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INTRODUCTION

EFFECTIVENESS OF TREATMENT AND 
ADHERENCE TO THERAPY OF ARTERIAL 
HYPERTENSION
Numerous studies indicate that over 1.3 billion to 1.4 
billion people worldwide suffer from hypertension, 
but less than 16% of them have blood pressure below 
140/90 [1-3].

It is estimated that hypertension is a leading factor in 
cardiovascular disease and death [4]. As the population 
of developed countries ages, the number of people with 
hypertension is expected to increase further. This will 
also be facilitated by increased obesity, air pollution, 
exposure to noise, and poor diet [3, 4]. The higher the 
blood pressure, the higher the risk of serious cardiovas-
cular events [4, 5]. Intensive treatment of hypertension 
with a reduction in blood pressure from 140/81 to 
133/76 mm Hg significantly reduces the risk of serious 
cardiovascular complications by 10%. Each drop in 
blood pressure by 5 mm Hg reduces this risk by 10% [6].

Therefore, the latest guidelines of the European Society 
of Hypertension recommend lowering blood pressure to 
below 130/80 mm Hg, but not below 120/80 mm Hg [7]. 
However, the beneficial effects of hypertension therapy 
described above depend on long-term, sustained blood 
pressure reduction. Not only discontinuation of effective 
hypertension therapy but also poor adherence to anti-
hypertensive therapy leads to a significant increase in 
the risk of cardiovascular complications and increased 
mortality [8-10]. However, large meta-analyses covering 
tens of thousands of patients with hypertension have 
shown that the rate of patients discontinuing hyper-
tension therapy or low adherence to antihypertensive 
medications is high, ranging from 31-83%, and usually 
30% greater in men than in women [11-13]. 

Overall, nearly two-thirds (62.5%) of the medication 
nonadherence was noticed in Africans and Asians. A 
particularly high rate of discontinue therapy is observed 
in young people [5, 11].

Many years ago, it was noted that the simultaneous 
use of several antihypertensive drugs leads to more 
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frequent, irregular use of these medications, or even 
complete discontinuation of these medications. This is 
one reason why guidelines for the treatment of hyper-
tension recommend the use of several antihypertensive 
medications in a single tablet as a fixed-dose combi-
nation pill (FDC) [7]. This therapeutic approach has 
improved the effectiveness of hypertension therapy, 
but in many patients, satisfactory therapeutic efficacy 
has still not been achieved [14]. Low effectiveness of 
hypertension therapy is still observed not only in Af-
rica but also in Europe and the United States [11, 13, 
14]. According to the research by Bruner et al. [13] the 
unsatisfactory effectiveness of therapy is influenced 
by stress, emotions, insomnia and multimorbidity. The 
lowest effectiveness of therapy related to non-adher-
ence to treatment recommendations is observed in 
low- to middle-income and non-income countries and 
non-Western countries. No significant positive trend in 
adherence was detected between 2010 and 2020 [11].

SEARCHING FOR NEW DRUGS FOR 
HYPERTENSION
Here is an intensive search for new pharmacological 
preparations that would improve the effectiveness of 
hypertension therapy [15-17] . The pharmaceutical indus-
try is conducting in-depth research on compounds that 
potentially influence the mechanisms leading to hyper-
tension. They are currently focusing on the use of, among 
others, activation of the AT2 receptor agonist, angioten-
sin (1-7) analogs., vasoactive intestinal peptide receptor 
agonists, intestinal L-type calcium channel blocker/
endothelin A/B2 receptor antagonist, antihypertensive 
vaccines. These studies did not lead to the introduction 
of any new antihypertensive drug into therapy, except 
for Baxdrostat, which inhibits aldosterone synthesis 
(similarly to the already known spironolactone), and 
Aprocitentan, a drug that inhibits endothelin receptors 
and is already used in hypertension resistant to antihy-
pertensive therapy. Increased activity of the renin-angio-
tensin-aldosterone system (RAS) in the brain of patients 
with hypertension has also been noted [18]. Stimulation 
of this system increases the activity of the sympathetic 
nervous system, causes vasoconstriction, and increases 
the release of arginine vasopressin, which leads to an in-
crease in blood pressure. Aminopeptidase (APA), located 
in the brain, converts angiotensin II to angiotensin III, re-
sponsible for the increase in blood pressure [18]. The drug 
firibastat, which inhibits aminopeptidase, lowers blood 
pressure by reducing the release of arginine vasopressin 
from the posterior pituitary gland into the bloodstream, 
which increases diuresis, reduces the activity of the 
sympathetic nervous system, and enhances barorecep-

tor function [18]. Firibastat, previously named QGC001 
or RB150, is an orally active brain-penetrating prodrug 
of EC33, a selective and specific inhibitor of APA. Upon 
entry into the brain, it is cleaved by brain reductases to 
generate two active molecules of EC33, which inhibit 
brain APA activity, block brain angiotensin-III formation, 
and decrease BP. The decrease in blood pressure follow-
ing firibastat administration depends not only on the 
drug’s inhibitory effect on aminopeptidase but also on 
the conversion of angiotensin II to angiotensin 1-7, which 
lowers blood pressure. Initially, high hopes were placed 
on this drug. The first clinical trial, designated NEW-HOP, 
on the effects of firibastat included 256 overweight or 
obese patients with hypertension [19, 20]. After 8 weeks 
of firibastat administration, systolic blood pressure in 
the study patients decreased statistically significantly 
by 9.5 mm Hg and diastolic blood pressure by 4.2 mm 
Hg. In the black patients participating in this study, 
systolic blood pressure decreased by 10.5 mm Hg, and 
in the remaining patients by 8.9 mm Hg (P<0.0001). 
Furthermore, it was found that the higher the baseline 
hypertension, the more the study drug lowered blood 
pressure [19,20]. However, subsequent studies in pa-
tients with resistant hypertension did not demonstrate 
a significant reduction in blood pressure, and the study 
was discontinued [20, 21]. The low effectiveness of hy-
pertension therapy may also be due to a small extent to 
patients who are resistant to antihypertensive therapy. 
However, it has been shown that only 10% of patients 
with hypertension are resistant to the inhibitors ACEIs, 
calcium antagonists, diuretics [22]. However, the lack 
of effectiveness of hypertension therapy in society is 
primarily due to irregular use of antihypertensive med-
ications or temporary or even permanent discontinua-
tion of antihypertensive therapy. This situation could be 
prevented by a drug that, after a single administration, 
would work for much longer than a day and would not 
cause adverse effects. It is possible that such a drug 
would significantly improve regular and long-term 
treatment of hypertension, and therefore the effec-
tiveness of this therapy. For this reason, recent clinical 
trials of a new drug called zilebesiran have generated 
considerable interest and hope.

AIM
The aim of this work is to critically evaluate the benefits 
and risks of zilebesiran.

MATERIALS AND METHODS
A comprehensive literature search was conducted in 
PubMed and Google Scholar databases to identify 
relevant studies on zilebesiran and other small-inter-
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fering RNA (siRNA)-based therapies for hypertension. 
The search covered publications from January 2010 
to December 2025. The following keywords and com-
binations were used: “zilebesiran”, “siRNA therapy”, 
“angiotensinogen inhibition“ “hypertension”.

REVIEW

ZILEBESIRAN - MECHANISM OF ACTION
This drug inhibits the release of angiotensinogen in the 
liver. It is administered by subcutaneous injection once 
every 3 months or once every 6 months and produces 
a significant and long-lasting reduction in blood pres-
sure. It is the first antihypertensive drug to modify the 
function of the gene responsible for angiotensinogen 
synthesis in the liver [23, 24].

Angiotensinogen secreted by the liver is converted 
into angiotensin-1 under the influence of renin, more-
over small amounts angiotensinogen are also synthe-
sized in adipose tissue, the kidney and the brain [24]. 
Angiotensin-1 is in turn converted into angiotensin II 
by angiotensin-converting enzyme (ACE). Angiotensin 
II exerts a powerful vasoconstrictor effect, stimulates 
the sympathetic nervous system, and stimulates the 
action of aldosterone and vasopressin. Both of these 
compounds also significantly increase blood pressure. 
Drugs such as ACE inhibitors or sartans significantly 
lower blood pressure and are frequently used in clinical 
practice. However, after prolonged use, due to the so-
called escape phenomenon, a compensatory increase 
in renal renin secretion occurs, which weakens the anti-
hypertensive effect of ACE inhibitors [24]. The relatively 
frequent side effects of ACE inhibitors and the insuffi-
cient antihypertensive effect of these drugs (due to the 
so-called escape mechanism) discourage many patients 
from long-term use of these drugs [25]. As indicated 
above, angiotensinogen plays a key role in the mech-
anism of action of the RAAS system., Andrew Fire and 
Crayg Mello discovered a method for gene silencing, for 
which they were awarded in 2006 the Nobel Prize. This 
discovery enabled the development of two methods for 
silencing the gene: antisense oligonucleotides (ASos) 
and small interfering RNAs (siRNAs). The latter method 
was used to develop the drug zilebesiran that silences 
the angiotensinogen gene [24]. These methods were 
used to synthesize several drugs successfully used in 
clinical practice. These include patisiran and vutrisiran, 
used for polyneuropathy associated with hereditary 
transthretin-mediated amyloidosis; givosiran, used for 
acute hepatic porphria; lumasiran and nedosiran, used 
for primary hyperoxaluria type 1; and inclisiran, used for 
primary hyperlipidemia [24].

Zilebesiran – a combination of a small RNA molecule 
composed of approximately 20 pairs of nucleosome 
binds to N-actylgalactosam. The latter compound en-
sures connection with liver cell receptors. The drug is 
then transported into the liver cell via clathrin-mediated 
endocytosis and is stored in endosomes, from where 
it slowly penetrates into the cytoplasm. As a result of 
further complex processes, the anti-sense strand binds 
to the RNA-inducing complex (RISC) molecule, thus 
forming an active RISC. The active RISC with the quide 
strand is recycled [24]. Thus, the modified RNA (siNRA) 
long-term silences the activity of the gene responsible 
for the production of angiotensinogen by liver cells, 
thanks to which a single administration of zilebesiran 
lowers blood pressure for a period of many weeks. The 
details of the operation of zilebesiran are, among others 
described, in Morosan’s work [24].

ANIMAL STUDY
The first studies on the effect of zilebesiran on blood 
pressure were conducted in spontaneously hyperten-
sive male rats fed a standard HIFH-sodium diet. SiRNA 
was administered by injection every two weeks at a 
dose of 10 mg/kg body weight. Following such admin-
istration, the drug is absorbed within approximately 
8-16 hours. The half-life of the drug in blood serum is 
3-5 days, while the half-life of pharmacological action 
is 3-6 months due to the slow return of RISC to its nor-
mal activity [24] .This drug was shown to induce a 98% 
reduction in serum angiotensinogen concentration. 
Zilebesiran at a dose of 400-800 mg also significantly 
reduces angiotensin I and angiotensin II concentrations 
and moderately reduces aldosterone concentrations, 
proportionally to the drug dose. All doses of zilebesiran 
moderately increase plasma renin activity [24]. The rats’ 
blood pressure decreased by 14 mm Hg. In a similar 
study, where the animals received only valsartan, blood 
pressure decreased by 10 mm Hg [24].

Unlike angiotensin-converting enzyme inhibitors, 
zilebesiran does not interfere with bradykinin deg-
radation and therefore does not cause dry cough or 
angioedema [26].

In the group of animals co-administered with zile-
besiran and valsartan, blood pressure decreased by 70 
mm Hg. As expected, the decreases in blood pressure 
following zilebesiran administration were greater in 
animals receiving the low-sodium diet than the high-so-
dium diet [24]. After zilebesiran the pressure drop was 
constant, no escape effect was observed [27].

The effect of zilebesiran can be reversed by sub-
cutaneous administration of an siRNA fragment that 
reverses the drug’s action (the REVERSIR effect). Such 
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No hypotension or worsening of renal function was 
observed. The increase in blood pressure observed due 
to the escape phenomenon in patients treated with 
RAAS inhibitors was not observed after zilebesiran 
administration [33].

The second phase of the randomized, placebo-con-
trolled trial, KARDIA-1 was conducted between 2021 
and 2023 in 78 centers in the USA, Canada, Great Britain, 
and Ukraine [33]. People aged 18-75 years with mod-
erate hypertension were invited to participate in the 
study. The study included 394 patients, including 167 
women and 93 Black patients. The study participants 
were divided into 5 groups. Patients in one group re-
ceived only a placebo injection once every 3 months. 
Patients in the other groups received zilebesiran in dos-
es of 150, 300, 600 mg every 6 months, or 300 mg every 
3 months. The study lasted ½ year. In the first, third, and 
sixth months of the study, ABPM was performed. Au-
tomatic office BP measurement was performed on the 
first day of the study, then weekly, and finally monthly 
until the end of the study. In the group of patients 
receiving only placebo, blood pressure increased sig-
nificantly, while in the groups treated with zilebesiran, 
it decreased. Redness (erythema) accompanied by pain 
at the injection site was observed in 5 patients. Mild 
hyperpotassemia (above 5.2 mmol/l) was noted in 5 
percent of patients and hypotension in 13 patients. In 
four patients discontinued the drug due to orthostatic 
hypotension [33].

The randomized KARDIA-2 study evaluated the effi-
cacy and safety of zilebesiran administered in combi-
nation with other antihypertensive drugs in hyperten-
sive patients with uncontrolled hypertension [34, 35]. 
Specifically, the study included patients with previously 
untreated hypertension (systolic blood pressure 155-
180 mm Hg) and patients treated with one or two anti-
hypertensive drugs whose systolic blood pressure was 
145-180 mm Hg. The study was conducted between 
2022 and 2023 in 150 centers in Canada, Estonia, Ger-
many, Latvia, Lithuania, Poland, England, and the USA. 
During the run-in period, previously used medications 
were discontinued and monotherapy with indapamide, 
amlodipine, or olmesartan was initiated once daily. A 
total of 667 patients were recruited, divided into in-
dapamine groups (n=127), amlodipine groups (n=239), 
and olmesartan groups (n=301). Indapamine was ad-
ministered at a dose of 2.5 mg once daily, amlodipine 
5 mg once daily, and olmesartan 40 mg once daily. 
Additionally, patients in each group were randomly 
assigned to receive either zilebesiran or placebo. After 
three months of zilebesiran therapy systolic blood pres-
sure decreased by 12,1 mm Hg in indapamide group 
(p< 0,0001), 9,7 mm Hg in amlodipine group (p<0,0001) 

studies were conducted in animals [28]. As a result of 
this approach, blood pressure returned to baseline 
values after 4-7 days. Another study demonstrated 
that acute administration of norepinephrine rapidly 
raised blood pressure. Other methods for terminating 
prolonged hypotension following zilebesiran admin-
istration include administration of fludrocortisone, a 
high-sodium diet, or administration norepinephrine. 
However, administration of midodrone did not increase 
the reduced blood pressure [29].

Zilebesiran also reduced cardiac hypertrophy [30]. 
Bovee et al. observed the effect of zilbesiran on the 
behavior of blood pressure in rats in which profound 
renal failure was induced by removing one kidney and 
in the other one a partial nephrectomy was performed. 
Administration of zilebesiran prevented the increase in 
blood pressure in the course of uremia [31]. Crus-Lopez 
et al. also noted the preventive effect of zilebesiran on 
the increase in blood pressure in rats with experimen-
tally induced diabetes [32].

CLINICAL STUDY
The first clinical trials were conducted between 2019 
and 2022 [33]. The study was conducted at four 
sites in the United Kingdom. The study participants 
were divided into several groups from group A, B and 
E. In Part A, eligible patients (12 per cohort) were 
randomly assigned in a 2:1 ratio to receive a single 
subcutaneous dose of zilebesiran (10, 25, 50, 100, 
200, 400, or 800 mg) or placebo. Zilebesiran reduced 
angiotensinogen concentrations by more than 90% 
from a 100 mg dose. The decrease in blood pressure 
correlated with decreasing angiotensinogen levels 
(r=0.52). A single dose of 20 mg of zilebesiran reduced 
systolic blood pressure by more than 10 mm Hg and 
diastolic blood pressure by more than 5 mm Hg. 

In Part B, after sequential administration of a low-
salt diet (0.23 g per day) and a high-salt diet (5.75 g 
per day) from days − 21 through − 8, patients were 
randomly assigned in a 2:1 ratio to a single dose of 800 
mg zilebesiran or placebo. After administration of 800 
mg of zilebesiran, the corresponding changes systolic 
blood pressure after a low-salt diet were − 18.8±4.3 
mm Hg and only -8,4 mm Hg on high-salt diet [33].

In part E all the patients received a single 800 mg 
dose of zilebesiran. Six patients had a mean decrease 
from baseline in systolic blood pressure of 21.8±2.9 
mm Hg at week 6 after administration of 800 mg 
of zilebesiran and at week 24 change in the mean 
systolic and diastolic blood pressure was - 22,5 mm 
Hg and - 10,8 mm Hg respectively, among the eight 
patient [33].
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Another meta-analysis conducted by Raza et al. 
showed that zilebesiran significantly lowers blood 
pressure after 12 weeks of treatment with ABPM (MD 
11.9 nn Hg p<0.00000001 and after 24 weeks MD is 
19.68 (p<0.00001). [38]. In office SBP measurements 
the difference compared to placebo after 12 weeks was 
12.21 mmHg and after 24 weeks 8.49 mmHg p<0.00001. 
Zilebesiran caused mild side effects (OR 1.37) p<0.01, 
but with no serious side effects reported [38]. Changes 
in creatinine concentration and glomerular filtration 
rate proved statistically insignificant. A significant de-
crease in blood pressure was observed in both ABPM 
and office SBP [38]. Another meta-analysis by Singh et 
al. confirmed the results of the previous meta-analyses 
[39]. Twelve weeks after zilebesiran administration, a 
decrease in systolic blood pressure of 15.12 mm Hg and 
diastolic blood pressure of 7.34 mm Hg was observed 
in ABPM. The most common side effect were erythema 
(at the site of drug administration) and headache. A 
slight increase in potassium and creatinine levels was 
observed. Low titers of anti-zilebesiran antibodies in 
blood were detected in 5% of patients. 

DISCUSSION
Despite the current availability of numerous antihy-
pertensive medications, the effectiveness of hyper-
tension therapy remains unsatisfactory. This is largely 
due to poor adherence to medical recommendations 
regarding hypertension therapy. The advantages of the 
possible introduction of zilebesiran to the treatment 
of hypertension were recently presented by Addison 
et al. [40] Will zilebesiran therapy solve this problem? 
Whether zilebesiran effectively reduces hypertension 
resistant to previously used medications has not 
been studied. There are also no studies of zilebesiran 
combined with beta-blockers and aldosterone antag-
onists. It is currently known that zilebesiran exerts its 
antihypertensive effect for at least a year. However, it is 
unknown whether longer-term administration (a few 
years) of this drug will result in a surrogate increase 
in angiotensinogen synthesis by adipose tissue or 
the kidneys. Zilebesiran only inhibits the synthesis of 
angiotensinogen produced in the liver. The promising 
observations that zilebesiran reduces cardiac fibrosis 
and slows the progression of chronic renal failure in 
experimental animals have not yet been verified in 
humans. If therapy with this drug significantly reduces 
hypertension and reduces the risk of cardiovascular 
complications we will only know after the completion 
of the KARDIA 3 study. Many issues related to adherence 
to medical recommendations will remain unresolved. 
How to convince patients to change their lifestyle, such 

and 4,0 mm Hg in olmesartan group (p>0,006). Greater 
reductions in office SBP were observed. They were 18.5 
mm Hg, 10.2 mm Hg, and 7 mm Hg, respectively. After 
6 months, the reductions were 13.6 mm Hg in the in-
dapamide group, 8.6 mm Hg in the amlodipine group, 
and 4.6 mm Hg in the olmesartan group (p<0.001). No 
serious complications were observed; only a transient 
trend toward hyperkalemia and increased serum creat-
inine was noted, which spontaneously resolved during 
further follow-up. A decrease in GFR of more than 30% 
was observed in 4.8% of patients in the indapamide and 
zilbesiran group, 0.8% in the amlodipine and zilebesir-
an group, and 2.7% in the olmesartan and zilebesiran 
group [34, 35]. 

Preliminary results of the KARDIA 3 study, currently 
comprising 270 patients with a mean age of 67 years, 
77% of whom were at high cardiovascular risk, and 
23% of whom had already been diagnosed with car-
diovascular disease [36]. Baseline blood pressure in the 
study group was 142/70 mm Hg. Three months after 
subcutaneous administration of 300 mg of zilebesiran, 
blood pressure decreased by 5 mm Hg, and after 600 
mg of zilebesiran, by 3.3 mm Hg (ABPM). Six months 
after administration of 300 mg of zilebesiran, blood 
pressure decreased by 3.9 mm Hg, and after 600 mg 
of zilebesiran, by 3.6 mm Hg. The decrease in blood 
pressure in ABPM measurements after 3 months was 
more pronounced: 5.5 mm Hg and 7.4 mm Hg. The noc-
turnal blood pressure decrease was greater, reaching 
6.6 mm Hg and 8.2 mm Hg, respectively [36]. The drug’s 
manufacturers plan to conduct another Phase III ZENIT 
CVT study involving 11,000 patients with uncontrolled 
hypertension despite the use of at least two antihyper-
tensive drugs and cardiovascular disease or relatively 
high cardiovascular risk. The study is scheduled to be 
completed in 2030. The aim of this study will be not only 
to assess the drug’s antihypertensive effect but also to 
assess the reduction in the number of heart attacks and 
strokes compared to placebo [36].

Lemine et al. conducted a meta-analysis of available 
studies on zilebesiran

that have been published until 2024 [37]. The study 
included 1,145 randomized patients whose blood pres-
sure and serum angiotensinogen levels were assessed 
after treatment with zilebesiran and placebo. In all 
patients included in the meta-analysis, blood pressure 
was measured using ABPM. This meta-analysis showed 
that in patients treated with zilebesiran at doses greater 
than 250 mg and less than 500 mg, reduction of sys-
tolic blood pressure was the greatest (the difference 
compared to placebo was 16.40 mmHg.) (p<0.00001). 
Higher doses of zilebesiran above 500 mg of zilebesiran 
were found to be less effective [37].
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medication orally. This example indicates that zilebesiran 
will not always be readily used by patients and may even 
worsen the lack of patient compliance with the physician. 
In situations where several medications are used simulta-
neously, it would be advisable to use zilebesiran in com-
bination with a diuretic or calcium channel blocker. This 
combination of drugs, as shown by the KARDIA 2 study 
[34,35] will provide greater blood pressure reduction than 
combining zilebesiran with an angiotensin-converting 
enzyme inhibitor or sartans. Furthermore, concomitant 
use of zilebesiran with an angiotensin-converting en-
zyme inhibitor can more easily lead to excessive serum 
potassium levels. The above examples indicate that even 
if zilebesiran proves to be an effective antihypertensive in 
everyday medical practice, it may not always be the ideal 
treatment for patients who do not adhere to treatment 
recommendations.

The large cardiology study KARDIA 3 will be com-
pleted in 2030. Only then will we know whether zile-
besiran not only effectively lowers blood pressure but 
also reduces the risk of cardiovascular complications 
and whether it does not cause serious organ damage 
in some clinical situations. If zilebesiran successfully 
completes all these trials, we will have a drug that will 
expand our treatment options for hypertension.

CONCLUSIONS
The number of patients with hypertension is increasing 
worldwide, causing increasing cardiovascular com-
plications and premature deaths. Despite numerous 
antihypertensive medications, the effectiveness of 
hypertension treatment has not improved sufficiently 
and remains unsatisfactory, primarily due to a lack of 
adherence to antihypertensive medications. Zilebe-
siran, administered as a subcutaneous injection twice 
a year, can improve adherence and effectiveness of 
hypertension therapy. We await the results of further 
studies with concern and hope to see whether zilebesir-
an will reduce the risk of cardiovascular complications 
and avoid serious side effects. 

as a high-sodium diet and low physical activity, which 
also may lead to hypertension. 

The smaller reduction in blood pressure following 
zilebesian administration in patients with cardiovas-
cular disease in the first period of the KARDIA 3 study 
may already raise some concerns [36]. A similar situation 
occurred in the Firibastat study, when it was found that 
this drug demonstrated only marginal antihypertensive 
efficacy in patients with more treatment-resistant hy-
pertension, and further study of the drug was discon-
tinued. However, the final efficacy of zilebesiran cannot 
be determined based on the several-month duration 
of the KARDIA 3 study. The coming years will reveal the 
extent of the reduction in blood pressure and whether 
any adverse events are more frequent than previously 
reported. Special attention will be paid to the potential 
occurrence of chronic, irreversible renal failure, signifi-
cant hyperkalemia, or uncontrolled hypotension. If zile-
besiran proves to be free of these dangerous symptoms, 
it would be worthwhile to consider which patients with 
hypertension this drug would be most useful for. For 
many patients, zilebesiran may improve the effective-
ness of hypertension therapy, but its limitations should 
be remembered. Zilebesiran lowers blood pressure 4-7 
days after administration. Until zilebesiran takes effect, 
the patient must receive rapid-acting antihypertensive 
medications. An increase in blood pressure during 
therapy with zilebesiran at a dose of 500 mg requires 
the addition of another antihypertensive drug, not an 
increase in the dose of zilebesiran [37].

In patients with mild hypertension who were previously 
adequately treated with a single daily antihypertensive 
medication but subsequently were treated very irregularly, 
zilebesiran appears to be a good alternative, provided 
that no more severe hypotension develops. This situation 
may occur suddenly, for example in dehydration, diarrhea, 
sepsis. Therefore, the patient should be instructed to fre-
quently monitor their blood pressure. A more profound 
drop in blood pressure will require emergency norepi-
nephrine and a high-sodium diet [29]. This, in turn, may be 
more burdensome for the patient than taking the previous 

REFERENCES
	 1.	� NCD Risk Factor Collaboration (NCD-RisC) Worldwide Trends in Hypertension Prevalence and Progress in Treatment and Control from 

1990 to 2019: A Pooled Analysis of 1201 Population-Representative Studies with 104 Million Participants. Lancet. 2021;398:957-980. 
doi: 10.1016/S0140-6736(21)01330. DOI

	 2.	� Mills KT, Bundy JD, Kelly TN, Reed JE, Kearney PM, Reynolds K, Chen J, He Global Disparities of Hypertension Prevalence and Control: A 
Systematic Analysis of Population-Based Studies From 90 Countries. J Circulation. 2016 Aug 9;134(6):441-50. doi: 10.1161. DOI

	 3.	� GBD 2019 Risk Factors Collaborators. Global burden of 87 risk factors in 204 countries and territories, 1990-2019: a systematic analysis 
for the Global Burden of Disease Study 2019. Lancet 020 Oct 17;396(10258):1223-1249. doi: 10.1016/S0140-6736(20)30752-2.  DOI

	 4.	� Oishi E, Hata J, Honda T, Sakata S, et al. Hypertes Res. Developmeny of a risk predicton model for incident hypertension In Japanese 
individuals: Hisayama Stuy. Hypertes Res. 2021 Sep;44(9):1221-1229. doi: 10.1038/s41440-021-00673-7. DOI

http://www.doi.org/
http://www.doi.org/
http://www.doi.org/
http://www.doi.org/


Jerzy Głuszek, Teresa Kosicka

1652

	 5.	� Luo D, Cheng Y, Zhang H, Ba M, et al. Association between high blood pressure and long term cardiovascular events in young adults: 
systematic review and meta-analysis. BMJ. 2020 Sep 9;370:m3222. doi: 10.1136/bmj.m3222 .  DOI

	 6.	� Blood Pressure Lowering Treatment Trialists’ Collaboration. Pharmacological blood pressure lowering for primary and secondary prevention 
of cardiovascular disease across different levels of blood pressure: an individual participant-level data meta-analysis . Lancet 2021 May 
1;397(10285):1625-1636. doi: 10.1016/S0140-6736(21)00590-0. DOI

	 7.	� Writing Committee Members; Jones DW, Ferdinand KC, Taler SJ, Johnson H, et al. 2025 AHA/ACC/AANP/AAPA/ABC/ACCP/ACPM/AGS/
AMA/ASPC/NMA/PCNA/SGIM Guideline for the Prevention, Detection, Evaluation and Management of High Blood Pressure in Adults: A 
Report of the American College of Cardiology/American Heart Association Joint Committee on Clinical Practice Guidelines. Circulation. 
2025;152:e114-e218. doi: 10.1161/CIR.0000000000001356. DOI

	 8.	� Shin S, Song H, Oh SK, Choi KE, Kim H, Jang S. Effect of antihypertensive medication adherence on hospitalization for cardiovascular 
disease and mortality in hypertensive patients. Hypertens Res. 2013 Nov;36(11):1000-5. doi: 10.1038/hr.2013.85.7. DOI

	 9.	� Peng X, Wan L, Yu B, Zhang J. The link between adherence to antihypertensive medications and mortality rates in patients with 
hypertension; a systematic review and meta-analysis of cohort studies. BMC Cardiovasc Disord. 2025 Mar 3;25(1):145. doi: 10.1186/
s12872-025-04538-6.  DOI

	10.	� Chang TE, Ritchey MD, Park S, Chang A, Odom EC, et al. National Rates of Nonadherence to Antihypertensive Medications Among Insured 
Adults with Hypertension, 2015. Hypertension. 2019. Dec;74(6):1324-1332. doi: 10.1161/HYPERTENSIONAHA.119.13616. DOI

	11.	� Lee EKP, Poon P, Yip BHK, Bo Y, et al. Global Burden, Regional Differences, Trends, and Health Consequences of Medication Nonadherence 
for Hypertension During 2010 to 2020: A Meta-Analysis Involving 27 Million Patients. J Am Heart Assoc. 2022 Sep 6;11(17):e026582. 
doi: 10.1161/JAHA.122.026582.  DOI

	12.	� Abegaz TM, Shehab A, Gebreyohannes EA, Bhagavathula AS, Elnour AA. Nonadherence to antihypertensive drugs: A systematic review 
and meta-analysis. Medicine (Baltimore) 2017 96(4):e5641. doi: 10.1097/MD.0000000000005641. DOI

	13.	� Burnier M, Azizi M, Magne J, Prejbisz A, et al. Working group on Lifestyle, Cardiovascular Pharmacotherapy and Adherence of the 
European Society of Hypertension. Patient perceptions, motivations and barriers to treatment adherence in hypertension: results of a 
questionnaire-based survey in five European countries. Blood Press. 2025 Dec;34(1):2513434. doi: 10.1080/08037051.2025.2513434. 

DOI

	14.	� De Backer T, Van Nieuwenhuyse B, De Bacquer D. Antihypertensive treatment in a general uncontrolled hypertensive population in 
Belgium and Luxembourg in primary care: Therapeutic inertia and treatment simplification. The SIMPLIFY study. PLoS One. 2021 Apr 
5;16(4):e0248471. doi: 10.1371/journal.pone.0248471. DOI

	15.	� Reid JL. New therapeutic agents for hypertension. Br. J. Clin Pharmacol. 1996 Jul;42(1):37-41. doi: 10.1046/j.1365-2125.1996.03817.x. 
DOI

	16.	�  Sayer M, Webb D, Dhuan N. Novel pharmacological approaches to lowering blood pressure and managing hypertension. Nat Cardiol. 
2025; 22(9) 649-663. doi: 10.1038/s41569-025-01131-4. DOI

	17.	� Davis J, Oparil S. Novel Medical Treatment for Hypertension and Related Comorbidites. Curr Hypertens 2018;20(10):90. doi: 10. 1007/
s11906-018-0890-y. DOI

	18.	� Ferdinand KC, Balavoine F, Besse B, Black HR, Desbrandes S, Dittrich HC, Nesbitt SD. Efficacy and Safety of Firibastat, A First-in-Class 
Brain Aminopeptidase A Inhibitor, in Hypertensive Overweight Patients of Multiple Ethnic Origins. Circulation 2019; 140(2): 138-146. 
doi: 10.1161/CIRCULATIONAHA.119.040070.  DOI

	19.	�  Hansen E, Grimm D, Wehland M. Current Knowledge about the New Drug Firibastat in Arterial Hypertension. Int. J Mol Sci. 2022 Jan 
27;23(3):1459. doi: 10.3390/ijms23031459. DOI

	20.	� Khosla J , Aronow WS, Frishman WH. Firibastat: an oral, first-in-class aminopeptidase A inhibitor for the treatment of hypertension. 
Cardiol Rev. 2022 January, February 01;30(1):50-55. doi: 10.1097/CRD.0000000000000360 DOI

	21.	� Zoccali C, Mallamaci F, De Nicola L, Minutolo R. New trials in resistant hypertension: mixed blessing stories’. Clin Kidney 2023; Sep 27 
;17(1):sfad251. doi: 10.1093/ckj/sfad251. DOI

	22.	� Judd E, Calhoun DA. Apparent and true resistant hypertension: definition, prevalence and outcomes. J Hum Hypertens. 2014 Aug;28(8):463-
8. doi: 10.1038/jhh.2013.140. DOI

	23.	� Desai AS, Webb DJ, Taubel J, Casey S, et al. Zilebesiran, an RNA Interference Therapeutic Agent for Hypertension. N. Engl. J. Med. 
2023;389:228-238. doi: 10.1056/NEJMoa2208391. DOI

	24.	� Morosan PA, Bobu AM, Carauleanu A, Popa R, et. al. Zilebesiran as an Innovative siRNA-Based Therapeutic Approach for Hypertension: 
Emerging Perspectives in Cardiovascular Medicine Int J Mol Sci. 2025 Nov 4;26(21):10717. doi: 10.3390/ijms262110717 DOI

	25.	� Iwai M, Horiuchi M. The devil and the angel in the renin-angiotensin system: the ACE-angiotensin II-AT1 receptor axis versus the ACE2-
angiotensin-(1-7)-AT1 receptor axis. Hypertens Res. 2009;32:533-536. doi: 10.1038/hr.2009.74. DOI

	26.	� Smolinska S, Antolín-Amérigo D, Popescu FD. Bradykinin metabolism and drug-induced angioedema. Int J Mol Sci. 2023;24:11649. doi: 
10.3390/ijms241411649. DOI

http://www.doi.org/
http://www.doi.org/
http://www.doi.org/
http://www.doi.org/
http://www.doi.org/
http://www.doi.org/
http://www.doi.org/
http://www.doi.org/
http://www.doi.org/
http://www.doi.org/
http://www.doi.org/
http://www.doi.org/
http://www.doi.org/
http://www.doi.org/
http://www.doi.org/
http://www.doi.org/
http://www.doi.org/
http://www.doi.org/
http://www.doi.org/
http://www.doi.org/
http://www.doi.org/
http://www.doi.org/


Hopes and doubts about zilebesiran, a new antihypertensive drug

1653

	27.	� Uijl E, Mirabito Colafella KM, Sun Y, Ren L, et al. Strong and sustained antihypertensive effect of small interfering RNA targeting liver 
angiotensinogen. Hypertension.2019;73:1249-1257.doi: 10.1161/HYPERTENSIONAHA.119.12703

	28.	� Dien Ye Cruz-López EO, Veghel R, Garrelds IM, Kasper A, et al. Counteracting angiotensinogen small-interfering RNA-mediated 
antihypertensive effects with REVERSIR. Hypertension. 2024;81:1491-1499. doi:10.1161/HYPERTENSIONAHA.124.22878. DOI

	29.	�  Uijl E, Ye D, Ren L, Mirabito Colafella KM, et al. Conventional vasopressor and vasopressor-sparing strategies to counteract the blood 
pressure-lowering effect of small interfering RNA targeting angiotensinogen. J Am Heart Assoc. 2022;11:e026426. doi: 10.1161/
JAHA.122.026426. DOI

	30.	� Wikstrom J, Liang J, CaoH, Gao S, Gran L. Targeting liver angiotensinogen using a GaINA-siRNA improves cardiac remodeling in 
spontaneously hypertensive rats. Heart J. 2023;44:ehad655,2830. doi: 10. 1093/eurheart/ehad655.2830. DOI

	31.	� Bovée DM, Ren L, Uijl E, Clahsen-van Groningen MC, et al. Renoprotective Effects of Small Interfering RNA Targeting Liver Angiotensinogen 
in Experimental Chronic Kidney Disease. Hypertension. 2021 May 5;77(5):1600-1612. doi: 10.1161/HYPERTENSIONAHA.120.16876. DOI

	32.	� Cruz-López EO, Ren L, Uijl E, Clahsen-van Groningen MC, et al. Blood pressure-independent renoprotective effects of small interference 
RNA targeting liver angiotensinogen in experimental diabetes. Br J Pharmacol. 2023;180:80-93. doi: 10.1111/bph.1595527 DOI

	33.	� Bakris GL, Saxena M, Gupta A, Chalhoub F, et al.; KARDIA-1 Study Group.. RNA Interference with Zilebesiran for Mild to Moderate 
Hypertension: The KARDIA-1 Randomized Clinical Trial. JAMA. 2024;331:740-749. doi: 10.1001/JAMA 2024.0728.  DOI

	34.	� Saxena M, Aswad A, Badariene J, Kazi F, et al. Zilebesiran as add-on therapy in patients with hypertension inadequately controlled with 
a standard antihypertensive medication: Efficacy and safety results from the KARDIA-2 study. J Hypertens. 2024;42(Suppl. S1):e115. 
doi: 10.1097/01.hjh.0001020464.05231.4a DOI

	35.	� Desai AS, Karns AD, Badariene J, Aswad A, et al.; KARDIA-2 Study Group. Add-On Treatment With Zilebesiran for Inadequately Controlled 
Hypertension: The KARDIA-2 Randomized Clinical Trial. JAMA. 2025 Jul 1;334(1):46-55. doi: 10.1001/jama.2025.6681. DOI

	36.	� Kardia 3 Alnylam Pharmaceuticals A Randomized, Double-Blind, Placebo-Controlled, Multicenter Study to Evaluate the Efficacy and Safety 
of Zilebesiran Used as Add-on Therapy in Adult Patients with High Cardiovascular Risk and Hypertension not adequately controlled by 
standard of care antyhypertesive medications. htps://clinicaltrials,gov/study/NCTO627487 (Access: January 2026). 

	37.	�  Lemine M, Almuzainy S, Aljubeh R, Alilo A. Zilebesiran and Hypertension: A Systematic Review and Meta-analysis. J Saudi Heart Assoc. 
2024 Dec 20;36(4):420-430. doi: 10.37616/2212-5043.1408. DOI

	38.	� Raza M, Riaz CZ, Chaudhry ER, Jannat M, et al. Efficacy and Safety of Zilebesiran for the Management of Hypertension: An Updated Systematic 
Review and Meta-Analysis of Randomised Controlled Trials. Cureus. 2025 Sep 16;17(9):e92446. doi: 10.7759/cureus.92446. DOI

	39.	� Singh V, Tewari J, Qidwai KA, Singh SK, Tewari A, Tewari V, Maheshwari A. Safety and Efficacy of Novel RNA Interference Therapeutic 
Agent Zilebesiran in People With Hypertension: A Systematic Review and Meta-Analysis. Cureus 2025 Jan 18;17(1):e77607. doi: 10.7759/
cureus.77607.  DOI

	40.	� Addison ML, Ranasinghe P, Webb D. Emerging insights and future prospects for therapeutic application of siRNA targeting angiotensinogen 
in hypertension. Expert Rev Clin Pharmacol. 2023;16(11):1025-1033. doi: 10.1080/17512433.2023.2277330. DOI

CONFLICT OF INTEREST
The Authors declare no conflict of interest

CORRESPONDING AUTHOR
Jerzy Głuszek
Department of Cardiology, Calisia University, 
Kalisz, Poland
e-mail: jerzygluszek@o2.pl

ORCID AND CONTRIBUTIONSHIP
Jerzy Głuszek: 0000-0002-7584-5396  
Teresa Kosicka: 0000-0002-0898-6973  

 – Work concept and design,  – Data collection and analysis,  – Responsibility for statistical analysis,  – Writing the article,  – Critical review,  – Final approval of the article

RECEIVED: 30.01.2026
ACCEPTED: 05.05.2026 C R E AT I V E  C O M M O N S  4 . 0

http://www.doi.org/
http://www.doi.org/
http://www.doi.org/
http://www.doi.org/
http://www.doi.org/
http://www.doi.org/
http://www.doi.org/
http://www.doi.org/
http://www.doi.org/
http://www.doi.org/
http://www.doi.org/
http://www.doi.org/
https://orcid.org/0000-0002-7584-5396
https://orcid.org/0000-0002-0898-6973

