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M oxonidine is a selective agonist of imidazoline I1
receptors in the rostral ventrolateral medulla [1, 2].

Through this mechanism of action, moxonidine is an effec-
tive antihypertensive therapy with a promising tolerability
profile [3]. Moxonidine has been compared in controlled
trials with representatives of the four classes of antihyper-
tensives regarded as first-choice medications-diuretics [4],
beta-blockers [5], angiotensin-converting enzyme (ACE) in-
hibitors [6–8] and calcium-channel blockers [9] and has, in
each instance, exhibited consistent antihypertensive efficacy.

Three placebo-controlled trials of once-daily moxonidine
have compared the blood pressure-lowering effect of this
agent with the ACE inhibitor enalapril. Two of these studies
have been reported previously [7, 8]; the third, a comparison
of moxonidine 0.2 mg/day and enalapril 5 mg/day, is reported
here for the first time. In each study, the blood pressure
reduction achieved with moxonidine at the studied dosage
(0.2, 0.4 [7] or 0.6 [8] mg once daily) was not statistically dif-
ferent to that obtained with comparison doses of enalapril
(5, 10 [7] or 20 [8] mg, once daily, respectively) and was sig-
nificantly superior to that seen with placebo (p < 0.001).
Consideration of data from these three studies provided an
opportunity to examine dose-response relations for moxo-
nidine across the range of currently approved daily dosages.
We report the results of this investigation.

Methods and Materials
The placebo-controlled comparative studies of moxonidine
versus enalapril were based on a standardized protocol in-
volving 8 weeks of double-blind treatment after an initial sin-
gle-blind placebo-controlled run-in period. Patients enrolled
in the run-in period were eligible to proceed to the active
treatment phase of the study if they had office sitting diastolic
blood pressure (SiDBP) in the range 95–114 mmHg and of-
fice sitting systolic blood pressure (SiSBP) < 200 mmHg
during the 2 weeks immediately prior to randomization and
on day 0, the first day of active treatment, and ambulatory
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mean diastolic blood pressure > 85 mmHg. All three trials
were conducted at multiple primary-care centres in Ger-
many, with the approval of local or regional ethics authorities
and the informed consent of participating patients. Details of
two of these studies, which compared, respectively, moxo-
nidine 0.4 mg/day with enalapril 10 mg/day or placebo [7],
and moxonidine 0.6 mg/day with enalapril 20 mg/day or pla-
cebo have been published [8]. The third study, which in-
volved 171 outpatients, compared moxonidine 0.2 mg/day
with enalapril 5 mg/day or placebo.

Baseline and end-of-treatment office resting blood pres-
sure measurements (evaluated at trough) and similar data
from ambulatory recordings in the intention-to-treat (ITT)
cohort of the three studies were included in the present
analysis. (The ITT cohorts comprised all patients who under-
went a baseline assessment and at least one valid efficacy as-
sessment during the treatment period.) The primary efficacy
variable in all three studies was office SiDBP at trough.

Comparison of the effects of moxonidine and enalapril
was undertaken by means of analysis of variance including
three fixed factors: treatment, study and interaction of both.
The null-hypothesis of non-equivalence was tested against
the alternative that moxonidine and enalapril were equiva-
lent. For these purposes, equivalence was defined as a differ-
ence in SiDBP of not more than 3 mmHg. Formal equiva-
lence limits were not defined for SiSBP, but estimates of the
effect were made.

Results

Patients’ Characteristics
Core demographic data for the three patient populations are
summarized in Table 1. These data were not pooled in order
to ensure that the profile of the statistically ‘average’ patient
was not distorted by outliers. It will be apparent from the data
in Table 1 that the patients enrolled in all three studies were
broadly similar.
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Treatment Effect on SiDBP: Office Measurements
The least squares mean changes from baseline in office
SiDBP at trough are summarized in Table 2. There were sig-
nificant between-study differences in the placebo response
(p < 0.05). Nevertheless, the blood pressure responses to
both moxonidine and enalapril were significantly greater
than to placebo in all three trials (p < 0.001). The reductions
in SiDBP achieved with moxonidine or dose-matched
enalapril did not differ statistically. SiDBP responses to
moxonidine, adjusted also for fixed factors (centre and treat-
ment by centre), are illustrated in Figure 1 and reveal a clear
dose-linearity in the SiDBP response to moxonidine.

Treatment Effect on SiDBP: ABPM Measurements
Placebo-corrected mean changes in SiDBP during 24-hour
ABPM are shown in Table 3. Between-study differences
were less marked than for office measurements. In all three
trials, the reductions in SiDBP achieved with both moxo-
nidine and enalapril were significantly greater than those seen

with placebo (p < 0.001) and not significantly different from
one another.

Discussion
This analysis confirms that in controlled trials moxonidine
(0.2–0.6 mg/day) produced dose-dependent, clinically rel-
evant and statistically significant reductions in office-
recorded SiDBP and at trough, and was equivalent to
enalapril (5–20 mg/day) across the dose range studied. This
evidence of a dose-proportionate blood pressure-lowering
effect was corroborated by ABPM measurements.

The observations that moxonidine 0.4 mg/day produced a
statistically significant reduction in mean SiDBP and brought
SiDBP below 90 mmHg in 53 % of patients, and produced
reductions in SiDBP of at least 10 mmHg in a further 7 % of
patients [9] substantiates the view that this low dose is often
an effective maintenance dose.

Moxonidine can be used in combination with a variety of
other antihypertensives [10]. The combination of dose-pro-
portionate blood pressure reduction and suitability for use
with other agents makes moxonidine a useful and flexible
therapy appropriate to modern management strategies for

Table 1. Demographics of patients in three placebo-controlled trials
of moxondine versus enalapril

Moxonidine Enalapril Placebo
(n = 54) (n = 59)
(n = 59) (n = 56) (n = 56)

Sex (M/F, %) 61.1/38.9 50.8/49.2 60.7/39.3
Mean age (SD) 53.6 (9.3) 51.6 (9.9) 51.2 (9.8)
Baseline SiSBP (SD) 164.0 (9.8) 162.8 (8.3) 164.1 (9.4)
Baseline SiDBP (SD) 102.4 (4.5) 100.7 (4.1) 100.3 (4.4)
Mean BMI (SD) 26.0 (2.69) 25.9 (2.30) 25.4 (2.48)

Moxonidine Enalapril Placebo
(0.4 mg/day) (10 mg/day)

(n = 47) (n = 47) (n = 44)

Sex (M/F, %) 55.3/44.7 55.3/44.7 50/50
Mean age (SD) 54.9 (8.7) 51.2 (10.9) 53.4 (8.7)
Baseline SiSBP (SD) 163.6 (12.7) 163.5 (11.9) 159.8 (11.7)
Baseline SiDBP (SD) 101.4 (3.3) 101.5 (4.3) 101.3 (3.5)
Mean BMI (SD) 26.0 (2.44) 26.5 (3.04) 26.5 (2.68)

Moxonidine Enalapril Placebo
(0.6 mg/day) (20 mg/day)

(n = 51) (n = 53) (n = 50)

Sex (M/F, %) 58.8/ 41.2 66/34 58/42
Mean age (SD) 51.2 (9.3) 52.2 (10.3) 53.6 (9.3)
Baseline SiSBP (SD) 166.0 (15.4) 165.2 (14.5) 162.8 (14.5)
Baseline SiDBP (SD) 101.1 (4.1) 101.1 (4.4) 99.9 (3.9)
Mean BMI (SD) 26.0 (2.44) 26.5 (3.04) 26.0 (2.41)

BMI = body mass index; SiDBP = office sitting diastolic blood
pressure; SiSBP = office sitting systolic blood pressure

Table 2. Summary of response of office SiDBP at trough after 8 weeks
of treatment with moxonidine (0.2–0.6 mg/day) or enalapril (5–20 mg/
day) in three controlled studies in patients with hypertension

Moxonidine Enalapril Placebo

Dose (mg, Change in Dose (mg, Change in Change in
once daily) SiDBP from once daily) SiDBP from SiDBP from

baseline baseline baseline
(mmHg) (mmHg) (mmHg)**

0.2 (n = 54) –10.7* 5 (n = 59) –12.3* –7.0 (n = 56)
0.4 (n = 47) –12.3* 10 (n = 47) –11.8* –4.7 (n = 44)
0.6 (n = 51) –13.2* 20 (n = 53) –11.9* –2.3 (n = 50)

*p < 0.001 versus placebo; **p < 0.05 for differences between
studies

Table 3. Summary of placebo-adjusted changes in 24-hour ambu-
latory diastolic blood pressure (DBP) after 8 weeks of treatment with
moxonidine (0.2–0.6 mg/day) or enalapril (5–20 mg/day) in three con-
trolled studies in patients with hypertension (all changes p < 0.001
versus placebo)

Moxonidine Enalapril

Dose (mg, Change in DBP Dose (mg, Change in DBP
once daily) from baseline once daily) from baseline

(mmHg) (mmHg)

0.2 (n = 47) –4.8 5 (n = 54) –6.4
0.4 (n = 36) –9.4 10 (n = 36) –9.9
0.6 (n = 40) –10.3 20 (n = 40) –9.2

Figure 1. Dose-response of reduction in office sitting diastolic blood
pressure (SiDBP) at trough with moxonidine. Data illustrate placebo-
corrected least mean squares changes with 95 % confidence inter-
vals (not simple means, as shown in Table 2).
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hypertension, which emphasize the use of multiple drugs
[11, 12]. The linear dose-response indicates that dose titra-
tion is a practicable option.

Experience in the individual trials suggests that adverse
effects with moxonidine are also dose-related but that the
frequency and severity of these events is well within sustain-
able limits for most patients, especially when dosage is ad-
justed by unforced titration [13, 14]. In particular, the toler-
ability profile of the 0.4 mg/day dose is compatible with its
use in maintenance therapy [8]. The frequency of adverse
events declines with continued use of moxonidine [14].

The value of ACE inhibitors for prevention of the cardio-
vascular complications of hypertension has been demon-
strated in large trials and meta-analyses [15–17]. There are
suggestions that ACE inhibitor therapy may have a notably
benign impact on insulin and glucose homoeostasis, as mani-
fest for instance in a reduction in the development of overt
diabetes in the HOPE (Hypertension Outcomes Prevention
Evaluation) trial [18]. Observations in hypertensive patients
suggest that moxonidine may have similar effects, notably
enhancement of insulin sensitivity [18–20]. These possibili-
ties are currently being subjected to further scrutiny in clini-
cal trials, including MARRIAGE (Moxonidine And Ramipril
Regarding Insulin And Glucose Evaluation), in which
moxonidine is being compared with the ACE inhibitor
ramipril, and the ALMAZ study, which involves patients with
impaired glucose tolerance or diabetes mellitus managed by
dietary control alone plus essential hypertension. Results of
both studies are expected to become available during 2004.
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