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Aims Concern about hypotension often leads to withholding of beneficial therapy in patients with heart failure and
reduced ejection fraction (HFrEF). We evaluated the efficacy and safety of dapagliflozin, which lowers systolic
blood pressure (SBP),according to baseline SBP in Dapagliflozin and Prevention of Adverse Outcomes in Heart
Failure trial (DAPA-HF).

Methods Key inclusion criteria were: New York Heart Association Class II-IV, left ventricular ejection fraction < 40%, ele-
and results vated N-terminal pro-B-type natriuretic peptide level, and SBP >95 mmHg. The primary outcome was a composite
of worsening heart failure or cardiovascular death. The efficacy and safety of dapagliflozin were examined using
SBP as both a categorical and continuous variable. A total of 1205 patients had a baseline SBP <110 mmHg;

*Corresponding author. Tel: +44 141 330 3479, Fax: +44 141 330 6955, Email: john.mcmurray@glasgow.ac.uk

© The Author(s) 2020. Published by Oxford University Press on behalf of the European Society of Cardiology.

This is an Open Access article distributed under the terms of the Creative Commons Attribution License (http://creativecommons.org/licenses/by/4.0/), which permits unrestrict-
ed reuse, distribution, and reproduction in any medium, provided the original work is properly cited.

0202 JoquianoN /| uo 1sanb Aq 981G685/201€/9€/ L F/aI01Me/[eaYINa /W09 dNo-o1Wapeo.//:Sd)ly Wol) papeojumod


http://orcid.org/0000-0002-3750-9789
http://orcid.org/0000-0002-0691-3359
http://orcid.org/0000-0003-3348-8754
http://orcid.org/0000-0003-1315-8176
http://orcid.org/0000-0003-1308-4963
http://orcid.org/0000-0001-9512-1718
http://orcid.org/0000-0002-4775-9140
http://orcid.org/0000-0003-3916-1496
http://orcid.org/0000-0002-0535-9771
http://orcid.org/0000-0002-5446-9969
http://orcid.org/0000-0003-4306-5317
Undefined namespace prefix
xmlXPathCompOpEval: parameter error
xmlXPathEval: evaluation failed


Dapagliflozin, blood pressure, and outcome in HFrEF 3403

981>110<120; 1149 > 120 <130; and 1409 > 130 mmHg. The placebo-corrected reduction in SBP from baseline
to 2 weeks with dapagliflozin was -2.54 (-3.33 to -1.76) mmHg (P <0.001), with a smaller between-treatment differ-
ence in patients in the lowest compared to highest SBP category. Patients in the lowest SBP category had a much
higher rate (per 100 person-years) of the primary outcome [20.6, 95% confidence interval (95% Cl) 17.6-24.2]
than those in the highest SBP category (13.8, 11.7-16.4). The benefit and safety of dapagliflozin was consistent
across the range of SBP; hazard ratio (95% Cl) in each SBP group, lowest to highest: 0.76 (0.60-0.97), 0.76 (0.57—
1.02), 0.81 (0.61-1.08), and 0.67 (0.51-0.87), P interaction = 0.78. Study drug discontinuation did not differ be-
tween dapagliflozin and placebo across the SBP categories examined.

Conclusion Dapagliflozin had a small effect on SBP in patients with HFrEF and was superior to placebo in improving outcomes,
and well tolerated, across the range of SBP included in DAPA-HF.

Clinical Trial ClinicalTrials.gov NCT03036124.
Registration:

Graphical Abstract

Reduced systolic
blood pressure

Intolerance of
neurohumoral
therapy

Reduced LV Reduced

systolic function cardiac output

Increased
hospitalisation,
increased death

o |
a -
T
— ©
n- |,
m -o- Overall ©
» T © | \
c <110 mm Hg NoO
s 4- =
2 =110 to <120 mm Hg P for interaction = 0.93
& 21200 <130mmHg ¥
s o + o Continuous HR for
=130 mm Hg =g Unity [HR=2) dapaglifiozin vs placebo Bl
'6 T T T 1 | I I I I 1 I | 1
0 2 8 16 32 90 100 110 120 130 140 150 160 170
Weeks Systolic blood pressure (mm Hg)

Keywords Heart failure e Blood pressure e Hypotension e SGLT2 inhibitor

0202 JaquianoN /| uo 1senb Aq 981.6685/20v€/9€/ 1 p/aIonIe/lHeayns/wod dno-oiwspeoe//:sdny Woij papeojumoq



3404

M. Serenelli et al.

Introduction

The relationships between blood pressure, outcomes and the effects
of treatment in patients with heart failure and reduced ejection frac-
tion (HFrEF) have been described as parado><ical.1’3 Although most
beneficial treatments for HFrEF reduce systolic blood pressure
(SBP), HFrEF patients with lower SBP have worse outcomes than
those with a higher SBP."™" These poor outcomes are often attrib-
uted to low cardiac output and worse haemodynamic status in
patients with low SBP. However, the poor prognosis in patients with
low SBP may also be due to underutilization of effective thera-
pies.""® Underuse of these treatments reflects reluctance of physi-
cians to prescribe agents perceived to precipitate or worsen
hypotension and cause problems such as dizziness, syncope, and
renal dysfunction.'>"> Consequently, it is essential that the effects of
new treatments for HFrEF on SBP, and according to SBP, are fully
understood. Sodium-glucose cotransporter-2 (SGLT2) inhibitors are
recommended to lower risk of HF hospitalization in patients with dia-
betes and have been shown to reduce SBP in type 2 diabetic patients
by 3—4 mmHg, similar in size to the reduction obtained with a low
dose of a thiazide diuretic.'*'® We evaluated the effect of SGLT2 in-
hibition on SBP in HFrEF patients, both with and without diabetes,
and the efficacy and safety of dapagliflozin according to baseline SBP,
in the Dapagliflozin and Prevention of Adverse Outcomes in Heart
Failure trial (DAPA-HF).'¢""8

Methods

Dapagliflozin and Prevention of Adverse Outcomes in Heart Failure trial
was a randomized, double-blind, placebo-controlled, event-driven, trial in
patients with HFrEF. The efficacy and safety of dapagliflozin 10 mg once
daily, added to standard care, was compared with matching placebo. The
design, baseline characteristics, and primary results of the trial have been
published."®"® The Ethical Committee of each of the 410 participating
institutions (in 20 countries) approved the protocol, and all patients gave
written informed consent. The corresponding author had full access to
the trial data and takes responsibility for its integrity and the data analysis.
The data underlying this article were provided by AstraZeneca. Data will
be shared on request to the corresponding author with permission of
AstraZeneca.

Study patients

Men and women aged >18years with HF were eligible if they were in
New York Heart Association (NYHA) functional Class Il to IV, had a left
ventricular ejection fraction (LVEF) <40%, and were optimally treated
with pharmacological and device therapy for HF. Participants were also
required to have a N-terminal pro-B-type natriuretic peptide (NT-
proBNP) concentration >600 pg/mL (>400 pg/mL if hospitalized for HF
within the previous 12 months). Patients with atrial fibrillation or atrial
flutter were required to have a NT-proBNP level >900 pg/mL, irrespect-
ive of history of HF hospitalization.Key exclusion criteria included: symp-
toms of hypotension or SBP <95 mmHg, estimated glomerular filtration
rate (eGFR) <30 mL/min/1.73m? (or rapidly declining renal function), and
type 1 diabetes mellitus. A full list of exclusion criteria is provided in the
design paper.'®

Study procedures

After the provision of informed consent, Visit 1 started a 14-day screen-
ing period during which the trial inclusion and exclusion criteria were
checked, and baseline information were collected. Visit 2 was the ran-
domization visit, and randomization was stratified based on diagnosis of
type 2 diabetes at screening. After randomization, follow-up visits took
place at 14 and 60days, and then at 120, 240, 360 days, and every 4
months thereafter. The visit early after randomization (14 days) was
included to check renal function and blood pressure (as well as for symp-
toms of hypotension); this visit also allowed for adjustment of back-
ground diuretic or other non-essential therapies. Dose reduction to 5 mg
of dapagliflozin or matching placebo (or discontinuation of study drug)
was to be considered in case of an acute unexpected decline in eGFR,
volume depletion or hypotension (or to avoid these conditions); how-
ever, dose up-titration (or re-initiation) wasencouraged thereafter in all
cases,where possible.

Study outcomes

The primary outcome was the composite of an episode of worsening
heart failure (HF hospitalization or an urgent visit because of worsening
HF requiring intravenous therapy) or cardiovascular (CV) death, which-
ever occurred first. Secondary endpoints were the occurrence of HF hos-
pitalization or CV death; HF hospitalizations (first and recurrent) and
cardiovascular deaths; change from baseline to 8 months in the total
symptom score of the Kansas City Cardiomyopathy Questionnaire
(KCCQ-TSS);" the incidence of a composite worsening renal function
outcome, consisting of (a) >50% sustained decline in eGFR, (b) end-stage
renal disease (defined as sustained eGFR < 15mL/min/1.73 m?, chronic
dialysis treatment or renal transplantation), or (c) renal death; and death
from any cause. Because of the small number of renal events overall, this
endpoint was not examined in the present analysis of subgroups.
Prespecified safety analyses included any serious adverse event, adverse
events leading to discontinuation of trial treatment, adverse events of
interest (i.e. volume depletion, renal events, major hypoglycaemic events,
bone fractures, diabetic ketoacidosis, and amputation), and any diagnosis
of Fournier’s gangrene, as well as laboratory findings of note.

Statistical analysis

In the present study, patients were divided into four baseline SBP catego-
ries, as in previous studies: (i) <110 mmHg, (i) >110 to <120 mmHg, (iii)
>120 to <130 mmHg, and (iv) > 130 mmHg.**%° Systolic blood pressure
was measured at each trial visit (at 14, 60, 120, 240, and 360 days and
every 4 months thereafter). Baseline characteristics were summarized as
means and standard deviations (SDs), median and interquartile ranges, or
percentages. Time-to-event data were evaluated with the use of the
Kaplan—Meier estimates and Cox proportional-hazards models, stratified
according to diabetes status, with a history of HF hospitalization and
treatment group assignment as fixed-effect factors (as prespecified in the
trial statistical analysis plan). In order to investigate a potentially non-
linear relationship of risk across the spectrum of SBP, we also carried out
fractional polynomial analyses of the association between SBP and the
outcomes of interest. We used Cox models to calculate hazard ratios
(HRs), 95% confidence intervals (Cls), and two-sided P-values and used a
semiparametric proportional-rates model to calculate total (including re-
current) events, as previously described.”’ We analysed the change in
KCCQ-TSS from baseline to 8 months in surviving patients. Changes in
SBP were assessed by the use of repeated measures mixed model with
treatment, time, and treatment by time interaction as fixed effects, and
time as random effect. Safety analyses were performed in patients who
had undergone randomization and received at least one dose of dapagli-
flozin or placebo (a total of 8 out of 4744 patients were excluded). The
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effect of dapagliflozin compared with placebo on each outcome was also
examined across the spectrum of blood pressure, in a Cox regression
model in which SBP was modelled as a continuous variable. A fractional
polynomial was constructed using SBP and entered into the model as an
interaction term with treatment. The results of the interaction were dis-
played graphically using the ‘mfpi’ command in Stata. The polynomial
allows for the possibility of a non-linear effect of treatment by blood pres-
sure to be modelled. The interaction between SBP and treatment effect
on the occurrence of the prespecified safety outcomes was tested in a lo-
gistic regression model with an interaction term between baseline SBP
and treatment. The same analysis was performed for diastolic blood pres-
sure (DBP) and pulse pressure (Supplementary material online,
Appendix). The effect of differences in baseline characteristics was exam-
ined by adjustment of the model in sensitivity analyses (Supplementary
material online, Appendix). Other sensitivity analyses took account of
baseline and post-randomization SBP updated to the time of an event and
time-updated SBP group (Supplementary material online, Appendix), the
effect of treatment according to baseline DBP and the effect of treatment
stratified by diabetes, history of hypertension and heart failure aetiology.
As reported in another recent study,® we also analysed outcomes in
patients according to achieved SBP in each treatment category, with
patients allocated to two categories according to their achieved SBP at 2
months (‘high’ or ‘low’) or four categories according to their starting and
2-month achieved SBP (high/high, high/low, low/high and, low/low with
‘low’ defined as <110 mm Hg and ‘high’ >110 mmHg) (Supplementary
material online, Appendix). The correlation between baseline blood pres-
sure and LVEF was studied analysing Pearson’s correlation coefficients
(Supplementary material online, Appendix). The relationship between
change in blood pressure with dapagliflozin at 2 weeks and baseline LVEF
was examined by the use of fractional polynomial analysis
(Supplementary material online, Appendix).

All analyses were conducted using Stata version 15.1 (College Station,
TX, USA). A P-value < 0.05 was considered statistically significant.

Results

The mean and median SBP in the 4744 patients randomized were
121.8 (SD 16.3) and 121.0 (Q1, Q3 109.7-132.0) mmHg, respective-
ly. There were 1205 (25.4%) patients with a baseline SBP
<110 mmHg (mean SBP 102.5 £ 4.9 mmHg), 981 (20.7%) with an SBP
>110 to <120 mmHg (mean SBP 114.7 £ 2.9 mmHg), 1149 (24.2%)
with an SBP >120 to <130 mmHg (mean SBP 124.3 + 2.9 mmHg),
1409  (29.7%) with an SBP >130mmHg (mean SBP
141.3 £ 11.2 mmHg).

Patient characteristics

The baseline characteristics according to SBP category are shown in
Table 1. Patients with a lower SBP were younger, more often male
and of Asian race. A smaller proportion had a history of hyperten-
sion, diabetes, or coronary heart disease, but they had worse renal
function, lower mean LVEF, and a higher median NT-proBNP level.
The correlation between LVEF and baseline SBP is shown in
Supplementary material online, Figure S1. Patients in the lowest SBP
category were least likely to be treated with an angiotensin-
converting enzyme inhibitor or angiotensin receptor blocker (ARB)
but more frequently received treatment with a diuretic, mineralocor-
ticoid receptor antagonist (MRA), and digoxin. Although overall use
of sacubitril/valsartan was infrequent, patients in the lowest SBP cat-
egory were proportionately most likely to be treated with it. The use

of beta-blocker at baseline was similar across SBP categories. Patients
with lower SBP were more frequently treated with device therapy,
i.e. implantable cardioverter-defibrillator (ICD) or cardiac resynchro-
nization therapy (CRT). Median baseline KCCQ-TSS and NYHA
functional class were similar across SBP categories.

Change in blood pressure

Figure 1 summarizes the difference in change in SBP from baseline to
2 weeks, 2 months, 4 months, and 8 months in each treatment group
and SBP category. These changes are also enumerated in Table 2.
Overall, the mean change in SBP from baseline to 2 weeks was -0.5
(SD 12.0) mmHg in the placebo group and -3.1 (SD 12.3) mmHg in
the dapagliflozin group, resulting in a between-treatment difference
of -2.5 (95% Cl -3.3 to -1.8; P <0.001) mmHg. The corresponding val-
ues at 4 months were: -0.6 (SD 14.0) mmHg in the placebo group
and -2.6 (SD 14.4) mmHg in the dapagliflozin group, difference -1.8
(95% Cl -2.7 to -1.0; P<0.001) mmHg. However, this overall mean
change reflected a divergent pattern of change in patients with a
lower and higher starting SBP. Specifically, SBP increased slightly in
patients with the lowest baseline SBP (e.g. by 3.46 + 10.21 in the pla-
cebo group and 1.91 % 11.12mmHg with dapagliflozin, at 2 weeks)
and decreased in those starting with a higher baseline SBP (e.g.
-4.62 £ 13.01 with placebo and -8.94 £ 13.26 mmHg with dapagliflo-
zin, at the same time point in patients with SBP >130 mmHg).
Nevertheless, SBP was still lower in patients assigned to dapagliflozin,
compared with placebo, although the between-treatment difference
was smaller in patients with the lowest baseline SBP (e.g. difference
1.50, 95% CI 0.09-2.92 mmHg at 2 weeks), compared with the high-
est SBP category (4.31, 95% CI 2.71-5.90 mmHg); P for interaction
between baseline SBP category and effect of treatment on SBP was
0.012.

Of participants with a starting SBP >90 mmHg and with at least
one SBP measurement during the first 8 months (n=4691), 279
(5.9%) experienced a decrease in SBP below 90 mmHg; 131 (5.6%) in
the placebo group and 148 (6.3%) in the dapagliflozin group
(P=10.32), without any interaction between SBP category and treat-
ment (P-value for interaction=0.61). Among participants with a
baseline SBP >85mmHg (n=4697), 132 (2.8%) had a decrease in
SBP to below 85mmHg, 63 (2.7%) in the placebo group and 69
(2.9%) in the dapagliflozin group (P = 0.60), without any interaction
between SBP category and treatment (P-value for interaction = 0.97).

The effect of dapagliflozin, compared with placebo, on DBP and
pulse pressure is shown in the Supplementary material online, Table
S$1and Figures S2 and $3; the overall pattern of response to dapagliflo-
zin was similar to that seen for SBP. The effect of treatment on SBP
and DBP according to aetiology of heart failure, history of hyperten-
sion, and diabetes status at baseline are also shown in the
Supplementary material online, Table S1. The effect on both SBP and
DBP were small in all subgroups examined. Because lower baseline
blood pressure (and pulse pressure) was associated with lower LVEF,
we also looked at the change in blood pressure (and pulse pressure)
with dapagliflozin according to baseline LVEF. Systolic blood pressure
and pulse pressure tended to increase in patients in the lowest LVEF
category (Supplementary material online, Figure S4). We also exam-
ined change in background therapy and reduction in dose, withhold-
ing and discontinuation of study drug in each treatment group
between baseline and 2 weeks (the blood pressure nadir). Overall,
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Figure | Placebo-corrected change in systolic blood pressure
with dapagliflozin from baseline to 2 weeks, 2 months, 4 months,
and 8 months. The figure shows effect of dapagliflozin on SBP during
the first 8 months of treatment for the overall population and for
each baseline SBP groups.

there were no important differences between the two treatment
groups (Supplementary material online, Tables S2—54).

Association between systolic blood
pressure and clinical outcomes and effect
of dapagliflozin

The unadjusted incidences of the prespecified outcomes, according
to baseline SBP, are shown in Table 3, Figures 2 (primary outcome)
and 3 (individual time-to-first death and hospitalization outcomes).
Fractional polynomial analysis of the association between SBP and
outcomes is shown in Figure 4.

Primary outcome

The incidence of the primary composite outcome, in the placebo
group, was highest in patients with the lowest SBP (<110 mmHg),
next highest in those with SBP >110-<120 mmHg and plateaued in
the SBP >120-<130 mmHg and SBP >130 mmHg groups.

The HR for the effect of dapagliflozin, compared with placebo, on
the primary outcome, was consistent across the spectrum of SBP
(Table 3 and Figure 3A), and the P-value for interaction was 0.78.

Applying the overall relative risk reduction (26%) to the placebo
group event rate in those with SBP < 110 mmHg, gave an absolute
risk reduction of 54 fewer patients experiencing a primary outcome
per 1000 person-years of follow-up. The equivalent absolute risk re-
duction in patients with SBP >130 mmHg was estimated as 36 fewer
patients per 1000 person-years of follow-up.

Cardiovascular death

The same pattern of relationship between SBP and rate of CV death
was seen in the placebo group and participants in the lowest SBP cat-
egory were at highest risk, as shown in Table 3 and Figure 3B. The ef-
fect of dapagliflozin, compared with placebo, was consistent across
the spectrum of SBP (P-value for interaction = 0.22).

Worsening heart failure events
There was a steeper gradient in worsening HF events across SBP
categories than seen for CV death (Table 3). However, the effect

of dapagliflozin, compared with placebo, remained consistent
across SBP categories, including in patients with SBP <110 mmHg
(Table 3 and Figure 3C). Applying the overall relative risk reduction
(30%) to the placebo group event rate in participants with SBP
<110 mmHg, gave an absolute risk reduction of 32 per 1000
person-years of follow-up. The equivalent absolute risk reduction
in patients with SBP >130 mmHg was 21 per 1000 person-years
of follow-up.

All-cause mortality

The relationship between SBP and death from any cause was like the
pattern seen for CV death. The effect of dapagliflozin compared with
placebo was consistent across the spectrum of SBP (Table 3 and
Figure 3D; P-value for interaction 0.37). Applying the overall relative
risk reduction (17%) to placebo group event rate in those with SBP
<110 mmHg, gave an absolute risk reduction of 25 fewer deaths per
1000 person-years of follow-up. The equivalent absolute risk reduc-
tion in patients with SBP >130 mmHg was estimated as 14 fewer
deaths per 1000 person-years.

Composite of recurrent heart failure hospitalization and
cardiovascular death

As for the other endpoints, we observed a consistent effect of dapa-
gliflozin on the occurrence of first and recurrent HF hospitalization
and CV death across SBP categories (Table 3) (P-value for interaction
=0.99).

Effect of dapagliflozin compared to
placebo examining systolic blood

pressure as a continuous variable

Figure 4 provides an alternative illustration of the effects of dapagliflo-
zin compared with placebo, for the four outcomes described above,
using fractional polynomial analysis. Each panel shows a continuous
HR (with 95% Cl) for dapagliflozin, compared with placebo, across
the spectrum of SBP (SBP shown as a continuous variable on the X-
axis). As in the categorical analysis, the effect of dapagliflozin, com-
pared with placebo, was consistent across the entire spectrum of
SBP, with non-significant P-values for interaction for all endpoints.
Similar findings were also observed after adjusting for differences in
baseline characteristics (Supplementary material online, Table S5 and
Figure S5).

The effect of dapagliflozin was also consistent across the range of
DBP and pulse pressure included in the trial (Supplementary material
online, Figures S6 and S7). These findings were also true for both SBP
and DBP, irrespective of aetiology of heart failure (Supplementary
material online, Figure S8ab) or history of hypertension
(Supplementary material online, Figure S9a,b).

Sensitivity analyses, time-updated systol-
ic blood pressure analysis and achieved

systolic blood pressure analysis

We also studied the effect of dapagliflozin in different Cox regression
models taking account of, respectively: baseline SBP, baseline SBP cat-
egory, baseline and post-randomization SBP updated to the time of
an event, and time-updated SBP category (Supplementary material
online, Figures S10-S13). These model adjustments did not change
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Figure 2 Cumulative Incidence of primary outcome in each systolic blood pressure category. The figure shows Kaplan—Meier event curves for pla-
cebo (red dashed line) and dapagliflozin (blue line) in each baseline SBP group.

our finding of a consistent benefit of dapagliflozin, irrespective of
baseline SBP.

Supplementary material online, Figure S12 shows Kaplan—Meier
curves for the achieved SBP at 2 months analysis (high or low cat-
egory) and Supplementary material online, Figure S13 the high/high,
high/low, low/high, and low/low analysis of achieved SBP at 2 months
(‘low’ defined as <110 mm Hg and ‘high’ >110 mmHg). While a low
2-month SBP was associated with worse outcomes in placebo-
treated patients, this was not the case in those treated with dapagli-
flozin. In the 4-category analysis taking account of both baseline and
2-month SBP (high/high, high/low, low/high and low/low analysis),
placebo-treated patients with persistently low SBP and those that
decreased to low SBP after 2 months had worse outcomes than the
equivalent dapagliflozin-treated patients (Supplementary material on-
line, Figure $13).

Change in Kansas City Cardiomyopathy
Questionnaire at 8 months

As shown in Table 3, patients treated with dapagliflozin, overall,
had a greater increase (improvement) in the KCCQ-TSS be-
tween baseline and 8months and this benefit of dapagliflozin

was consistent across SBP categories (P-value for interaction =
0.06). The proportion of patients with an improvement of
KCCQ-TSS of >5 points was larger in patients treated with
dapagliflozin, compared to patients treated with placebo.
Conversely, the proportion of patients with a decrease in
KCCQ-TSS of >5 points (i.e. a clinically meaningful deterior-
ation) was smaller in those treated with dapagliflozin. The bene-
fit of dapaglifiozin over placebo in preventing deterioration of
KCCQ-TSS, was consistent across SBP categories (P-value for
interaction=0.40). The proportion of participants reporting
a>5-point improvement in KCCQ-TSS varied inconsistently
across SBP categories, with an interaction between baseline SBP
and treatment with dapagliflozin of borderline significance (P-
value for interaction = 0.04).

Prespecified safety assessments

The proportion of patients stopping study drug for any reason in the
placebo group was highest in patients with the lowest SBP (Table 4).
However, the rate of discontinuation was similar between dapagliflo-
zin and placebo across all SBP categories (P-value for interaction
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Figure 3 Hazard ratio for dapagliflozin, compared with placebo, for each outcome of interest, according to baseline systolic blood pressure cat-
egory. The figures show unadjusted hazard ratios for the primary outcome (A), cardiovascular death (B), heart failure hospitalization/urgent visit (C),

and all-cause death (D).

=0.34). A similar pattern was seen for treatment discontinuation due
to adverse events.

Adverse events related to volume depletion were reported in
12.3% of the placebo group with SBP <110 mmHg and in 13.3% in
the dapagliflozin group. Serious adverse events related to volume de-
pletion occurred, overall, in 29 patients (1.2%) in the dapagliflozin
group and 40 patients (1.7%) in the placebo group, with no inter-
action between SBP category and treatment (P for interaction =
0.26).

Renal adverse events were generally less frequent in patients
treated with dapagliflozin than placebo for each SBP category, except
for patients with SBP >130 mmHg who appeared to experience
more renal adverse events with dapaglifiozin (P-value for inter-
action =0.015). However, serious renal events were less common
with dapagliflozin, compared to placebo, across each SBP category
(P-value for interaction = 0.23). The mean change in serum creatinine
with dapagliflozin at 8 months was minimal across each SBP category

(P-value for interaction =0.77) and relatively few patients in any SBP
group (and either treatment group) experienced a doubling of serum
creatinine.

Discussion

We found that lower SBP was associated with worse outcomes in
HFrEF, although risk increased steeply only in patients with SBP
<110 mmHg, who constituted 25% of participants in DAPA-HF, in
keeping with the proportion reported in recent registries.1_9'12’20'22
The benefit of dapagliflozin on death and hospitalization for heart fail-
ure was consistent across the range of SBP at baseline, whether SBP
was analysed as a categorical or continuous variable (and the latter
was also true for DBP). This remained true after adjustment for other
baseline differences between patients in the various SBP categories

and adjustment for SBP after randomization. Remarkably, compared
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Figure 4 Hazard ratio for dapagliflozin, compared with placebo, for each clinical outcome, according to baseline systolic blood pressure modelled
as a continuous variable. The figures show a continuous hazard ratio (green line) for treatment with dapagliflozin, compared to placebo, according to
baseline systolic blood pressure. The interrupted red line shows a hazard ratio of 1 (i.e. unity, representing no treatment effect) and the grey shaded

area the 95% confidence interval around the hazard ratio.

with placebo, dapagliflozin was well tolerated in the lowest SBP
group, despite reducing SBP slightly and even though patients with
SBP <110 mmHg also had the worst renal function. Indeed, the
rate of discontinuation of dapagliflozin was relatively low in partic-
ipants with SBP <110 mmHg and not more than the rate of dis-
continuation of placebo (although the rate of discontinuation of
both study treatments was slightly greater than in participants
with a higher baseline SBP). Notably, patients in the lowest SBP
group experienced an increase in SBP after randomization, while
patients in the highest SBP group experienced a decrease. In part
at least, this likely reflects the statistical phenomenon of ‘regression
to the mean’, although SBP might also increase in some patients as
a result of improvement in cardiac function with treatment.
Perhaps the most important finding of this study is that not
only was dapagliflozin safe and well tolerated, even in patients
with a baseline SBP <110 mmHg, but the absolute benefit of the
drug was particularly large in those with the lowest SBP
<110 mmHg. Indeed, because patients in the lowest SBP category
had a higher rate of events, dapagliflozin-treated patients experi-
enced 54 fewer primary outcomes per 1000 person-years of
follow-up in this lowest SBP category compared with 36 fewer

patients in the highest SBP category. Interestingly, patients in the
lowest SBP group were well treated with conventional therapy,
with only a slightly lower rate of use of renin—angiotensin system
blockers (92% vs. 96% in the highest SBP category), a similar fre-
quency of use of a beta-blocker and greater use of diuretic, di-
goxin, MRA, and sacubitril/valsartan, as well as cardiac
resynchronization therapy and ICD. The greater use of the latter
pharmacological and device therapies is likely to reflect more
advanced disease in patients with a low SBP, as evidenced by their
lower LVEF, higher NT-proBNP level and worse renal function. It
is, therefore, important to emphasize that dapagliflozin has bene-
fits over and above those of conventional disease-modifying thera-
pies, especially in this highest risk group of patients. These findings
should allay any concerns about using dapagliflozin in patients with
low SBP.

It is also of interest to compare the effect of dapagliflozin on SBP in
patients with HFrEF to its effect on SBP in patients without HFrEF. In
a meta-analysis of 13 studies in individuals with type 2 diabetes, the
placebo-corrected change in SBP from baseline to 6 months with
dapagliflozin 10 mg was -3.6 (95% Cl -4.9 to -2.4) mmHg, -2.6 (95%
Cl -34 to -1.8) mmHg, and -2.5 (95% Cl -39 to -1.1) mmHg in
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Take home figure In patients with heart failure and impaired left ventricular (LV) systolic function, reduced cardiac output results in low systol-
ic blood pressure (SBP) and heightened risk of adverse clinical outcomes. Hypotension also leads to withholding and intolerance of treatments that
lower blood pressure further, denying patients life-saving therapy. We found that dapagliflozin resulted in a small reduction in systolic blood pressure
andwas beneficial across the range of pressures measured at baseline in patients included in the Dapagliflozin and Prevention of Adverse Outcomes

in Heart Failure trial (DAPA-HF).

patients with SBP >140 mm Hg, <140 mmHg, and <120 mmHg, re-
spectively.” In our patients with SBP >130 mmHg, the change at
2 weeks was -4.31 (95% Cl -5.90 to -2.71) and -1.49 (95% Cl -3.21 to
0.24) mmHg at 8 months. In participants with SBP <110 mmHg, there
was a non-significant change of -1.50 (95% Cl -2.92 to -0.09) mmHg
at 2 weeks and -0.68 (95% Cl -2.27 to 0.91) mmHg at 8 months. This
finding of a smaller hypotensive effect of a blood pressure-lowering
drug in HFrEF, compared to patients without HFrEF, is consistent
with what has been found with beta-blockers, ARBs, and MRAs and
remains unexplained.*® One hypothesis is that effective therapy may
improve cardiac output in patients with HFrEF, offsetting any direct,
treatment-induced, reduction in SBP.2 It is also notable that, in our
supplementary analyses, a decrease in SBP in the placebo group was
associated with worse outcomes, whereas that was not the case in
the dapagliflozin group, emphasizing the prognostic difference be-
tween a spontaneous decline in SBP and one caused by the addition
of a disease-modifying treatment.*

In view of the potential withholding of life-saving therapy due to
concern about hypotension, it is also important to highlight that only
a small proportion of patients experienced a decline in SBP to below

90 mmHg and this proportion was similar in each treatment group
(6.3% with dapagliflozin and 5.6% with placebo); the equivalent pro-
portion with a SBP decreasing to <85 mmHg was even smaller and
balanced between treatment groups (2.9% and 2.7%, respectively).'
31222 | kewise, no adverse event of interest was meaningfully more
frequent with dapagliflozin, compared to placebo, in patients with
SBP <110 mmHg.

Our analyses have some limitations. They are post hoc as no
subgroup analysis was prespecified for the effect of treatment
according to SBP (although analysis of change in SBP was prespe-
cified). The SBP categories chosen were arbitrary (although the
same as those used in prior s‘cudies).‘w'20 Our results are not ap-
plicable to patients with SBP <95 mmHg or presenting with symp-
toms of hypotension, as they were excluded from DAPA-HF.'®
The other exclusion criteria (e.g. reduced eGFR) also limit the
generalizability of our results.

In conclusion, dapagliflozin reduced the risk of death and worsen-
ing heart failure, and improved symptoms, across the broad range of
baseline SBP studied in DAPA-HF. The effect of dapagliflozin on SBP
was small in patients with HFrEF (Take home figure). There was no
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significant imbalance in adverse events or treatment discontinuation
between dapagliflozin and placebo, even in individuals with SBP
<110 mmHg.

Supplementary material
Supplementary material is available at European Heart Journal online.
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