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Clinical Study

Effect of Telmisartan and Ramipril
on Atrial Fibrillation Recurrence and
Severity in Hypertensive Patients
With Metabolic Syndrome and
Recurrent Symptomatic Paroxysmal
and Persistent Atrial Fibrillation

Roberto Fogari, MD1, Amedeo Mugellini, MD1,
Annalisa Zoppi, MD1, Paola Preti, MD1, Maurizio Destro, MD1,
Pierangelo Lazzari, MD1, and Giuseppe Derosa, MD1

Abstract
This study evaluated the effect of telmisartan, ramipril, and amlodipine on atrial fibrillation (AF) recurrence and severity in
hypertensive patients with metabolic syndrome. A total of 391 hypertensive outpatients with metabolic syndrome, in sinus
rhythm but with at least 2 episodes of AF in the previous 6 months were randomized to telmisartan, ramipril, or amlodipine
for 1 year. At the first AF, ventricular rate (VR) and plasma cardiac troponin I (TnI) were evaluated. P-wave dispersion (PWD)
and procollagen type I carboxy-terminal peptide (PIP) were evaluated before and after 12 months of treatment. Systolic blood
pressure (SBP) and diastolic blood pressure (DBP) were similarly and significantly reduced by all treatments (P < .001). In all,
49% of patients treated with amlodipine had a recurrence of AF as did 25.5% of patients with ramipril and 12.9% of patients with
telmisartan (P < .01 vs amlodipine and P < .05 vs ramipril). Ventricular rate and TnI at the first AF recurrence were significantly
lower with telmisartan and ramipril than with amlodipine. P-wave dispersion was reduced by ramipril (�5.1 ms, P < .05) and even
more by telmisartan (�11 ms, P < .01). Telmisartan and ramipril induced a similar PIP reduction (�52.8 and �49.8 mg/L, respec-
tively, P < .01). These findings suggested that in these patients telmisartan was more effective than ramipril in reducing AF recur-
rence and severity as well as in improving PWD, despite a similar BP reduction and a similar improvement in cardiac fibrosis. This
could be related to a specific effect of telmisartan on atrial electric remodeling.
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Introduction

Atrial fibrillation (AF), a cardiac arrhythmia which greatly

increases the risk of stroke, coronary events, and total mortal-

ity,1,2 has been frequently observed in patients with metabolic

syndrome.3,4 This condition is characterized by a cluster of car-

diovascular risk factors, including hypertension, obesity, insu-

lin resistance, and dyslipidemia,5,6 many of which are also risk

factors for the development of AF.7,8 Inflammation and oxida-

tive stress have also been implicated in the pathogenesis of both

the metabolic syndrome and AF through their effect on atrial

remodeling,9,10 which is the most significant factor underlying

AF development and recurrence.11,12 Atrial remodeling is char-

acterized by both anatomic changes in atrial structure (fibrosis,

atrial dilatation) and electrical inhomogeneity (shortness of

refractory period, dispersion of refractoriness, abnormal

automatic, and anisotropic conduction).11-14 Activation of the

renin–angiotensin system (RAS), which coexists with both

hypertension and metabolic syndrome, is also thought to be

involved in the pathophysiology of AF.15-17 Angiotensin II is

known to modulate cardiac ionic currents and sympathetic tone

1Department of Internal Medicine and Therapeutics, Centro per l’ipertensione

e la fisiopatologia cardiovascolare, University of Pavia, Pavia, Italy

Corresponding Author:

Roberto Fogari, Department of Internal Medicine Clinica Medica II, Policlinico

San Matteo, Piazza Golgi 19, 27100 Pavia, Italy

Email: r.fogari@unipv.it

Journal of Cardiovascular
Pharmacology and Therapeutics
17(1) 34-43
ª The Author(s) 2012
Reprints and permission:
sagepub.com/journalsPermissions.nav
DOI: 10.1177/1074248410395018
http://cpt.sagepub.com

 at Università degli studi di Pavia on February 9, 2012cpt.sagepub.comDownloaded from 

http://cpt.sagepub.com/


and to stimulate fibroblast proliferation and cardiomyocte

apoptosis.15-17 Furthermore, there is evidence for a role of

angiotensin II (Ang II) in mediating inflammatory responses,

which are additionally involved in AF.9,10 Genetic variation

in the RAS and altered expression of Ang II receptors are also

associated with AF, further indicating an important role in

AF.18,19 Finally, a strong argument for a critical role of

RAS in AF comes from both experimental and clinical trials,

showing that RAS blockade may prevent new onset as well as

recurrence of AF.20-27 Some recent meta-analysis from hyperten-

sion and heart failure clinical trials reported that both angiotensin-

converting enzyme inhibitors (ACEIs) and angiotensin receptor

blockers (ARBs) were effective in the primary prevention of

AF, although this benefit appeared to be limited to patients

with systolic left ventricular dysfunction or left ventricular

hypertrophy.21,22 Also there were some reports to suggest a role

for RAS blocking in secondary prevention of AF.23-27 However,

the recently published results of the Gruppo Italiano per lo Studio

della Sopravvivenza nell’Infarto Miocardico-Atrial Fibrillation

(GISSI-AF) trial failed to demonstrate a reduction in the inci-

dence of recurrent AF with the ARB valsartan.28 Besides, few and

inconsistent findings exist about the comparative effects of

ACEI and ARB on the incidence of AF.29,30

The aim of this study was to compare the effect of antihy-

pertensive treatment with the ARB telmisartan, the ACEI

ramipril, and the calcium channel blocker (CCB) amlodipine

on the recurrence and the severity of AF in hypertensive

patients with metabolic syndrome and a history of recent par-

oxysmal AF. The effects on P-wave dispersion (PWD) used as

a marker of inhomogeneous atrial propagation of sinus

impulses31,32 were also evaluated as were the effects on serum

procollagen type I carboxy-terminal peptide (PIP) levels, used

as a marker of extracellular collagen type I synthesis and

myocardial fibrosis,33,34 and on carboxy-terminal telopeptide

of collagen type I (CITP), used as a marker of extracellular

collagen type I degradation.34-36

Patients and Methods

This was a prospective, randomized, double-blind, parallel-arm

study. Between April 01, 2007, and November 30, 2009, the

study population was selected according to the following inclu-

sion criteria: male and female consecutive outpatients, with

mild essential hypertension (systolic blood pressure [SBP]

�140 and <160 mm Hg and/or diastolic blood pressure [DBP]

�90 and <100 mm Hg) and metabolic syndrome (ATP III 2005

criteria),5,6 in sinus rhythm but with at least 2 electrocardio-

gram (ECG)-documented episodes of symptomatic AF in the

previous 6 months and without any antiarrhythmic treatment.

Previous AF episodes could be self-terminating or terminated

after pharmacological and/or electrical cardioversion; the

latter, however, had to be performed between a maximum of

6 months and a minimum of 8 weeks before enrollment.

Patients with secondary hypertension, congestive heart failure,

unstable angina, valvular disease, a left atrium size >46 mm,

history of myocardial infarction or stroke, or cardiac surgery

within 6 months prior to the study, cardioversion in the last

8 weeks, diabetes mellitus, hypercholesterolemia (total

cholesterol �200 mg/dL), pregnancy, and any severe disease

likely to interfere with the conduction of the study were

excluded as were those previously treated with ARBs, ACEIs,

CCBs, or antiarrhythmic agents and those with known hyper-

sensitivity or contraindications to the study medications.

The local Ethics Committee approved the study protocol,

and all patients gave their informed consent to participate

in the study before enrollment. After a 2-week washout

period during which antihypertensive drugs were discontin-

ued and placebo was administered, patients who fulfilled the

inclusion/exclusion criteria were randomized to telmisartan

80 mg once daily (od) or ramipril 5 mg od or amlodipine

5 mg od, according to a computer-generated randomization

list. To maintain blindness, the study drugs were given in

capsules of identical appearance (same color, size, and taste)

stored in coded bottles. Patients were asked to take trial med-

ications in the morning between 8.00 and 10.00 AM. In non-

responder patients (BP > 140/90 mm Hg), the study drugs

were titrated after 4 weeks (telmisartan 120 mg, ramipril

7.5 mg, and amlodipine 7.5 mg) and 8 weeks of treatment

(telmisartan 160 mg, ramipril 10 mg, and amlodipine 10

mg) to achieve a BP goal of less than 140/90 mm Hg. Those

patients who did not achieve the target BP after 12 weeks

were considered to have concluded the follow-up. No conco-

mitant medication was allowed throughout the study.

Patients were checked monthly for 1 year. At each visit, clinic

BP values, a resting 12-lead surface ECG, and a 24-hour ECG were

recorded. After a 10-minute resting period in a quiet room, sitting

BP was measured on the right arm in each patient using a

standard mercury sphygmomanometer (Korotkoff I and V) with

a cuff of appropriate size. Measurements were always taken in the

morning before daily drug intake (ie, 24 hours after dosing, at

trough). An average of 3 successive BP readings taken at 1-

minute interval was used for analyses. To identify asymptomatic

AF episodes, 24-hour ambulatory ECG monitoring was per-

formed every 4 weeks using a Syneflash Holter recorder (Ela

Medical, Paris, France). Recordings were always started after

drug intake and were performed throughout a 24-hour period,

during which patients followed their normal daily routine after

they left the laboratory. Patients were also required to report

any episode of palpitations, to take their pulse and, in presence

of arrhythmia, to reach as early as possible the nearest hospital

to perform an ECG and a blood drawn for plasma cardiac

troponin I (TnI) evaluation. Criteria to define AF recurrence

included both nonsustained episodes of less than 3 minutes

detected on the 24-hour Holter and the longer lasting sustained

episodes detected on ECGs. Palpitations alone were not taken

into consideration nor were patients’ subjective appraisals. At

the first recurrence of AF, ventricular rate (VR) and plasma

cardiac TnI were evaluated as indexes of AF severity.

At the end of the placebo period and of each treatment

period, in patients who completed the 12-month study without

any AF recurrence, PWD was evaluated and serum PIP and

CITP levels were determined.
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P-wave analyses measurements were calculated in 12-lead

ECG recordings with a paper speed of 50 mm/s and a signal

size of 10 mm/mV. Electrocardiogram recordings were trans-

ferred into a computer and opened with a high-performance

graphic program. Manual measurements of P-wave duration

were performed with digital calipers on a high-resolution com-

puter screen by 2 cardiologists blinded to the patients’ clinical

data. For each lead, 4 cycles were measured. The P-wave onset

was defined as the first atrial deflection from the isoelectric line

and the offset was the return of the atrial signal to baseline.

Mean P duration was calculated as the mean value in each lead.

The difference between maximum and minimum P duration

was defined as PWD. Intra- and inter-observer variabilities

were 3.3% and 3.8%, respectively, for P-wave duration and

2.9% and 3.6%, respectively, for PWD.

At the end of the placebo period and of each treatment

period, blood samples for PIP and CIPT evaluation were taken

in the morning, after an overnight fast, and stored at –40�C
until determination. Serum PIP was determined by a rapid equi-

librium radioimmunoassay, according to the method of Meikko

et al37 using commercial antisera specifically directed against

the terminal carboxy-terminal peptide. The sensitivity (lower

detection limit) was 1.1 mg of PIP/L. The intra- and inter-

assay coefficients of variation were 4% and 7%, respectively.

Serum CITP was also determined by a specific radioimmu-

noassay with the use of specific antisera (Orion Diagnostica,

Espoo, Finland), according to the method of Risteli et al.35 The

sensitivity (lower detection limit) was 0.5 mg of CITP/L. The

intra- and inter-assay variations were 6% and 8%, respectively.

Serum cardiac Tn-I was measured by a fluorimetric

enzyme immunoassay using the Stratus CS system (Dade

International, Derfield, IL).38

The primary endpoint of the study was to assess the efficacy

of telmisartan as compared to ramipril and amlodipine with

regard to the cumulative number of patients relapsing into

documented AF. Secondary endpoints were the time to a first

recurrence of AF (as documented on an ECG), the severity of

AF, as assessed in terms of VR and cardiac Tn-I levels at the

first recurrence of AF, the changes in PWD, and the changes

in PIP and CITP.

Statistical Analysis

Given an estimated efficacy at 1 year of 80% for telmisartan,

65% for ramipril, and 50% for amlodipine, a significance level

of .05 and a test power of 0.80, the calculated sample size was

of 91 patients for each treatment group. A 15% risk of patient

loss at follow-up was assumed. Data for continuous variables

are reported as means + SD, while categorical variables were

measured as frequencies. Statistical significance for baseline

characteristics were examined using a Student t test for contin-

uous variables. The Fisher exact test was used for categorical

variables. The endpoint was analyzed on an intention-to-treat

basis. The time to first AF recurrence was analyzed using the

Kaplan-Meier method and compared with the log-rank test.

The comparison of the number of days to AF relapse (median

and range) among the treatment groups was performed by the

nonparametric Wilcoxon test.

Results

A total of 456 consecutive hypertensive patients, 198 untreated

and 258 previously treated for hypertension, were referred to

our hypertension center with a history of paroxysmal AF. Of

them, 391 were finally randomized to participate in this study

(Figure 1). A total of 47 patients were excluded from this pro-

tocol because they did not meet the inclusion/exclusion criteria.

Eighteen patients refused to participate. As shown in Table 1,

the 3 treatment groups were well matched with regard to base-

line demographic and clinical characteristics. In all, 30 patients

Figure 1. Flow diagram of the study.
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in the telmisartan group, 29 patients in the ramipril group, and

25 patients in the amlodipine group underwent electrical cardi-

oversion before entering the study, whereas pharmacological

cardioversion was performed in 65 patients in the telmisartan

group, 64 patients in the ramipril group, and 66 patients in the

amlodipine group.

A total of 132 patients were randomized to treatment with

telmisartan, 130 to treatment with ramipril, and 129 to treat-

ment with amlodipine. Systolic blood pressure and DBP values

were significantly reduced in the 3 treatment groups. At the end

of follow-up, SBP decreased by 15.9 mm Hg (P < .001 vs base-

line) in the telmisartan group, by 15.6 mm Hg in the ramipril

group (P < .001 vs baseline), and by 16.8 mm Hg in the

amlodipine group (P < .001 vs baseline), with no significant

difference among treatments. Corresponding changes for DBP

were 12.5, 12.3, and 13.1 mm Hg (P < .001 vs baseline),

respectively, again without any significant difference among

treatments. The heart rate (HR) did not show any significant

change from baseline in any treatment group.

The AF recurrence data are shown in Table 2. At the end of

titration period, 35 patients had a recurrence of AF: by

intention-to-treat analysis, the occurrence rate was signifi-

cantly lower in the telmisartan group (6 patients) than in the

amlodipine group (18 patients). Kaplan-Meyer analysis

demonstrated a 12-week probability of 96% for maintaining

sinus rhythm in patients who received telmisartan compared

with 92% in patients who received ramipril and 86% in patients

who received amlodipine (P ¼ .02).

At the end of the follow-up (median 258 days [range

29-360]), 57 (44.2%) amlodipine-treated patients had a

recurrence of AF, as did 33 (25.5%) ramipril-treated patients

(P < .01 vs amlodipine) and 17 (12.9%) telmisartan-treated

patients (P < .01 vs amlodipine and P < .05 vs ramipril). The

Holter-detected AF episodes were 3 in the amlodipine group

and 1 in the ramipril group; the others were all symptomatic

ECG-detected AF episodes. Of the 57 recurrent episodes of

AF in the amlodipine group, 27 were paroxysmal and 29 were

persistent; while in the ramipril group, 16 AF recurrences were

paroxysmal and 17 persistent; and in the telmisartan group, 15

AF relapses were paroxysmal and 2 persistent. Figure 2 shows

the Kaplan-Meyer AF recurrence-free survival analysis which

demonstrated a significant reduction in AF recurrence in the

telmisartan group (P < .001 log-rank test) as well as in the rami-

pril group (P < .01 log-rank test) when compared to the amlo-

dipine group and also in the telmisartan group (P < .05 log-rank

test) when compared to the ramipril group.

As regard the indexes of AF severity, VR at the first

recurrence of AF was significantly lower in the telmisartan

group (P < .05) as well as in the ramipril group (P < .05) when

compared to the amlodipine group (Table 3). No significant

difference was observed between the telmisartan and the rami-

pril group, with regard to this parameter. Serum cardiac TnI

levels at the first recurrence of AF were significantly lower

in the telmisartan group (P < .01) as well as in the ramipril

group (P < .05) when compared to the amlodipine group, and

also in the telmisartan group (P < .05) when compared to the

ramipril group (Table 3).

The PWD values did not show any significant change in the

amlodipine group while a significant reduction was observed in

the telmisartan (�11 ms, P < .05 vs placebo and P < .01 vs

amlodipine) as well as in the ramipril group (�5.1 ms, P <

.05 vs placebo and vs amlodipine; Table 4). The reduction,

however, was significantly greater in the telmisartan group

when compared with the ramipril group (P < .05; Figure 3).

As shown in Table 4, serum PIP concentration was signifi-

cantly reduced (P < .001 vs placebo and P < .01 vs amlodipine),

Table 1. Main Demographic, Clinical, and Echographic Characteristics of Patients in the 3 Treatment Groups

Amlodipine (n ¼ 129) Ramipril (n ¼ 130) Telmisartan (n ¼ 132) P

Age (years) 66 + 7 65 + 8 67 + 8 ns
Gender (M/F) 60/69 61/69 58/74 ns
Weight (kg) 73.9 + 9.1 74.5 + 10.2 74.3 + 10.1 ns
Smoking (%) 17 16 18 ns
SBP (mm Hg) 155.2 + 8.2 153.4 + 7.9 154.3 + 7.8 ns
DBP (mm Hg) 94.1 + 3.8 94.3 + 3.1 94.4 + 3.3 ns
TC (mg/dL) 186 + 10 184 + 9 187 + 12 ns
HDL-C (mg/dL) 37 + 6 39 + 8 38 + 7 ns
Tg (mg/dL) 159 + 38 153 + 32 157 + 34 ns
FPG (mg/dL) 106 + 10 103 + 8 105 + 9 ns
HR (beats/min) 75 + 11 76 + 12 75 + 11 ns
eGFR (mL/min per 1.73 m2) 84.9 + 5.9 86.4 + 6.2 83.8 + 5.5 ns
Previous AF episodes (N) 2.2 + 0.7 2.1 + 0.9 2.3 + 0.8 ns
EDLV dimension (mm) 51.4 + 0.8 50.9 + 0.5 50.7 + 0.6 ns
Ejection fraction (%) 60.1 + 8.1 61.9 + 8.3 60.8 + 8.9 ns
LA inferosuperior dimension (mm) 42.7 + 2.3 42.9 + 2.1 42.5 + 2.2 ns
Septal thickness (mm) 11.0 + 0.27 11.1 + 0.32 10.9 + 0.28 ns

NOTE: AF ¼ atrial fibrillation; DBP ¼ diastolic blood pressure; EDLV ¼ end-diastolic left ventricular; eGFR ¼ estimated glomerular filtration rate;
FPG ¼ fasting plasma glucose; HDL-C ¼ high density lipoprotein-cholesterol; HR ¼ heart rate; ns ¼ not significant; SBP ¼ systolic blood pressure; TC ¼ total
cholesterol; Tg ¼ triglycerides.
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while CITP concentration was significantly increased (P < .05

vs placebo and vs amlodipine) after 12 months of treatment

both in the telmisartan- and the ramipril-treated patients, with

no difference between the 2 groups. No change in PIP and

CITP levels has been observed in the amlodipine group.

In all, 3 patients in the telmisartan group, 7 patients in the

ramipril group, and 7 patients in the amlodipine group com-

plained of adverse events requiring treatment discontinuation.

In the telmisartan group, 1 patient was removed from the trial

because of hypotension, 1 of headache, and 1 of nausea. In the

ramipril group, 1 patient had an atrial flutter and underwent

radiofrequency ablation, 1 complained of glottis edema, and

4 discontinued because of an intolerable dry cough. In the

amlodipine group, 2 patients had an atrial flutter and underwent

radiofrequency ablation and 5 did not tolerate ankle edema.

Discussion

In the present study, we observed that in hypertensive patients

with metabolic syndrome and a history of recurrent AF, antihy-

pertensive therapy with both ARB telmisartan and ACEI rami-

pril was more effective than amlodipine therapy in reducing AF

recurrence, but the preventive effect of telmisartan on AF

relapse and severity was greater than that of ramipril.

At the end of the 1-year follow-up, at least 1 ECG-

documented episode of AF was observed in 12.9% of patients

treated with telmisartan, in 25.5% of patients treated with rami-

pril, and in 44.2% of patients treated with amlodipine, with a

Kaplan-Meyer estimated probability for maintaining sinus

rhythm of 87% in the telmisartan group vs 74% in the ramipril

group vs 56% in the amlodipine group.

As regard the severity of AF episodes, both HR and plasma

levels of TnI at the first recurrence of AF were significantly

lower in the telmisartan- and the ramipril-treated patients as

compared to the amlodipine-treated ones. However, the telmi-

sartan group showed significantly lower values of serum TnI as

compared with the ramipril group. Although, generally speak-

ing, elevated TnI levels are consistent with the diagnosis of

acute coronary syndrome, abnormal TnI levels have been also

reported after supraventricular tachycardia without evidence of

coronary artery disease, pointing to minor myocardial injury.39-

41 Hypothesized mechanism for such troponin elevation

include the shortening of diastole with subsequent subendocar-

dial ischemia, myocardial stretch, impairment of microvascular

blood flow, and coronary vasospasm.39-41 Whatever the

mechanism, the changes in myocyte membrane permeability

resulting from myocardial injury could be enough for the

release of cardiac TnI from the free cytosolic pool of myocytes

without structural damage. The lesser increase in cardiac TnI

observed in the telmisartan-treated patients during AF recur-

rence suggests a greater protective effect of the ARB against

the arrhythmia-related myocardial injury.

Figure 2. Recurrence of atrial fibrillation in the 3 study groups.

Table 2. Results: Intention-to-Treat Analysis

Amlodipine Ramipril Telmisartan

Recurrence of atrial fibrillation at 12 weeks after randomization 18 11 6a

Recurrence of atrial fibrillation at 1 year after randomization 57 33a 17b,c

Days to recurrence, median + SD (range) 72 + 62 (31-341) 135 + 81a (42-345) 174 + 95a (60-340)

aP < .05.
bP < .01 versus amlodipine.
cP < .05 versus ramipril.

Table 3. Ventricular Rate and Plasma Cardiac Troponin I at the First
Recurrence of Atrial Fibrillation

Amlodipine
(n ¼ 54)

Ramipril
(n ¼ 32)

Telmisartan
(n ¼ 17)

Ventricular rate
(beats/min)

144 + 21 109 + 16a 106 + 15a

Cardiac troponin
I (mg/mL)

0.11 + 0.025 0.052 + 0.013a 0.027 + 0.011b,c

aP < .05.
bP < .01 versus amlodipine.
cP < 0.05 versus ramipril.
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While in some previous studies, treatment with ARBs or

ACEIs showed an additive effect over that obtained from stan-

dard antiarrhythmic therapy in the prevention of AF relapse in

hypertensive patients,23,24,27 in the present study patients on

antiarrhythmic drug therapy were excluded so that the AF-

preventive effect of these drugs per se was evaluated. Although

a decrease in BP could play a role in the benefit observed with

both inhibitors of the RAS, in the present study no significant

difference in BP values was found among the 3 treatment

groups. This suggests that both telmisartan and ramipril may

exert an antiarrhythmic effect beyond their hypotensive

action.42-44 Hypothesized mechanisms for the antiarrhythmic

effects of ACEIs and ARBs in AF include (a) interference with

ion-channel function, in particular Kþ channel subunits and

Ca2þ ion currents17,45,46; (b) modulation of refractoriness,

mainly by preventing the shortening of atrial effective refractory

period (AERP) and preserving AERP rate adaptation47; (c) inhi-

bition of Ang-II-mediated fibrosis48,49; (d) reduction of left atrial

dilatation and overload50; (e) regression of left ventricular hyper-

trophy51; and (f) modulation of sympathetic tone.

In the present study, telmisartan and ramipril, but not

amlodipine, significantly reduced PWD. This finding, which

is in agreement with some previous observations by ourselves

and other authors,29,52 may play an important role in the pre-

vention of AF recurrence by these drugs. Prolongation of PWD

indicates nonhomogeneous conduction in the left atrium

and has been demonstrated to be an independent predictor for

AF.31,32 Therefore, drugs that decrease PWD are likely to

reduce AF incidence and recurrence. We found that PWD val-

ues in the telmisartan-treated patients were significantly lower

than those in the ramipril-treated ones. Reasons for such a dif-

ference between the ARB and the ACEI, which resembles what

observed in previous studies,29,53 are not clear. One hypothe-

sized explanation is related to the different effect of the 2 drugs

on the chimase-mediated Ang II-forming activity, which seems

to be higher in the left atrium than in other cardiac chambers.

Unlike ARBs, which are effective on both non-ACE and

ACE-dependent Ang II pathways, ACEIs are not able to inhibit

Ang II activity produced by chimase in the left atrium. Since

increased chimase activity may contribute to nonhomogeneous

atrial conduction, ARBs may have a greater effect on atrial

electrophysiological properties than ACEIs and result in

lower PWD values.53 A peculiar effect of telmisartan on atrial

electrical remodeling might also play a role. At plasma con-

centration levels of therapeutic doses, telmisartan has been

shown to block hKv1.5 potassium channels, which are highly

expressed in human atria and conduct ultrarapid delayed

rectifier currents (Ikur) that contribute to action potential repo-

larization of human atrial myocytes.52 Since the inhibition of

Kv1.5 selectively prolong atrial but not ventricular action

potential duration, Kv1.5 is considered an important molecu-

lar target for the treatment of AF.

A rise in fibrillar collagen deposition, which leads to increased

interstitial and perivascular fibrosis, increases myocardial stiff-

ness and promotes abnormalities of cardiac function, whereas its

regression normalizes stiffness and function.54 Atrial fibrosis is

known to be involved in AF inducibility and maintenance,

mainly through decrease in the atrial conduction velocity and

heterogeneity of the conduction tissue.12,14,55 Although micro-

scopic examination of cardiac biopsies is the most reliable

method for documenting and measuring myocardial fibrosis, the

use of cardiac biopsies is an invasive methodology not useful for

wide-scale application. Therefore, noninvasive monitoring of

myocardial fibrosis using serological markers of collagen turn-

over has been introduced into clinical practice. In particular,

serum concentrations of PIP and CITP may be useful for assessing

the synthesis and degradation, respectively, of collagen type I

fibers and, although not heart-specific, they may provide indirect

diagnostic information on both the extent of myocardial fibrosis

and the ability of antihypertensive treatment to reduce myocardial

fibrosis.33-36 In this study, both telmisartan and ramipril signifi-

cantly decreased the serum concentrations of PIP and increased

CITP levels, with no difference between the 2 drugs. This finding

on one hand confirms previous observations showing the ability

of both ACEIs and ARB to reduce the synthesis and to stimulate

the degradation of collagen type I fibers,48,49 thus resulting in the

reduction of myocardial fibrosis. On the other hand, it suggests

that the positive effect of both telmisartan and ramipril on AF

recurrence might be at least partly related to reduction in atrial

fibrosis.

It is of interest that telmisartan has been found to stimulate

peroxisome proliferator–activated receptor-g (PPAR-g) activ-

ity, independent of its Ang II type 1 receptor blocking activ-

ity.5,56 Proliferator-activated receptor-g activity, beside

influencing the carbohydrate and lipid metabolism, is involved

in inflammatory and proliferative processes, and there is a

growing body of evidence that activators of PPAR-g improve

insulin resistance and exert anti-inflammatory, antioxidative,

and antiproliferative effects.57 In particular, pioglitazone, a

PPAR-g activator, has been demonstrated to attenuate conges-

tive heart failure–induced atrial remodeling and AF promotion

Table 4. Comparison of P-Wave Dispersion and Serum PIP and CITP
Values Among Groups Before and After Treatment

Amlodipine
(n ¼ 72)

Ramipril
(n ¼ 97)

Telmisartan
(n ¼ 115)

PWD (ms)
Placebo 39.1 + 8.6 39.6 + 8.9 39.9 + 9.1
Treatment 39.8 + 9.5 34.5 + 9.4a,d 28.9 + 8.5a,c,e

Serum PIP (mg/L)
Placebo 145.6 + 36.3 146.2 + 36.5 143.9 + 34.5
Treatment 139.3 + 35.1 96.4 + 23.6b,e 91.1 + 21.2b,e

Serum CITP (mg/L)
Placebo 2.55 + 1.22 2.61 + 1.18 2.49 + 1.16
Treatment 2.53 + 1.29 2.79 + 1.17a 2.99 + 1.18a,d

NOTE: CITP ¼ carboxy-terminal telopeptide of collagen type I; PIP ¼ procol-
lagen type I carboxy-terminal peptide; PWD ¼ P-wave dispersion.
aP < .05.
bP < .01 versus placebo.
cP < .05
dP < .05
eP < .05 versus amlodipine.
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in rabbits.58 Insulin resistance with consequent hyperinsuline-

mia is considered the fundamental pathophysiological distur-

bance responsible for the metabolic syndrome and greatly

contributes to the increased risk of AF development in this

condition.59 Due to its unique PPAR-g modulating activity,

telmisartan might be superior to ACEIs and other ARBs in

preventing the development of AF in insulin-resistant patients,

like those with the metabolic syndrome, through an insulin-

sensitizing effect and the suppression of insulin-mediated atrial

remodeling.60

Results from the present study are not in agreement with

those of the ONTARGET study30 in which the incidence of

AF did not significantly differ between the ramipril- (6.9%)

and the telmisartan- (6.7%) treated patients. Possible reasons

for such a discrepancy may be that (a) ONTARGET was a pri-

mary prevention study, whereas our trial was a secondary pre-

vention study; (b) in the ONTARGET ramipril was always

used at the dosage of 10 mg od in all patients, whereas in our

study ramipril was used at dosages ranging from 5 to 10 mg

od, according to the pressor response of the patients; (c) conco-

mitant drug therapy, which was allowed in the ONTARGET

but not in our study, might also have affected the results.

Concomitant drug therapy might also explain at least in part

the negative results of another primary prevention study, the

TRANSCEND,61 in which telmisartan treatment did not reduce

the rate of new AF (6.4%) when compared with placebo (6.3%).

In the TRANSCEND study, almost 60% of the patients were

receiving a b-blocker at baseline, which is likely to have attenu-

ated additional effects of telmisartan on AF development.

Substantial differences in the characteristics of the study

populations might explain the different results of our study

as compared to the recently published GISSI-AF study,28 a

secondary prevention trial that failed to demonstrate the effi-

cacy of the ARB valsartan in preventing AF recurrence.

Whereas our study included only patients with hypertension

and metabolic syndrome, the GISSI-AF study, besides hyper-

tensives, included also patients with heart failure or left ven-

tricular dysfunction, type 2 diabetes mellitus, history of

stroke, and coronary artery disease or peripheral artery dis-

ease, that is, patients with more severe clinical conditions.

Besides, according to the inclusion criteria, the atrial size

of our patients (�46 mm) was smaller than that of the

GISSI-AF patients (>45 mm),which indicates a more pre-

served atrial structure in our patients. Thus, in our study a

more precocious ARB administration in patients with less

atrial enlargement and possibly less degree of anatomical

remodeling in atrial tissues could have resulted in more effec-

tive prevention of AF recurrence. Furthermore, unlike our

patients, who did not undergo cardioversion for AF within

the last 8 weeks and were not receiving antiarrthythmic drugs

nor RAS-blocking agents at the time of enrollment, the

majority of the GISSI-AF population had undergone electri-

cal or pharmacological cardioversion for AF within 2 weeks

before randomization (thus being less electrically stable) and

are receiving established therapies for the prevention of AF.

In particular, 74% of the patients were receiving an antiar-

rhythmic drug, 58% an ACE-I, 27% a statin, and 30% a b-

blocker, which are all likely to attenuate possible beneficial

effect of ARB on AF. Additionally, the analysis of the base-

line characteristics of the GISSI-AF patients according to

study group showed that the proportion of patients with cor-

onary artery disease was significantly higher in the valsartan

group (15.4%) than in the placebo group (9.4%, P < .001) as

was the proportion of patients with peripheral artery disease

(5.1% vs 3.1%, P ¼ .0047) and with pathologic Q-waves

(5.7% vs 3.1%, P ¼ .02). In other words, patients in the val-

sartan group were more complicated and prone to AF devel-

opment than patients in the placebo group. Finally, different

pharmacologic characteristic of the ARB used might have

played a role in the different results obtained in our study

Figure 3. P-wave dispersion values before and after 1 year antihypertensive treatment (72 patients in the amlodipine group, 97 in the ramipril
group, and 115 patients in the telmisartan group.)
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as compared to the GISSI-AF. Telmisartan has been demon-

strated to have the strongest binding affinity to Ang II type

1 receptors among various ARBs, the rank order of affinity

being telmisartan > olmesartan > candesartan > valsartan >

losartan.62 Due to its higher type 1 receptor blocking ability

and long plasma half-life, telmisartan might be superior to

other ARBs in preventing the development of AF.

Conclusion

In hypertensive patients with metabolic syndrome and a history

of paroxysmal/persistent AF telmisartan was more effective

than ramipril in reducing AF recurrence and severity as well

as in improving PWD despite a similar BP reduction and a sim-

ilar improvement in cardiac fibrosis markers. These data sug-

gest that telmisartans antiarrhythmia effect might be related

not only to the atrial structural remodeling (similar to that

induced by ramipril) but also to a specific and selective electric

remodeling by improving atrial conduction disturbances.
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41. Patanè S, Marte F, Di Bella G. Abnormal troponin I levels after

supraventricular tachicardia. Int J Cardiol. 2009;132(2):e57-e59.

42. Aksnes TA, Flaa A, Strand A, Kjeldsen SE. Prevention of atrial

fibrillation in hypertension. Curr Hypertens Rep. 2000;10(3):

175-181.

43. Soran H, Ziglam H, Al-Najjar M, Younis N. The role of the renin

angiotensin system blocking in the management of atrial fibrilla-

tion. Acta Cardiol. 2008;63(4):457-467.

44. Anis RR. Role of angiotensin-converting enzyme inhibitors and

angiotensin receptor blockers in the management of atrial fibrilla-

tion. Exp Clin Cardiol. 2009;14(1):e1-e7.

45. Caballero R, Delpon E, Valenzuela C, Longobardo M, Tamargo J.

Losartan and its metabolita E3174 modify cardiac delayed recti-

fier Kþ currents. Circulation. 2002;101(10):1199-1205.

46. Delpon E, Caballero R, Gomez R, Nunez L, Tamargo J. Angio-

tensin II, Angiotensin II antagonists and spironolactone and their

modulation of cardiac repolarization. Trends Pharmacol Sci.

2005;26(3):155-161.

47. Li Y, Li W, Xue J, Han W, Yang S, Gu H. Effects of losartan on

acute atrial electrical remodeling. Chin Med J. 2004;117(5):

643-646.

48. Ciulla MM, Paliotti R, Esposito A, et al. Different effects of anti-

hypertensive therapies based on losartan or atenolol on ultrasound

and biochemical markers of myocardial fibrosis: results of rando-

mized trial. Circulation. 2004;110(5):552-557.

49. Boldt A, Scholl A, Garbade J, et al. Ace-inhibitor treatment attenu-

ates atrial structural remodeling in patients with lone chronic atrial

fibrillation. Basic Res Cardiol. 2006;101(3):261-267.

50. Shi Y, Li D, Tardif JC, Nattel S. Enalapril effects on atrial remo-

deling and atrial fibrillation in experimental congestive heart fail-

ure. Cardiovasc Res. 2002;54(2):456-461.

51. Gerdtz E, Oikarinen L, Palmieri V, et al. Losartan Intervention

For Endpoint Reduction in Hypertension (LIFE) Study. Corre-

lates of left atrial size in hypertensive patients with left ventricu-

lar hypertrophy: the Losartan Intervention for End-point

reduction in hypertension (LIFE) study. Hypertension. 2002;

39(3):739-743.

52. Tu DN, Liao YH, Zou AR, et al. Electropharmacological proper-

ties of telmisartan in blocking hKv1.5 and HERG potassium chan-

nels espressed on Xenopus laevis oocytes. Acta Pharmacol Sin.

2008;29(8):913-922.

53. Celik T, Iyisoy A, Kursaklioglu H, et al. The comparative effect-

sof telmisartan and ramipril on P-wave dispersion in hypertensive

patients: a randomized clinical study. Clin Cardiol. 2005;28(6):

298-302.

54. Weber KT. Fibrosis and hypertensive heart disease. Curr Opin

Cardiol. 2000;15(4):264-272.

55. Kallergis EM, Manios EG, Kanoupakis EM, et al. Extracellular

matrix alterations in patients with paroxysmal and persistent atrial

fibrillation. J Am Coll Cardiol. 2008;52(3):211-215.

42 Journal of Cardiovascular Pharmacology and Therapeutics 17(1)

 at Università degli studi di Pavia on February 9, 2012cpt.sagepub.comDownloaded from 

http://cpt.sagepub.com/


56. Yamagishi S, Takeuchi M. Telmisartan is a promising cardiome-

tabolic sartan, due to its unique PPAR-gamma inducing property.

Med Hypotheses. 2005;64(3):476-478.

57. Takano H, Hasegawa H, Zou Y, Komuro I. Pleiotropic actions of

PPAR gamma activators thiazolinediones in cardiovascular dis-

ease. Curr Pharm Des. 2004;10(22):2779-2786.

58. Shimano M, Tsuji Y, Inden Y, et al. Pioglitazone, a peroxisome

proliferator-activated receptor-gamma activator, attenuates atrial

fibrosis and atrial fibrillation promotion in rabbits with congestive

heart failure. Heart Rhythm. 2008;5(3):451-459.

59. Yamagishi SI, Matsui T, Nakamura K. Possible molecular

mechanisms by which angiotensin type 1 receptor blockers

(ARBs) prevent the development of atrial fibrillation in insulin

resistant patients. Horm Metab Res. 2008;40(9):640-644.

60. Benson SC, Pershadsingh HA, Ho CI, et al. Identification of

telmisartan as a unique angiotensin II receptor antagonist with

selective PPAR-gamma modulating activity. Hypertension.

2004;43(5):993-1002.

61. The Telmisartan Randomised AssessmeNt Study in ACE

iNtolerant subjects with cardiovascular Disease (TRANSCEND)

Investigators. Effect of the angiotensin-receptor blocker telmisar-

tan on cardiovascular events in high-risk patients intolerant to

angiotensin-converting enzyme inhibitors: a randomized con-

trolled trial. Lancet. 2008;372(9644):1174-1183.

62. Kakuta H, Sudoh K, Sasamata M, Yamagishi S. Telmisartan has

the strongest binding affinity to angiotensin type I receptor: com-

parison with other angiotensin II type 1 receptor blockers. Int

J Clin Pharmacol Res. 2005;25(1):41-46.

Fogari et al 43

 at Università degli studi di Pavia on February 9, 2012cpt.sagepub.comDownloaded from 

http://cpt.sagepub.com/


<<
  /ASCII85EncodePages false
  /AllowTransparency false
  /AutoPositionEPSFiles true
  /AutoRotatePages /None
  /Binding /Left
  /CalGrayProfile (Gray Gamma 2.2)
  /CalRGBProfile (sRGB IEC61966-2.1)
  /CalCMYKProfile (U.S. Web Coated \050SWOP\051 v2)
  /sRGBProfile (sRGB IEC61966-2.1)
  /CannotEmbedFontPolicy /Warning
  /CompatibilityLevel 1.3
  /CompressObjects /Off
  /CompressPages true
  /ConvertImagesToIndexed true
  /PassThroughJPEGImages false
  /CreateJDFFile false
  /CreateJobTicket false
  /DefaultRenderingIntent /Default
  /DetectBlends true
  /DetectCurves 0.1000
  /ColorConversionStrategy /LeaveColorUnchanged
  /DoThumbnails false
  /EmbedAllFonts true
  /EmbedOpenType false
  /ParseICCProfilesInComments true
  /EmbedJobOptions true
  /DSCReportingLevel 0
  /EmitDSCWarnings false
  /EndPage -1
  /ImageMemory 1048576
  /LockDistillerParams true
  /MaxSubsetPct 100
  /Optimize true
  /OPM 1
  /ParseDSCComments true
  /ParseDSCCommentsForDocInfo true
  /PreserveCopyPage true
  /PreserveDICMYKValues true
  /PreserveEPSInfo true
  /PreserveFlatness false
  /PreserveHalftoneInfo false
  /PreserveOPIComments false
  /PreserveOverprintSettings true
  /StartPage 1
  /SubsetFonts true
  /TransferFunctionInfo /Apply
  /UCRandBGInfo /Remove
  /UsePrologue false
  /ColorSettingsFile ()
  /AlwaysEmbed [ true
  ]
  /NeverEmbed [ true
  ]
  /AntiAliasColorImages false
  /CropColorImages false
  /ColorImageMinResolution 266
  /ColorImageMinResolutionPolicy /OK
  /DownsampleColorImages true
  /ColorImageDownsampleType /Bicubic
  /ColorImageResolution 200
  /ColorImageDepth -1
  /ColorImageMinDownsampleDepth 1
  /ColorImageDownsampleThreshold 1.00000
  /EncodeColorImages true
  /ColorImageFilter /DCTEncode
  /AutoFilterColorImages false
  /ColorImageAutoFilterStrategy /JPEG
  /ColorACSImageDict <<
    /QFactor 0.15
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /ColorImageDict <<
    /QFactor 0.76
    /HSamples [2 1 1 2] /VSamples [2 1 1 2]
  >>
  /JPEG2000ColorACSImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /JPEG2000ColorImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /AntiAliasGrayImages false
  /CropGrayImages false
  /GrayImageMinResolution 266
  /GrayImageMinResolutionPolicy /OK
  /DownsampleGrayImages true
  /GrayImageDownsampleType /Bicubic
  /GrayImageResolution 200
  /GrayImageDepth -1
  /GrayImageMinDownsampleDepth 2
  /GrayImageDownsampleThreshold 1.00000
  /EncodeGrayImages true
  /GrayImageFilter /DCTEncode
  /AutoFilterGrayImages false
  /GrayImageAutoFilterStrategy /JPEG
  /GrayACSImageDict <<
    /QFactor 0.15
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /GrayImageDict <<
    /QFactor 0.76
    /HSamples [2 1 1 2] /VSamples [2 1 1 2]
  >>
  /JPEG2000GrayACSImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /JPEG2000GrayImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /AntiAliasMonoImages false
  /CropMonoImages false
  /MonoImageMinResolution 900
  /MonoImageMinResolutionPolicy /OK
  /DownsampleMonoImages true
  /MonoImageDownsampleType /Average
  /MonoImageResolution 600
  /MonoImageDepth -1
  /MonoImageDownsampleThreshold 1.00000
  /EncodeMonoImages true
  /MonoImageFilter /CCITTFaxEncode
  /MonoImageDict <<
    /K -1
  >>
  /AllowPSXObjects false
  /CheckCompliance [
    /None
  ]
  /PDFX1aCheck false
  /PDFX3Check false
  /PDFXCompliantPDFOnly false
  /PDFXNoTrimBoxError true
  /PDFXTrimBoxToMediaBoxOffset [
    0.00000
    0.00000
    0.00000
    0.00000
  ]
  /PDFXSetBleedBoxToMediaBox false
  /PDFXBleedBoxToTrimBoxOffset [
    0.00000
    0.00000
    0.00000
    0.00000
  ]
  /PDFXOutputIntentProfile (U.S. Web Coated \050SWOP\051 v2)
  /PDFXOutputConditionIdentifier (CGATS TR 001)
  /PDFXOutputCondition ()
  /PDFXRegistryName (http://www.color.org)
  /PDFXTrapped /Unknown

  /Description <<
    /ENU <>
  >>
  /Namespace [
    (Adobe)
    (Common)
    (1.0)
  ]
  /OtherNamespaces [
    <<
      /AsReaderSpreads false
      /CropImagesToFrames true
      /ErrorControl /WarnAndContinue
      /FlattenerIgnoreSpreadOverrides false
      /IncludeGuidesGrids false
      /IncludeNonPrinting false
      /IncludeSlug false
      /Namespace [
        (Adobe)
        (InDesign)
        (4.0)
      ]
      /OmitPlacedBitmaps false
      /OmitPlacedEPS false
      /OmitPlacedPDF false
      /SimulateOverprint /Legacy
    >>
    <<
      /AllowImageBreaks true
      /AllowTableBreaks true
      /ExpandPage false
      /HonorBaseURL true
      /HonorRolloverEffect false
      /IgnoreHTMLPageBreaks false
      /IncludeHeaderFooter false
      /MarginOffset [
        0
        0
        0
        0
      ]
      /MetadataAuthor ()
      /MetadataKeywords ()
      /MetadataSubject ()
      /MetadataTitle ()
      /MetricPageSize [
        0
        0
      ]
      /MetricUnit /inch
      /MobileCompatible 0
      /Namespace [
        (Adobe)
        (GoLive)
        (8.0)
      ]
      /OpenZoomToHTMLFontSize false
      /PageOrientation /Portrait
      /RemoveBackground false
      /ShrinkContent true
      /TreatColorsAs /MainMonitorColors
      /UseEmbeddedProfiles false
      /UseHTMLTitleAsMetadata true
    >>
    <<
      /AddBleedMarks false
      /AddColorBars false
      /AddCropMarks false
      /AddPageInfo false
      /AddRegMarks false
      /BleedOffset [
        9
        9
        9
        9
      ]
      /ConvertColors /ConvertToRGB
      /DestinationProfileName (sRGB IEC61966-2.1)
      /DestinationProfileSelector /UseName
      /Downsample16BitImages true
      /FlattenerPreset <<
        /ClipComplexRegions true
        /ConvertStrokesToOutlines false
        /ConvertTextToOutlines false
        /GradientResolution 300
        /LineArtTextResolution 1200
        /PresetName ([High Resolution])
        /PresetSelector /HighResolution
        /RasterVectorBalance 1
      >>
      /FormElements true
      /GenerateStructure false
      /IncludeBookmarks false
      /IncludeHyperlinks false
      /IncludeInteractive false
      /IncludeLayers false
      /IncludeProfiles true
      /MarksOffset 9
      /MarksWeight 0.125000
      /MultimediaHandling /UseObjectSettings
      /Namespace [
        (Adobe)
        (CreativeSuite)
        (2.0)
      ]
      /PDFXOutputIntentProfileSelector /DocumentCMYK
      /PageMarksFile /RomanDefault
      /PreserveEditing true
      /UntaggedCMYKHandling /UseDocumentProfile
      /UntaggedRGBHandling /UseDocumentProfile
      /UseDocumentBleed false
    >>
  ]
  /SyntheticBoldness 1.000000
>> setdistillerparams
<<
  /HWResolution [288 288]
  /PageSize [612.000 792.000]
>> setpagedevice


