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Abstract

Background and Randomized clinical trials (RCTs) assessing semaglutide reported reductions of systolic blood pressure (SBP) in trial popula-
Aims tions with baseline blood pressure in the normotensive range. This study aimed to determine whether this SBP reduction is
greater in hypertensive groups.

Methods Individual patient data (IPD) from three RCTs examining the effect of semaglutide 2.4 mg on body weight over 68 weeks
were included. Trial participants were categorized according to a hypertension diagnosis, treatment or baseline measure-
ment (HTN), baseline SBP > 130 mmHg (HTN130) or >140 mmHg (HTN140), and those with apparent resistant hyper-
tension (RH). The primary analysis compared the in-trial change in SBP in the semaglutide and placebo arms. Alterations of
anti-hypertensive medications were quantified by treatment intensity score and compared between arms. These analyses
were performed using analysis of covariance.

Results Overall, 3136 participants were included. The difference in SBP change between the treatment (n =2109) and placebo
(n=1027) groups was —4.95 mmHg [95% confidence interval (Cl) —5.86 to —4.05] overall. This difference was
—4.78 mmHg (95% Cl —5.97 to —3.59) for HTN, —4.93 mmHg (95% Cl —6.75 to —3.11) for HTN130, —4.09 mmHg
(95% Cl —=7.12 to —1.06) for HTN140, and —3.16 mmHg (95% Cl —8.69-2.37) for RH. Reduction in SBP was mediated
substantially by weight loss. The anti-hypertensive treatment intensity score decreased for those on semaglutide compared
to placebo (—0.51; 95% CI —0.71 to —0.32).

Conclusions This IPD analysis of three large RCTs found blood pressure reductions with semaglutide in participants with hypertension
that were similar to those seen in all trial participants. This finding may in part be due to concurrent reductions to anti-
hypertensive medications. These results suggest that semaglutide is a useful adjunctive treatment for patients with hyper-
tension and obesity.
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Structured Graphical Abstract

Key Question

Semaglutide treatment results in a systolic blood pressure (SBP) reduction of 5 mmHg in trial cohorts who are normotensive at baseline.

Is this effect on SBP greater for patients with hypertension?

Key Finding

This individual patient data meta-analysis of three randomized controlled trials found the effect on SBP in patients with hypertension was

comparable to normotensive cohorts and mediated by weight loss.

Take Home Message

These results suggest semaglutide is a useful adjunctive treatment for patients with hypertension and obesity. A larger treatment effect
for patients with hypertension may be masked by alterations to their anti-hypertensive regimens during the trial.
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Introduction

The management of hypertension, particularly in patients with difficult to
control blood pressure (BP), requires new treatment strategies.1 Despite
the availability of effective treatments, the achievement of BP targets is
challenging and presents a significant global health issue.? International
consensus to lower BP targets has increased the prevalence of hyperten-
sion and the numbers of patients with uncontrolled BP, further necessi-
tating more effective treatment strategies to bridge the gap to optimal

levels of BP control.> Obesity is also increasing in prevalence; this obser-
vation is often referred to as the obesity epidemic.*

The interaction of obesity with hypertension is multifaceted. The
mechanisms likely involve alterations to salt-handling, an inflammatory
milieu, and sympathetic nervous system stimulation.>® Current hyper-
tension treatments target pathways that intersect with those that are
affected by excess body weight. However, targeting the disease of
obesity may be an effective strategy to control BP particularly for pa-
tients suffering from resistant hypertension (RH)”?
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Patients with RH comprise 15%-20% of the general hypertension
population and are at greater risk of cardiovascular disease. The attain-
ment of BP targets in this group is particularly challenging.'®"" The role
of excess adipose tissue in RH is highlighted by the significant co-
occurrence of obesity and hypertension.''® With the arrival of
glucagon-like peptide-1 receptor agonist (GLP-1 RA) as effective treat-
ments for the disease of obesity resulting in >10% weight loss, their role
in hypertension treatment needs further consideration. This import-
ance has been further highlighted by SELECT, the first randomized con-
trolled trial (RCT) for obesity to have shown a reduction in major
cardiovascular adverse events with semaglutide."

We have previously performed a systematic review and
meta-analysis of the BP-lowering effect of semaglutide in patients with-
out diabetes in randomized clinical trials (RCTs)."® The mean reduction
in systolic BP (SBP) was 5 mmHg, which is considered clinically signifi-
cant. However, this analysis determined the BP reduction for study po-
pulations with a mean SBP in the normal range. Thus, the effect of
semaglutide on BP in patients with hypertension has yet to be
determined.

The aims of this study included determining the effect of semaglutide
treatment on SBP in patients with hypertension, SBP in patients with
RH, SBP when baseline body mass index (BMI) is considered, and altera-
tions to anti-hypertensive medications.

Methods

A study protocol pre-specified the analysis plan, and this is available at
https:/osf.io/2n7je. This protocol was submitted and approved by the
Independent Review Board (IRB) of the trials’ sponsor, Novo Nordisk, to
facilitate access to de-identified individual patient data (IPD) via a secure
portal (SAS Clinical Trial Data Transparency system, SAS Institute Inc,
Cary, NC, USA). Informed consent was sought by the trial sponsor and pro-
vided by all study participants.

Study selection

This study follows a systematic review and meta-analysis examining the ef-
fect of semaglutide on BP in RCTs which recruited patients with obesity but
without diabetes."® That systematic review identified six RCTs which met
its study selection criteria. These were a dose ranging study and five larger
phase lll RCTs. Three of these studies were excluded due to treatment with
a lower dose of semaglutide,'® a longer study duration,'” and the inclusion
of an active comparator.'® Therefore, three large RCTs (STEP 1, 3, and 4)
were included in this analysis.

Contributing studies

The details of the included RCTs have been published previously.” The se-
lected studies were broadly homogeneous in terms of study design. All
RCTs compared semaglutide 2.4 mg to placebo and the treatment period
was 68 weeks. The exception was an active run-in period in the STEP 4
trial.' In terms of eligibility criteria, all included trials recruited adult parti-
cipants without diabetes and with a BMI > 30 kg/m?, or a BMI > 27 kg/m?
with at least one obesity-related complication. Change from baseline SBP
(at randomization) to that at trial conclusion was collected in these
RCTs. Ethical approval and written informed consent from participants
were obtained in all three trials."**'

Of note, the STEP 4 trial investigated the effect of withdrawing semaglu-
tide treatment on weight loss maintenance.”” To do so, it included a
20-week period during which both study arms were treated with semaglu-
tide. Randomization occurred at Week 20, and the data at this timepoint
were the baseline measure used in this analysis. To determine whether
this difference in study design altered our analysis, a pre-specified sensitivity
analysis was performed excluding STEP 4.

Measures of blood pressure, hypertension
history, anti-hypertensive use, and covariates

The trial processes including endpoint measurements are detailed in the
published RCT protocols.’” " All outcomes and patient details required
for this analysis were routinely collected during the studies.

Systolic blood pressure was measured at baseline (randomization) and
the end of each study at the trial sites. The participants were in a sitting pos-
ition and the measurement was taken with an automated device after the
participant had rested for 5 min after avoiding caffeine and smoking for
30 min beforehand. A complete medical history was taken at the screening
visit, at which point hypertension was identified as a pre-existing diagnosis.
All medications that the participants received were recorded including
name, indication, and dates of administration. The latter allowed stop and
start dates to be identified. Changes in medication were recorded at each
study visit, which were either biweekly or every four weeks.

Body weight was measured without shoes, in light clothing, with an
empty bladder on a digital weighing scale which was calibrated at least year-
ly. Height was measured without shoes. Body mass index was calculated
using the standard procedure. Body mass index was classified as follows:
Class | (BMI 30-35 kg/m?), Class Il (BMI 35-40 kg/m?), and Class lll (BMI
> 40 kg/m?).

Data preparation

Following approval by the sponsor’s IRB, de-identified datasets were pre-
pared for data processing and analysis. For outcome measurements, data
at randomization and final follow-up visit were retrieved for each partici-
pant. Participants without a measurement at the final visit (Week 68)
were excluded (n =239).

We categorized trial participants using their BP information. The first cat-
egory was a hypertension group (HTN) which included all participants with
a BP>130/80 mmHg, a diagnosis of hypertension, or being on anti-
hypertensive medications at the time of randomization. The second group
included participants with a SBP > 130 mmHg at randomization (HTN130),
irrespective of anti-hypertensive medications. The third group included par-
ticipants with a SBP > 140 mmHg at randomization (HTN140). Finally, par-
ticipants with RH were defined as those on three anti-hypertensive
medications including a diuretic with a BP > 130/80 mmHg, or those on
four or more anti-hypertensive medications including a diuretic regardless
of BP. Because a measure of adherence and a 24 h ambulatory BP monitor
were not included in the trials, this group is better described as having ap-
parent RH.

Changes in anti-hypertensive medications during the trial were deter-
mined. If a new anti-hypertensive was started or a dose increased of a cur-
rent anti-hypertensive treatment, this was considered as an escalation in
treatment. If participants had a treatment stopped or a dose of a current
anti-hypertensive treatment decreased, this was considered as treatment
de-escalation. To quantify the in-trial adjustments to medications further,
a treatment intensity score (TIS) was calculated for the changes in anti-
hypertensives. This was based on previously described methods to quantify
anti-hypertensive treatment intensity as a proportion of the maximum dose
and modified to quantify the treatment change.?>*3

Statistical analysis

Participants were analysed according to their treatment allocation, thus ad-
hering to the intention-to-treat principle. All analyses were performed for
the complete IPD cohort and the pre-specified categories; HTN, HTN130,
HTN140, and RH. The primary outcome of interest in this analysis was the
change in SBP from baseline to trial conclusion. Differences in SBP change
and two-sided 95% confidence intervals (Cls) were estimated for the com-
parisons of semaglutide vs. placebo. Analysis of covariance (ANCOVA) was
used for BP outcomes with randomized treatment as the independent ex-
posure variable. Baseline SBP was a covariate in the primary analysis model.
A secondary analysis was performed comparing the change in SBP in the
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randomized treatment arms with both baseline SBP and change in body
weight as covariates.

The changes in anti-hypertensive medications were compared for the se-
maglutide and placebo groups using a logistical regression model adjusted
for baseline SBP. The between arm difference in TIS change was analysed
with ANCOVA adjusted for baseline SBP. Beta adrenoreceptor receptor
blocker treatment at baseline was included in a post hoc analysis
(ANCOVA) to determine its influence on the semaglutide treatment effect
in consideration of its metabolic side-effects.*

Sensitivity analyses, repeating the above primary and secondary ana-
lyses, were performed excluding participants from STEP 4 due to its
active run-in phase prior to randomization. In STEP 4, all participants
were pre-treated at their randomization measurement and so their
anthropometric measurements were not their true baseline.
Therefore, as a component of the sensitivity analysis, the change in
SBP for STEP 1 and 3 participants was analysed with baseline SBP
and baseline BMI as covariates in an ANCOVA model. In addition,
the pooled data were analysed with a specific term (trial identifier)
for each trial as a covariate.

Mediation analysis, using the ‘mediation’ package in R, was performed to
determine the effect of body weight as a mediator for the change in SBP
with semaglutide treatment compared to placebo. A number of additional
analyses were performed to examine the relationship between BP change
and body weight change on semaglutide. The correlation between change
in body weight and BP response was examined as well as the BP response
for categories defined by their percentage body weight change. This analysis
excluded patients from STEP 4 as these were treated with semaglutide dur-
ing the run-in phase.

Missing data were addressed by multiple imputation using the predictive
mean matching technique for SBP at randomization, and the mean differ-
ence of SBP from randomization to the final trial visit assuming data was
missing at random. Twenty imputed datasets were created using the
‘mice’ package in R and a pooled analysis performed.

As standard, a two-sided P < .05 was considered statistically significant.
Analyses were performed using R Software version 4.3.1 (R Core team,
2023).

Results

Characteristics and blood pressure profile
of study participants

A total of 3136 participants without diabetes from three RCTs were
included in this study, 2109 in the treated group and 1027 in the pla-
cebo group. The characteristics of the cohort and hypertensive groups
are displayed in Table 1. Systolic blood pressure and diastolic BP (DBP)
were 124.8 and 79.8 mmHg, respectively, for patients allocated to se-
maglutide compared to 124.9 and 79.9 mmHg for those allocated to
placebo. A diagnosis of hypertension was recorded for 36.6% and
36% of patients in the semaglutide and placebo groups, respectively,
while 43.4% and 44.4% were on treatment for hypertension. Of the
overall study cohort, 65% met the criteria for the HTN group, 32%
for the HTN130, and 13% for the HTN140 groups (Supplementary
data online, Table ST). Only 3.5% were classified as having RH.

Blood pressure lowering effect of

semaglutide

For the primary analysis (Figure 1), the difference in SBP change between
semaglutide and placebo (whole cohort) was —4.89 mmHg unadjusted
(95% Cl —5.92 to —3.87), and —4.95 mmHg when adjusted for baseline
BP (95% ClI —5.86 to —4.05 mmHg, P < .001). The analysis of the hyper-
tension groups provided similar results for change in SBP: HTN group

had a difference of —4.62 mmHg (95% Cl —5.99 to —3.25), adjusted to
—4.78 mmHg (95% Cl —5.97 to —3.59, P <.001), the HTN130 group
had a difference of —5.05 mmHg (95% Cl —7.01 to —3.08) and adjusted
to —4.93 mmHg (95% Cl —6.75 to —3.11, P <.001), and the HTN140
group —4.84 mmHg (95% Cl —8.12 to —1.59) and adjusted to
—4.09 mmHg (95% Cl —=7.12 to —1.06, P = .005). The same comparison
for the RH was not significant. The between group difference was
—4.93 mmHg (95% Cl —11.09-123) but reduced to —3.16 mmHg
(95% Cl —8.69-2.37, P=.257) when adjusted for baseline BP.

Figure 2 displays the measured change in SBP across the groups.
While the difference between semaglutide treatment and placebo is
~5 mmHg for each, the absolute change in SBP showed considerable
variation. The HTN group had a —6.24 mmHg change for semaglutide
and a —1.62 mmHg for placebo, while this was more pronounced
for the HTN130 group (—12.07 mmHg for semaglutide and
—7.02 mmHg for placebo) and greater yet again for the HTN140 group
(—17.41 mmHg for semaglutide and —12.57 mmHg for placebo). There
was no evidence of statistical interaction on the BP-lowering effect of
semaglutide according to baseline BP category (P =.628).

For the secondary analyses, change in body weight was included as a
covariate. This attenuated the difference for the cohort such that none
were statistically significant (—1.01 mmHg, 95% CI -2.02-0.01,
P =.051) and its groups; HTN —0.44 mmHg (95% CI —1.77-0.89,
P =.516), HTN130 —0.34 mmHg (95% CI —2.41-1.73, P=.748),
HTN140 had an increase of 0.18 mmHg (95% Cl —3.34-3.69,
P =.921), and RH —2.33 mmHg (95% Cl —8.68-4.01, P = .468).

Changes in anti-hypertensive treatment

For those on treatment, the mean number of anti-hypertensive medi-
cations used by those allocated to semaglutide and placebo was 1.8 and
1.7, respectively (Table 1). The percentage on diuretics was 13.3% for
the semaglutide group and 11.9% for the placebo group. The most fre-
quently prescribed anti-hypertensives were angiotensin-converting en-
zyme inhibitors and angiotensin receptor blockers (see Supplementary
data online, Table S5).

Anti-hypertensive treatment was escalated in 3.9% of those on se-
maglutide and 5.1% of those on placebo (OR 0.75; 95% Cl 0.51-1.10,
P =.132). Changes in anti-hypertensive medications were more pro-
nounced for the hypertension groups (Figure 3A and Supplementary
data online, Figure S2). Comparing semaglutide to placebo, escalation
of anti-hypertensive treatment occurred in 5.7% vs. 7.6% for the
HTN group (OR 0.73; 95% Cl 0.50-1.08, P=.112), 8.4% vs. 11.5%
for the HTN130 group (OR 0.68; 95% Cl 0.43-1.09, P=.105),
11.3% vs. 14.3% for the HTN140 group (OR 0.76; 95% Cl 0.39-1.49,
P=.420), and 6.4% vs. 12.1% for the RH group (OR 0.32; 95%
C10.07-1.30, P=.109).

De-escalation of anti-hypertension treatment was more frequently
seen in patients allocated to semaglutide (Figure 3B and Supplementary
data online, Figure S3). This effect was consistently observed across all
groups. De-escalation occurred more often with semaglutide treatment
in the overall study cohort (semaglutide 7.1% vs. placebo 3.5%; OR 2.38;
95% Cl 1.63-3.55, P <.001), HTN group (10.9% vs. 5.2%; OR 2.38; 95%
Cl1.63-3.56, P < .001), HTN130 group (8.1% vs. 2.6%; OR 3.50; 95% Cl
1.77-7.72, P < .001), and the HTN140 group (6.6% v 2.9%; OR 2.61;
95% C10.92-9.24, P = .094). The effect was most pronounced in patients
with RH, as 26.9% of those treated with semaglutide had their anti-
hypertensives de-escalated compared to 3% of those on placebo (OR
6.68; 95% Cl1.77-43.93, P =.015). For the RH group, 36% of those trea-
ted with semaglutide did not meet the RH criteria at the end of the study,
compared to 21% for placebo.
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Effect (mmHg) -4.9 -4.6 -5.1 -4.8 -4.9
95% CI -59t0-3.9 -6.0to-3.3 -70to-3.1 -81to-1.6 -11.1to1.2
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95% CI -59to-4.1 -6.0to-3.6 -6.8to-3.1 -7.1to-1.1 -8.7to0 2.4

Figure 1 Difference in mean systolic blood pressure change between semaglutide and placebo treated groups in STEP 1, 3, and 4 trials. *P <.001,
P < .01 adjusted for baseline blood pressure using ANCOVA. BP, blood pressure; HTN, group with a diagnosis of hypertension, BP > 130 mmHg, or
on an anti-hypertensive treatment; HTN130, group with systolic BP > 130 mmHg; HTN140, group with systolic BP > 140 mmHg; RH, group with ap-

parent resistant hypertension

Cohort HTN

HTN130 HTN140 RH

Systolic BP (mmHg)
KN
o

-20 -

T

B Semaglutide M Placebo

Figure 2 Mean systolic blood pressure change between semaglutide treatment (red) and placebo (blue) in STEP 1, 3, and 4 trials (n = 3136). Bars are
standard errors. BP, blood pressure; HTN, group with a diagnosis of hypertension, BP > 130 mmHg, or on an anti-hypertensive treatment; HTN130,
group with systolic BP > 130 mmHg; HTN140, group with systolic BP > 140 mmHg; RH, group with apparent resistant hypertension

Analysis of change in TIS resulted in a mean difference of —0.51 (95%
Cl —0.71 to —0.32, P <.001) for semaglutide compared to placebo
(Figure 3). This represented a de-escalation of half a standard anti-
hypertensive dose due to semaglutide. This de-escalation or reduction
in anti-hypertensive treatment was consistent across the groups; HTN
—0.54 (95% Cl —0.74 to —0.33, P <.001), HTN 130 —0.63 (95% ClI
—0.97 to -029, P<.001), HTN140 —-0.46 (95% Cl —1.09-0.17,
P=.150), and RHTN —0.58 (95% Cl —1.55-0.38, P =.226).

Atotal of 7.6% of the study cohort were on a beta blocker at baseline
(see Supplementary data online, Table S5), with an equal distribution
across the study arms (semaglutide 7.4%, placebo 8.0%). A total of
11% of these patients had their beta blocker discontinued, again there
was minimal difference between study arms (11% vs. 12%). The inclu-
sion of baseline BB treatment as a covariate in the ANCOVA model did
not alter the finding for mean difference is SBP change (—4.93 mmHg;
95% Cl —5.84 to —4.03).
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Figure 3 (A) Odds ratios for anti-hypertensive escalation, (B) odds ratios for anti-hypertensive de-escalation, (C) mean difference for change in treat-
ment intensity score. All estimates were adjusted for baseline systolic blood pressure and compare the semaglutide and placebo in the STEP 1, 3, and 4
trials (n = 3136). HTN, group with a diagnosis of hypertension, BP > 130 mmHpg, or on an anti-hypertensive treatment; HTN130, group with systolic
BP > 130 mmHg; HTN140, group with systolic BP > 140 mmHg; RH, group with apparent resistant hypertension

A post hoc analysis subdivided the RH group into those at baseline baseline to trial completion was —10.94 mmHg compared to placebo.
with SBP above or below 130 mmHg. For those with RH with a baseline The effect on SBP was an increase in SBP of 4.54 mmHg in those with
SBP > 130 mmHg and treated with semaglutide, the SBP change from RH and a SBP < 130 mmHg. The percentages of patients who had anti-
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Figure 4 Difference in mean systolic blood pressure change between semaglutide treatment and placebo in STEP 1 and 3 trials (n = 2365). STEP 4 was
excluded due to its active run-in phase. Bars are standard errors. *P <.001, P < .05 adjusted for baseline blood pressure. HTN, group with a diagnosis
of hypertension, BP > 130 mmHg, or on an anti-hypertensive treatment; HTN130, group with systolic BP > 130 mmHg; HTN140, group with systolic

BP > 140 mmHg; RH, group with apparent resistant hypertension

hypertension medications de-escalated in these RH subgroups were
similar at 26% for those with SBP > 130 mmHg, and 28.6% in those
with a SBP < 130 mmHg, while the percentage with anti-hypertensives
escalated was 10% and 0%, respectively.

Sensitivity analysis

When data from STEP 4 were omitted, compared to the study cohort
(STEP 1, 3, and 4), the baseline SBP was higher at 126.1 mmHg, and a
greater percentage of participants presented with SBP above both
130 and 140 mmHg (see Supplementary data online, Table S2).

The difference in SBP change for this sensitivity analysis was compar-
able to the change seen in the primary analysis (Figure 4). The difference in
mean SBP change between semaglutide and placebo after adjusting for
baseline SBP was —5.07 mmHg (95% CI —6.09 to —4.05, P <.001)
with similar results for the HTN group (—4.99 mmHg; 95% CI —6.31
to —3.66, P <.001) and HTN130 group (=5.10 mmHg; 95% CI —7.04
to —3.17, P<.001). The difference remained significant for the
HTN140 group (—4.22 mmHg; 95% CI —7.45 to —0.10, P <.011) but
not for the RH group (—2.89 mmHg; 95% Cl —9.07-3.29, P = .355) after
adjustment.

For the analysis of the study cohort (STEP 1, 3, 4), after the inclusion
of a trial identifier as a covariate in the analysis, the primary outcome
remained unchanged (—4.94 mmHg; 95% Cl —5.84 to —4.04) and the
variation in the model was comparable (multiple R squared 0.269
with the trial identifier, 0.256 without).

Mediation analysis estimated the mediation effect of change in body
weight to be significant and estimated this to be 89.0% of the change in
SBP (95% Cl 70.1-116.0, P < .001). For participants on semaglutide,
their change in SBP significantly correlated with their change in body
weight (see Supplementary data online, Figure S7; correlation coeffi-
cient 0.197, P <.001). When analysed according to category of body
weight response, there was a strong correlation with change in SBP
(see Supplementary data online, Table S4; correlation coefficient for
SBP change 0.9824, P <.001; and for DBP change 0.9925, P <.001).

Those who did not lose body weight (5.3% of those on treatment)
also did not have a reduction in their blood pressure (mean SBP change
0.6 mmHg).

Multiple imputation addressed missing data for 239 participants.
The adjusted (for SBP at baseline) difference in SBP between
semaglutide and placebo was —4.63 (95% Cl —5.54 to -3.72,
P <.001). This imputed estimate is comparable to the estimate derived
from observed values.

Blood pressure lowering effect considering

baseline body mass index

A pre-specified secondary analysis included baseline BMI as a covariate.
However, STEP 4 participants were excluded as their baseline BMI was
calculated after the active run-in period. When the difference in SBP
change between the semaglutide and placebo was adjusted for both
baseline SBP and baseline BMI, the results were equivalent to that in
the sensitivity analysis above. For example, the difference for the
HTN group was —4.97 mmHg (95% Cl —6.30 to —3.65, P <.001)
and that for the RH group was —3.09 mmHg (95% CI —8.94-2.77,
P =.298). Again, consistent with the sensitivity analysis, all differences
were statistically significant except that for the RH group.

The consistent results across groups suggest that the evident SBP
change did not depend on baseline BMI. Stratifying the BP changes by
BMI classification corroborated this conclusion (see Supplementary
data online, Table $3).> The differences in mean SBP change for
Class I, Class Il, and Class Ill obesity were —4.80, —6.55, and
—3.26 mmHg, respectively. Therefore, a notable trend in SBP change
as BMI classification increased was not evident. All BMI classifications
demonstrated significant reductions in SBP with baseline SBP as a cov-
ariate; Class | obesity —4.07 mmHg (95% Cl —5.80 to —2.33, P <.001),
Class Il obesity —7.15 mmHg (95% CI —8.95 to —5.36, P <.001) and
Class Il obesity —3.92 mmHg (95% Cl —5.83 to —2.01, P<.001).
Lastly, the weight loss effect of semaglutide was not greater for those
with a higher baseline BMI (see Supplementary data online, Table S3).
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Discussion

This study examined IPD from three RCTs to determine the effect of
semaglutide on SBP in patients with hypertension. It succeeded a
meta-analysis of BP outcomes from RCTs assessing the weight loss ef-
fect of semaglutide, which estimated the reduction of SBP to be
5 mmHg in a population with a baseline mean SBP in the normal
range.' Interestingly, the reduction in SBP from randomization to trial
completion was consistently 5 mmHg with semaglutide, irrespective of
the presence of hypertension or whether hypertension was defined by
diagnosis, treatment, or baseline SBP (Structured Graphical Abstract).
The effect of semaglutide on SBP was also comparable for the group
with RH, though this effect was not statistically significant due the small
sample size and lack of statistical power. The results remained consist-
ent when one trial, STEP 4, was excluded due to its active run-in period.

Besides showing a consistent reduction in SBP with semaglutide, the
current analysis demonstrated that anti-hypertensive treatments were
more frequently de-escalated with semaglutide compared to placebo
(Structured Graphical Abstract). This effect was evident across all groups
but was most pronounced in patients with higher baseline SBP and RH.
There was also a trend that those with a higher baseline SBP, both on
semaglutide and placebo, had their anti-hypertensive treatment esca-
lated more often. The change in TIS, a composite score to measure
the change in anti-hypertensive treatment, corroborated these results.
It suggests that the change in anti-hypertensive treatment due to sema-
glutide is approximately equivalent to a reduction of half a dose of a
standard anti-hypertensive medication.

Including the change in body weight in the analysis negated the blood
pressure effect of semaglutide, suggesting that the effect is at least partly
mediated by weight loss. Further investigation using mediation analysis
suggested that the SBP reduction was significantly mediated by weight
change. This is in keeping with a recent study reporting 24 h BP mea-
surements on tirzepatide, a dual GLP-1 RA and glucose-dependent in-
sulinotropic polypeptide (GIP) analogue, which suggested that 70% its
BP effect was mediated by body weight reduction.? This finding is sup-
ported by the significant correlation found for SBP and body weight
change when on semaglutide. Our results did not indicate that those
with a greater BMI had a greater reduction in SBP or a proportionally
greater lowering of body weight.

Reviewing the evidence for BP change with weight loss raises the
question whether the effect on BP should be higher than the one ob-
served in our meta-analysis, in which a 13.9% reduction in body weight
translated into a 5 mmHg SBP reduction.'® A meta-analysis of RCTs in-
volving non-pharmacological interventions to reduce body weight, in-
cluding 25 trials and 4874 participants, reported each kilogram of
weight loss may result in at least 1 mmHg reduction in SBP.* The
mean reduction in SBP was —4.4 mmHg with a mean reduction in
weight of 5.1 kg. Interestingly, this same meta-analysis suggested a
greater BP reduction in those on anti-hypertensive medication com-
pared with untreated populations (7.0 mmHg vs. 3.8 mmHg). A recent-
ly updated Cochrane review of weight loss diets in populations with
hypertension identified eight trials including 2100 participants.?® The
authors concluded that these diets were associated with a reduction
in BP, a mean difference of —4.5 mmHg. The associated weight loss
was ~4 kg. Importantly, the reviewers noted that two of the included
trials used withdrawal of anti-hypertensive medications as a primary
outcome.

If a reduction in SBP of 1 mmHg is expected for every 1 kg of weight
loss, the STEP trial cohorts might expect a SBP reduction of the mag-
nitude of 13 mmHg, rather than the 5 mmHg observed. An important

factor to consider and highlighted by the current study is the change in
anti-hypertensive treatments during clinical trials. Allocation to sema-
glutide was consistently associated with greater de-escalation of anti-
hypertensive drugs compared to patients on placebo, accompanied
by a reduced requirement for additional anti-hypertensive drugs.
These changes in anti-hypertensive treatment may very well contribute
to masking larger BP reductions associated with semaglutide treatment.
Encompassing the change in medications to quantify the totality of the
BP-lowering effect of semaglutide is beyond the scope of this work but
a possible area of future research. Similarly, whether the reduction in
BP with weight loss interventions is a direct result of weight loss
per se, or due to other effects of these interventions, is uncertain as
is the underlying mechanisms involved. For example, dietary ap-
proaches to weight loss are likely to reduce salt intake, which in turn
is associated with BP reduction.

GLP-1 RAs, and similar drugs which also affect GIP and glucagon-
receptors, are targeting obesity at a time when excess body weight is
reaching epidemic proportions. Their effect on BP is likely an important
aspect of their cardiovascular benefit. It is apparent that the effect on BP
may be modest for older GLP-1 RAs such as dulaglutide
(=2.6 mmHg).%® Newer agents impacting on incretin pathways are en-
tering the treatment paradigm for diabetes and obesity. Tirzepatide, as
an example, resulted a 16.4% reduction in body weight in a cohort of
2539 participants for the 15 mg weekly dose of tirzepatide compared
with placebo in its flagship RCT for obesity SURMOUNT-1.3° The re-
duction in SBP, compared to placebo, was —6.2 mmHg for SBP and
—4.0 mmHg for DBP.

The difference in SBP between the semaglutide and placebo cohorts
was consistent across the HTN, HTN130, HTN140, and RH groups.
However, the measured change in absolute SBP was strikingly different.
For example, the SBP change on semaglutide for the HTN group was
—6.41 mmHg while that for the HTN140 group was —17.41 mmHg.
Notably, the pattern of change in SBP on placebo across the groups
aligned with that for semaglutide, —1.79 mmHg for the HTN group
and —12.57 mmHg for the HTN140 group. This is at least partly ex-
plained by alterations to anti-hypertensive treatment, with more treat-
ment escalated and less de-escalation as the baseline BP of the group
increased. Therefore, the effect of enrolling in a trial, an environment
in which patients’ medical conditions are carefully assessed and managed,
is evident. Increased adherence in a trial environment may play an im-
portant role, as part of an evident Hawthorne effect.>"3? Interestingly,
two recently published trials of treatments for RH report a large reduc-
tion in BP in the placebo arms. A phase Il trial of the angiotensinogen syn-
thase inhibitor baxdrostat reported a change in SBP of —9.4 mmHg for
its placebo arm.?3 Similarly, a phase Il trial testing the endothelin antag-
onist aprocitentan, a SBP change of —11.5 mmHg was reported for the
placebo group after 4 weeks.>* This is despite both studies having pla-
cebo run-in periods. Patients with RH have high rates of non-adherence
and might expect greater ‘in trial’ changes in BP when blinded to treat-
ment allocation.

RH is associated with high cardiovascular disease risk. While newer
treatments are in development, the application of an obesity centric
strategy to control BP in patients with RH warrants examination. In
the current study, <4% of the cohort met the definition for RH. The
measured difference in SBP for the RH group was consistent with
that for the other hypertension groups and the study cohort as a whole.
While adjustment for contributory factors or covariates attenuated the
difference in the RH group, the small sample size limited the power of
the analysis and conclusions that may be drawn are therefore limited.
There was a smaller than expected effect of SBP reduction in patients



Blood pressure effect of semaglutide

4133

with RH, irrespective of semaglutide or placebo treatment. The smaller
than expected effect may reflect the greater difficulty intensifying anti-
hypertensive medications as physicians must familiarize themselves
with anti-hypertensive treatments not used in routine clinical practice.
For the RH group with a SBP > 130 mmHg only 10% had their anti-
hypertensives escalated while percentages for de-escalations were simi-
lar for those above and below 130 mmHg baseline SBP. However, it
may also be that the inclusion of patients with controlled SBP, but on
more than three anti-hypertensive medications in the RH group, results
in an understated effect. Supporting this assertion is the change in SBP
during the study, which was —10.94 mmHg for those with RH and a
baseline SBP > 130 mmHg on semaglutide compared to placebo.

Limitations

Firstly, the study excludes patients with diabetes thus narrowing its gen-
eralizability. Diabetes is a prevalent co-morbidity in those with RH.
Secondly, the BP outcomes were based on single measurements with
automated devices. This may have led to inaccurate measurements.
However, due to randomization, this measurement was the same for
both study arms. Thirdly, a pre-specified secondary analysis of the effect
on SBP when adjusted for baseline BMI was not valid due to the active
run-in period in STEP 4. However, the SBP outcomes for the primary
analysis were largely equivalent irrespective of the inclusion of STEP
4. Fourthly, the analysis was completed after the weight loss phase in
the trials. The impact of the effect on BP during the weight loss main-
tenance phase could not be evaluated. Next, the analysis focused on
SBP change as the outcome, rather than changes in other measures
of BP such as diastolic BP or pulse pressure. It is likely that SBP is
most predictive of cardiovascular outcomes, however, DBP may be
analysed in future work.>® Lastly, the small sample of patients with ap-
parent RH did not allow an adequate analysis of the BP outcomes in this
group.

Conclusion

This analysis of IPD from three large RCTs assessing semaglutide treat-
ment demonstrated a significant reduction in SBP that is comparable in
normotensive and hypertensive participants. The reduction in SBP was
mediated by semaglutide’s weight loss effect. Both SBP and weight re-
duction were consistent across hypertension categories, irrespective of
the definition of hypertension or its magnitude, as well as across BMI
categories. De-escalation of anti-hypertensive drugs was more fre-
quently observed in patients treated with semaglutide and likely masks
a larger treatment effect. These results have widespread implications
for clinical practice. The evident blood pressure lowering effect of se-
maglutide allows the recalibration of anti-hypertensive medications
and is a useful adjunct for patients with hypertension and obesity.

Supplementary data

Supplementary data are available at European Heart Journal online.
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