pressure by visit interaction as fixed effect(s).

SE, standard error; SBP, systolic blood pressure

differences. There was a significant difference between ctrHTN,
uctrHTN, and resHTN (P =.036) for the primary endpoint, for first
HFH (P=.003), and for first and recurrent HFH (P=.004)
(Figure 1C). There was no difference between CVD (P =.23) and all-
cause death (P=.21). Just evaluating resHTN treated with MRA (‘re-
fractory’) compared with those without MRA, there was no difference
in the primary outcome (P =.50), first HFH (P=.31), CVD (P =.64),
recurrent HFH (P =.17), and all-cause mortality (P =.35) (not shown).

Effect of empagliflozin on blood pressure
by hypertension category

Figure 2 summarizes the effects of empagliflozin compared with placebo
on SBP in resHTN (Figure 2A), uctrHTN (Figure 2B), and ctrHTN
(Figure 2C) as well as the placebo-corrected change in the three groups
(Figure 2D). In patients with resHTN and uctrHTN, SBP drops on pla-
cebo and on empagliflozin with some differences between empagliflo-
zin and placebo in resHTN but no significant differences in uctrHTN.
Over time, BP increased in patients with ctrHTN (Figure 2C) on placebo
and empagliflozin with a lower extent on empagliflozin (P <.0001-.04
until Week 144). The baseline SBP was expectedly lower in ctrHTN
than in resHTN and uctrHTN. The interaction P-values were between
15 and .92. In resHTN at Weeks 4-32, there was a significant

treatment difference (P =.001-.009) with a mean difference in SBP be-
tween 2.4 and 3.3 mmHg, while later from Weeks 52-172, BP values
were similar (P = .26—.74). Placebo-corrected SBP changes by empagli-
flozin are shown in Figure 2D. In resHTN, the placebo-corrected SBP
change from baseline by empagliflozin was not different with or without
MRA treatment (see Supplementary data online, Figure S2).

To have a more sensitive approach to detect empagliflozin’s effect on
SBP in hypertension phenotypes, we explored the time above range
(>130 mmHg) (Figure 3A) as well as the time in range (120—
130 mmHg) (Figure 3B) in resHTN, uctrHTN, and ctrHTN. In
resHTN and uctrHTN, more patients on placebo were for a longer
period out of therapeutic range. In controlled hypertension
(Figure 3A), more patients had very small times above range on empagli-
flozin and fewer patients had some time points above range than on pla-
cebo. In resHTN and ctrHTN, altogether, the time in target range was
increased by empagliflozin while there was no meaningful difference in
ctrHTN (Figure 3B). We observed some shifts from ctrHTN and
uctrHTN on placebo (5.8%) and on empagliflozin (4.9%) and from
ctrHTN to resHTN with 11.9% on placebo and 9.3% on empagliflozin.
Patients with resHTN changed to ctrHTN or SBP < 110 mmHg in
11.7% on placebo and 12.2% on empagliflozin. The shift was deter-
mined by comparing the baseline and the last value on treatment of
SBP measurement.
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Figure 3 Time above range (>130 mmHg) (A) and time within range (120-130 mmHg) (B) in resistant hypertension (left), uncontrolled hypertension
(middle), and controlled hypertension (right). Population densities are given for empagliflozin (solid line) and placebo (broken line) with percentage
categories of patients being above range on placebo (left bar) and on empagliflozin (right bar) given in the right ordinate as well as time within range

for the same groups

Effect of empagliflozin on incident
hypertensive urgencies

Incident hypertensive urgencies were explored using different defin-
ition criteria: pure adverse event-based reporting and criteria of visit
SBP > 180 mmHg or DBP > 120 mmHg, SBP > 160 mmHg or DBP
> 100 mmHg or the combination of the BP criteria with adverse event
reporting. Figure 4A shows 20%-32% reductions of incident hyperten-
sive urgencies with empagliflozin (Figure 4B) with different prevalence
according to the used criteria. A decrease in incident hypertensive ur-
gencies was reported throughout the study (Figure 4C).

Effect of empagliflozin on outcomes by

hypertension categories

Figure 5 shows forest plots of the effect of empagliflozin on the primary
endpoint, HFH, CVD, recurrent HFH, and all-cause death across the
hypertensive categories. There was no significant interaction between
the treatment effects of empagliflozin concerning all studied endpoints.
The cumulative incidence curves are shown in Supplementary data
online, Figure S3. By further dividing resHTN in those without MRA
and those treated with MRA, there was also no significant difference
between all outcomes [P =.26 for primary endpoint, P =.38 for first
HFH, P = .67 for recurrent HFH, P=.55 for CVD, and P = .82 for all-
cause death (not shown)].

Effect of empagliflozin on kidney function

according to hypertension category

Figure 6 summarizes the effects of the hypertension categories on the
chronic eGFR slope (Figure 6A) and the treatment effect of empaglifio-
zin (Figure 6B). On placebo, there was no difference in the eGFR slopes
over time between the hypertension categories with a numerically
slower eGFR decline in ctrHTN resulting in a P-value of .143. The treat-
ment effect of empagliflozin between resHTN, ctrHTN, and uctrHTN
was not different with a P-value for interaction of .95. There was also no
difference in the eGFR slope on placebo for patients treated with MRA
(‘refractory’) or without MRA (P =.87) (Figure 6C) and also no inter-
action with the treatment effect of empagliflozin on the eGFR slope
(P=.56) (Figure 6D). There was also no significant interaction of
KCCQ-CSS between hypertension phenotype and no differences be-
tween the treatment effects of empagliflozin on KCCQ-CSS until
Week 52 (see Supplementary data online, Figure $4).

Adverse events by hypertension category
The incidence of any adverse events as well as events leading to discon-
tinuation was similar between empagliflozin and placebo in all hyperten-
sion categories. There was also no difference of effect between the
hypertension categories observed on the incidence rates of adverse
safety events on placebo or empagliflozin indicating that adverse events


http://academic.oup.com/eurheartj/article-lookup/doi/10.1093/eurheartj/ehae938#supplementary-data
http://academic.oup.com/eurheartj/article-lookup/doi/10.1093/eurheartj/ehae938#supplementary-data
http://academic.oup.com/eurheartj/article-lookup/doi/10.1093/eurheartj/ehae938#supplementary-data

1312

Bshm et al.

30 5

2 1 1L
20 +

>

Events / 100 patient years
1

i _ N ..

% Placebo

Elmpagliflozin

Resistant hypertension
[ Uncontrolled hypertension
Controlled hypertension

AE based SBP>180 mmHg or  SBP>160 mmHg or AE based or AE based or
DBP>120 mmHg DBP>100 mmHg SBP>180 mmHg or  SBP>160 mmHg or
DBP>120 mmHg DBP>100 mmHg
B N (%) HR (95% Cl) c
AE based or SBP>180 mmHg or DBP>120 mmHg . Estimated cumulative incidence function for hypertensive urgency
Placebo 141 (4.7%) | (SBP>160mmHg or DBP > 100mmHg)
—e— | 0.68 (0.52, 0.88)
Empagliflozin 97 (3.2%) ' 30
AE based or SBP>160 mmHg or DBP>100 mmHg 3 .2 g 25 [ Al
Placebo 483 (17.0%) ' gs 20
o —o— | 0.79 (0.69, 0.91) S
Empagliflozin 393 (13.7%) ! 3 S 15
' S e
SBP>180 mmHg or DBP>120 mmHg ' % § 10
Placebo 112 (3.7%) | E3
) —e—; 0.72 (0.54, 0.96) &g 5
Empagliflozin 81(2.7%) ! =
: 0
SBP>160 mmHg or DBP>100 mmHg ' f T T T T T 1
Placebo 470 (16.5%) ' 0 200 400 600 800 1000 1200
—eo— | 0.80 (0.70, 0.92)
Empagliflozin 386 (13.5%) ' Follow-up [days]
r T T 1
05 1.0 15 20 Placebo 2849 2331 1919 1357 865 296 73
HR (95% Cl) Empaglifiozin 2864 2403 1928 1372 894 425 83

Figure 4 Incidence rates (A) (events per 100 patient years), treatment effect of empagliflozin compared with placebo (B), and estimated cumulative
incidence function (C) for hypertensive urgencies according to different criteria. Treatment effect based on Cox regression model adjusted for age,
baseline estimated glomerular filtration rate (Chronic Kidney Disease Epidemiology Collaboration formula), baseline left ventricular ejection fraction

as linear covariates and region, baseline diabetes status, and sex. Patients with increased blood pressure values at baseline were not at risk for occur-
rence of the respective endpoint. AE, adverse event; Cl, confidence interval; DBP; diastolic blood pressure; HR, hazard ratio; SBP, systolic blood

pressure

were generally balanced between the treatment arms and across
hypertension categories (see Supplementary data online, Table S1).

Discussion

Hypertension is the most prevalent risk factor for HFpEF™> and it re-
mains in the later stages one of the most important comorbidities fur-
ther augmenting left ventricular hypertrophy, diastolic dysfunction,
arterial ventricular uncoupling, and other complications such as renal
insufficiency, further accelerating the course of the syndrome.* In this
study, we observed resHTN in 23.5% of the overall EMPEROR popu-
lation, while 59.2% had normal BP values and 9.7% uncontrolled but not
resistant, i.e. receiving less than three antihypertensive drug classes.
Compared with ctrHTN, there was a 24% increase of the primary out-
come HFH and CVD, while no significant differences occurred for the
components of the primary outcome, recurrent HFH, and cardiovascu-
lar or all-cause death. In uctrHTN and resHTN, eGFR decline as a sur-
rogate for the rate of kidney disease progression was only numerically
but not significantly greater than in ctrHTN. The treatment effect of
empagliflozin on the primary composite outcome as well as its compo-
nents, first and recurrent HFH, and KCCQ-CSS or eGFR slope were
similar. Empagliflozin had only minor effects on BP in uctrHTN and

F4,5

resHTN but slightly reduced the time above range of treatment goals
in patients >80% above range in resHTN and uctrHTN but not in
ctrHTN and increased the number of patients within range in
resHTN and uctrHTN. Empagliflozin also reduced incident hyperten-
sive urgencies. Overall, the treatment effects of empagliflozin were
not affected by hypertension categories or MRA treatment in resHTN.

Resistant hypertension is defined as a BP above target despite the use
of at least three antihypertensive drugs of different classes, one being a
diuretic.>~*"? Herein, we used the 2018 ESC"” and 2023 ESH’ guideline
definition defining a SBP > 140 mmHg as uncontrolled. In patients with
hypertension, the prevalence of apparent resHTN was 10%—15% with
a range of 5%-35%. Applying the American College of Cardiology/
American Heart Association guidelines with lower boundaries
(2130 mmHg),® the prevalence of resHTN rises from 7.5% to 14% in
the ACCORD trial."® For treatment targets, we used a stricter defin-
iton with the ESC/ESH treatment target window of 120—
130 mmHg."” As in HFpEF'®2" and in HFrEF,*>* there is a U- or
J-shaped curve in the clinical trials but also in registries,”> and patients
with a SBP < 110 mmHg were excluded from this analysis as this effect
is potentially due to inverse causation with rising risk at a low SBP."
Moreover, this study aimed to deal with high SBP in HFpEF.

Herein, we observed a slight increase in the primary composite out-
comes and HFH in resHTN compared with ctrHTN. This was not
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Figure 5 Effect of empagliflozin vs. placebo on the primary endpoint (A), heart failure hospitalization (B), recurrent heart failure hospitalization (C),
cardiovascular death (D), and all-cause death (E). Cox regression models were examined using prespecified covariates of age, sex, geographical region,
diabetes status at baseline, left ventricular ejection fraction, eGFR at baseline, hypertension category and, hypertension category * treatment inter-
action. Cl, confidence intervals; CVD, cardiovascular death; HFH, heart failure hospitalization; HR, hazard ratio
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Figure 6 Estimated glomerular filtration rate chronic slopes within placebo (A) in resistant hypertension, uncontrolled hypertension, and controlled
hypertension and treatment effect of empagliflozin (B) in resistant hypertension, uncontrolled hypertension, and controlled hypertension. Estimated
glomerular filtration rate slopes in resistant hypertension with and without mineralocorticoid receptor antagonist treatment (C) and treatment effect of
empagliflozin on estimated glomerular filtration rate slopes in patients treated without (above) and with mineralocorticoid receptor antagonist. Cl,
confidence interval; eGFR, estimated glomerular filtration rate; MRA, mineralocorticoid receptor antagonist

observed for CVD and all-cause death. We found in resHTN more pa-
tients with diabetes mellitus and hypertension-related end-organ dam-
age including chronic kidney disease. Based on the outcomes of the
PATHWAY-2 trial,?® guidelines recommend treatment of resHTN
with spironolactone as fourth-line antihypertensive agent.”' We
looked at patients treated with resHTN on spironolactone who
were still uncontrolled (sometimes referred to as ‘refractory’

hypertension) and found no significant differences between spironolac-
tone and no spironolactone treatment in cardiovascular outcomes,
eGFR slope, and quality of life in the placebo group. These findings align
with the recent analysis from DELIVER, where also no significant differ-
ences in outcomes with dapagliflozin were observed.?’

Herein, empagliflozin only slightly reduced SBP. There was an overall
increase of SBP in ctrHTN and a decline in uctrHTN and resHTN over
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time, likely related to regression to the mean. The placebo-corrected
change of SBP by empagliflozin was minor. This is in agreement with
data from EMPEROR-Preserved,”® EMPA-REG OUTCOME?® as well
as EMPEROR-Reduced,”* DAPA-HF,* and DELIVER" where, at
low BP, no significant drop in BP was observed. In DELIVER, there
was no better BP control rate by dapagliflozin in patients with
resHTN.3C Herein, we looked at a more sensitive method of time
above target range and time in target range®’ closely associated with
cardiovascular and renal outcomes.>? Some changes were observed to-
wards a better BP control, but the meaning of these findings remains
unknown as in these patients, there was no reduction of cardiovascular
outcome rates, renal outcomes, or quality of life. Altogether, these data
provide evidence that small modifications of SBP, a lack of improved BP
control rates, and the minor shifts of some patients into higher time in
target ranges as well as the previously observed slight reduction of cen-
tral BP do not play a significant role in the outcome effects of empagli-
flozin. Nevertheless, there was a significant reduction in hypertensive
urgencies, when different definitions were used. Empagliflozin treat-
ment might have an impact on patients with particularly high SBP by re-
ducing these events. Although hypertensive urgencies are strongly
associated with outcomes,* the effect of empagliflozin on hyperten-
sion urgencies compared with placebo did not modify outcomes in
the overall HFpEF population of EMPEROR-Preserved.

Empagliflozin reduced CVD and HFH and reduced eGFR slope while
improving quality of life in patients with HF|:>EF13 irrespective of sBp.2°
Separating the overall population of EMPEROR-Preserved in different
hypertension categories did not modify the cardio-renal effects of empa-
gliflozin. The impact of empagliflozin to increase patients’ time in target
range and reduce time above range might not contribute mechanistically
to the treatment effect of empagliflozin on CVD and HFH, kidney out-
comes, and quality of life. We extend those findings to patients with
MRA-treated and MRA-naive resHTN showing no impact of spironolac-
tone. In patients with hypertension, resHTN has been related to sodium
intake and overload, and as SGLT2 inhibitors lead to a modest increase of
sodium excretion, some differences could have been expected by empa-
gliflozin. However, there were no different effects on SBP by empagliflo-
zin. Furthermore, the magnitude of benefit on SBP reduction and clinical
outcomes was not different between the groups, and empagliflozin un-
folds similar protective effects irrespective of the hypertension categories.
The data are summarized in the Structured Graphical Abstract.

This study could be affected by some limitations. The definition of
resHTN is based on baseline SBP measurements but not on ambulatory
BP recordings or home measurements as suggested by guidelines.”"”
Therefore, we cannot exclude the presence of white-coat hyperten-
sion in some of the EMPEROR patients. Furthermore, effects of treat-
ment resistance related to non-adherence to medication intake
(‘pseudo-resistance’), white-coat phenomenon, incorrect SBP meas-
urement at baseline, and potential drug intake of substances increasing
SBP need to be considered.®® Of course, toxicological drug testing to
assure medication adherence was not done as it is not possible to
test all accompanying treatments including those for hypertension in
such a large outcome trial. However, these confounders were inevit-
able as ambulatory BP recordings and biochemical drug monitoring in
such a large outcome trial are impossible.

Conclusion

In EMPEROR-Preserved, the prevalence of resHTN was high and asso-
ciated with the highest rates of the primary composite endpoint

compared with other hypertensive categories. The treatment effect
of empagliflozin was not affected, and treatment with empagliflozin
was safe across the hypertensive categories. The modest reduction
of BP as well as the slight increase of patients with higher rates of
time in target range and less incident hypertensive urgencies apparently
did not contribute to the overall beneficial effects of empagliflozin in
HFpEF, which produced a similar relative but a slightly higher absolute
risk reduction in patients with resHTN without being modified by
guideline-directed MRA treatment.
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