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ABSTRACT
Background: Despite the disadvantaged position of central adrenergic drugs (CAD) in the current 

therapeutic regimens of hypertensive patients, we hypothesized that the addition of the most recent 
representatives of this class – I1-imidazoline agonists (CAD-I1A) – to the usually recommended drugs might 
contribute to better blood pressure (BP) control. 

Method: This multicentric observational prospective study included patients with BP ≥ 140/90 mm Hg 
who were using at least two antihypertensive drugs and were reassessed at three months apart in 44 urban 
medical centers. Patients with modifications in therapy were subsequently divided into two subgroups: one 
study group, with CAD-I1A added to the initial therapeutic regimen, and one control group characterized 
by the addition of a drug from any other class of antihypertensives. 

Results: The rate of BP normalization was 43% (144/333) after CAD-I1A addition vs 26% (15/58) 
following any other changes in treatment (p<0.01). The binomial logistic regression has validated the 
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INTRODUCTION

Improvement of arterial hypertension (HTN) 
control is a worldwide priority, emphasized 
by many scientific societies and most re-
cently by the World Health Organization in 
its first-ever report on the devastating global 

impact of high blood pressure (BP) (1-4). Accor-
dingly, four out of five people with high BP are 
inadequately treated, despite extremely varied 
and relatively easily accessible therapeutic re-
sources (4). In the last decades, the therapeutic 
control of HTN made a slow progress compared 
with awareness and the proportion of treated hy-
pertensive patients (5, 6), reaching about 50% 
across Europe (7) and even less in Romania, an 
East-European country, where it only achieved 
39% based on the latest available records (8). 
This problem requires vigorous actions if the per-
sistence of high BP under treatment is associated 
with an augmented cardiovascular risk (9, 10). 
Along with measures addressing socio-economic 
conditions, adherence to treatment or correction 
of unhealthy lifestyle factors (11), the optimiza-
tion of therapeutic regimens represents the cor-
nerstone of HTN management. 

The implication of the sympathetic nervous 
system in the pathogenesis of arterial HTN has 
been noticed since the early 20th century. In the 
late 1960s, powerful drugs were developed to 
block the adrenergic pathway. Still, many of 
them, such as central adrenergic drugs (CAD) 
represented by clonidine and methyldopa or al-
pha-blockers, not to mention ganglionic blockers 
or sympathetic neuronal blockers, were grafted 
with strong side effects (12-13). During the 
1990s, the class of central I1-imidazoline agonists 
(I1A), including moxonidine and rilmenidine, be-
came available (14). Despite their efficacy and 
high tolerability, they have been hit by the cone 
of shadow which progressively has covered  

the whole spectrum of drugs addressing directly 
the sympathetic pathways, also affecting the 
beta-blockers from a certain point (15). The en-
tire class of CAD has been placed in the last lines 
of anti-hypertensive treatment (2, 16, 17). How-
ever, I1-imidazoline agonists have been proven 
to be equally effective and safe when used in 
monotherapy (18, 19). That is why we conduc-
ted a multicentric observational prospective 
study to evaluate the impact of currently used 
CAD – in particular of I1A – on BP control when 
added to the current antihypertensive therapeu-
tic regimens. q 

MATERIALS AND METHODS

Hypertensive patients with uncontrolled BP 
(≥ 140/90 mm Hg) under at least two anti-

hypertensive drugs were included in the present 
study after giving their written informed consent, 
and were reassessed three months apart. Patients 
were evaluated, enrolled and monitored by car-
diologists in 44 urban medical centers. Patients’ 
assessment consisted of a questionnaire inclu-
ding demographic data (age, gender, level of 
education); history of arterial hypertension; as-
sociated risk factors, including obesity (abdomi-
nal obesity defined by waist circumference 
≥ 102 cm for males and ≥ 88 cm for females 
and obesity by a body mass index ≥ 30 kg/m2), 
diabetes mellitus and smoking status (currently 
smoking at least one cigarette/day); history of 
overt cardiovascular disease (chest angina and 
myocardial infarction or stroke); lifestyle, inclu-
ding sedentarism (without any physical activity 
of at least 30 minutes/day ≤ once/month), dura-
tion and quality of sleep; self-declared adhe-
rence to therapy (taking regularly the medication 
or forgetting rarely the doses). At each study visit, 
BP, weight and waist circumference were mea-
sured. Whenever available, the plasmatic lipid 

presence of CAD-I1A in the therapeutic regimen (p<0.001) and the stage of hypertension at baseline (p<0.01) 
as statistically significant predictors of a better BP control, while demographic, socio-economic, lifestyle 
factors and comorbidities were similarly distributed between the two groups. No differences in the rate of 
side effects were identified.

Conclusions: The results of our study indicate a high probability of BP normalization when a CAD-I1A 
is added to the therapeutic regimen of patients with uncontrolled hypertension under at least two drugs.

Keywords: blood pressure control, central adrenergic inhibitors,  
I1-imidazoline receptor agonists.
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profile was also recorded. Classification of  
HTN was realized according to guidelines  
(ESH 2013, ESH 2023): I) 140-159/90-99 mm Hg; 
II) 160-179/100-109 mm Hg; III) ≥180/110 mm Hg 
(1, 20). Physicians were free to decide the thera-
peutic strategy after enrollment: to add any class 
of drug to the former antihypertensive treatment 
or to leave the previous treatment unchanged. 
Patients with modifications in therapy were sub-
sequently divided into two subgroups: one study 
group with CAD added to the initial therapeutic 
regimen and one control group in which any 
other drugs from a different class were associa-
ted with the previous treatment of HTN. 

The study was carried out respecting the 
rights of patients according to the Declaration of 
Helsinki and the European legislation on perso-
nal data protection.

For statistical analysis, IBM SPSS Statistics 
20.0 software at a significance level of p ≤ 0.05 
was used by a company specializing in research. 

Kolmogorov-Smirnov test was used to ana-
lyze continuous data distribution, according  
to which appropriate tests were further used  
in analysis: independent samples t-test or 
Mann-Whitney U test for differences between 
means of two independent groups, Chi-square 

I1-ImIdazolIne agonIsts and Blood Pressure Control

TABLE 1. Baseline 
characteristics for the 
entire study group and 
two subgroups: patients 
with versus without 
CAD-I1A in treatment 
between study visits
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test (Fisher Exact Test) was used to analyze dif-
ferences between categorical data.

Binary logistic regression using a stepwise 
likelihood ratio method (including multicol-
linearity testing and adjustments for major con-
founders) was employed for validation of predic-
tors of BP control. q

RESULTS

In 391 patients with uncontrolled hypertension, 
therapeutic changes have been made as fol-

lows: 333 subjects received a CAD (intervention 
group) and for the remaining 58, drugs from any 
other therapeutic class were added (control 
group). 

The CAD class was represented by rilmeni-
dine in the vast majority of cases, alpha-methyl 
dopa in two cases and moxonidine in one case. 
The reality in the field led us to assimilate the 
study group with one that reflected the effects of 

an I1A, and in particular of rilmenidine, on BP 
control, and has been renominated CAD-I1A.

Baseline characteristics of the whole study 
group and the two study subgroups are summa-
rized in Table I. No significant differences in 
baseline factors between the two subgroups  
have been noticed (p>0.05). 

The total rate of BP normalization, following 
modifications in treatment between study visits, 
was 40.7% (159/391): 43% (144/333) after intro-
duction of CAD-I1A versus 26% (15/58) in the 
control group (p<0.01).

A binomial logistic regression was applied to 
test the association of BP normalization along 
with factors alleged to contribute to hyperten-
sion control such as gender, level of education, 
body mass index and abdominal obesity, dia-
betes mellitus, smoking status, history of cardio-
vascular disease, sedentary lifestyle, duration of 
sleep, self-declared adherence to treatment, 
HTN severity and presence of CAD-I1A in the 
therapeutic regimen (Table 2). The binomial lo-

TABLE 2. 
Binomial logistic 
regression for the 
association of  
BP normalization 
with baseline 
factors alleged to 
contribute to better 
control of 
hypertension

TABLE 3. 
Validation of 
hypertension 
severity and 
treatment 
regimen as 
predictors of 
blood pressure 
normalization 
according to the 
regression 
equation
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gistic regression has been validated as a statisti-
cally significant predictor of BP normalization: 
the type of treatment (presence or absence of 
CAD-I1A in the therapeutic regimen) 
(Wald=34.057; p<0.001) and the stage of hy-
pertension at baseline, with better improvement 
for less severe hypertension at baseline 
(Wald=9.454; p<0.01), but not the comorbidi-
ties, lifestyle or socio-economic factors (Table 3).

Prediction of BP normalization was calcula-
ted for each hypertension stage at baseline after 
adding CAD-A1I compared with other therapeu-
tic changes between study visits. The probability 
of BP normalization was significantly higher in 
the group with added CAD-A1I to treatment 
than the control group (CI 95%): 72.66% 
(40%–91%) for stage I hypertension, 45.77% 
(21%–73%) for stage II hypertension and 26.25% 
(15%-41%) for stage III hypertension (Figure 1).

Tolerability of CAD-A1I was very good in 
comparison with other therapeutic regimens not 
including them, with a significant advantage in 
reducing headaches and facial hyperemia 
(Table 4). q

DISCUSSIONS

Moxonidine and rilmenidine act primarily on 
the central I1-imidazoline receptors, with 

little impact on alpha-2 receptors which are 
mainly responsible for the side effects of the first 
generation of CAD (21). The antihypertensive ef-
fect of CAD-I1A consists in the reduction of vas-
cular resistance while sparing heart rate and car-
diac output (22-27). A complementary 
me chanism of their action could be the presy-
naptic inhibition of transmitter release from post-
ganglionic sympathetic neurons (25). The effi-
ciency of moxonidine and rilmenidine in 
lowering BP was tested in comparative studies 
with many other antihypertensives such as cloni-
dine, alpha-methyldopa, diuretics, alpha-blo-
ckers, beta-blockers, calcium antagonists and 
angiotensin-converting enzyme inhibitors 
(18, 19, 29), but very few studies have ques-
tioned their effects in combination with other 
classes of antihypertensives with the CAD-I1A 
initiation of therapy (13, 30).

In our observational prospective study, we 
followed patients with uncontrolled HTN under 
at least two antihypertensives after their physi-
cians modified their therapeutic regimen to im-
prove BP control. In most cases, the background 
treatment consisted of angiotensin-converting 
enzyme inhibitors or angiotensin receptor blo-
ckers, calcium channel blockers, and thiazide-like 
diuretics, in variable combinations. The addition 
of a new drug was done in step 3 of treatment, 
but also in step 2 when one of the three classes 
of drugs generally recommended proved to not 
be well tolerated. In patients for whom the inter-
vention consisted of addition of a new class of 
drug, we compared the benefits of introducing a 
CAD with adding a drug from any other classes. 

One of the most surprising findings of our 
study was that medical practitioners preferred to 
introduce CAD-I1A instead of spironolactone 

FIGURE 1. The probability of blood pressure normalization 
according to the severity of hypertension at baseline and the presence 
of CAD-I1A in the therapeutic regimen (CAD-I1A=central adrenergic 
drugs selective on I1-imidazoline receptors)

TABLE 4. Tolerability of CAD 
selective on I1-imidazoline 
receptors in comparison with 
other therapeutic regimens not 
including CAD-I1A
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when a better control of HTN was needed. It 
was an unexpected result as long as, in ESH 
guidelines from the time the study was conduc-
ted, this particular class of drugs was excluded 
from the main therapeutic recommendations and 
spironolactone was considered a first-line drug 
for the upgrade of a therapeutic regimen that 
failed to control HTN (17). The PATHVWAY-2 
study showed the superiority of spironolactone 
compared to bisoprolol, doxazosin, or placebo by 
introducing it into the fourth line of treatment in 
patients with apparently resistant HTN (31). 
However, spironolactone has an inadequate 
t olerability profile (mastodynia or gynecomastia 
and sexual dysfunction in men, hyperpo tassemia) 
and must be avoided in patients with advanced 
chronic kidney disease with an estimated  
glomerular filtration rate of less than 
30 mL/min/1.73 m2 (1). This may be an explana-
tion for the reluctance of doctors toward spi-
ronolactone, as other real-life studies have 
shown. In a survey conducted in the USA, only 
9% of patients with apparent resistant hyperten-
sion were treated with spironolactone (32). On 
the other hand, CAD-I1A have the advantage of 
optimal cardiac and renal tolerability (29, 33, 34) 
and are metabolically neutral (28). In our study, 
the old CAD did not constitute an option due to 
their known side effects, nor the moxonidine 
which belongs to the CAD-I1A class, but it was 
much less promoted and distributed in our coun-
try than rilmenidine. Last but not least, we must 
take into account the fact that our study has not 
addressed patients with resistant HTN but those 
with therapeutically uncontrolled HTN. The ef-
fect of pharmacological treatment changes was 
not biased by other factors recognized for their 
influence on BP control as long as the distribu-
tion of demographic or socio-economic factors, 
some lifestyle factors or comorbidities was simi-
lar between study groups. However, it is worth 
mentioning that we did not evaluate the impact 
of salt or alcohol consumption more precisely, 
and the treatment adherence was assessed by 
the self-declaration of the patients. Also, due to 
the non-interventional nature of the study, we 
were not able to evaluate the contribution of 
changes in therapy after optimization of antihy-
pertensive drug doses.

The effectiveness of CAD-I1A might reside in 
the fact that it counteracts a strong pathogenic 
link of HTN. The sympathetic nervous system ac-

tivation was objectified in 40-65% of hyperten-
sive patients, increased with the severity of high 
BP, and characterize some important clinical 
forms of HTN, such as those associated with obe-
sity and diabetes mellitus (35), chronic kidney 
disease (36), sleep apnea syndrome (37) or stress 
and anxiety (38-40) and for some of these condi-
tions, the benefit of rilmenidine administration 
has been already proven (30, 41). 

The results of our observational study should 
be taken into consideration with caution, but they 
can constitute a working hypothesis for a random-
ized prospective study to test the utility of CAD-I1A 
compared to other classes of antihypertensives for 
a better BP control in treatment step 2 or 3. q

CONCLUSIONS

Until present CAD-A1I has been analyzed 
mostly in monotherapy, regardless of other 

antihypertensive drugs. The novelty of our study 
is that it evaluates the effects of this class in com-
plementarity with the commonly used antihy-
pertensives. Its results indicate the benefit of re-
considering the place of central I1-imidazoline 
agonists in the treatment regimen of patients 
with uncontrolled hypertension based on their 
efficiency and safety in association with the main 
classes of antihypertensive drugs recommended 
by current guidelines. They could represent a 
good therapeutic option in any stage of hyper-
tension if one of the recommended classes is not 
tolerated or in addition to them, especially in 
clinical forms of hypertension with high adrener-
gic drive such as those associated with obesity, 
diabetes mellitus, chronic kidney disease, sleep 
apnea or stress. q
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