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Abstract

Background and 
Aims

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

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?

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.

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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Introduction
Hypertension is the most prevalent risk factor for incident heart fail-
ure.1 In heart failure with preserved ejection fraction (HFpEF), the 
prevalence of previous hypertension ranges between 55% and 90%2,3

and is higher compared with patients with heart failure with reduced 
ejection fraction (HFrEF).4 Blood pressure (BP) control in hypertension 
is a powerful prevention tool against HFpEF.5–8 In overt HFpEF, hyper-
tension is the most prevalent comorbidity linked to worse outcomes.4,5

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.5–9

Resistant hypertension associates with higher rates of cardiovascular 
outcomes and a higher prevalence of comorbidities compared with pa-
tients with treated and controlled hypertension.10–12 While in patients 
with HFpEF, sodium-glucose cotransporter 2 (SGLT2) 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,13,14 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%).15 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).5 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.13,16 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)17

and the European Society of Hypertension (ESH)7 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.18,19 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 before20 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.17 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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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 S1. 
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 β-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 

A B

D E

C

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. CI, confidence inter-
val; CVD, cardiovascular death; HFH, heart failure hospitalization; HR, hazard ratio
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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.

A B

C D

Figure 2 Effect of treatment with empagliflozin (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

1310                                                                                                                                                                                               Böhm et al.

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


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 empagliflo-
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 S4).

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 

A

B

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
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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 HFpEF4,5 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.4 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 

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.5–9,12 Herein, we used the 2018 ESC17 and 2023 ESH7 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 
(≥130 mmHg),6 the prevalence of resHTN rises from 7.5% to 14% in 
the ACCORD trial.18 For treatment targets, we used a stricter defin-
ition with the ESC/ESH treatment target window of 120– 
130 mmHg.17 As in HFpEF18–21 and in HFrEF,22–24 there is a U- or 
J-shaped curve in the clinical trials but also in registries,25 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.19

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 

A

B CC

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; CI, confidence interval; DBP; diastolic blood pressure; HR, hazard ratio; SBP, systolic blood 
pressure
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A

B

C

D

E

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. CI, confidence intervals; CVD, cardiovascular death; HFH, heart failure hospitalization; HR, hazard ratio
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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,26 guidelines recommend treatment of resHTN 
with spironolactone as fourth-line antihypertensive agent.7,17 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.27

Herein, empagliflozin only slightly reduced SBP. There was an overall 
increase of SBP in ctrHTN and a decline in uctrHTN and resHTN over 

A B

C D

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. CI, 
confidence interval; eGFR, estimated glomerular filtration rate; MRA, mineralocorticoid receptor antagonist
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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,20 EMPA-REG OUTCOME28 as well 
as EMPEROR-Reduced,24 DAPA-HF,29 and DELIVER,21 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.30 Herein, we looked at a more sensitive method of time 
above target range and time in target range31 closely associated with 
cardiovascular and renal outcomes.32 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,32 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 HFpEF13 irrespective of SBP.20

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-naïve 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.7,17

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.33 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.

Acknowledgement
We are grateful to Armin Schweitzer for the technical and editorial help 
as well as the artwork.

Supplementary data
Supplementary data are available at European Heart Journal online.

Declarations
Disclosure of Interest
Michael B. is supported by the Deutsche Forschungsgemeinschaft 
(German Research Foundation; TTR 219, project number 322 900 
939) and reports personal fees from Abbott, Amgen, Astra Zeneca, 
Bayer, Boehringer Ingelheim, Cytokinetics, Edwards, Medtronic, 
Novartis, Recor, Servier, and Vifor during the conduct of the study. 
J.B. reports consulting fees from Abbott, American Regent, Amgen, 
Applied Therapeutic, AskBio, Astellas, AstraZeneca, Bayer, 
Boehringer Ingelheim, Boston Scientific, Bristol Myers Squibb, Cardiac 
Dimension, CardioCell, Cardior, CSL Bearing, CVRx, Cytokinetics, 
Daxor, Edwards, Element Science, Faraday, Foundry, G3P, Innolife, 
Impulse Dynamics, Imbria, Inventiva, Ionis, Lexicon, Lilly, LivaNova, 
Janssen, Medtronics, Merck, Occlutech, Owkin, Novartis, Novo 
Nordisk, Pharmacosmos, PharmaIN, Pfizer, Prolaio, Regeneron, 
Renibus, Roche, Salamandra, Sanofi, SC Pharma, Secretome, Sequana, 
SQ Innovation, Tenex, Tricog, Ultromics, Vifor, and Zoll. A.C. declares 
having received honoraria and/or lecture fees from Astra Zeneca, 
Bayer, Boehringer Ingelheim, Edwards, Eli Lilly, GSK, Menarini, 
Novartis, Novo Nordisk, Servier, Vifor, Abbott, Actimed, Cardiac 
Dimensions, Corvia, CVRx, Enopace, ESN Cleer, Faraday, Impulse 
Dynamics, Respicardia, and Viatris. L.L. received speaker honoraria 
from Astra Zeneca, Medtronic, Pfizer, and Recor. F.M. is supported 
by Deutsche Gesellschaft für Kardiologie (DGK), Deutsche 
Forschungsgemeinschaft (SFB TRR219, project ID 322900939), and 
Deutsche Herzstiftung. His institution (Saarland University) has re-
ceived scientific support from Ablative Solutions, Medtronic, and 
Recor Medical. He has received speaker honoraria/consulting fees 
from Ablative Solutions, Amgen, Astra Zeneca, Bayer, Boehringer 
Ingelheim, Inari, Medtronic, Merck, Recor Medical, Servier, and 
Terumo. G.F. reports lecture fees from Bayer, Boehringer Ingelheim, 
Servier, and Novartis; trial committee membership fees from Bayer, 
Boehringer Ingelheim, Servier, Impulse Dynamics, Vifor, and 
Medtronic; consulting fees from Cardior and Novo Nordisk; and re-
search grants from the European Union. J.P.F. reports consulting fees 
from Boehringer Ingelheim during the conduct of the study. S.J.P. re-
ports personal fees from Boehringer Ingelheim during the conduct of 
the study. Martina B. is an employee of Boehringer Ingelheim. S.J.H. is 
an employee of Boehringer Ingelheim. E.S. is an employee of 

Empagliflozin in resHTN and HFpEF                                                                                                                                                            1315

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


mainanalytics, contracted by Boehringer Ingelheim. C.W. received hon-
oraria for steering committee membership, advisory board participa-
tion, and lecturing from Amgen, AstraZeneca, Bayer, Boehringer 
Ingelheim, MSD, Novartis, Novo Nordisk, and Sanofi. S.V. holds a 
Tier 1 Canada Research Chair in cardiovascular surgery and reports re-
ceiving research grants and/or speaking honoraria from Amarin, 
Amgen, AstraZeneca, Bayer, Boehringer Ingelheim, Bristol Myers 
Squibb, Eli Lilly, HLS Therapeutics, Janssen, Merk, Novartis, Novo 
Nordisk, Sanofi, Sun Pharmaceuticals, PhaseBio, and the Toronto 
Knowledge Translation Working Group. He is the president of the 
Canadian Medical and Surgical Knowledge Translation Research 
Group, a federally incorporated not-for-profit physician organization. 
F.Z. reports personal fees from 89Bio, Abbott, Acceleron, Applied 
Therapeutics, Bayer, Betagenon, Boehringer, BMS, CVRx, Cambrian, 
Cardior, Cereno Pharmaceutical, CellProthera, CEVA, Inventiva, KBP, 
Merck, Novo Nordisk, Owkin, Otsuka, Roche Diagnostics, NorthSea, 
and USa2, having stock options at G3Pharmaceutical and equities at 
Cereno, Cardiorenal, Eshmoun Clinical Research, and being the foun-
der of Cardiovascular Clinical Trialists. M.P. reports consulting fees 
from Boehringer Ingelheim, during the conduct of the study; consulting 
fees from AbbVie, Akcea, Amarin, AstraZeneca, Amgen, Boehringer 
Ingelheim, Cardiorentis, Daiichi Sankyo, Johnson & Johnson, Lilly, 
Novartis, Pfizer, Relypsa, Sanofi, Synthetic Biologics, Theravance, and 
Novo Nordisk, outside the submitted work. S.D.A. reports grants 
and personal fees from Vifor and Abbott Vascular and personal fees 
for consultancies, trial committee work, and/or lectures from 
Actimed, Amgen, Astra Zeneca, Bayer, Boehringer Ingelheim, Brahms, 
Cardiac Dimensions, Cardior, Cordio, CVRx, Cytokinetics, Edwards, 
Faraday Pharmaceuticals, GSK, HeartKinetics, Impulse Dynamics, 
Occlutech, Pfizer, Regeneron, Repairon, Scirent, Sensible Medical, 
Servier, Vectorious, and V-Wave, named co-inventor of two patent ap-
plications regarding MR-proANP (DE 102007010834 and DE 
102007022367), but he does not benefit personally from the related 
issued patents.

Data Availability
To ensure independent interpretation of clinical study results and en-
able authors to fulfil their role and obligations under the ICMJE criteria, 
Boehringer Ingelheim grants all external authors access to relevant clin-
ical study data. In adherence with the Boehringer Ingelheim Policy on 
Transparency and Publication of Clinical Study Data, scientific and med-
ical researchers can request access to clinical study data, typically, 1 year 
after the approval has been granted by major Regulatory Authorities or 
after termination of the development program. Researchers should use 
the https://vivli.org/ link to request access to study data and visit https:// 
www.mystudywindow.com/msw/datasharing for further information.

Funding
The trial was funded by Boehringer Ingelheim. All authors declare no 
funding for this contribution.

Ethical Approval
Ethical Approval was not required.

Pre-registered Clinical Trial Number
The pre-registered clinical trial number is www.clinicaltrials.gov—un-
ique identifier: NCT03057951.

References
1. GBD 2019 Risk Factors Collaborators. Global burden of 87 risk factors in 204 countries 

and territories, 1990–2019: a systematic analysis for the Global Burden of Disease study 
2019. Lancet 2020;396:1223–49. https://doi.org/10.1016/S0140-6736(20)30752-2

2. Messerli FH, Rimoldi SF, Bangalore S. The transition from hypertension to heart failure: 
contemporary update. JACC Heart Fail 2017;5:543–51. https://doi.org/10.1016/j.jchf. 
2017.04.012

3. McMurray JJ, Carson PE, Komajda M, McKelvie R, Zile MR, Ptaszynska A, et al. Heart 
failure with preserved ejection fraction: clinical characteristics of 4133 patients enrolled 
in the I-PRESERVE trial. Eur J Heart Fail 2008;10:149–56. https://doi.org/10.1016/j. 
ejheart.2007.12.010

4. Anker SD, Usman MS, Anker MS, Butler J, Böhm M, Abraham WT, et al. Patient pheno-
type profiling in heart failure with preserved ejection fraction to guide therapeutic de-
cision making. A scientific statement of the Heart Failure Association, the European 
Heart Rhythm Association of the European Society of Cardiology, and the European 
Society of Hypertension. Eur J Heart Fail 2023;25:936–55. https://doi.org/10.1002/ejhf. 
2894

5. Kasiakogias A, Rosei EA, Camafort M, Ehret G, Faconti L, Ferreira JP, et al. Hypertension 
and heart failure with preserved ejection fraction: position paper by the European 
Society of Hypertension. J Hypertens 2021;39:1522–45. https://doi.org/10.1097/HJH. 
0000000000002910

6. Whelton PK, Carey RM, Aronow WS, Casey DE Jr, Collins KJ, Dennison Himmelfarb C, 
et al. 2017 ACC/AHA/AAPA/ABC/ACPM/AGS/APhA/ASH/ASPC/NMA/PCNA guide-
line for the prevention, detection, evaluation, and management of high blood pressure in 
adults: executive summary: a report of the American College of Cardiology/American 
Heart Association task force on clinical practice guidelines. Hypertension 2018;71: 
1269–324. https://doi.org/10.1161/HYP.0000000000000066

7. Mancia G, Kreutz R, Brunström M, Burnier M, Grassi G, Januszewicz A, et al. 2023 ESH 
guidelines for the management of arterial hypertension the task force for the manage-
ment of arterial hypertension of the European Society of Hypertension: endorsed by 
the International Society of Hypertension (ISH) and the European Renal Association 
(ERA). J Hypertens 2023;41:1874–2071. https://doi.org/10.1097/HJH. 
0000000000003480

8. Umemura S, Arima H, Arima S, Asayama K, Dohi Y, Hirooka Y, et al. The Japanese 
Society of Hypertension guidelines for the management of hypertension (JSH 2019). 
Hypertens Res 2019;42:1235–481. https://doi.org/10.1038/s41440-019-0284-9

9. Unger T, Borghi C, Charchar F, Khan NA, Poulter NR, Prabhakaran D, et al. 2020 
International Society of Hypertension global hypertension practice guidelines. J 
Hypertens 2020;38:982–1004. https://doi.org/10.1097/HJH.0000000000002453

10. Wijkman MO, Malachias MVB, Claggett BL, Cheng S, Matsushita K, Shah AM, et al. 
Resistance to antihypertensive treatment and long-term risk: the atherosclerosis risk 
in communities study. J Clin Hypertens 2021;23:1887–96. https://doi.org/10.1111/jch. 
14269

11. Kario K, Hoshide S, Narita K, Okawara Y, Kanegae H; Investigators’ Network. 
Cardiovascular prognosis in drug-resistant hypertension stratified by 24-hour ambula-
tory blood pressure: the JAMP study. Hypertension 2021;78:1781–90. https://doi.org/10. 
1161/HYPERTENSIONAHA.121.18198

12. Ebinger JE, Kauko A, FinnGen, Bello NA, Cheng S, Niiranen T. Apparent 
treatment-resistant hypertension associated lifetime cardiovascular risk in a longitudinal 
national registry. Eur J Prev Cardiol 2023;30:960–8. https://doi.org/10.1093/eurjpc/ 
zwad066

13. Anker SD, Butler J, Filippatos G, Ferreira JP, Bocchi E, Böhm M, et al. Empagliflozin in 
heart failure with a preserved ejection fraction. N Engl J Med 2021;385:1451–61. 
https://doi.org/10.1056/NEJMoa2107038

14. Solomon SD, McMurray JJV, Claggett B, de Boer RA, DeMets D, Hernandez AF, et al. 
Dapagliflozin in heart failure with mildly reduced or preserved ejection fraction. N 
Engl J Med 2022;387:1089–98. https://doi.org/10.1056/NEJMoa2206286

15. Jackson AM, Benson L, Savarese G, Hage C, Jhund PS, Petrie MC, et al. Apparent 
treatment-resistant hypertension across the spectrum of heart failure phenotypes in 
the Swedish HF registry. JACC Heart Fail 2022;10:380–92. https://doi.org/10.1016/j. 
jchf.2022.04.006

16. Anker SD, Butler J, Filippatos G, Shahzeb Khan M, Ferreira JP, Bocchi E, et al. Baseline 
characteristics of patients with heart failure with preserved ejection fraction in the 
EMPEROR-Preserved trial. Eur J Heart Fail 2020;22:2383–92. https://doi.org/10.1002/ 
ejhf.2064

17. Williams B, Mancia G, Spiering W, Agabiti Rosei E, Azizi M, Burnier M, et al. 2018 ESC/ 
ESH guidelines for the management of arterial hypertension. Eur Heart J 2018;39: 
3021–104. https://doi.org/10.1093/eurheartj/ehy339

18. Smith SM, Gurka MJ, Winterstein AG, Pepine CJ, Cooper-DeHoff RM. Incidence, preva-
lence, and predictors of treatment-resistant hypertension with intensive blood pressure 
lowering. J Clin Hypertens 2019;21:825–34. https://doi.org/10.1111/jch.13550

19. Böhm M, Ewen S. Blood pressure risk associations in heart failure: true effects or inverse 
causality? JACC Heart Fail 2017;5:820–2. https://doi.org/10.1016/j.jchf.2017.09.010

20. Böhm M, Anker S, Mahfoud F, Lauder L, Filippatos G, Ferreira JP, et al. Empagliflozin, 
irrespective of blood pressure, improves outcomes in heart failure with preserved 

1316                                                                                                                                                                                               Böhm et al.

https://vivli.org/
https://www.mystudywindow.com/msw/datasharing
https://www.mystudywindow.com/msw/datasharing
https://www.clinicaltrials.gov
https://doi.org/10.1016/S0140-6736(20)30752-2
https://doi.org/10.1016/j.jchf.2017.04.012
https://doi.org/10.1016/j.jchf.2017.04.012
https://doi.org/10.1016/j.ejheart.2007.12.010
https://doi.org/10.1016/j.ejheart.2007.12.010
https://doi.org/10.1002/ejhf.2894
https://doi.org/10.1002/ejhf.2894
https://doi.org/10.1097/HJH.0000000000002910
https://doi.org/10.1097/HJH.0000000000002910
https://doi.org/10.1161/HYP.0000000000000066
https://doi.org/10.1097/HJH.0000000000003480
https://doi.org/10.1097/HJH.0000000000003480
https://doi.org/10.1038/s41440-019-0284-9
https://doi.org/10.1097/HJH.0000000000002453
https://doi.org/10.1111/jch.14269
https://doi.org/10.1111/jch.14269
https://doi.org/10.1161/HYPERTENSIONAHA.121.18198
https://doi.org/10.1161/HYPERTENSIONAHA.121.18198
https://doi.org/10.1093/eurjpc/zwad066
https://doi.org/10.1093/eurjpc/zwad066
https://doi.org/10.1056/NEJMoa2107038
https://doi.org/10.1056/NEJMoa2206286
https://doi.org/10.1016/j.jchf.2022.04.006
https://doi.org/10.1016/j.jchf.2022.04.006
https://doi.org/10.1002/ejhf.2064
https://doi.org/10.1002/ejhf.2064
https://doi.org/10.1093/eurheartj/ehy339
https://doi.org/10.1111/jch.13550
https://doi.org/10.1016/j.jchf.2017.09.010


ejection fraction: the EMPEROR-Preserved trial. Eur Heart J 2023;44:396–407. https:// 
doi.org/10.1093/eurheartj/ehac693

21. Selvaraj S, Vaduganathan M, Claggett BL, Miao ZM, Fang JC, Vardeny O, et al. Blood 
pressure and dapagliflozin in heart failure with mildly reduced or preserved ejection 
fraction: DELIVER. JACC Heart Fail 2023;11:76–89. https://doi.org/10.1016/j.jchf.2022. 
09.002

22. Böhm M, Young R, Jhund PS, Solomon SD, Gong J, Lefkowitz MP, et al. Systolic blood 
pressure, cardiovascular outcomes and efficacy and safety of sacubitril/valsartan 
(LCZ696) in patients with chronic heart failure and reduced ejection fraction: results 
from PARADIGM-HF. Eur Heart J 2017;38:1132–43. https://doi.org/10.1093/ 
eurheartj/ehw570

23. Selvaraj S, Claggett BL, Böhm M, Anker SD, Vaduganathan M, Zannad F, et al. Systolic 
blood pressure in heart failure with preserved ejection fraction treated with sacubi-
tril/valsartan. J Am Coll Cardiol 2020;75:1644–56. https://doi.org/10.1016/j.jacc.2020. 
02.009

24. Böhm M, Anker SD, Butler J, Filippatos G, Ferreira JP, Pocock SJ, et al. Empagliflozin im-
proves cardiovascular and renal outcomes in heart failure irrespective of systolic blood 
pressure. J Am Coll Cardiol 2021;78:1337–48. https://doi.org/10.1016/j.jacc.2021.07.049

25. Lee SE, Lee HY, Cho HJ, Choe WS, Kim H, Choi JO, et al. Reverse J-curve relationship 
between on-treatment blood pressure and mortality in patients with heart failure. JACC 
Heart Fail 2017;5:810–9. https://doi.org/10.1016/j.jchf.2017.08.015

26. Williams B, MacDonald TM, Morant SV, Webb DJ, Sever P, McInnes GT, et al. Endocrine 
and haemodynamic changes in resistant hypertension, and blood pressure responses to 
spironolactone or amiloride: the PATHWAY-2 mechanisms substudies. Lancet Diabetes 
Endocrinol 2018;6:464–75. https://doi.org/10.1016/S2213-8587(18)30071-8

27. Ostrominski JW, Vaduganathan M, Selvaraj S, Claggett BL, Miao ZM, Desai AS, et al. 
Dapagliflozin and apparent treatment-resistant hypertension in heart failure with mildly 
reduced or preserved ejection fraction: the DELIVER trial. Circulation 2023;148: 
1945–57. https://doi.org/10.1161/CIRCULATIONAHA.123.065254

28. Böhm M, Fitchett D, Ofstad AP, Brueckmann M, Kaspers S, George JT, et al. Heart fail-
ure and renal outcomes according to baseline and achieved blood pressure in patients 
with type 2 diabetes: results from EMPA-REG OUTCOME. J Hypertens 2020;38: 
1829–40. https://doi.org/10.1097/HJH.0000000000002492

29. Serenelli M, Böhm M, Inzucchi SE, Køber L, Kosiborod MN, Martinez FA, et al. Effect of 
dapagliflozin according to baseline systolic blood pressure in the Dapagliflozin and 
Prevention of Adverse Outcomes in Heart Failure trial (DAPA-HF). Eur Heart J 2020; 
41:3402–18. https://doi.org/10.1093/eurheartj/ehaa496

30. Fatani N, Dixon DL, Van Tassell BW, Fanikos J, Buckley LF. Systolic blood pressure time 
in target range and cardiovascular outcomes in patients with hypertension. J Am Coll 
Cardiol 2021;77:1290–9. https://doi.org/10.1016/j.jacc.2021.01.014

31. Buckley LF, Baker WL, Van Tassell BW, Cohen JB, Alkhezi O, Bress AP, et al. Systolic 
blood pressure time in target range and major adverse kidney and cardiovascular events. 
Hypertension 2023;80:305–13. https://doi.org/10.1161/HYPERTENSIONAHA.122. 
20141

32. Guiga H, Decroux C, Michelet P, Loundou A, Cornand D, Silhol F, et al. Hospital and 
out-of-hospital mortality in 670 hypertensive emergencies and urgencies. J Clin 
Hypertens (Greenwich) 2017;19:1137–42. https://doi.org/10.1111/jch.13083

33. Lauder L, Mahfoud F, Böhm M. Management of resistant hypertension. Annu Rev Med 
2024;75:443–57. https://doi.org/10.1146/annurev-med-050922-052605

Empagliflozin in resHTN and HFpEF                                                                                                                                                            1317

https://doi.org/10.1093/eurheartj/ehac693
https://doi.org/10.1093/eurheartj/ehac693
https://doi.org/10.1016/j.jchf.2022.09.002
https://doi.org/10.1016/j.jchf.2022.09.002
https://doi.org/10.1093/eurheartj/ehw570
https://doi.org/10.1093/eurheartj/ehw570
https://doi.org/10.1016/j.jacc.2020.02.009
https://doi.org/10.1016/j.jacc.2020.02.009
https://doi.org/10.1016/j.jacc.2021.07.049
https://doi.org/10.1016/j.jchf.2017.08.015
https://doi.org/10.1016/S2213-8587(18)30071-8
https://doi.org/10.1161/CIRCULATIONAHA.123.065254
https://doi.org/10.1097/HJH.0000000000002492
https://doi.org/10.1093/eurheartj/ehaa496
https://doi.org/10.1016/j.jacc.2021.01.014
https://doi.org/10.1161/HYPERTENSIONAHA.122.20141
https://doi.org/10.1161/HYPERTENSIONAHA.122.20141
https://doi.org/10.1111/jch.13083
https://doi.org/10.1146/annurev-med-050922-052605

	Empagliflozin in resistant hypertension and heart failure with preserved ejection fraction: the EMPEROR-Preserved trial
	Introduction
	Methods
	Study design
	Systolic blood pressure analysis
	Outcome measurements
	Statistical analysis

	Results
	Patient characteristics
	Association of hypertension categories with outcomes
	Effect of empagliflozin on blood pressure by hypertension category
	Effect of empagliflozin on incident hypertensive urgencies
	Effect of empagliflozin on outcomes by hypertension categories
	Effect of empagliflozin on kidney function according to hypertension category
	Adverse events by hypertension category

	Discussion
	Conclusion
	Acknowledgement
	Supplementary data
	Declarations
	Disclosure of Interest
	Data Availability
	Funding
	Ethical Approval
	Pre-registered Clinical Trial Number

	References




