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 L eft ventricular hypertrophy (LVH) is a cardiac adaptation
response to arterial hypertension in an attempt to over-

come the enhanced peripheral vascular resistance. LVH has
been proven to be a major independent risk factor for cardio-
vascular morbidity and mortality [1–6]. The exact mecha-
nism leading to the increased occurrence of cardiac events in
patients with LVH is not fully understood; it is probably mul-
tifactorial, including an increased oxygen consumption, a de-
creased coronary blood flow reserve, and susceptibility to
malignant atrial and ventricular arrhythmias [7–12]. Cardiac
hypertrophy comprises cardiomyocyte hypertrophy, intersti-
tial fibrosis, and consequent structural alterations in the coro-
nary microcirculation with a decreased coronary flow reserve,
which results in impairment of the diastolic and systolic
function of the left ventricle despite the normal anatomy of
the epicardial coronary arteries [13]. Doppler-echocardio-
graphic studies have demonstrated that the impairment of the
left ventricular (LV) diastolic function precedes the develop-
ment of the systolic dysfunction in patients with systemic ar-
terial hypertension [14, 15].

It is currently considered that antihypertensive treatment
can result not only in blood pressure normalization but also
in an improvement of hypertensive cardiac remodeling via
reversing myocyte hypertrophy, restoring the myocardial struc-
ture, and improving the coronary flow reserve [16].

Since the sympathetic nervous system is of main impor-
tance in the control of the function of the cardiovascular sys-
tem and the development of hypertensive complications, the
blocking of the sympathetic activity may prevent and reverse
unfavorable consequences of high blood pressure. The clas-
sic centrally acting antihypertensive agents lower blood pres-
sure by reducing excessive sympathetic tone; however, their
clinical use is limited by an adverse effect profile resulting
from alpha2-adrenoceptor agonism. Moxonidine is a central-

ly acting agent with selective agonism of imidazoline I1
receptors, but with very little alpha2-adrenoreceptor agonism
[17, 18]. Moxonidine reduces peripheral sympathetic nerve
activity via blockade of the catecholamine secretion in the
adrenal medulla too, and cause peripheral vasodilatation with
mild bradycardia [19, 20]. Furthermore, moxonidine also
blocks the release of renin in the kidneys, decreases albu-
minuria and improves glucose tolerance in humans [21–25].
The clinical efficacy and safety of moxonidine in the treat-
ment of hypertension have been investigated and proven in
over 70 clinical studies [26].

Moxonidine significantly decreases cardiac fibrosis, the
activation and proliferation of interstitial cells, the media
hypertrophy of small arteries and the focal degeneration of
myocytes in spontaneously hypertensive rats [21, 27]. Using
magnetic resonance tomography Eichstädt et al. demon-
strated a cardiac hypertrophy regression after a 6 month treat-
ment with moxonidine [28, 29]. A study on a small number
(12) of patients revealed significant decreases in LV and septal
wall thickness and a reduced ventricular volume, similar to
the effects of nifedipine [30].

The objective of the present study was to investigate the
effect of moxonidine in LV hypertrophy and to check the
possible association between the moxonidine dose, the blood
pressure and the decrease in left ventricular mass (LVM) as-
sessed by transthoracic echocardiography in a nonrandomiz-
ed prospective study.

Methods
Between April 1996 and November 1997, 25 patients at 2 car-
diac centers (Cardiology Clinic, Wroclaw University of Medi-
cine, and Marine Institute, Gdynia, Poland) were prospec-
tively included in the study. The patients had mild to moder-

Effect of Moxonidine on Left Ventricular Hypertrophy
in Hypertensive Patients

J. Haczynski1, A. Spring2, M. Przewlocka-Kosmala2, J. Flasinski3

The objective of the present study was to investigate the effect of moxonidine in left ventricular hypertrophic remodeling
and to check the possible association between the moxonidine dose, blood pressure and the decrease in left ventricular mass
assessed by transthoracic echocardiography in a nonrandomized prospective study.

Twenty patients completed the study (15 males = 75 %, and 5 females, mean age 47 ± 10 years). After the titration period, 8
patients (40 %) were treated with 0.6 mg, 8 patients (40 %) with 0.4 mg and 4 patients (20 %) with 0.2 mg moxonidine daily.

After the 9 month therapy period, the systolic blood pressure had decreased from 154.3 ± 10.3 to 136.2 ± 10.3 mmHg (p <
0.001), and the diastolic blood pressure from 99.3 ± 3.6 to 84.1 ± 5.0 mmHg (p < 0.001). The echocardiography showed a
significant decrease in interventricular septum thickness (1.38 ± 0.1 vs 1.25 ± 0.05 mm, p < 0.05). The left ventricular poste-
rior wall end-diastolic thickness and the left ventricular end-diastolic diameter did not change. The left ventricular mass de-
creased significantly during the moxonidine treatment period (309.7 ± 39 vs 264.6 ± 44.9 g, p = 0.006). There was a tendency
toward an association between the dose of moxonidine and degree of left ventricular mass decrease, but the level of significance
was not attained. Similarly, the decrease in systolic and diastolic blood pressure was not related to the moxonidine dose.

In conclusion, we have shown that moxonidine monotherapy effectively reduces the arterial systolic and diastolic pressure
and significantly decreases the left ventricular mass.  J Clin Basic Cardiol 2001; 4: 61–65.

Key words: arterial hypertension, blood pressure, left ventricular hypertrophy, left ventricular mass, echocardiography

Received March 1st, 2001; accepted March 19th, 2001.
From the 1Medical Department, Eli Lilly, Poland, 2Cardiology Clinic, Wroclaw University of Medicine, 3Cardiology Department Institute of Martime
Gdynia
Correspondence to: Jozef Haczynski MD PhD, Medical Department Eli Lilly Polska, ul. Smolenskiego2, 01-698 Warsaw, Poland;
e-mail: haczynski_jozef@lilly.com

For personal use only. Not to be reproduced without permission of Krause & Pachernegg GmbH.



J Clin Basic Cardiol 2001; 4: 62

ORIGINAL PAPERS, CLINICAL CARDIOLOGY

ate essential hypertension (diastolic blood pressure between
95 and 114 mmHg as an average of 3 consecutive measure-
ments in sitting position with 2 minute time differences) and
LVH assessed by transthoracic echocardiography. LVH was
defined according to the criteria of the American Society of
Echocardiography (interventricular septum and posterior
wall end-diastolic diameter [IVS, PW and EDD, respectively]
≥ 13 mm) [31]. The patients had none of the following ex-
clusion criteria: haemodynamically significant coronary ar-
tery stenosis, unstable angina, chronic heart failure stage at
least NYHA III, left ventricular dilatation as assessed by
echocardiography, age ≤ 18 year, pregnancy, clinically relevant
cardiac rhythm disturbances, concomitant cardiac valve dis-
eases, decreased systolic function, regional wall motion dis-
turbances, renal and liver insufficiency or present concomi-
tant antihypertensive therapy.

All clinical and echocardiographic examinations were in
accordance with institutional guidelines. The research proto-
col was approved by the locally appointed ethics committee
and the informed consent of the subjects was obtained.

The moxonidine (Cynt®) treatment included 8 week ti-
tration and a 36 week therapy period. The titration period was
started (visit 1) with 0.2 mg moxonidine daily in the morn-
ing. After 3 weeks (visit 2), if the treatment was not effica-
cious (systolic blood pressure > 140 mmHg and/or diastolic
blood pressure >90 mmHg), the daily dose was increased to
0.4 mg in the morning. After the next 3 weeks (visit 3), if the
dose of 0.4 mg had not normalized the blood pressure, it was
increased to 0.6 mg daily (0.4 mg in the morning and 0.2 mg
in the evening) for the next 2 weeks. In the event of ineffec-
tiveness at visit 4, (0.6 mg moxonidine daily did not normal-
ize the blood pressure), the moxonidine therapy was supple-
mented with another antihypertensive agent and the patient
was excluded from the study (n = 3). Besides the 3 patients in
whom moxonidine monotherapy was ineffective, 1 patient
discontinued the moxonidine therapy due to headache, and 1
patient discontinued it without giving any reason. The re-
maining 20 patients continued the next 9 month therapy pe-
riod with their optimal individual dose as established in the
titration period. All patients were clinically evaluated at 3
month intervals (visits 5, 6 and 7), and echocardiography was
performed.

The left ventricular dimensions (IVS, PW and LV EDD)
were measured in the supine position in the transthoracic
longitudinal axis view, using 2-dimensional echocardiogra-
phic images. The echocardiographic measurements were check-
ed by using transthoracic short axis views and apical 4-cham-
ber views. In the evaluation of the echocardiograms, the
standard views were used after the recommendations of the
American Society of Echocardiography [31].

The LVM calculated according to the formula of Devereux
and Reichek [32]:

LVM = 1.04 x [(IVSEDD + PWEDD + LVEDD)3 –
– (LVEDD)3] – 13.6 [g]

All data on systolic and diastolic blood pressures and heart
rate (average of 2 measurements in sitting position), drug-

related adverse events and clinical symptoms and echocar-
diographic results were recorded at each visit for all patients.

Statistics
The continuous variables of the group at each visit were ex-
pressed as means ± standard deviation. The differences be-
tween the values at visits 5, 6 and 7 were tested by using one-
way analysis of variance with repeated measurements, sup-
plemented with Tukey-Kramer post-hoc analyses. A differ-
ence was considered significant if p < 0.05.

Results
Baseline data
Twenty patients completed the study (15 males = 75 % and 5
females, mean age 47 ± 10 years). After the titration period, 8
patients (40 %) were treated with 0.6 mg, 8 patients (40 %)
with 0.4 mg and 4 patients (20 %) with 0.2 mg moxonidine
daily.

Table 1 lists the baseline clinical and echocardiographic
data on the 20 patients.

Effectivity of moxonidine monotherapy
After the 9 month therapy period, the systolic blood pressure
had decreased from 154.3 ± 10.3 to 136.2 ± 10.3 mmHg (p
< 0.001), and the diastolic blood pressure from 99.3 ± 3.6 to
84.1 ± 5.0 mmHg (p < 0.001). The systolic and diastolic
blood pressures had normalized already by visit 5, and re-
mained constantly in the normal range during the further
treatment period. The heart rate did not change during the study
(Table 2).

The echocardiography already showed a significant de-
crease in IVS thickness at visit 5 (from 13.8 ± 1.0 to 13.2 ±
0.4 mm, p < 0.05), though it was still in the pathological range.
Further gradual decreases in the IVS were observed at visits
6 and 7. At the end of the treatment period the septum thick-
ness was already in the normal range (12.5 ± 0.5 mm) (Fig-
ure 1).

A tendency of the PW end-diastolic thickness to decrease
was observed, but the change did not reach the level of sig-

Table 2. Systolic and diastolic blood pressure with heart rate at baseline (visit 1), after 3 months (visit 5) 6 months (visit 6) and 9 months (visit 7)
moxonidine monotherapy. BP=blood pressure

Baseline
Visit 5 Visit 6 Visit 7 p value(visit 1)

BP systolic [mmHg] 154.3 ± 10.3 137.4 ± 4.4 136.8 ± 9.5 136.2 ± 10.3 < 0.001
BP diastolic [mmHg] 99.3 ± 3.6 85.7 ± 4.5 83.7 ± 4.9 84.1 ± 5.0 < 0.001
Heart rate [bpm] 71.8 ± 9.4 73.9 ± 6.4 73.5 ± 5.7 74.6 ± 5.8 n.s.

Table 1. Baseline characteristics of the study patients

Clinical data
Risk factors
Smoker 7 (35 %)
Diabetes mellitus 1  (5 %)
Hyperlipidaemia 16 (80 %)
Family history of hypertension 16 (80 %)

ECG
Left ventricular hypertrophy without strain 13 (65 %)
Left ventricular hypertrophy with strain 1 (5 %)
Left bundle branch block 2 (10 %)
Right bundle branch block 4 (20 %)

Echocardiography
Enlargement of the left atrium 2 (10 %)
Mitral valve prolapse 3 (15 %)
Mild mitral insufficiency 1  (5 %)
Diastolic function disturbances 16 (80 %)
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nificance (from 11.6 ± 1.08 to 10.5 ± 0.17 mm, p = 0.208)
(Figure 2).

The moxonidine treatment did not influence the LVEDD
(from 50.7 ± 3.0 to 50.2 ± 2.4 mm, p = 0.937) (Figure 3).

The LVM decreased significantly during the moxonidine
treatment period (p=0.006), though it reached the level of
significance only at visit 6 (6 month treatment period) (from
baseline: 309.7 ± 39.0 g to  268.3 ± 43.1 g, p < 0.05), then
remained constant until the end of the study (264.6 ± 44.9 g;
decrease of 14.6 % ) (Figure 4).

There was a tendency toward a relationship between the
dose of moxonidine and degree of LVM decrease, but the
level of significance was not attained (Table 3). Similarly, the
decrease in systolic and diastolic blood pressure did not relate
to the moxonidine dose (Table 3).

During the 9 month moxonidine treatment, 2 patients
(10 %) reported dry mouth, 2 patients (10 %) suffered from
headache, eye haemorrhagia developed in 1 patient (5 %), and
in another patient (5 %) temporary hypotension was ob-

served. A serious drug-related adverse event, a transient cer-
ebral ischaemic attack with transient left hemiparesis, oc-
curred in 1 patient (5 %) in the eighth month of moxonidine
treatment, but after a few weeks, all the neurological symp-
toms had disappeared; the moxonidine treatment was re-
placed with another antihypertensive treatment. No other
drug-related serious adverse event was recorded.

After the 9 month effective moxonidine monotherapy, no
ECG changes were seen.

Table 3. Effect of different moxonidine doses on decrease in left ven-
tricular mass, systolic and diastolic blood pressure. BP=blood pres-
sure

Decrease in Decrease in Decrease in
left ventricular mass systolic BP diastolic BP

 [g] [mmHg] [mmHg]

0.2 mg 22.9 ± 14.6 13 ± 10 16 ± 4
0.4 mg 48.4 ± 50.8 24 ± 10 15 ± 7
0.6 mg 58.8 ± 63.4 42 ± 60 32 ± 36

Figure 4. Left ventricular (LV) mass at baseline (visit 1) and after 3
month (visit 5), 6 month (visit 6) and 9 month (visit 7) moxonidine
monotherapy.

Figure 3. Left ventricular end-diastolic diameter (LV EDD) at baseline
(visit 1) and after 3 month (visit 5), 6 month (visit 6) and 9 month (visit 7)
moxonidine monotherapy.

Figure 1. Interventricular septum end-diastolic diameter (IVS EDD)
at baseline (visit 1) and after 3 month (visit 5), 6 month (visit 6) and
9 months (visit 7) moxonidine monotherapy.

Figure 2. Left ventricular posterior wall end-diastolic diameter (PW
EDD) at baseline (visit 1) and after 3 month (visit 5), 6 month (visit 6)
and 9 month (visit 7) moxonidine monotherapy
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Discussion

This prospective clinical study has shown that moxoni-
dine monotherapy effectively reduces the arterial systolic and
diastolic pressure and consequently results in a significant de-
crease in LVM. The moxonidine was well tolerated and, apart
from some mild, possibly drug-related complaints, only one
serious adverse event (a transient cerebral ischaemic attack)
occurred, with transient neural symptoms but without any
serious lasting damage.

Sympathetic overstimulation plays an important role in
myocardial hypertrophy. Trimarco et al. demonstrated an as-
sociation between changes in left ventricular mass and sym-
pathetic activity in humans [33]. It has also been found that
addition of noradrenaline to isolated cultured myocytes can
provoke a growth response and an increment in protein syn-
thesis [19–23]. Neurohumoral factors involved in the induc-
tion of LVH include activation of the renin-angiotensin sys-
tem and an increased sympathetic tone [19]. Additionally, ex-
perimental studies suggest that angiotensin II may stimulate
cardiac protein synthesis too, through induction of proto-
oncogenes and growth factors [34, 35]. Consequently, pro-
longed antihypertensive therapy may reverse LVH through
favorable hemodynamic changes, while antisympathomime-
tic therapy decreases the left ventricular mass directly, even
after only a short treatment period [36–38].

Together with ventricular remodeling in LVH, structural
remodeling of the coronary arteries occurs, causing a decrease
in coronary vasodilator reserve. The maximal coronary blood
flow in hypertensive patients is reduced by about 30–50 % and
is thought to be the main reason for the coronary insufficiency,
despite normal epicardial coronary artery morphology. It could
be expected that the antihypertensive treatment may prevent
or even reverse the unfavorable left ventricular and coronary
vascular remodeling, which can lead to a decrease in mortality
and morbidity in hypertensive patients.

The most important question from an epidemiological point
of view is whether the regression of LVH improves the pa-
tient’s outcome and overall prognosis. Evidence is emerging
that the diastolic and even the systolic cardiac function may
improve after the regression of cardiac hypertrophy, which
could be followed by restoration of the myocardial compli-
ance and coronary vascular reserve. Yurenev et al. showed
that the progression of LVH in spite of a 4 year course of anti-
hypertensive treatment was related to a higher incidence of
cardiovascular event [39]. Similar results were reported by
Koren et al., who found that an increase in left ventricular
mass during treatment of systemic hypertension seems to be
a negative prognostic factor [6]. A report from the Framing-
ham Study verified an association between the incidence of
cardiovascular disease and LVH determined by ECG during a
2 year follow-up period [40]. Similarly Muiesan et al. noted
that a reduction in LVH was accompanied by a decrease in the
risk of adverse cardiovascular events [41]. We observed only
one major cardiac event in one patient, who suffered a tran-
sient cerebrovascular event with transient neurological
symptoms. Unfortunately, the relatively small number of the
included patients does not allow a statement about a possible
correlation between a decrease in LVH and the infrequent
occurrence of cardiovascular events in our patients.

Drugs that centrally inhibit sympathetic stimulation are
known to produce a higher regression of LVH than those that
only lower the blood pressure via other channels [20]. It has
been demonstrated that antihypertensive treatment with
other central sympathomimetic blockers (clonidine and
rilmenidine) was followed by a marked decrease in left ventri-
cular mass [22, 36]. Erichstädt et al. studied the influence of a

6 month treatment with moxonidine in a daily dose of 0.2–
0.4 mg in 20 hypertensive patients, and found a significant
regression of LVH as assessed by magnetic resonance imaging
[28, 29]. Similarly, in our study, we have also demonstrated a
significant decrease in left ventricular mass reaching a signifi-
cance after a 6 month treatment period documented by echo-
cardiography. There was a tendency for left ventricular mass
decrease as the dose of moxonidine was increased, but it did
not reach the level of significance. In contrast, there was no
association between the moxonidine dose and the improve-
ment in blood pressure.

Moxonidine proved to be a safe and generally effective
drug. No patient died during the study, and only one serious
adverse event (a transient ischaemic attack without a lasting
neurological deficit) was reported. The most common ad-
verse events were dry mouth (10 %) and headache (10 %)
which were usually only transitory. Moxonidine administra-
tion was well tolerated over a broad dose range (0.2–0.6 mg)
and a therapy duration of up to 11 months.

Limitations
This was a nonrandomized prospective study, with clear disad-
vantages resulting from the lack of a randomized control group.
However, patients with essential hypertension and LVH in
echocardiography can not be treated with placebo from an ethi-
cal point of view. The solution of this problem could be a
randomization setup into two arms, moxonidine versus some
other antihypertensive drug. However, our study was planned to
establish the effect of moxonidine treatment in LVH in a self-
control study. Thus, differences between baseline and follow-up
data were compared. The significance of the changes in arterial
blood pressure and echocardiographic findings is convincing.

The major limitation of the study is the relatively small
number of patients. However, the very strict inclusion and
exclusion criteria meant that a relatively homogeneous group
of patients were enrolled allowing a much better evaluation
of the study.

Unfortunately, the left ventricular diastolic parameters
were not quantified, although an improvement in diastolic
dysfunction could be expected after the decrease in left ven-
tricular mass. However, measurement of the left ventricular
diastolic parameter was not the aim of the study.

Similarly, determinations of the plasma adrenaline, no-
radrenaline, angiotensin, and other hormones involved in the
regulation of blood pressure could enhance the value of the
investigation.

In conclusion, the present study has shown that long-
term moxonidine treatment can efficiently decrease both the
systolic and diastolic blood pressures without changing the
heart frequency. In parallel with the constant blood pressure
reduction, the left ventricular concentric hypertrophy re-
gressed, the interventricular septum thickness and, conse-
quently, the left ventricular mass decreased significantly.
Thus, moxonidine can effectively prevent the unfavourable
left ventricular remodeling. Beside some mild, probably
drug-related complaints, only one drug-related serious ad-
verse event occurred. The present study proves the safety and
efficacy of moxonidine treatment in patients with essential
hypertension.
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