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esistant hypertension is that condition in
which patients are not able to achieve
the expected blood pressure level even if

er than the 5.2 mmHg reduction in the placebo group
(p<0.001). In addition, more than 42% of the treated
patients achieved blood pressure control below 130/80

three types of blood pressure-lowering drugs are taken
at the same time and regularly, and it's a serious risk to
the health of the heart and kidney. Direct blockade of
aldosterone hormone production, an essential function
in sodium and water balance and blood pressure, is a
new and promising therapy for such patients. The pres-
ent study was a randomized, double-blind multicenter
clinical trial of the safety and efficacy of an aldosterone
synthesis inhibitor compared with placebo in resistant
blood pressure patients. 320 participants were involved
in this trial, and on completion of 12 weeks of drug use,
the group that was administered with the aldosterone
synthesis inhibitor showed an impressive mean reduc-
tion of 14.6 mmHg in systolic blood pressure, much high-

mmHg, which was approximately three times that of the
placebo arm. Safety parameters were monitored and re-
flected the drug to be very well tolerated among patients,
with serious adverse events such as hyperkalemia be-
ing mild and controllable. These findings suggest that
aldosterone synthase inhibitors are a sustainable, safe,
and effective mode of treatment for resistant hyperten-
sion management and have great potential in reducing
related cardiovascular disorders.

Keywords: Resistant hypertension, aldosterone synthe-
sis inhibitor, blood pressure control, drug safety, novel
therapy
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a hipertension resistente es aquella afeccion

en la que los pacientes no pueden alcanzar

la presién arterial esperada, incluso tomando
tres tipos de antihipertensivos simultaneamente y con
regularidad, lo que supone un grave riesgo para la sa-
lud cardiaca y renal. El bloqueo directo de la produccién
de la hormona aldosterona, una funcién esencial para
el equilibrio hidrico y de sodio y la presion arterial, es
una terapia nueva y prometedora para estos pacientes.
El presente estudio fue un ensayo clinico multicéntrico,
aleatorizado y doble ciego sobre la seguridad y eficacia
de un inhibidor de la sintesis de aldosterona en com-
paracion con placebo en pacientes con presion arterial
resistente. En este ensayo participaron 320 pacientes y,
tras 12 semanas de tratamiento, el grupo que recibi6 el
inhibidor de la sintesis de aldosterona mostré una nota-
ble reduccion media de 14,6 mmHg en la presion arterial
sistélica, muy superior a la reduccion de 5,2 mmHg del
grupo placebo (p <0,001). Ademas, mas del 42 % de los
pacientes tratados logré un control de la presion arte-
rial por debajo de 130/80 mmHg, aproximadamente tres
veces superior al del grupo placebo. Se monitorizaron
los parametros de seguridad, que demostraron una ex-
celente tolerancia del farmaco entre los pacientes, con
eventos adversos graves, como la hiperpotasemia, leve
y controlable. Estos hallazgos sugieren que los inhibido-
res de la aldosterona sintasa constituyen un tratamiento
sostenible, seguro y eficaz para el manejo de la hiper-
tension resistente y tienen un gran potencial para reducir
los trastornos cardiovasculares relacionados.

Palabras clave: Hipertension resistente, inhibidor de la
sintesis de aldosterona, control de la presion arterial, se-
guridad farmacologica, terapia novedosa
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he most pressing issue for the global health

system is hypertension. Not only is it wide-

spread, but it is also a strong predictive indi-
cator of cardiovascular disease, stroke, and renal insuf-
ficiency'. In their quantity, there is a group of patients
with uncontrolled blood pressure despite treatment with
multiple antihypertensive drugs; so-called resistant hy-
pertension. Treatment of such patients has always been
marked by an array of issues for cardiology and inter-
nal medicine professionals?. Insufficient blood pressure
control in this group of patients leads to the development
of critical complications and death. Therefore, finding
new and effective therapeutic means to achieve optimal
blood pressure is a necessary reality for medicine®. Cur-
rent widespread approaches are based primarily on the
blocking of the renin-angiotensin-aldosterone system,
but in the majority of cases, these are insufficient. It is
there that the need arises to develop drugs with com-
pletely novel mechanisms of action*.

Aldosterone is a hormone with an essential function in
sodium and water homeostasis and therefore in long-
term blood pressure®. Excess activity of this hormone,
especially in resistant hypertensive patients, could be
one of the major reasons for drug resistance®. Direct
blocking of the mechanism of aldosterone formation, on
the other hand, could be an effective strategy to circum-
vent this drug resistance’. Aldosterone synthase inhibi-
tors, by inhibiting the manufacture of the essential en-
zyme for the manufacture of this hormone, offer a com-
pletely novel approach to targeted treatment®.

Development of this class of novel drugs can revolution-
ize resistant hypertension treatment algorithm. Unlike
mineralocorticoid receptor antagonists, which cause
side effects such as hyperkalemia, aldosterone synthase
inhibitors are likely to possess a less unfavorable safe-
ty profile by reducing the hormone level directly®. This
feature allows the drugs to be tolerated even in renal
compromised patients. The importance of conducting
this research is that the evidence for the effectiveness
and safety of these drugs is constantly evolving. With a
well-designed and large-scale clinical trial, there can be
strong and reliable data to support the use of this new
therapy'®. Without research like this, these drugs can-
not be incorporated into clinical guidelines and dissemi-
nated to patients on a larger basis. In addition, different
populations may react to the treatment in different ways.
Therefore, conducting this study in the Central Asian re-
gion, and more specifically in Uzbekistan, can be useful
for understanding how effective these medicines can be
in a specific ethnic and geographic environment. This
will go a long way towards localizing the information and
making the cure more precise. The present study, be-
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ing multicenter and randomized in nature, aims to prop-
erly evaluate this treatment using the gold standards of
clinical science. The findings from this study can provide
a good scientific foundation for future treatment and fill
the knowledge gap presently in existence. This, in turn,
will lead to improved patient care quality and improved
health outcome in society.

Ultimately, providing a new and effective treatment op-
tion for resistant hypertension will reduce the burden-
some economic and social burden of this disease’s
complications to the healthcare system and families™.
Prevention of cardiovascular events and end-stage renal
failure through better control of blood pressure will not
only enhance the survival of patients, but also alter their
quality of life. Therefore, this study is an important step
towards a healthier future for patients'. The issue of
resistant hypertension as a multi-sided treatment prob-
lem has captured the attention of many scientists and
therapists. Several decades of extensive research have
clearly demonstrated that this disease, despite the con-
comitant use of three classes of antihypertensive drugs,
including a new-generation drug, still is rather dangerous
for the health of a patient'. A deep comprehension of
the pathophysiologic mechanisms of this drug resistance
has always been the driving force behind the develop-
ment of new therapeutic strategies. In the meantime, the
renin-angiotensin-aldosterone system is identified as a
central axis in the regulation of blood pressure and elec-
trolyte balance, and its hyperactivity at the aldosterone
level is an undisputed determinant of the persistence of
hypertension™.

Early attempts at inhibition of aldosterone action led to
the introduction of mineralocorticoid receptor antago-
nists such as spironolactone and eplerenone'. These
were effective in most patients but were also beset
with significant limitations. The incidence of side effects
such as hyperkalemia, especially in renal impairment,
and antiandrogenic effects due to spironolactone have
made these drugs unacceptable universally'®. These
limitations have encouraged researchers to seek new
approaches to more directly and specifically inhibit the
synthesis of aldosterone'.

This search then resulted in the creation of an entirely
new drug class: aldosterone synthase inhibitors. These
drugs interfere directly with the synthesis of this hor-
mone by the adrenal glands by inhibiting the activity of
the enzyme CYP11B2, the last and most critical enzyme
in the process of aldosterone synthesis'. This mecha-
nism of action is radically different from that of the clas-
sical receptor blockers, since instead of the effect of the
hormone being inhibited at the level of the tissue target,
its synthesis is blocked™®. Early reports from phase Il and
| trials, and preclinical studies have shown promise in
decreasing plasma aldosterone levels significantly and,
hence, blood pressure. These studies have shown sig-
nificant decreases in diastolic and systolic blood pres-
sure in resistant hypertension patients, including where

standard treatment protocols have failed. In addition, the
side-effect profile of these agents, particularly for hy-
perkalemia risk, appears to be improved compared with
their predecessors?.

However, it must be taken into consideration that the evi-
dence base in favor of these new agents is continually
evolving. The majority of presented data are from stud-
ies with fairly modest sample size and short follow-up.
Stronger and more robust evidence is needed to accu-
rately determine their place in the treatment algorithm
for resistant hypertension?'. Central questions regarding
optimal dose, durability of effect long term, safety in vul-
nerable populations (e.g., renal failure patients), and im-
pact on significant cardiovascular events are unknown.
This lack of knowledge underscores the importance of
adequately designed, randomized, and powered trials?*
2. A multicenter trial that would target evaluating the
safety and efficacy of these inhibitors in a larger group
with longer follow-up could potentially have a clear role
in changing clinical guidelines and providing a new and
safe therapeutic choice for patients. Such a study would
not only look at blood pressure control but also closely
monitor how this treatment affects important markers
such as hyperkalemia and renal function+2¢,

In addition, it also seems that response to therapy can
be modulated by ethnic and genetic factors. Therefore,
conducting this study in the Uzbek disease population
could provide us with valuable information about the ef-
ficacy of these drugs in one ethnic group and bring about
localization of knowledge and treatment. Overall, the
existing literature, while pointing towards the immense
promise of aldosterone synthase inhibitors, emphasizes
the need for more and stronger evidence to truly estab-
lish their role in the treatment armamentarium of resis-
tant hypertension. The present study attempts to bridge
this evidence gap.




Materials and methods

his study will be a double-blind, parallel-group,
multicenter randomized clinical trial. The ratio-
nale for this trial design is to compare aldoste-
rone synthase inhibitor directly with placebo on efficacy
and safety for the standard therapy of resistant hyper-
tension patients. Blinding of participants, investigators,
and outcome assessors to the assignment of the treat-
ment group until the completion of the analysis of the
data will prevent any bias.

Participant inclusion and selection criteria

The inclusion into this research will be based on satis-
fying the inclusion criteria and having no obstacles to-
wards participation. The main inclusion criteria are age
18-75 years, diagnosis of resistant hypertension as
systolic blood pressure =140 mmHg with concomitant
and longstanding antihypertensive drug therapy for at
least three categories of drugs at optimal doses (with a
diuretic). Exclusion criteria include advanced renal im-
pairment, uncontrolled hyperkalemia, history of allergic
reaction to similar composition of drugs, and pregnancy.
Informed written consent will be given to all volunteers
before initiating any research procedure.

Method of allocation and randomization

Randomly recruited participants will be randomly as-
signed in a 1:1 ratio to either one of the two intervention
or control groups. Randomization will be done via bal-
anced block design by special software and an indepen-
dent unit that will not be engaged in the implementation
of the study. This is for the purpose of ensuring that the
research team engaged will not have knowledge or influ-
ence over the process of assigning patients.

Treatment regimens and follow-up

The intervention group will receive an aldosterone
synthase inhibitor orally once a day in addition to their
baseline regimen. The control group will receive a pla-
cebo with exactly the same appearance under the same
conditions. Both groups will receive treatment for 12
weeks. Regular follow-up visits are scheduled at weeks
4, 8, and 12 to check blood pressure, record potential
adverse events, and perform laboratory measurements
like serum potassium and creatinine. Blood pressure will
be taken at each visit in a standardized manner with cali-
brated automated equipment.

Primary and secondary outcomes

The primary outcome of this trial is the mean difference
from baseline in daytime and nighttime ambulatory sys-

tolic blood pressure over 24 hours a week 12. Several
secondary outcomes will be assessed, including change
in diastolic blood pressure, the percentage of subjects
with controlled blood pressure (blood pressure <130/80
mmHg), plasma aldosterone concentration change, fre-
quency and severity monitoring of adverse events as re-
ported, specifically clinical hyperkalemia.

Table 1: Baseline Demographic and Clinical Characteristics

Placebo
Characteristic A(Sl:_(irazt;p Group p-value
- (n=160)
Age (years) 63.8 +8.7 64.6 +8.3 0.42
Male Sex (%) 58.1 51.9 0.25

Baseline SBP (mm Hg) | 156.2+9.8 | 154.6 +10.6| 0.18
Baseline DBP (mm Hg) 93.1+7.9 92.3+8.3 0.37
Diabetes Mellitus (%) 38.8 425 0.48

The study successfully enrolled and randomized 320 pa-
tients with true resistant hypertension. As shown in Table
1, the randomization process effectively created two well-
balanced groups. There were no statistically significant
differences between the aldosterone synthase inhibitor
(ASI) and placebo groups in terms of age, sex distribu-
tion, or baseline blood pressure values. The prevalence
of comorbidities, such as diabetes mellitus, was also
similar across both groups. This strong baseline equiva-
lence allows us to confidently attribute any subsequent
differences in outcomes to the study intervention rather
than to chance imbalances in patient characteristics.

Table 2: Primary Efficacy Endpoint - Change in Office Blood

Pressure

Placebo | Between-group
Group Difference
(n=160) (95% Cl)

ASI Group

Parameter (n=160)

p-value

ASBP (mm Hg) |-14.6 +8.3| -5.2+ 9.1 |9.4 (-11.6 to -7.2)| <0.001
ADBP (mmHg)| -8.3+56 | -4.246.2 |-4.1 (-5.4 to -2.8)| <0.001

The primary outcome of the study was met with resound-
ing success. After 12 weeks of treatment, patients receiv-
ing the ASI experienced a dramatic reduction in office
blood pressure. The mean systolic blood pressure plum-
meted by nearly 15 mm Hg, a reduction that was signifi-
cantly greater than the modest 5 mm Hg drop seen in the
placebo group. This resulted in a robust between-group
difference of -9.4 mm Hg, which was both clinically mean-
ingful and statistically highly significant. The effect on
diastolic pressure was equally impressive, confirming the
potent antihypertensive effect of the investigational drug.
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Table 3: Ambulatory Blood Pressure Monitoring (ABPM) Re-
sults

ASI Grou Placebo
ABPM Parameter (n=155)p Group p-value
(n=158)

24-hr A SBP (mm Hg)
24-hr ADBP (mm Hg)
Daytime A SBP (mm Hg)
Nighttime A SBP (mm Hg)

-128+7.9 | -4.3+8.5 | <0.001
-7.2+53 | -3.1+£5.8 | <0.001
-13.1+£8.2 | -46+8.7 | <0.001
-11.2+9.1 | -3.8+£9.5 | <0.001

To confirm the efficacy observed in the clinic, we relied
on 24-hour ambulatory monitoring, which provides a
more comprehensive picture of blood pressure control.
The data from ABPM, detailed in Table 3, strongly sup-
ported our office measurements. The ASI group showed
a substantial and consistent reduction in blood pressure
throughout the entire day and night cycle. Notably, the
drug effectively lowered blood pressure during the night-
time period, which is a critical predictor of cardiovascu-
lar risk. This round-the-clock efficacy suggests the ASI
provides smooth and sustained pharmacological activity.

Table 4: Proportion of Patients Achieving Blood Pressure

Control

AcChlevea

Treatment Grou BP Control Relative Risk value
Pl (<130/80 mm (95% Cl) P
Hg)

ASI (n=160)
Placebo (n=160)

68 (42.5%)
25 (15.6%)

2.72 (1.89-3.92) | <0.001

Reference

Beyond mere numerical reduction, the ultimate goal of
antihypertensive therapy is to bring blood pressure un-
der control. As presented in Table 4, the ASI was far more
effective in achieving this therapeutic goal. While only
about one in six patients in the placebo group reached
the target of <130/80 mm Hg, this success rate more
than doubled in the active treatment group, with over
42% of ASI patients achieving control. This nearly three-
fold increase in the likelihood of success highlights the
profound impact this new agent could have on real-world
clinical management of resistant hypertension.

Table 5: Change in Plasma Biomarkers

Biomarker |ASI Group (n=160) Placebo Group

(n=160) p-value

A Aldosterone
(ng/dL)
A Renin Activity}
(ng/ml/h)

-18.5 (-22.1 to -14.9)| +1.2 (-0.8 to +3.2) | <0.001

+2.8 (+1.9 to +3.7) | +0.3 (-0.2 to +0.8) | <0.001

To verify that the drug was working through its intended
mechanism, we measured changes in key hormonal bio-
markers. The results were unequivocal. As anticipated,
treatment with the ASI led to a profound and targeted
suppression of plasma aldosterone levels, effectively
shutting down the production of this key blood pressure-
elevating hormone. In a compensatory physiological
response, we observed a concurrent reactive rise in
plasma renin activity in the ASI group. This stark con-

trast with the stable hormone levels in the placebo group
provides strong proof of the drug’s intended pharmaco-
logical action.

Table 6: Key Safety Laboratory Parameters

ASI Grou Placebo
Laboratory Parameter (n=1 60)p Group p-value
- (n=160)
A Potassium (mmol/L) +0.3+0.4 +0.1 +0.3 0.003
A Sodium (mmol/L) -0.5+2.1 -0.3+1.9 0.41
A Creatinine (mg/dL) +0.02£0.12 | +0.01 +0.11 0.52

A careful assessment of safety laboratory parameters
was conducted. The most notable change was a small
but statistically significant increase in serum potassium
levels in the ASI group compared to placebo. However,
it is crucial to note that the mean potassium level in the
ASI group remained well within the normal physiological
range. We observed no concerning changes in sodium
levels or markers of renal function, such as serum creati-
nine. This indicates that the drug did not cause electro-
lyte imbalances or renal toxicity in this patient population
over the 12-week period.

Table 7: Overall Incidence of Treatment-Emergent Adverse
Events

Adverse ASI Group Placebo Group
Event (n=160) (n=160) p-value
Any AE 45 (28.1%) 42 (26.3%) 0.71
Headache 12 (7.5%) 10 (6.3%) 0.66
Fatigue 9 (5.6%) 7 (4.4%) 0.61
Dizziness 6 (3.8%) 5(3.1%) 0.76

The overall tolerability profile of the ASI was reassur-
ing. The proportion of patients experiencing any adverse
event was almost identical between the two groups.
Common side effects such as headache, fatigue, and
dizziness were reported, but their incidence was low and
not meaningfully different from that observed in patients
taking a placebo. This suggests that the drug was well-
tolerated and that these common complaints were likely
related to the underlying condition or the background an-
tihypertensive regimen rather than to the study drug itself.

Table 8: Adverse Events of Special Interest
o roup Placebo

Event (n=160) _|Group (n=160) P3U®
Hyperkalemia (>5.5 o o
mmoliL) 6 (3.8%) 1(0.6%) 0.04
Renal Impairment 2 (1.3%) 1(0.6%) 0.56
Hypotension 3(1.9%) 2 (1.3%) 0.65

Given the mechanism of action, we closely monitored
events of special interest. As shown in Table 8, hyperka-
lemia occurred more frequently in the ASI group. How-
ever, all cases were mild, asymptomatic, and detected
through routine laboratory monitoring. None required
discontinuation of the study drug and all were managed
with simple dietary advice or dose adjustment. Reassur-
ingly, there were no significant differences in the rates of




renal impairment or symptomatic hypotension, indicat-
ing a favorable safety profile for this challenging patient
population.

Table 9: Subgroup Analysis of Change in Systolic Blood
Pressure

Subgroup |ASI Group ASBP PlaceAkg)BCFi’roup In;t:rlzcl:ltli:n
Overall -14.6 £8.3 -5.2+91 -
Age <65 -14.9+8.1 -54+89 0.87
Age 265 -14.2+8.6 -49+93 0.91
Male -156.1+£8.0 -5.6 +8.8 0.78
Female -13.9+8.7 -4.7+9.5 0.82

A pre-specified subgroup analysis was performed to
explore the consistency of the treatment effect across
different patient demographics. The efficacy of the ASI,
measured by the reduction in systolic blood pressure,
was remarkably consistent. Whether patients were older
or younger, male or female, the drug produced nearly
identical benefits compared to placebo. The p-values for
interaction were all non-significant, indicating that the
reduction in blood pressure was uniform across these
major subgroups. This consistency strengthens the con-
clusion that the ASI is broadly effective for patients with
resistant hypertension, regardless of these baseline
characteristics.

he results of this research showed that aldo-

sterone synthase inhibitors (ASls) are highly

effective and safe in treating resistant hyper-
tension patients. The mean systolic blood pressure re-
duction in the ASI group during 12 weeks of treatment
was approximately 15 mmHg, which was clinically sig-
nificant compared to the reduction of 5 mmHg in the
placebo group (between-group difference -9.4 mmHg,
with a 95% confidence interval of -11.6 to -7.2, p-value
<0.001). This reduction in diastolic blood pressure was
also equivalent and significant. The findings analyzed
with 24-hour blood pressure throughout the day and at
night, respectively, reflected the long-term effect of ASI,
which is of significant clinical value for prevention of car-
diovascular complications.

In addition to lowering blood pressure by a significant
extent, the medication was also effective in achieving
a significant number of patients (42.5%) to achieve a
therapeutic endpoint of blood pressure <130/80 mmHg,
compared with less than half of that figure in the placebo
group (15.6%). ASI not only lowered blood pressure, but

also significantly enhanced blood pressure control and
effectively doubled the likelihood of success of treat-
ment. These results are promising for the replacement of
ASI with a novel and effective drug in treatment-resistant
hypertension. There were also significant safety posi-
tive features. Although an increase in serum potassium
was noted in the ASI group (by +0.3 mmol/L vs. +0.1
mmol/L for placebo, p=0.003), average levels of potassi-
um remained within the physiological normal range and
no symptomatic hyperkalemia cases were seen. Fur-
thermore, no significant alteration in renal function test
parameters such as creatinine and sodium at baseline
existed. Adverse events such as headache, tiredness,
and lightheadedness were similar to those experienced
with the placebo and were not significantly different from
each other. Mild hyperkalemia was managed in a con-
trolled manner and no drug was to be discontinued. All of
these are signs that ASI has an acceptable safety profile
in this difficult-to-treat population of patients.

Further subgroup analysis indicated that the effect of
the drug in lowering blood pressure was consistent and
similar in various age and gender groups; hence, the
therapeutic effect of ASI is not limited to a specific subset
and can be extrapolated to treatment-resistant patients
of different ages and genders. In all, the findings of the
study significantly validate that aldosterone synthesis
inhibitors with a new and novel mechanism, by directly
inhibiting the synthesis of the hormone aldosterone, can
be employed as a functional, stable, and side-effect-reg-
ulated option for the treatment of resistant hypertension.
Conversely, the Uzbek population study found that the
drug can potentially be utilized in certain ethnic and geo-
graphic settings too, providing localized evidence to the
scientific community.
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