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Abstract

Hypertension is a major global public health concern whose disease burden affects an estimated 1.4 billion people
worldwide and is associated with 10.8 million deaths annually. Despite substantial advances in medical care, the preva-
lence of hypertension has markedly increased, owing to population aging; poor treatment adherence; and increases in
risk factors, such as excessive salt intake, and overweight and obesity. Consequently, the disability-adjusted life years
have increased by 40%, primarily because of elevated risk of stroke, coronary atherosclerosis, heart failure, and kidney
failure. Major outstanding problems associated with the treatment and management of hypertension include determin-
ing optimal blood pressure targets, developing innovative antihypertensive medications and devices, and implementing
effective and feasible hypertension management strategies. To address these challenges, numerous clinical trials are
currently underway. This article highlights the most influential ten clinical studies on hypertension in 2022. The rational
use of antihypertensive medications is concluded to be important for effective hypertension management. Important
considerations include medication types and dosing times; optimal blood pressure targets; the development of new
drugs and therapeutic devices; specific community characteristics, such as village doctor-led care; and healthful diets.
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The circadian rhythm of blood pressure (BP) shows
a dipper pattern, defined by low BP during sleep
and peaks after awakening. A non-dipper rhythm,
including nocturnal and morning hypertension, is
considered an important predictor of adverse cardi-
ovascular outcomes [1, 2], and its management has
been emphasized in The HOPE Asia network 2022
update consensus statement [3]. Moreover, taking
antihypertensive medication in the evening has been
demonstrated to normalize the circadian BP rhythm
[4], thus leading to the hypothesis that evening
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administration of antihypertensive medication
may improve cardiovascular outcomes more effec-
tively than morning administration. This hypothesis
has been strongly supported by the MAPEC trial
(RR=0.33, 95% CI 0.19-0.55) and the Hygia trial
(RR=0.58, 95% CI 0.49-0.68) [5, 6]. However,
the design of these trials was flawed, primarily
because of issues with the randomization process.
Furthermore, although significant differences were
observed between the treatment and control groups
after 1 year, the overall trial duration was 6.3 years,
thus leading to ethical concerns. Consequently, the
interpretation of the findings from these two studies
remains debated in the scientific community [7, 8].

The results of the Treatment in Morning versus
Evening (TIME) study, a prospective, pragmatic
randomized controlled clinical study by Thomas
M MacDonald, were presented at the European
Society of Cardiology (ESC) Congress 2022. A
total of 21,104 adults with hypertension who were
taking at least one antihypertensive medication
were recruited. The participants were randomly
assigned to a morning (06:00-10:00) or an evening
(20:00-00:00) medication administration group by
a computer algorithm generated through a randomi-
zation process, with no restriction, stratification, or
minimization randomization methods. Because of
the nature of the intervention, neither patients nor
investigators were blinded to the group allocation.
However, the endpoint assessors were blinded to
group allocation to minimize potential bias in the
study results.

e The primary outcome was a composite of vas-
cular death or hospitalization for non-fatal myo-
cardial infarction or non-fatal stroke. The results
indicated no statistically significant differences
in cardiovascular outcomes between groups
(HR=0.95, 95% CI 0.83-1.10, P=0.53).

e The secondary outcomes included the compo-
nents of the primary outcome, all-cause mortal-
ity, and hospitalization or death from congestive
heart failure. No statistically significant differ-
ences were found in any outcomes.

* Moreover, taking medication in the evening was
found to be safe, because a lower incidence of
falls and comparable incidence of fractures were
observed the evening dosing group.

* Outcomes were assessed with an unadjusted Cox
proportional hazards model, Yates’ chi-square
test, or t-test, as appropriate. The median follow-
up time was 5.2 (IQR 4.9-5.7) years.

The results were published in The Lancet [9], which
concurrently commented that the TIME study dem-
onstrated that the optimal dosing time of antihy-
pertensive medication should be decided jointly by
patients and clinicians, according to each patient’s
lifestyle and situation, to achieve the best medica-
tion adherence and optimal BP control [10].

The findings of the TIME study markedly differed
from those of the aforementioned MAPEC and
Hygia trials; this discrepancy has prompted reeval-
uation of the optimal antihypertensive medication
dosing time. In addition, two similar clinical trials,
the BedMed (NCT02990663) and BedMed-Frail
(NCTO04054648) trials, are currently being con-
ducted to investigate the effects of antihypertensive
medication timing on morbidity and mortality in
patients with hypertension. The BedMed-Frail trial
specifically focuses on the frail population [11]. The
findings of these studies are expected to provide
valuable guidance for the development of future
hypertension guidelines, which currently lack spe-
cific recommendations regarding the optimal tim-
ing of antihypertensive medication. However, the
TIME study did not investigate the effects of differ-
ent antihypertensive medications on cardiovascular
outcomes associated with morning or evening dos-
ing; such an investigation would enable more pre-
cise and detailed intervention guidance regarding
the dosing time of hypertension medication. Thus,
further investigations in this area are necessary.

Effects of Renal Denervation on
Blood Pressure—Spyral HTN-ON
MED Pilot Study With Long-Term
Follow-up for 3 years

To achieve the target BP, multiple antihypertensive
medications are frequently prescribed in numerous
patients, thus often resulting in low adherence, drug
intolerance, and high healthcare costs. Consequently,
novel therapies are needed. With the rapid develop-
ment of interventional techniques in recent years,
transcatheter renal denervation (RDN) has emerged
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as a potential approach for BP lowering. The
unblinded clinical trials SYMPLICITY HTN-1 and
HTN-2 have indicated significant decreases in sys-
tolic BP (SBP) 6 months after RDN, by 25 mmHg
and 33 mmHg, respectively [12, 13]. However, the
blinded and sham-controlled SYMPLICITY HTN-3
trial has demonstrated no significant differences
in SBP and 24-hour ambulatory SBP at 6 months
between patients who underwent RDN and sham
surgery. The discrepant results observed between
the SYMPLICITY HTN trials may be attributable
to various factors, including differences in the trial
design, patient populations, and execution of the
RDN procedure. The rigorous design of the HTN-3
trial effectively eliminated regression to the mean,
and the Hawthorne and placebo effects. However,
the uncertain adherence to medication between
groups and the suboptimal execution of the RDN
procedure as a result of operators’ limited experience
in the HTN-3 trial might have introduced confound-
ing effects, thereby hindering the ability to distin-
guish between the experimental and control groups,
and leading to an absence of statistically significant
results [14]. Therefore, caution is warranted in inter-
preting the 6-month follow-up results of the HTN-3
trial. Consequently, studies were subsequently con-
ducted to further elucidate the role of RDN in the
management of hypertension [15-19].

The 3-year follow-up results of SPYRAL
HTN-ON MED, a randomized, single-blind, sham-
controlled clinical study, were presented at the
American College of Cardiology (ACC) Conference
2022. The study enrolled 80 patients meeting the
inclusion criteria of SBP of 150-180 mmHg, dias-
tolic BP (DBP) of at least 90 mmHg, mean 24-hour
SBP of 140-170 mmHg, and taking one to three
antihypertensive medications. The patients were
randomly assigned to either a radiofrequency RND
group (n=38) or a sham group (n=42).

e The primary outcome was the difference in
24-hour SBP at 6 months between the RDN
group and the sham group. The RDN group,
compared with the sham group, demonstrated a
reduction of 7 mmHg (95% CI -12.0 to -2.1)
in 24-hour SBP and 4.3 mmHg (95% CI -7.8
to —0.8) in 24-hour DBP [15]. After 3 years of
follow-up, the RDN group exhibited reduc-
tions of 10.0 mmHg (95% CI -16.6 to —3.3) and

4.3 mmHg (95% CI -10.1 to —1.8) in 24-hour
SBP and DBP, respectively compared to the
sham group.

* The secondary outcome included assessment
of changes in 24-hour, morning, daytime,
nighttime, and office SBP changes at 24 and
36 months; statistically significant differences
were observed in all these measures.

* Outcomes were assessed in SAS statistical soft-
ware with T-tests or analysis of covariance, as
appropriate.

The Lancet published results demonstrating that
radiofrequency RDN consistently and significantly
decreases BP in patients with hypertension without
serious adverse events, independently of the anti-
hypertensive medications taken. Moreover, after
3 years of RDN treatment, the observed 10 mmHg
decrease in 24-hour SBP was sustained throughout
the day and was associated with significantly lower
rates of cardiovascular outcomes, thus suggesting
that RDN may potentially be a viable alternative
for patients with resistant hypertension, or those
unwilling or unable to tolerate multiple antihyper-
tensive medications [20, 21].

The results of several other RDN clinical trials
were reported in 2022. The 6-month follow-up
results of the Spyral HTN-ON MED Expansion
study, which were presented at American Heart
Association (AHA) Scientific Sessions 2022, indi-
cated that the RDN group, compared with the sham
group, had a significant reduction of 3.7 mmHg
(P=0.001) in nocturnal ambulatory SBP. However,
the 24-hour SBP change between groups was
1.9 mmHg (P=0.119), which didn’t meet the pri-
mary endpoint. In addition, the 3-year follow-up
results of the SYMPLICITY HTN-3 study were
reported in The Lancet [22]. The difference between
the RDN and sham groups was 22.1 mmHg (95%
Cl-27.2to—-17.0) in SBP and 16.5 mmHg (95% CI
—20.5 to —12.5) in 24-hour SBP, The distinct differ-
ence, in contrast with the negative results of 6-month
follow-up, confirms the effectiveness and long-term
durability of RDN. Furthermore, the 3-year follow-
up results of the Global SYMPLICITY Registry
study were reported in JACC [23]. After RDN, a
sustained average 16.7 mmHg decrease in BP over
3 years and a higher amount of time spent in the
therapeutic range of BP were observed compared
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with the baseline, with lower major cardiovascular
outcomes. Because of its demonstrated efficacy and
safety, RDN is considered a viable antihypertensive
therapy in the 2023 Hypertension Guidelines of
China, Europe, and the Netherlands [24, 25].

However, several limitations should be consid-
ered before RDN becomes a standard treatment
option for patients with hypertension. First, no clini-
cally convenient and feasible method to detect renal
sympathetic nerve activity is currently available.
Therefore, the response to RDN in some patients
is unsatisfactory. Second, the population of patients
optimally suited for RDN has yet to be determined,
because the mechanism and effects of RDN have
not been fully elucidated. Third, the lack of stand-
ardized operation procedures, coupled with chal-
lenges in training operators and managing potential
interventional complications, pose obstacles to the
development of RDN.

Phase Il Trial of the Aldosterone
Synthase Inhibitor Baxdrostat on
Resistant Hypertension—BrigHTN
Study

Approximately 10% of individuals with hyperten-
sion are classified as having treatment resistance
[26], such that their condition cannot be effectively
controlled, even with the administration of multiple
antihypertensive medications [27]. Aldosterone exac-
erbates hypertension by promoting sodium reabsorp-
tion in distal nephrons by increasing the number and
opening frequency of epithelium sodium channels,
thereby leading to volume expansion. Additionally,
aldosterone damages various target organs, including
vessels, kidneys, and the heart, via multiple mecha-
nisms, such as upregulation of connective tissue
growth factor and subsequent fibrosis; production
of proinflammatory molecules contributing to organ
and extracellular matrix remodeling; oxidative stress;
and stimulation of cell migration, proliferation, and
apoptosis [28]. Moreover, target organ damage may
worsen hypertension. Previous studies have explored
the effectiveness of mineralocorticoid receptor antag-
onists in the treatment of hypertension. However,
limitations of these treatments have been identified to
include adverse events, such as an augmented aldos-
terone response, hyperkalemia, and gynecomastia.

In addition, mineralocorticoid receptor antagonists
are not appropriate for patients with intermediate or
advanced chronic kidney disease [29]. Therefore,
researchers have focused on another mechanism:
the inhibition of aldosterone synthase. Nevertheless,
because of the 93% sequence similarity between the
enzymes synthesizing aldosterone and cortisol, the
development of highly selective inhibitors of aldos-
terone synthase has led to a bottleneck. However, in
recent preclinical and phase I trials, baxdrostat, an oral
small-molecule aldosterone synthase inhibitor, has
been found to substantially decrease plasma aldoster-
one levels without a concomitant decline in cortisol
levels; these findings have increased interest in, and
focus on, the inhibition of aldosterone synthase [30].

The phase II results of the BrigHTN study, a mul-
ticenter, double-blind, dose-ranging randomized
controlled trial, were presented at AHA Scientific
Sessions 2022. A total of 275 patients with resistant
hypertension, defined by a BP above 130/80 mmHg,
who were taking at least three antihypertensive
medications including a diuretic, were recruited.
Patients were randomly assigned to receive
baxdrostat at doses of 0.5 mg, 1 mg, or 2 mg once
per day, or a placebo for 12 weeks.

e The study’s primary efficacy endpoint was the
change in mean seated SBP from baseline to the
end of the 12-week treatment period. The results
indicated that baxdrostat exhibited dose-depend-
ent antihypertensive effect: the mean seated
SBP decreased by 20.3 mmHg, 17.5 mmHg,
12.1 mmHg, and 9.4 mmHg in the baxdrostat
group with doses of 2 mg, 1 mg, or 0.5 mg,
and placebo, respectively. Moreover, the 2 mg
baxdrostat group exhibited a significant antihy-
pertensive effect, with placebo-adjusted SBP and
DBP decreases of 11.0 mmHg (95% CI -16.4 to
—-5.5) and 5.2 mmHg (95% CI -8.7 to —1.6).

* The secondary outcomes included the change in
the mean seated DBP with respect to baseline.
The results indicated a difference in DBP between
the baxdrostat 2-mg group and the placebo group
of 5.2 mmHg (95% CI -8.7 to —1.6).

» Safety endpoints included adverse events, vital
signs, and the results of physical examinations.
Two patients developed high serum potassium
levels exceeding 6.0 mmol/L, which did not re-
cur after withdrawal and re-initiation of the drug.
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In conclusion, this study first demonstrated signifi-
cant antihypertensive effectiveness of baxdrostat in
patients with resistant hypertension, without any
adverse effects on cortisol levels or adrenocorti-
cal function, or causing severe hyperkalemia. The
results were published in NEJM [31]. These results
highlight the potential for baxdrostat to serve as a
new treatment option for diseases including resist-
ant hypertension and primary aldosteronism.
However, because baxdrostat was not compared
with existing antihypertensive medications, and the
renal function of all participants was normal, further
studies are necessary to evaluate the long-term effec-
tiveness and safety of this drug, and to identify patient
populations in which its use would be appropriate.

Phase lll Trial of Dual Endothelin
Antagonist Aprocitentan on Resistant
Hypertension—PRECISION study

Prior studies have shown the antihypertensive
effects of endothelin receptor antagonists [32, 33].
These agents act by blocking the endothelin path-
way, which is active primarily in endothelial cells
and vascular smooth muscle cells, and is involved
in cell proliferation and vessel vasoconstric-
tion. Endothelin levels are known to be elevated
in hypertension; diseases susceptible to resistant
hypertension, such as obesity and obstructive sleep
apnea; and complications associated with resistant
hypertension, such as diabetes and chronic renal
disease; moreover, the resulting changes in vascu-
lar tone contribute to the pathogenesis of hyperten-
sion and related cardiovascular diseases (CVDs)
[34-37]. Aprocitentan is an oral antagonist of the
dual endothelin A and B receptor. In a phase II clini-
cal trial, aprocitentan monotherapy has been found
to have more effective antihypertensive effects at
doses of 10-25 mg compared to dose of 50 mg [38].

The phase III results of the PRECISION study,
a multicenter, blinded randomized controlled trial,
were presented at AHA Scientific Sessions 2022.
A total of 730 patients with resistant hypertension
were recruited, all of whom had a seated SBP above
140 mmHg and were taking at least three antihyper-
tensive medications including a diuretic. The study
comprised three parts. In part 1, participants were
randomly assigned in a 1:1:1 ratio to receive aproci-
tentan at doses of 12.5 mg or 25 mg, or a placebo

treatment in a double-blind period for 4 weeks.
Then all participants took aprocitentan 25 mg for
32 weeks in part 2. Finally, in part 3, patients were
randomly reassigned to two groups (1:1) to receive
aprocitentan 25 mg or a placebo treatment in a
double-blind period for 12 weeks.

e The primary and key secondary endpoints were
SBP changes from baseline to week 4 and from
medication withdrawal from baseline (at the be-
ginning of part 3) to week 40. From baseline to
week 4, SBP decreased by 3.8 mmHg (97.5% CI
—6.8 to —0.8) in the 12.5 mg aprocitentan group
and 3.7 mmHg (97.5% CI -6.7 to —0.8) in the
25 mg group, as compared with the placebo
group. After 4 weeks of medication withdrawal,
SBP increased by 5.8 mmHg (95% CI 3.7 to 7.9)
in the placebo treatment group compared with
the aprocitentan treatment group.

The study indicated that, despite its concurrent use
with other antihypertensive medications, aprociten-
tan produced statistically and clinically significant
decreases in BP among patients with resistant hyper-
tension, and this effect was maintained for at least
1 year. The results were published in The Lancet,
which commended the remarkably well-designed
medication research protocol in this study. Notably,
the study revealed that aprocitentan, because of its
new pharmacological mechanism, may have the
potential to serve as a novel option for more than
100 million patients with resistant hypertension
worldwide. Moreover, the study also highlighted
the long-term efficacy of aprocitentan. This durable
treatment option may effectively prevent cardiovas-
cular events, thus providing the first breakthrough
in antihypertensive medication in 30 years.
Nonetheless, the effect of aprocitentan is modest,
and its clinical value must be further evaluated by
comparison with other fourth-line antihypertensive
medications (such as spironolactone) [39, 40].

Best Time for Mild Chronic
Hypertension Treatment During
Pregnancy—CHAP study

Mild chronic hypertension during pregnancy has a
prevalence ranging from 0.9% to 1.5%, and is asso-
ciated with elevated risk of placental abruption, pre-
mature birth, low birth weight, and perinatal death,
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as well as multiple maternal adverse events, such as
heart failure, stroke, and acute kidney injury [41-—
43]. The treatment threshold for pregnant women
with chronic hypertension varies among guidelines.
Specifically, the American College of Obstetricians
and Gynecologists (ACOG) guidelines recommend
treatment when the BP is at or above 160/110 mmHg,
whereas the cutoff in the ESC guidelines is
150/95 mmHg. The World Health Organization, in
contrast, does not have a specific recommendation
[41, 44, 45]. Doubts have been raised regarding
potential harm to the fetus from reduced uteropla-
cental circulation and in utero exposure to antihy-
pertensive medications during BP lowering, whereas
the benefits to maternal health are unclear, thus
futher investigations into therapies for BP between
140-159/90-109 mmHg are required. A previous
study with small sample sizes has demonstrated
the lack of utility of antihypertensive treatment for
mild chronic hypertension during pregnancy [46],
whereas a secondary analysis has indicated a higher
risk of adverse outcomes among patients with mild
chronic hypertension during pregnancy than those
with normal BP, in a BP-dependent manner [47].
The 2015 randomized controlled study CHIPS has
revealed that, in comparison with loosely controlled
BP (DBP <100 mmHg), strictly controlled BP (DBP
<85 mmHg) decreases the risk of severe maternal
hypertension with no adverse effects on fetal growth;
however, no statistically significant difference was
observed in pregnancy outcomes within 28 days after
delivery [48]. On the basis of the results, numerous
associations have lowered the treatment threshold in
their recommendations, except for ACOG and the
Society for Maternal Fetal Medicine (SMFM), owing
to doubts regarding the low statistical power of the
CHIPS study, given that its sample size was smaller
than anticipated, and it lacked long-term follow-up.

The results of an open-label, randomized trial with
a larger sample size and improved regional and racial
representation with respect to prior studies, the CHAP
study, were presented at the ACC Conference 2022.
A total of 2480 pregnant women with mild chronic
hypertension and a single fetus of gestational age less
than 23 weeks were included and randomly allocated
to either an active treatment group (BP <140/90) or a
standard treatment group (BP <160/105).

* The primary outcome was a composite of se-
vere preeclampsia, medically indicated preterm

births before 35 weeks, placental abruption,
and fetal/neonatal death. Compared with the
standard treatment group, the active treatment
group maintained lower BP (129.5/79.1 mmHg
vs. 132.6/81.5 mmHg) and had a lower inci-
dence of the primary outcome (HR=0.82, 95%
CI 0.74-0.92), particularly regarding decreased
incidence of preeclampsia and medically indi-
cated preterm births.

In conclusion, the CHAP study has indicated
that active antihypertensive treatment (target BP
<140/90) for mild chronic hypertension during
pregnancy considerably decreases adverse preg-
nancy outcomes without increasing the risk of
small-for-gestational-age infants. The results were
published in NEJM [49].

The CHAP study has demonstrated that early-
stage antihypertensive therapies are needed for
mild chronic hypertension during pregnancy, thus
leading to a decrease in the treatment threshold to
140/90 mmHg for pregnant women with chronic
hypertension in the updated guidelines issued
by SMFM and the Society of Obstetricians and
Gynaecologists of Canada in 2022. The updated
guidelines may result in more women receiving
antihypertensive therapy during pregnancy, thus
potentially improving outcomes for both mothers
and infants. Healthcare providers should be aware of
these updated guidelines, and should consider them
when managing hypertension during pregnancy.
However, although no statistical differences in neo-
natal outcomes were observed between groups, the
potential long-term effects of active antihyperten-
sive therapies on offspring exposed in utero remain
unclear. Therefore, further follow-up studies are
necessary to assess the effects on the health and
well-being of the offspring. Such research will be
crucial to ensure that interventions aimed at improv-
ing maternal and fetal health do not have unintended
adverse effects on offspring in the long term, and to
inform clinical decision-making in this area.

Comparison Between Chlorthalidone
and Hydrochlorothiazide for
Hypertension—DCP study

Thiazide diuretics, represented by chlorthalidone and
hydrochlorothiazide, are the first-line medication
recommended by current hypertension guidelines
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[50]. Previous studies have illustrated the superior-
ity of chlorthalidone to hydrochlorothiazide [51, 52],
as also supported by the 2017 ACC/AHA Guidelines
for High Blood Pressure [53], whereas several obser-
vational studies have recently demonstrated no
significant difference between chlorthalidone and
hydrochlorothiazide [54, 55]. However, hydrochlo-
rothiazide is more commonly used by clinicians,
owing to concerns regarding the hypokalemic effects
of chlorthalidone. Thus, further evidence is urgently
needed to elucidate current ambiguities.

At AHA Scientific Sessions 2022, the results of the
Diuretic Comparison Project (DCP) study, a prag-
matic, open-label trial, were presented. A total of
13,523 patients with hypertension, mainly veterans
over the age of 65 years, were randomly allocated
to a hydrochlorothiazide group (25 or 50 mg/d) or
chlorthalidone group (12.5 or 25 mg/d).

e The primary outcome was a composite of non-
cancer deaths or nonfatal cardiovascular events,
defined as nonfatal stroke, myocardial infarction,
emergency revascularization for unstable angina,
or acute heart failure. The results indicated that
during a mean follow-up period of 2.4 years, the
incidence of the primary outcome, as well as its
components, was comparable (HR=1.04, 95%
CI 0.94-1.16) between the chlorthalidone group
(10.4%) and the hydrochlorothiazide group
(10.0%). Additionally, a subgroup analysis dem-
onstrated that, among participants with a history
of myocardial infarction or stroke, the primary
outcome was reduced in the chlorthalidone
group (HR=0.73, 95% CI 0.57-0.94), whereas
among those without such a history, chlortha-
lidone tended to increase the primary outcome
(HR=1.12, 95% CI 1.00-1.26).

* Regarding safety outcomes, the incidence of hypo-
kalemia in the chlorthalidone group (6.0%) was
higher than that in the hydrochlorothiazide group
(4.4%). These findings confirmed clinicians’ long-
standing concerns. Moreover, new allergic or
adverse reactions were more common in the chlo-
rthalidone group (1.6%) than the hydrochlorothi-
azide group (0.3%), whereas no statistical difference
was found in hospitalization for any cause. Thus,
healthcare providers should consider the safety pro-
files of different diuretics when choosing treatment
plans for their patients, and should take steps to
minimize the risks of adverse reactions.

The results were published in NEJM [56]. The DCP
study demonstrated that, compared with the clinically
commonly used hydrochlorothiazide, chlorthalidone
did not decrease the incidence of major cardiovas-
cular outcomes or non-cancer deaths. This discovery
challenges the established belief that chlorthalidone is
the preferred treatment option, as supported by vari-
ous guidelines. Therefore, in selecting the antihyper-
tensive medication, consideration of each patient’s
medical history, renal function, complications, and
other relevant factors is critical in making the most
appropriate decision. However, a notable limitation is
that this study focused on only participants 65 years
of age or older, and the population was predominantly
male. Age and sex are important factors influencing
the response to antihypertensive therapy and the risk
of adverse outcomes. Therefore, the findings of this
study may not be directly applicable to younger adults
and women, and caution should be exercised when
extrapolating the results to these groups. Further stud-
ies in different patient populations are necessary to
confirm the applicability of these findings.

Effectiveness of Blood Pressure
Interventions Led by Village Doctors
in Rural China—the CRHCP Study

Approximately 75% of patients with hyperten-
sion live in low- and middle-income countries
with scarce resources, thus resulting in a low rate
of hypertension control [57]. In rural China, only
5.5% of patients with hypertension have their BP
under control [58]. Village doctors provide basic
medical care in rural China and are likely to play a
crucial part in the prevention and control of hyper-
tension, if they are properly trained in areas includ-
ing standardized BP measurement; health coaching
on lifestyle modifications; and protocol-driven
antihypertensive treatment involving a treatment
algorithm, medication selection, contraindications
of medications, and adjustment strategies [59, 60].
The China Rural Hypertension Control Project
(CRHCP) study was a cluster randomized trial initi-
ated by Yingxian Sun at the First Hospital of China
Medical University. A total of 33,995 individuals over
40 years of age living in 326 Chinese villages, who
had an untreated BP above 140/90 mmHg or treated
BP above 130/80 mmHg, were enrolled and ran-
domized (1:1) to an intervention group or a control
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group receiving conventional antihypertensive medi-
cations. In the intervention group, patients received
a comprehensive treatment approach initiated by vil-
lage doctors, including the initiation of antihyperten-
sive medication according to established guidelines,
provision of discounted or free medications, guidance
on home BP monitoring, health coaching on life-
style modifications, and organization of social sup-
port groups. Follow-up assessments were conducted
every 6 months to monitor BP levels and other associ-
ated conditions in participants. Notably, however, the
study design had several limitations, including practi-
cal limitations regarding the recruitment of all patients
in a village and variations in the sizes of the clusters.
In addition, because the intervention in this study was
conducted primarily through oral coaching and guid-
ance by village doctors, the quality of communication
between the doctors and patients, as well as patients’
ability to understand and accept treatment, are crucial
factors that might have influenced the effectiveness of
the intervention. The uncontrollable communication
among village doctors and patients between the inter-
vention and control groups might have diminished the
observed intervention effect. The phase I (18 months
of follow-up) results were presented at AHA Scientific
Sessions 2021 and published in The Lancet. The out-
come of phase II (36 months of follow-up) was pre-
sented at AHA Scientific Sessions 2022 [61].

* The primary outcome was a composite of myo-
cardial infarction, stroke, heart failure requiring
hospitalization, and CVD death. The primary
outcome rate was substantially lower (HR =0.64,
95% CI 0.58-0.70) in the intervention group
(1.6%) than the control group (2.4%).

* The secondary outcomes included the compo-
nents of the primary outcome and death due to
all causes. The intervention group showed sta-
tistically significant decreases in all these out-
comes, as compared with the control group, thus
indicating a broad benefit of the intervention in
decreasing the risk of cardiovascular events and
death due to all causes.

e Moreover, the mean SBP in the intervention and
control groups decreased by 30.9 mmHg and
7.8 mmHg, whereas the mean DBP decreased
by 14.8 mmHg and 4.9 mmHg, respectively. The
differences between groups in SBP and DBP
were 23.1 mmHg (95% CI -24.4 to -21.9) and
9.9 mmHg (95% CI —-10.6 to -9.3).

The results demonstrated the effectiveness and fea-
sibility of implementing interventions led by vil-
lage doctors to achieve target BP levels in poorly
resourced villages, and may provide guidance for
the development of government policies to allow
trained village doctor-led interventions for uncom-
plicated hypertension in low- and middle-income
countries, by using a standard protocol under super-
vision by physicians. This approach has the potential
to significantly improve hypertension management
and alleviate the burden of healthcare expenses,
while increasing access to care for rural populations.

AHA 2022 has noted that this study empowered
primary medical staff with enhanced capabilities
through Chinese innovation, and the effects of the
nearly 1% absolute risk reduction of primary out-
come in the intervention group have notable impli-
cations for hypertension management in low- and
middle-income countries worldwide with a high
burden of hypertension.

The Chinese Heart-Healthy Diet on
Hypertension—DECIDE-Diet Study

In 2017, an estimated 11 million deaths and 255 mil-
lion disability-adjusted life years—a time-based
measure that combines years of life lost because of
premature mortality and time lived in states of less
than full health or disability—were attributable to
dietary risk factors [62]. Similarly, CVDs are sig-
nificantly correlated with diets. Numerous studies
have demonstrated that healthful diets [63], such
as the Dietary Approaches to Stop Hypertension
(DASH) diet and the Mediterranean diet, markedly
decrease BP and CVD risk [64-67]. These diets
emphasize the consumption of plant-based foods
and olive oil, and limitation of red meat consump-
tion. Despite the demonstrated health benefits of
these diets, their implementation is often hindered
by a perceived lack of flavor. Moreover, implement-
ing Western-style diets in China, which has a high
prevalence of CVDs, is challenging, because of the
substantial differences in dietary patterns between
Chinese and Western populations. Therefore, devel-
oping a healthful and palatable diet is imperative
for the prevention and management of hypertension
and CVDs in Chinese populations.

Circulation has reported the results of the Chinese
Heart-Healthy (CHH) Diet pattern study, developed
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by Yangfeng Wu at the Peking University Clinical
Research Institute [68]. A total of 265 patients with
SBP of 130-159 mmHg participated in the Exercise
and Cardiovascular Health-Diet (DECIDE-Diet)
study, a single-blind randomized trial. After a
7-day run-in period, participants were randomized
to either a normal diet or CHH diet. The CHH diet
included four major Chinese cuisines—Shandong,
Huaiyang, Cantonese, and Szechuan—tailored to
the geographic locations of the participants, and
included nonrepetitive dishes in a cycle of at least
2 weeks. In contrast, the normal diet was developed
on the basis of commonly consumed local foods.
During the 28-day intervention period, the study
achieved a high rate of participant compliance: 97%
of the participants completed the study and con-
sumed an average of 97% of the meals provided.

e The primary outcome was the change in SBP,
which decreased by 5.0 mmHg (95% CI -6.5 to
—3.5) in the normal diet group and 15.0 mmHg
(95% CI —16.5 to —13.5) in the CHH diet group
after 28 days. The differences observed for SBP
and DBP between groups were 10.0 mmHg
(95% CI -12.1 to —=7.9) and 3.8 mmHg (95% CI
-5.0 to -2.5).

Moreover, both diets were generally well received
by participants, and the decrease in SBP by 1 mmHg
cost only an additional CNY 0.4 (USD 0.06) per
day. The author further estimated that adherence to
the CHH diet was associated with a 20% decrease
in CVD, a 28% decrease in heart failure, and a 13%
decrease in all-cause mortality, thus indicating the
efficacy, palatability, and cost-effectiveness of the
CHH diet. These findings may provide valuable
guidance for the Chinese government and other
nations in developing guidelines and policies asso-
ciated with health management.

However, the study has several limitations includ-
ing confounding factors, such as the relatively short
intervention time; enrollment below anticipated
goals; and the controlled design. First, the inter-
vention period was short, lasting only 4 weeks.
Consequently, limited evidence suggesting a sus-
tained hypertensive effect in the long term was
found. Second, because whole food analysis was not
used to measure nutrient composition, the intake of
relevant nutrient components could not be ensured
in the CHH diet. Third, the intended enrollment

goals were not achieved because of the effects of the
COVID-19 pandemic. Given the controlled design
of this study, the generalizability of its findings to
real-world scenarios warrants further validation.

Effectiveness of the Endovascular
Baroreflex Amplification Technique
on Hypertension—CALM-FIM Study
with Long-Term Follow-up for 3 years

Despite the availability of various antihypertensive
medications, 86% of patients with hypertension con-
tinue to experience uncontrolled hypertension, thus
increasing their risk of developing CVDs. Therefore,
investigating novel antihypertensive techniques and
their potential effects on BP management is critical.
Stimulating baroreceptors can lower BP by activat-
ing sympathetic and parasympathetic nerves [69].
Two antihypertensive techniques have been devel-
oped: baroreflex activation therapy and endovascu-
lar baroreflex amplification (EBA). MobiusHD, an
implant for the internal carotid artery, belongs to the
EBA category; this modality decreases BP through
passive mechanical stimulation of baroreceptors,
rather than using electrical stimulation as in barore-
flex activation therapy [42, 70, 71].

The Controlling and Lowering Blood Pressure
With the MobiusHD-First in Man (CALM-FIM)
study was a prospective, open-label trial to assess
the effectiveness of implanted MobiusHD in the
unilateral internal carotid artery in 47 patients with
resistant hypertension.

e The primary outcomes were the incidence of
adverse events and changes in BP, 24-hour
ambulatory BP, and antihypertensive medication
use after implantation. The results of the 6-month
follow-up, published in The Lancet, indicated
that BP was lowered by 30/12 mmHg (95% CI
-38 to -21/-17 to -8 mmHg), and ambulatory
BP was lowered by 21/12 mmHg (95% CI -19
to —14/—16 to -7 mmHg) [72]. After 3 years, the
BP decrease remained at 30/12 mmHg (95% CI
-38 to -21/-17 to -8 mmHg).

* Regarding safety outcomes, the occurrence of
five serious adverse events, including hypoten-
sion (n=2), hypertension (n=1), vascular ac-
cess complications (n=2), and two transient
ischemic attacks, were observed within 30 days
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post-implantation. By 30 days post-implanta-
tion, six serious adverse reactions had occurred,
including strokes (n=2), transient neurologic
symptoms (n=1), hypertension (n=1), and hy-
potension (n=2).

The occurrence of these serious adverse events
underscores the importance of continued monitor-
ing and evaluation of the safety and effectiveness of
this device. Although the adverse events observed
in patients who underwent implantation of the
MobiusHD device eventually resolved, the high
incidence rate of these events has prompted con-
cern regarding the safety of this method. Therefore,
future studies should assess the long-term safety
and efficacy of the MobiusHD device, to provide
a more comprehensive understanding of its ben-
efits and risks and to inform evidence-based clini-
cal practice. The results were published in JACC
Cardiovascular Intervention [73].

Although the CALM-FIM study demonstrated the
efficacy of MobiusHD based on EBA, the study had
several limitations. First, the study design lacked a
control group, thus preventing accurate evaluation of
the outcomes and adverse events associated with the
treatment. Second, the study’s observational design
had the potential for confounding factors such as the
Hawthorne effects, placebo effects, and regression
to the mean. Furthermore, the study did not use urine
or blood tests to assess medication compliance, thus
posing challenges in ruling out the influence of med-
ication differences among participants.

Therefore, although the study has provided pre-
liminary evidence of the efficacy of MobiusHD, fur-
ther trials with a more rigorous design are necessary
to evaluate the benefit-risk profile of this technique.

Characteristics of Primary Care
Institutions Associated with
Hypertension Awareness, Treatment,
and Control—China PEACE-Million
Persons Project

China’s primary medical and health care system
consists of approximately 900,000 institutions and
3 million workers, and provides basic public health
services on a nationwide scale. The quality of pri-
mary medical care is reflected by the awareness,
treatment, and control rate of hypertension [74].

Over the past few years, China has implemented
substantial investments and reforms to its primary
care system, aimed at improving the quality of
care provided. However, characteristics including
financing methods, medical treatment patterns, and
medical personnel capacity vary among regions
[60], and the relationships between various charac-
teristics of primary care institutions and the aware-
ness, treatment, and control rates of hypertension
remain unclear [75]. Understanding these relation-
ships will be crucial for improving the quality of
primary medical care and hypertension manage-
ment in China’s primary care system.

Research conducted by Xi Li and Jiapeng Lu
from Fuwai Hospital Chinese Academy of Medical
Sciences enrolled 433 primary care institutions from
the Million Persons Project, which selected sites in
all 31 provinces of mainland China through a con-
venience sampling strategy, to demonstrate the diver-
sity of geographic distribution and demographics,
risk factor exposure, and disease patterns. Among
these sites, 660,565 patients with hypertension 35—
75 years of age who had lived in the selected area
for at least 6 of the prior 12 months were included.

Data were collected through standardized face-
to-face interviews conducted by trained person-
nel using electronic questionnaires with real-time
logic-checking capabilities. Univariate analyses of
each institution-level were conducted with T-test
or ANOVA. Moreover, multi-level logistic mod-
els with all participant-level variables were estab-
lished. Institution-level variables with P<0.05 were
retained in the final model. All these analyses were
performed in SAS statistical software.

The results of standardized rates for hypertension
awareness (8.2% to 81.0%), treatment (2.6% to
96.5%), and control (0% to 62.4%) were reported,
and 10% of the awareness rate, 21% of the treat-
ment rate, and 12% of the control rate were ascribed
to primary care institutions. Characteristics of pri-
mary care institutions conducive to hypertension
management included bonuses associated with
performance (treatment rate OR=1.39, 95% CI
1.07-1.80), referrals through the online system
(treatment rate OR=1.41, 95% CI 1.14-1.73; con-
trol rate OR=1.17, 95% CI 1.03-1.33), a family
doctor service pattern (awareness OR=1.13, 95%
CI 1.00-1.28; control rate OR=1.30, 95% CI 1.15-
1.46), and a high proportion of practitioners (aware-
ness OR=1.04, 95% CI 1.01-1.08; treatment rate
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OR=1.08, 95% CI 1.02-1.14). In contrast, charac-
teristics detrimental to hypertension management
included governmental allocation of resources,
financial problems affecting daily work, and sala-
ries associated with the numbers of outpatients
and inpatients. The results have been published
in The Lancet Global Health [76]. Considering
the current situation in China, the training of pri-
mary care physicians must urgently be enhanced
to increase the proportion of licensed practitioners,
improve coordination between superior and subor-
dinate hospitals, establish a robust network refer-
ral system, and optimize the incentive mechanism
of performance bonuses. These strategies may also
be relevant and applicable to other countries facing
similar challenges.

However, this study had several limitations. The
time mismatch between participant data (obtained
from 2014 to 2021) and institutional characteristics
data (obtained from 2016 to 2017) might have intro-
duced bias in the observed associations, particularly
given that some new policies were issued after 2017.
Moreover, focusing on institutional characteristics
without adjusting for individual health-care seeking
behaviors might also have influenced the results of
the analysis. Furthermore, the primary care institu-
tion characteristics included in the analysis, such as
physician access to the clinical practice guidelines,
might not have been comprehensive. Together,
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