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Abstract
Background: Moxonidine, an imidazoline I1 receptor agonist, is an effective antihypertensive drug that was shown to improve
insulin sensitivity. RAAS-blockers are recommended as first-line therapy in patients with diabetes, alone or in combination with a
calcium-channel antagonist or a diuretic.
Aims: This study compared the effects of moxonidine and ramipril on blood pressure (BP) and glucose metabolism in over-
weight patients with mild-to-moderate hypertension and impaired fasting glucose or type 2 diabetes.
Methods: Treatment-naïve patients for hypertension and dysglycemia were randomized to 12 weeks of double-blind moxoni-
dine 0.4 mg or ramipril 5 mg once-daily treatment. At 12 weeks, for a further 12 weeks non-responders received combination of
mox/ram, while responders continued blinded treatment.
Results: Moxonidine and ramipril were equivalent in lowering SiDBP and SiSBP at the end of the first 12 weeks. The responder
rate was approximately 50% in both groups, with a mean SiDBP and SiSBP decrease of 10 and 15 mm Hg in the responders,
respectively. The normalization rate (SiDBP < 85 mm Hg) was non significantly different between treatments groups.
Moxonidine reduced heart rate (HR) (average −3.5 bpm, p= 0.017) during monotherapy, and when added to ramipril.
HbA1c decreased significantly at Week 12 in both groups. Neither drug affected glucose or insulin response to the oral glucose
tolerance test. In non-responders, moxonidine/ramipril combination further reduced BP without compromising metabolic
parameters.
Conclusion: Moxonidine 0.4 mg and ramipril 5 mg were equally effective on BP lowering and were well tolerated and mostly
metabolically neutral either as monotherapies or in combination. HR was lowered on moxonidine treatment.
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Background
Risk factors such as diabetes, prediabetes and metabolic syn-
drome greatly exacerbate cardiovascular risk at any level of
blood pressure (BP), and may attenuate the benefits that
might otherwise be gained from lowering BP. The possibility
that some antihypertensive drugs might be associated with the
emergence of such risk factors is a matter of consideration in
treatment choice.1–5 In particular, the long-term benefits of
BP lowering may be compromised if antihypertensive drugs
alter insulin sensitivity or promote the transition from pre-
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diabetes to overt diabetes.2 Class differences in the metabolic
effects of antihypertensives are therefore important to consider
when choosing treatment for patients who exhibit metabolic
disorders including prediabetes. Indeed, reducing the risk of
incident diabetes is a major issue in people with prediabetes.6

Use of angiotensin-converting enzyme (ACE) inhibitors or
angiotensin receptor blockers (ARBs) has been associated
with a substantially lower risk of new-onset diabetes than
placebo or active comparators.7 Such an effect might contribute
to the overall cardiovascular risk reduction achieved with
drugs that act via the renin–angiotensin system.8 Several clin-
ical trials suggest that these drugs may have cardiovascular
and metabolic advantages over drugs such as beta-blockers
and diuretics9 but this conclusion regarding cardiovascular
events has not been proven definitively. However, the
benefit of RAAS blockers is established in patients with diabe-
tes and this class is clearly advocated as first-line therapy with
a strong level of evidence.10

Moxonidine is an effective antihypertensive drug which
selectively targets imidazoline type-1 receptors and reduces
central sympathetic nervous system activity.11,12 Moxonidine
has been shown to improve insulin sensitivity in overweight
patients with hypertension.13–15 High heart rate (HR) is a risk
factor for cardiovascular events.16 Interestingly, moxonidine,
by reducing sympathetic activity and enhancing cardiovagal
tone, has the potential to lower HR. However, such an effect
on HR has not been clearly demonstrated in previous trials. In
addition, cardiac autonomic dysfunction in patients with diabe-
tes and prediabetes is mostly characterized by a vagal defect and
a relative or absolute sympathetic activity enhancement.17,18

Two recent trials in hypertensive patients, INVEST and
SPRINT, showed that high baseline and in-trial HR were
strong predictors for cardiovascular outcomes, supporting the
importance to consider HR in the management of patients
with hypertension.19,20

Hypertensive patients with diabetes often require combina-
tion therapies to achieve tight BP control.10 Second-genera-
tion central acting agents may be useful adjunctive therapy
to achieve this goal. In most recent guidelines, treatment is
recommended to be initiated with a combination of a RAAS
blocker with a calcium channel blocker or thiazide-thiazide-
like diuretic.10 Importantly, combination of 2 drugs from dif-
ferent classes offers a greater BP reduction than doubling the
dose of a unique drug.21 If moxonidine is actually neutral or
free of adverse metabolic effects it could be considered in
combination with a RAAS blocker, specifically as an alterna-
tive to diuretics which may have deleterious effects on metab-
olism. There is no data on the combination of a RAAS blocker
with a central acting agent such as moxonidine. Few studies
have tested antihypertensive treatments in patients with
prediabetes.22,23

The MARRIAGE (Moxonidine And Ramipril Regarding
Insulin And Glucose Evaluation) study aimed to compare the
effects of moxonidine and the ACE-inhibitor ramipril on hemo-
dynamic and metabolic parameters in overweight patients with
mild-to-moderate hypertension with impaired fasting glucose;

or type 2 diabetes naïve for antihypertensive and glucose-
lowering treatment. Recent guidelines have encouraged the
use of combination anti-hypertensive treatment and emphasized
the importance of HR in the hypertensive population. With this
in mind, we decided to examine the effects of moxonidine and
ramipril in the treatment of hypertension naive patients with
prediabetes and diabetes.

Methods

Study Design and Patients
Thiswas a prospective, randomized, double-blind, active-controlled,
parallel-group, international, multicenter post-marketing surveil-
lance study.

Patients aged from 18 to 79 years, with fasting plasma
glucose (FPG) values ≥110 and <150 mg/dL, a body mass
index (BMI) of >25.0 and <35.0 kg/m2, plus untreated known
mild-to-moderate essential hypertension (standard office
sitting systolic BP (SiSBP)≥ 140 and <180 mm Hg and/or stan-
dard office SiDBP ≥85 and <110 mm Hg at Visit 1, confirmed
at Visit 2) underwent a 2-week pre-screening placebo run-in
period (Figure 1).

Patients had impaired fasting glucose (defined as FPG levels
≥110 and <126 mg/dL [≥6.1 and <7.0 mmol/L]) or were con-
sidered as with diabetes if they had known diabetes (defined as
FPG levels ≥126 mg/dL [≥7 mmol/L]6,24) treated with
diet alone at Visit 1 and Visit 2. All patients provided written
informed consent.

Patients were excluded from the study if they were requiring
insulin or oral glucose-lowering agent, if their FPG levels were
<110 mg/dL or > 150 mg/dL at Visit 1 and Visit 2 or if their gly-
cated haemoglobin (HbA1c) were higher than 7.5% at Visit
2. Other exclusion criteria included severe hypertension (systolic
blood pressure [SBP] ≥180 mm Hg or diastolic blood pressure
[DBP] ≥110 mm Hg); unstable angina pectoris or recent (<3
months) myocardial infarction; a history of significant major
organ-system disease, including but not limited to the cardiovas-
cular, respiratory, gastrointestinal, renal, and hepatic systems and
including neurologic and psychiatric diseases; and any known
contraindication to the use of moxonidine. Pregnant and lactating
women were also excluded from the study.

All included subjects proceeded to the active treatment
phase. The planned duration of the active treatment phase
was 24 weeks, comprising 12 weeks of randomized, double-
blind single-agent treatment followed by assessment of
response at Visit 4 (Figure 1). Patients who responded to treat-
ment, defined as a reduction in sitting diastolic BP (SiDBP) of
>10%, continued to receive the same single-agent antihyperten-
sive treatment to which they had been initially randomized for a
further 12 weeks in a double-blind manner, whereas non
responders were switched to open-label combination therapy
with both agents (Figure 1). Patients were followed for an addi-
tional 7–14 days after completing treatment which constituted a
post-study follow-up phase. The study was conducted in accor-
dance with the European and International guidelines for Good
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Clinical Practice (GCP). The CONSORT reporting guidelines
wad used (Schulz KF, et al for the CONSORT Group.
CONSORT 2010 Statement: updated guidelines for reporting
parallel group randomised trials). The study protocol,
methods and documentation, including the informed consent
form, were reviewed and approved by local Ethics
Committees in the participating countries.

Treatment
Patients who satisfied the eligibility criteria were randomized
(1:1) at Day 0 (Visit 2) to receive indistinguishable capsules of
moxonidine 0.4 mg/day or ramipril 5 mg once daily for 12
weeks. At Visit 4, non-responders received a combination of
moxonidine 0.4 mg and ramipril 5 mg once daily for the
second and final 12-week period. Patients were instructed to
take their medicine at the same time each morning (±1 h) and
to omit their daily dose on the day of any study visit, to ensure
that BP were measured at trough levels. Compliance with
study medication was monitored by capsule count at each
clinic visit. Patients were withdrawn from the study if compli-
ance was <80% or >120% at two consecutive assessments.

Treatment with insulin or any oral glucose-lowering agents
during the study was prohibited and had to be stopped at least
1 month before Visit 1. Treatment with antihypertensive agents
other than study medication was also prohibited, and any
patient requiring additional antihypertensive medication was to
be withdrawn from the study. For patients receiving a statin,
the dose of medication had to be kept constant during the study.

Primary Objective
The primary objective of the study was to demonstrate the
equivalence of moxonidine and ramipril in reduction of
SiDBP after 12-weeks double-blind therapy as compared to
baseline. The equivalence margin was pre-defined in the proto-
col and set to 3 mm Hg.

Endpoints
The primary efficacy endpoint was the impact of moxonidine
or ramipril on the change from baseline of SiDBP after 12
weeks. Secondary efficacy outcomes included the change
from baseline to Week 24 in SiDBP, to Weeks 12 and 24
in SiSBP, as well as the proportions of patients responding
to treatment (>10% reduction in SiDBP) or with BP normal-
ization (ie, SiDBP <85 mm Hg) at Weeks 12 and 24. Changes
from baseline to 12 or 24 weeks in plasma glucose and
insulin levels at fasting and in response to the OGTT, in
HbA1c and plasma lipids levels were also assessed. Safety
endpoints included the frequency, severity, and seriousness
of adverse events (AEs), as well as their causal relationship
with study treatment.

Outcome Measurements
Arterial BP was measured at each study clinic visit by means of
an automated device and applied principles of the Riva-Rocci
method. All measurements for an individual patient at any
given visit were to be made by the same staff member, on the

Figure 1. Study design. *The 2-week placebo run-in period was implemented only in patients with fasting plasma glucose values ≥110 and
<150 mg/dL plus known mild-to-moderate hypertension.
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same arm supported at heart level and using the same sized cuff.
The patient was to sit quietly for at least 5 minutes before the
first BP measurement. Three measurements were performed,
at approximately 2-minute intervals, from which mean values
were calculated. HR concomitant to the second BP measure-
ment was recorded.

Blood samples were obtained at fasting at Visit 1 (pre-
screening baseline), Visit 4 and Visit 6 to record metabolic
efficacy parameters. Plasma glucose was measured at each
visit according to standard methods implemented in local
laboratories. At Visit 2, 4, and 6, the OGTT was performed
with a solution containing 75 g of glucose. Other blood
tests were performed at Visit 1, 4, and 6 and at the final
study visit.

AEs were recorded from Visit 2 to the end of the study (Visit
7). Physical examinations and 12-lead electrocardiograms were
also performed at pre-screening and the last study visit.

Statistical Analyses
Changes in SiDBP after 12 weeks of treatment were compared
between the two treatments by means of analysis of variance
(ANOVA) with treatment group and center as fixed factors.
Equivalence of the two treatments would be concluded if the
95% confidence interval (CI) for the difference in mean
change fell in the range −3 to +3 mm Hg. It was calculated
that a sample size of 87 patients per group would be required
to be secured of a statistical power of 80%. Assuming a
drop-out rate of approximately 25% and 10% during the
placebo run-in and active-treatment phases, respectively, it
was determined that approximately 250 patients needed to be
enrolled.

Because this was an equivalence study, the per-protocol
(PP) population (defined as all patients with an assessment
of BP at baseline and Week 12, and with no significant
deviations from the protocol) was used for the primary effi-
cacy analysis. The intent-to-treat (ITT) population of
patients was defined as all patients with a BP assessment
at baseline and at least one post-baseline BP measurement.
The safety population (defined as all patients who received
at least one dose of study treatment) was used for all
safety analyses.

Within-group changes between visits in BP, HR, FPG and
HbA1c levels were tested for significance by means of the one-
sample t-test; mean changes in BP were compared between the
moxonidine and the ramipril group by means of the two-sample
t-test; response and normalization rates were compared between
the two groups using Pearson’s Chi-squared test; comparisons
between non-responders and responders to either moxonidine
or ramipril were done by means of ANOVA (BP, age, BMI,
FPG and HbA1c levels) or Pearson’s Chi-squared test (male/
female ratio).

All analyses, tabulations, listings and graphs were done
using the SAS® System version 8.2 (SAS Institute Inc., Cary,
NC, USA) under Windows 2000 Professional.

Results

Patients’ Characteristics
Patients were recruited from 26 centers in France, Germany,
Hungary and Spain between February 7, 2003 (first patient
first visit) and May 27, 2004 (last patient last visit). In all,
243 patients were screened and 238 entered the placebo
run-in period. Of these, 210 patients were randomized: 107 to
moxonidine and 103 to ramipril (Figure 2). A total of 185
and 207 patients constituted the PP and ITT populations
during the first 12-week treatment period. Baseline patient
demographics and clinical characteristics were well balanced
between treatment groups (Table 1).

At baseline the distribution of comorbid conditions did not
differ between treatment assignments, with the exception of
spinal osteoarthritis (moxonidine, n= 11; ramipril n= 6). The
distribution of concomitant medications was also similar
between both groups, the most common being lipid-lowering
agents (22.7% of patients).

Blood Pressure Response
During the First 12-Week Treatment Period. Trends in SiDBP
(the primary efficacy endpoint) for the PP cohort (n= 185)
are illustrated in Figure 3A, with additional data in
Table 2A. The mean reduction from baseline in SiDBP
exceeded 3 mm Hg with both treatments (p≤ 0.001 vs baseline)
(Figure 3A). The 95% CI for the difference between treatment
groups fell within the prespecified range of −3 to +3 mmHg
(Table 2A), thus meeting the condition for statistical equiva-
lence between moxonidine 0.4 mg/day and ramipril 5 mg/
day. Results in the ITT cohort (n= 207) were similar
(Table 2A). SiSBP also decreased significantly in both treat-
ment groups (−8.5 and −10.5 mean change from baseline,
with moxonidine and ramipril, respectively) and there was no
significant between-group difference in the PP cohort (<2 mm
Hg between mean reductions) (Figure 3B and Table 2B).
Similar data were observed in the ITT population.

Responder and Non-Responder Patients. Responder rates for
SiDBP in the PP cohort did not differ significantly in the 2
groups: 45.7% in the moxonidine group and 54.8% in the ram-
ipril group, with similar data in the ITT cohort (Table 2A). The
mean decrease in SiDBP and SiSBP in the responders’ groups
was 10 and 15 mm Hg, respectively (Figure 4).

Normalization rates for SiDBP (<85 mm Hg) were calcu-
lated on a censored PP cohort that excluded patients with
SiDBP <85 mm Hg at baseline. The rates were above 40% in
both treatment groups, with similar proportions for the censored
ITT cohort (Table 2A).

BP in non-responder patients who were re-assigned to
receive combination therapy was higher at Visit 4 (Week 12)
than in those classified as responders to monotherapy who con-
tinued moxonidine and ramipril monotherapies. In addition,
non-responder patients were slightly younger, and more males
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than responder patients who continued moxonidine or ramipril
(Table 3).

During the Second 12-Week Treatment Period. After response
assessment at Week 12, 196 patients continued in the study, of
whom 50 continued moxonidine, 56 continued ramipril, and

90 were re-assigned to combination therapy. Unfortunately, 11
patients were misassigned, including 7 patients who were non
responder to moxonidine and who were maintained on moxoni-
dine monotherapy (Figure 2). A total of 193 patients constituted
the ITT population during the second part of the study.

The changes in SiDBP and SiSBP during the 24-week treat-
ment period for the responder groups are shown in Figure 4.
The course of SiDBP (Figure 4A) was very similar in the two
monotherapy groups. The maximum efficacy was attained after
3 months of treatment (mean 10 mm Hg decrease). Then
SiDBP increased slightly during the following 3 months but
still remained well below baseline values. These changes were
statistically significant in both treatment groups (both p<0.01).
SiSBP (Figure 4B) decreased in a similar way in both responder
groups at Visit 4 (mean 15 mm Hg decrease). Thereafter, SiSBP
continued decreasing slightly in the ramipril responder group and
increased slightly in the moxonidine responder group at Visit
5. Upon cessation of treatment, BP rose rapidly in both treatment
groups during the 2-week follow-up period.

Combination therapy in patients classified as non-responders
at Week 12 was associated with further reductions in SiDBP
(Table 4). The mean SiSBP decrease during Weeks 12–24
was modest with no significant between-groups difference
(Table 4). Normalization of SiDBP (<85 mm Hg) was observed
in 68.6% of patients who completed 24 weeks of moxonidine
monotherapy, 58.8% of patients who completed 24 weeks of
ramipril monotherapy, and only 30.3% of patients who
switched to combination therapy regardless of the initial mono-
therapy assignment.

Figure 2. Patients disposition. aTreatment was misassigned in some patients.

Table 1. Baseline Patient Demographics and Clinical Characteristics
(Intent-to-Treat Population).

Moxonidine
(N= 105)

Ramipril
(N = 102)

All patients
(N= 207)

Sex, n (%)
Male, n (%) 52 (49.5) 47 (46.1) 99 (47.8)
Female, n (%) 53 (50.5) 55 (53.9) 108 (52.2)

Age, years 61.6± 11.4 61.6± 11.1 61.6± 11.2
Body weight, kg 85.0± 13.4 83.5± 12.2 84.3± 12.8
BMI, kg/m2 29.9± 3.0 29.5± 3.2 29.7± 3.1
Sitting blood pressure,
mm Hga

DBP 90.2± 8.2 89.8± 8.4 90.1± 8.3
SBP 155.6± 12.1 155.6±

11.4
155.6±
11.6

FPG, mmol/La 7.03± 0.59 6.91± 0.58 6.97± 0.58
HbA1c, %a 6.00± 0.61 5.95± 0.64 5.98± 0.62
Diabetes mellitus, n 49 (46.7) 46 (45.1) 95 (45.9)

Data are given as numbers (%) or mean± SD.
Abbreviations: BMI, body mass index; DBP, diastolic blood pressure; FPG,
fasting plasma glucose; HbA1c, glycated hemoglobin; SBP, systolic blood
pressure; SD, standard deviation.
aVisit 2 values.
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Changes in Heart Rate
In the PP cohort, from baseline to Week 12 moxonidine was
associated with a significant mean reduction in HR of 3.5
beats/min (p=0.017) while in the ramipril group there was little
alteration in HR (−0.6 bpm in means, p= 0.686). Between-
groups difference was not significant (p=0.139) (Table 5).

During the second 12-week treatment period, HR among
patients maintained on monotherapy was generally stable. In
patients switched from moxonidine to moxonidine-ramipril
combination HR increased from 74.1 (±12.0) to 77.7 (±11.5)
by an average of 3.7 beats/min (95%CI 0.3, 7.0; p= 0.0327)

whereas HR decreased from 74.7 (±12.9) beats/min at Week
12 to 71.8 (±11.0) at Week 18 then 72.5 (±12.6) at Week 24
in patients switched from ramipril to ramipril–moxonidine com-
bination. Between Week 12 and Week 24 the changes in HR
between the two combination therapy groups differed signifi-
cantly (5.7 bpm, p= 0.027) (Table 5).

Changes in Metabolic Parameters
Changes in Plasma Glucose and HbA1c. In the ITT population,
FPG levels declined during the first 12 weeks period

Figure 3. Trends in blood pressure during the first 12-week treatment period in the per-protocol cohort (n= 185). Visit 1 was conducted at
pre-screening (Week 2), Visit 2 was conducted at baseline (Week 0; randomization), Visit 3 was conducted at Week 6 and Visit 4 at Week 12.
Data are shown as mean values with the standard deviation depicted by the vertical bars. (A) Trends in sitting diastolic blood pressure (SiDBP).
Change from Visit 2 to Visit 4: Moxonidine * p< 0.001; Ramipril **p< 0.0005. (B) Trends in sitting systolic blood pressure (SiSBP). Change from
Visit 2 to Visit 4: *** p< 0.0001 for both Moxonidine and Ramipril.
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(Table 6), with no significant between-treatment differences.
Plasma glucose response to the OGTT at Visit 2 and Visit 4
was similar in the two treatment groups (ITT cohort;
Figure 5A), with no significant between-treatment differences.

Plasma glucose response to the OGTT at Visit 6 was also
similar across all treatment groups.

Mean HbA1c levels decreased significantly from baseline to
Week 12 by 0.13% and 0.11% in the moxonidine (p= 0.0028)
and the ramipril group (p= 0.0042), respectively. The differ-
ence in the changes between groups was not significant
(Table 6). No significant changes in mean HbA1c were
observed in any treatment assignment during the second
12-week treatment period.

Changes in Insulin Levels. At Visit 2 insulin response to OGTT
was similar in moxonidine and ramipril groups. The changes
in insulin levels during OGTT from baseline to Week 12 and
from Week 12 to Week 24 were small and not significant
across treatment arms (Table 6 and Figure 5B).

Changes in Lipid Levels. In both treatment arms there were small
and non-significant increases in LDL-cholesterol, HDL-choles-
terol and triglycerides from baseline to Week 24.

Safety
During the first 12-week treatment period, 5 (4.7%) moxonidine
and 3 (2.9%) ramipril-treated patients withdrew from the study
due to AEs. Treatment-emergent adverse events (TEAEs) were
reported in 31 patients (29.0%) randomized to moxonidine and

19 patients (18.4%) randomized to ramipril. Between-group
differences were mostly attributable to a greater incidence of
dry mouth in the moxonidine group (in 13 patients vs 1
patient in the ramipril group). Eight TEAEs were linked with
ramipril use, of which the most common were abdominal
pain and headache. One serious AE was reported in each treat-
ment group, neither was considered to be associated with use of
study medication (Supplementary table).

During the second part of the study (Weeks 12-24), there
were no premature discontinuations due to AEs. TEAEs were
reported in 24 patients (12.2%), of which 5 of them could be
treatment attributable. The only serious AE was not considered
treatment related (supplementary table).

Discussion
The RAAS blockers are a reference treatment in hypertensive
patients with diabetes and prediabetes. In this study we com-
pared two antihypertensive drugs: moxonidine, a centrally
acting imidazoline I1 receptor agonist

11; and ramipril, an ACE
inhibitor in overweight patients with mild to moderate hyper-
tension and prediabetes or type 2 diabetes. These two drugs
have proved to be equally effective in lowering BP (SiSDB
and SiSBP). They were a high proportion of responders, and
the mean decrease in responders was 10 mm Hg for SiDBP
and 15 mm Hg for SiSBP. HR was lowered on moxonidine
treatment. No noticeable changes were observed in metabolic
parameters, including the response to the OGTT, except for
FPG and HbA1c which decreased mildly but significantly and
similarly in the two groups after 12 weeks of monotherapy.

Table 2. Changes in Blood Pressure During the First 12-Week Treatment Period.

Moxonidine Ramipril Between-group difference

A. Changes in sitting diastolic blood pressure (SiDBP)
Per-protocol cohort N= 92 N= 93

Mean change from baseline in SiDBP (95% CI), mm Hg −3.4 (–5.5, –1.4)
p < 0.01

–3.7 (–5.7, –1.6)
p < 0.01

0.24 (–2.48, 2.97)
p= 0.9

Responder rate N= 42
45.7%

N= 51
54.8%

p= 0.2115

Normalization ratea N= 71
31 normalized (43.7%)

N= 68
32 normalized (47.1%)

p= 0.688

Intent-to-treat cohort N= 105 N= 102
Mean change from baseline in SiDBP (95% CI), mm Hg –3.0 (–4.9, –1.0)

p < 0.01
–3.9 (–5.9, –1.9)
p < 0.01

0.97 (–1.73, 3.67)
p= 0.5

Responder rate N= 44
(41.0%)

N= 54
(52.9%)

p= 0.1118

Normalization ratea N= 32/78
(41.0%)

N= 34/76
(44.7%)

p= 0.6417

B. Changes in sitting systolic blood pressure (SiSBP)
Per-protocol cohort N= 92 N= 93

Mean change from baseline in SiSBP (95% CI), mm Hg –8.5 (–12.5, –4.5)
p< 0.0001

–10.5 (–14.5, –6.4)
p< 0.0001

1.97 (–3.48, 7.41)
p= 0.476

Intent-to-treat cohort N= 99 N= 98
Mean change from baseline in SiDBP (95% CI), mm Hg –9.3 (–13.2, –5.4)

p < 0.0001
–10.9 (–14.9, –6.9)
p < 0.0001

1.60 (–3.72, 6.91)
p= 0.554

aCalculated on a censored PP cohort that excluded patients with SiDBP <85 mm Hg at baseline.

Valensi and Jambart 7

https://journals.sagepub.com/doi/suppl/10.1177/10742484241258381
https://journals.sagepub.com/doi/suppl/10.1177/10742484241258381


Blood Pressure Effects. Both moxonidine and ramipril were
found to be statistically equivalent in their ability to lower
SiDBP over 12 weeks at the doses investigated, and SiSBP
decrease was also similar. The unexpected BP increase with
monotherapies during the second 12-week period could be
explained by the number of non-responders that were misas-
signed to monotherapy (7/50 in moxonidine group, 3/54 in ram-
ipril group) at Visit 4. Overall, BP reduction on monotherapy by
moxonidine or ramipril was consistent with a normalization rate
for SiDBP (<85 mmHg) of around 45% for both during the first

period and a further improvement during the second one (68.6%
and 58.8%, respectively). However, in both monotherapy
groups, mean SiSBP in responders remained upper than the
goal of 130 mm Hg or lower recommended in the recent guide-
lines.10 The 7 non-responders to moxonidine who were misas-
signed to continue on moxonidine monotherapy might have
reduced the benefit expected during the second period. Mostly,
the non-achievement of BP target might be because nearly half
of the patients actually had diabetes according to current diagnos-
tic values (FPG ≥126 mg/dL (7.0 mmol/L)),24 and hypertension

Figure 4. Change in sitting diastolic (SiDBP) and systolic (SiSBP) blood pressure, in the responder groups. Data as means± SD. (A) SiDBP by
visit and treatment in responder groups (ITT1+ ITT2). Change from Visit 2 to Visit 6: *p< 0.001, † p< 0.0001 (Mox-Mox: p= 0.0003; Ram-Ram
p= 0.0001). Change from Visit 4 to Visit 6: ‡ p< 0.01 (Mox-Mox p= 0.0015; Ram-Ram p= 0.01). (B) SiSBP by visit and treatment in responder
groups (ITT1+ ITT2). Change from Visit 2 to Visit 6: *p< 0.001, † p < 0.0001 (Mox-Mox p< 0.001; Ram-Ram p< 0.0001). Change from Visit 4
to Visit 6: The change in SiSBP was not significant in either treatment group (Mox-Mox p= 0.094; Ram-Ram p= 0.744).
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is more difficult to treat in patients with diabetes, mostly requir-
ing combination of two to three agents to reach target.25

The additional BP reduction with combination therapy
during the second 12-week treatment period was modest com-
pared with the effects observed with combination of moxoni-
dine and amlodipine.26 The addition of one drug is supposed
to induce a further decrease in SiDBP by an amount roughly
similar as their respective effect when taken solely during the
first period. In fact, the SiSBP decrease was markedly lower
in the group who received combination therapy. However, the
patients who received combination therapy were confirmed
non-responders to moxonidine or ramipril, and studies have
shown that non-responders to any antihypertensive drug will
require at least one more drug.27 To note, the difference in base-
line characteristics of this non-responders subgroup compared
with the responders (higher baseline BP and younger) suggests
a difficult-to-control patient profile for which combination of at
least two drugs with at least one RAAS blocker might be nec-
essary to achieve the recommended goal.10

The HOT study28 aimed to assess the optimum diastolic BP
in patients with hypertension and a DBP between 100 and 115
mmHg. Larger BP decrease than in our study is probably due to

the higher BP levels at baseline. HOT study showed that inten-
sive BP lowering was associated with a reduction in the rate of
major cardiovascular events and cardiovascular mortality. The
maximum benefits were observed for on-treatment SBP
between 130 and 140 mm Hg, and DBP values between 80
and 85 mm Hg. In particular, in the patients with diabetes
there was a significant 51% reduction in the composite cardio-
vascular outcome (nonfatal myocardial infarctions, nonfatal
strokes, and cardiovascular deaths) in target group with DBP
≤ 80 mm Hg compared with target group with DBP≤ 90 mm
Hg, which supports using multiple combination therapy if
needed in these patients. We here show that such a combination
can be effective for lowering BP in patients with diabetes or
prediabetes without major metabolic effects and serious AEs.
In addition, when initiating on combination therapy, BP goal
was shown to be achieved earlier and reduction of CV outcomes
to be stronger.29

Heart Rate Changes
HRwas lower on moxonidine treatment compared with ramipril
in monotherapy or added to ramipril. HR decrease on

Table 3. Comparison of the Non-Responder and Responder Patients to Either Moxonidine or Ramipril Data at Visit 4 (Week 12).

Non-responder patients re-assigned to
combination therapy

Responder patients to
moxonidine

Responder patients to
ramipril p-Values

Number N= 89 N= 49 N= 55
SiDBP, mm Hg 92.7± 6.79 79.8± 5.8 78.3± 6.7 <0.05
SiSBP, mm Hg 148.9± 17.5 138.6± 18.1 138.6± 15.9 <0.05
Age, years 58.3± 10.7 64.8± 11.1 64.4± 10.6 NS
M/F ratio 47/42 23/26 24/31 NS
BMI, kg/m2 30.5± 6.8 29.4± 2.9 29.0± 2.8 NS
FPG, mmol/L 6.8± 0.9 6.6± 1.0 6.4± 1.0 NS
HbA1c, % 5.93± 0.67 5.83± 0.68 5.79± 0.65 NS

Data are given as numbers (%) or mean± SD.
Compliance rates during the second 12-week treatment period were never less than 95.8%.

Table 4. Change of Sitting DBP and SBP in Responders and Non-Responders Groups Between Visit 2 and Visit 6 and Between Visit 4 and Visit 6
(ITT1+ ITT2 Samples).

Parameter Group

Change in parameter

Visit 2-Visit 6 Visit 4-Visit 6

N Mean [95% CI] p-Value N Mean [95% CI] p-Value

SiDBP (mm Hg) Mox-Mox 49 −5.2 [−7.9; −2.4] 0.0003 49 4.5 [1.8; 7.3] 0.0015
Ram-Ram 55 −5.1 [−7.6; −2.5] 0.0001 55 3.4 [0.8; 6.0] 0.0100
Comb 89 −1.4 [−3.4; 0.6] 0.1622 89 −2.6 [−4.6; −0.6] 0.0102
Mox-Ram 48 −0.8 [−3.5; 1.8] 0.5349 48 −2.3 [−4.9; 0.3] 0.0785
Ram-Mox 41 −2.1 [−5.0; 0.8] 0.1570 41 −3.5 [−6.4; −0.6] 0.0195

SiSBP (mm Hg) Mox-Mox 49 −11.9 [−16.9; −6.9] <0.0001 49 4.0 [−0.7; 8.7] 0.0937
Ram-Ram 55 −16.6 [−21.2; −11.9] <0.0001 55 −0.7 [−5.1; 3.6] 0.7440
Comb 89 −6.1 [−9.7; −2.5] 0.0009 89 −1.3 [−4.6; 2.1] 0.4638
Mox-Ram 48 −5.7 [−10.5; −0.9] 0.0196 48 −2.5 [−7.7; 2.6] 0.3272
Ram-Mox 41 −6.5 [−11.8; −1.3] 0.0155 41 −1.3 [−7.1; 4.5] 0.6583
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moxonidine was likely to result from autonomic activity mod-
ulation. The sympathetically-induced tachycardic responses in
spontaneously hypertensive rats was shown to be inhibited by
moxonidine,30 and it has been suggested that moxonidine
may have BP-independent cardioprotective effects, such as a
reduction of the risk of atrial fibrillation recurrence after abla-
tion treatment.31 Another study showed in rats that high moxo-
nidine doses were strongly parasympathomimetic through the
activation of central alpha2-adrenoceptors.32 In a double-blind,
placebo-controlled study in untreated hypertensive patients,
after a single 0.4-mg moxonidine dose HR decreased during
the night hours.33 In healthy individuals a single moxonidine
dose increased cardiovagal tone and decreased cardiac sympa-
thetic activity.34 A 6-month clinical trial showed that the
effect of moxonidine in reducing insulin resistance in patients
with metabolic syndrome depended on the severity of hyper-
sympathicotonia manifesting in HR >80 bpm at rest.35

It is now clear that lowering a high HR reduces significantly
the risk of CV outcomes.16,19,20 In the INVEST study which
included hypertensive patients with coronary artery disease,
HR predicted adverse outcomes, and on-treatment HR was
more predictive than baseline HR.19 In the SPRINT study,20 a
higher baseline resting HR was associated with a higher

cardiovascular risk, this increased risk being greater in subjects
on intensive than on standard treatment. These observations are
in accordance with the ESC-EASD recommendation to con-
sider HR >80 bpm as a CV risk10 and suggest that HR reduction
using antihypertensive drugs may be beneficial in subjects with
hypertension.20 The LIFE study also illustrates that persistence
or development of HR >84 bpm was associated with an 89%
greater risk of CV death and a 97% increase of all-cause mor-
tality.36 In this context, the lowering effect of moxonidine on
HR is interesting to consider. Evidence supports the use of
RAAS blockers in patients with diabetes,10,37 and BP control
often requires multiple therapy with a RAAS blocker and a
calcium channel blocker or a diuretic.10 Sympathetic activity
was clearly shown to be enhanced in patients with diabetes17

and in obese patients with hypertension.18 Thus, central sympa-
tholytic drugs are logical in these patients and embody a poten-
tial interest for hypertensive patients with elevated HR.

Changes in Metabolic Parameters. In this population with predi-
abetes or well-controlled diabetes, there was a modest but sig-
nificant HbA1c reduction without clinically significant change
in lipids on moxonidine or ramipril treatment, in monotherapy
nor on combination therapy. Glucose and insulin responses to
the OGTT did not change significantly and were similar after
12 or 24 weeks across the treatment groups. These results are
in line with previous studies showing neutral or beneficial
effects of ACE-inhibitors and moxonidine on glucose profile
and insulin sensitivity. Moxonidine has been associated with
improvements of insulin sensitivity in overweight patients
with hypertension.13–15 In prediabetes, the DREAM study
also showed that ramipril significantly increased regression to
normoglycemia.38

Strengths and Limitations. This study has some strengths. First,
this is a randomized controlled study including an active com-
parator, a RAAS blocker, the ACE-inhibitor ramipril, as recom-
mended as first-line therapy in the current guidelines. Second,
the study population was homogeneous since only patients
with type 2 diabetes or prediabetes, all naïve for antihyperten-
sive and glucose-lowering treatment, were included. Third,
glucose metabolism was assessed by glucose and insulin

Table 5. Changes in Heart Rate in the Per-Protocol Cohort (n= 185).

Moxonidine
(N= 92)

Ramipril
(N= 93)

Mox-Ram
(N= 48)

Ram-Mox
(N= 41)

HR at Visit 2 (bpm), mean± SD 72.5± 12.8 75.3± 12.0 78.1± 13.0 73.2± 10.7
HR at Visit 4 (bpm), mean± SD 70.0± 11.2 73.2± 11.6 74.1± 12.0 74.7± 12.9
HR at Visit 6 (bpm), mean± SD 72.8± 10.1 72.8± 11.2 77.7± 11.5 72.5± 12.6
Change between baseline and Visit 4 (bpm),
mean [95% CI]

−3.5 [−6.4; −0.6]
p= 0.0168

−0.6 [−3.5; 2.3]
p= 0.6862

Change between baseline and Visit 6 (bpm),
mean [95% CI]

0.6 [−3.4; 4.5]
p= 0.7841

−2.4 [−6.1; 1.2]
p= 0.1930

−0.3 [−4.1; 3.5]
p= 0.8632

−0.6 [−4.8; 3.6]
p= 0.7835

Change between Visit 4 and Visit 6 (bpm),
mean [95% CI]

3.0 [−0.7; 6.6]
p= 0.1100

−0.3 [−3.7; 3.0]
p= 0.8522

3.7 [0.3; 7.1]
p= 0.0327

−2.0 [−5.8; 1.9]
p= 0.3109

Abbreviations: HR, heart rate.

Table 6. Changes in Glucose and Insulin Levels.

Moxonidine Ramipril

FPG levels at baseline, mmol/L 7.03± 0.61 6.91± 0.58
Changes (decrease) in FPG levels from
baseline to Week 12, mmol/L

0.38± 0.97
p= 0.009

0.30± 0.94
p= 0.0164

Plasma insulin AUC during the
OGTT at baseline, mIU min/L

6304± 3699 6207± 4021

Plasma insulin AUC at week 12,
mIU min/L

6460± 4417 6339± 4011

Plasma insulin AUC at week 24,
mIU min/L

7264± 5109 6056± 3501

HbA1c at baseline, % 5.83± 0.68 5.93± 0.67
Mean change in HbA1c level from
baseline to week 12, %

−0.13
p= 0.0028

−0.11
p= 0.0042

Data are given as mean± SD.
Abbreviations: AUC, area under the curve; FPG, fasting plasma glucose.
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measurements both at fasting and after an OGTT. Fourth, we
measured HR which has never been studied extensively
during trials.

However, the study also has some limitations. First, we
included patients with well-controlled diabetes or prediabetes,
and thus the conclusion may not be extended to patients with
poorly-controlled diabetes. Moreover, subjects enrolled in this
study were overweight or obese (with a BMI 25-34.9), like in
the previous studies which tested moxonidine.13–15,33,35,39

Thus, the conclusion may not be extended to hypertensive sub-
jects with normal body weight or with severe or massive
obesity. Second, this study was conducted at the same time as
the HOT study, approximately 20 years ago,28 with subsequent
changes in diagnostic criteria for diabetes which now require
two FPG measurements. In addition, SBP is now the primary
target for management of hypertension. However, the effects
of different approaches on DBP should not be ignored. The
principal goal at that time was to lower the SiDBP under 85
mm Hg or have a reduction of the SiDBP by >10%. The
SiSBP was assessed but wasn’t the principal goal while in
2019 ESC-EASD guidelines targets are now a SBP between
120 and 130 mm Hg, and a DBP between 70 and 80 mm
Hg.10,37 Third, HR was measured only once at each visit
using automated BP devices. The effects of moxonidine on
HR need to be confirmed in further trials and assessed using
electrocardiography and better 24-hour recordings. Finally,

the statistical plan defined at the initiation of the study presents
some limitations. At the time of writing the protocol, we
decided to perform a standard analysis for comparison of end-
points such as BP between the moxonidine and the ramipril
group by using a two-sample t-test because it was the easiest
way to understand the statistical analysis, and so, this is the
analysis presented in this paper. Changing the statistical analy-
sis after the study database had been unblinded would have
been a violation of ICH guideline E9 Statistical Principles for
Clinical Trial and so was not performed, but possibly more
informative analyses like a two-way repeated measures
ANOVA might have been considered.

Conclusion
Moxonidine 0.4 mg and ramipril 5 mg once daily are safe, well tol-
erated and equivalently effective antihypertensive treatments in
overweight patients with mild-to-moderate hypertension and
impaired fasting glycemia or diabetes. In case of insufficiently
effective monotherapy, both agents can be combined to achieve
further BP control without compromising metabolic parameters.
The slight lowering HR effect of moxonidine is interesting to con-
sider due to the worse CV outcomes related to high HR, but due to
the limitation of the study’s design, this result needs to be con-
firmed with other studies. Moxonidine may be considered as a
useful adjunctive therapy for hypertension in dysglycemic patients.

Figure 5. Plasma glucose and insulin response during the oral glucose tolerance test (intention-to-treat population). Data as means± SD. (A)
Glucose response. Between Visit 2 and Visit 4, there was no relevant difference between the effects of the two study treatments on glucose
AUC. The difference of 0.8% (p= 0.81) between treatment groups was not statistically significant. (B) Insulin response. Between Visit 2 and
Visit 4, there was no relevant difference in treatment effect on insulin AUC. The difference of 3.3% (p= 0.69) between groups was not statisti-
cally significant.
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List of abbreviations
ACE angiotensin-converting enzyme
AEs adverse events
ARBs angiotensin receptor blockers
BMI body mass index
BP blood pressure
CI confidence interval
FPG fasting plasma glucose
GCP good clinical practice
HbA1c glycated haemoglobin
HR heart rate
ITT intent-to-treat
MARRIAGE Moxonidine And Ramipril Regarding Insulin

And Glucose Evaluation
OGTT oral glucose tolerance test
PP per-protocol
RAAS renin–angiotensin–aldosterone system
SAEs serious adverse events
TAEs treatment-emergent adverse events
SiDBP sitting diastolic blood pressure
SiSBP sitting systolic blood pressure
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