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COMMENT

Treatment-resistant hypertension assessed by home blood pressure
monitoring: a new target for intervention?
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Treatment-resistant hypertension (TRH) is associated with an
increased risk of adverse cardiovascular (CV) events.
Although the pathophysiological mechanisms underlying the
development of TRH are poorly understood, sodium intake/
retention, elevated aldosterone levels, and increased sympa-
thetic nervous system activity are predominantly associated
with TRH [1]. The European Society of Cardiology (ESC)/
European Society of Hypertension (ESH) guidelines define
TRH as the failure to achieve blood pressure (BP) control
to levels <140/90mmHg despite treatment with three anti-
hypertensive medications and at least one diuretic [2]. The
American Heart Association (AHA) guidelines adopted an
extended definition of TRH that also includes patients who
have used four or more antihypertensive medications, even
when BP was controlled [3].
Although the importance of the inclusion of out-of-office
BP measurements is emphasized in the definition of TRH,
recent guidelines such as those of the ESC/ESH are still
based on office BP measurements [2]. Compared with office
BP measurement, ambulatory BP measurement (ABPM)
minimizes the white-coat effect and therefore provides a
better estimate of CV prognoses [4]. The AHA’s statement
also recommends conducting the evaluation of TRH by
using not only ABPM (ABPM TRH) but also home BP
(HBP) monitoring (HBPM) [3]. However, there have been
no studies of the risk of CV disease (CVD) in relation to
TRH assessed by HBPM (HBPM TRH).

The paper by Narita et al. [5] provides several new
insights into the relationship between HBPM TRH and an
increased CVD risk that was observed in the nationwide
practice-based Japan Morning Surge-Home Blood Pressure
(J-HOP) study of 4261 outpatients at high risk of

developing CVD. Compared with BP that was controlled
using <3 classes of drugs, the significant adjusted hazard
ratios of TRH for total CVD risk were 2.0 and 1.8 for
HBPs of 135/85 mmHg and 130/80 mmHg, respectively.
In addition, the associations between HBPM TRH and
markers of target organ damage (TOD) were suggested to
be as strong as those between ABPM TRH and TOD
markers, such as the urine albumin-creatinine ratio and
plasma brain natriuretic peptide level [5]. HBPM would be
useful for an accurate evaluation of the treatment efficacy
for additional TRH intervention.

Several pathophysiologies of TRH should be taken into
account. Excessive sodium intake is a modifiable cause of
TRH. Although the impact of a low-sodium diet on CV
morbidity and mortality has been debated, a randomized
controlled trial (RCT) in which the effect of salt intake by
patients with TRH was examined demonstrated reductions
in mean office systolic BP (SBP) and diastolic BP (DBP)
of 22.7 mmHg and 9.1 mmHg, respectively, in patients
following a low-salt diet [6].

Approximately 70–85% of patients with TRH report
obstructive sleep apnea (OSA) [7]. Clinical practice guidelines
recommend lifestyle changes and therapy with continuous
positive airway pressure (CPAP) in cases of moderate-to-
severe OSA [8]. In a meta-analysis of a total of 10 RCTs
including 606 participants with OSA plus TRH, CPAP treat-
ment was associated with significant reductions in 24-h SBP
and DBP as well as nocturnal SBP and DBP [9].

TRH is highly prevalent among patients with obesity or
type 2 diabetes [10]. High values of fasting plasma glucose
were found to be an independent predictor of TRH devel-
opment in the Anglo-Scandinavian Cardiac Outcome Trial
(ASCOT) population [11]. On the other hand, in another
study, nonseverely obese diabetic elderly patients with
uncontrolled nocturnal hypertension showed significant BP
reductions with the addition of empagliflozin (a selective
sodium glucose cotransporter-2 [SGLT-2] inhibitor) to
existing antihypertensive and antidiabetic therapy [12].
Based on this result, it appears that the pleiotropic effects of
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SGLT-2 inhibitors might result in BP reduction in patients
with TRH [13].

The overactivation of the renin-angiotensin-aldosterone
system has also been suggested as a potential pathological
mechanism of TRH [14]. The ESC/ESH guidelines refer to
the use of fourth-line mineralocorticoid receptor antagonists
(MRAs) [2]. A meta-analysis that included five separate
studies and 755 patients revealed that when MRAs were
compared with another fourth-line agent or strategy for the
treatment of TRH, the MRAs provided larger significant
SBP reductions [15].

Although sacubitril/valsartan is the first-in-class agent of
dual angiotensin receptor neprilysin inhibitors for the
management of heart failure (HF) [16], a randomized,
double-blind, placebo-controlled trial for hypertension
demonstrated significant SBP and DBP reductions in 24-h,
daytime, and nighttime periods in the group of patients
treated with sacubitril/valsartan compared to those in the
placebo-treated group [17]. Sacubitril/valsartan was shown
to be associated with a significant BP reduction in TRH
patients with HF with a preserved ejection fraction
(HFpEF). This relationship was also observed in HFpEF
patients who continued to have elevated SBP despite
treatment with at least four antihypertensive drug classes,
including an MRA [18].

Device-based therapies have been used to target TRH.
Although interventions for TRH include renal sympathetic
denervation (RND) and baroreceptor activation therapy, the
use of device-based therapies is not recommended for the
routine treatment of hypertension until further evidence
regarding the safety and efficacy of such devices becomes
available [2].

In the past decade, a technique involving the ablation of
sympathetic afferents in the renal artery was developed with
initial pilot studies showing a decrease in office SBP of
20–30 mmHg in patients with TRH [19]. However, the
largest sham-controlled RCT, the Symplicity HTN-3 trial,
did not report a significant difference between the sham and
RDN arms [20]. A subsequent meta-analysis confirmed that
the pooled effect from the three sham-controlled RCTs was
not significantly different between study arms regarding the
BP change observed by ABPM [21]. These findings
informed the design of more recent trials that have used
different multielectrode catheter designs or ultrasound
techniques to ensure more complete ablation [22–24].

These trials did report a significant BP decrease in
ABPM with RDN controlled for sham treatment, albeit at a
lower magnitude of 4–6 mmHg. Regarding heart rate (HR),
the reductions in mean office, 24-h, daytime, and nighttime
SBP values in an RDN group at 3 months were greater
among the patients with baseline office HR ≥ 70 beats/min
than among those with HR < 70 beats/min, suggesting an
association between baseline HR and BP reduction after

RDN [25]. Notably, the follow-up periods in these RCTs
were short (from 2 to 6 months), and there are no data about
reductions in clinical outcomes from sham-controlled
RCTs. Thus, at present, there are insufficient data based
on the existing guidelines to recommend the use of RDN in
patients with TRH.

Baroreceptor activation therapy relies on the activation of
the myogenic stretch reflex in the carotid body, which
results in a reduction in sympathetic nervous system
activity and BP reduction. After the initial promising pilot
RCT data, the pivotal double-blind RCT did not show a
significant BP reduction [26]. In addition, 25% of the par-
ticipants experienced procedural adverse events [26].
An endovascularly delivered implant device, which
increases wall strain in the carotid sinus, has similarly
shown promise in a pilot RCT, lowering the BP measured
with ABPM by 21 mmHg, with a larger double-blind RCT
currently underway [27].

Although several new therapeutic methods have been
developed, an accurate evaluation method is needed for the
efficacy of TRH therapies (Fig. 1) [2, 28]. HBPM is useful
for this, and HBPM TRH has substantial potential to serve
as a new target for intervention. As there have been few
investigations assessing the relationship between HBPM
TRH and CVD incidence, the data presented in the study by
Narita et al. [5] make an important contribution to the lit-
erature regarding the diagnosis of TRH and the efficacy of
TRH treatments.
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Fig. 1 Possible treatment strategy for treatment-resistant hypertension
assessed by home blood pressure (BP) monitoring. Reproduced from
Ref. [2]. and Ref. [28]. ACEi angiotensin-converting enzyme inhibitor,
ARB angiotensin receptor blocker, CCB calcium channel blocker,
CPAP continuous positive airway pressure, HBP home blood pressure,
HFpEF heart failure with preserved ejection fraction, MRA miner-
alocorticoid receptor antagonist, OSA obstructive sleep apnea, RDN
renal sympathetic denervation, SGLT-2 selective sodium glucose
cotransporter-2, T2DM type 2 diabetes mellitus
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