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Atrial fibrillation (AF) is the most frequent occurring sustained cardiac
arrhythmia and is related to many cardiac diseases. Patients with
hypertension have an increased risk of developing AF of 42% [1], and
patients with AF have increased cardiovascular morbidity and mortality.
Due to the high prevalence of hypertension it accounts for more cases
of AF than any other risk factor. Hypertension is associated with left
ventricular hypertrophy, impaired ventricular filling, slowing of atrial
conduction velocity, structural changes and enlargement of the left atria.
All these changes in cardiac structure and physiology favour development
or AF, and increase the risk of thromboembolic complications. In the
following we will review possible mechanisms for the increased risk of AF
in hypertensives and look into the effect of different antihypertensive
treatment with special focus on blockers of the renin-angiotensin-system
(RAS).

Atrial fibrillation is a disease of aging as its prevalence doubles with
each decade after 50 years and approaches 10% in those more than
80 years of age [1]. As the general population is aging, the prevalence of AF
is expected to rise in the future and methods to prevent or to postpone
AF development may be of clinical, prognostic, and economic importance.
However, prevention is a new strategy in treatment of AF, as it earlier has
been more focus on rate- and rhythm-control and anticoagulation therapy
to prevent cardiovascular endpoints [2].

Hypertension is a prevalent, independent, and potentially modifiable
risk factor for AF development [1, 3]. The relative risk (RR) of developing
AF in patients with hypertension has been calculated to 1.4-2.1, which is
modest compared e.g. heart failure and valvular disease which have
a relative risk of AF development of 6.1-17.5 and 2.2-8.3, respectively [4].
Increased pulse pressure has recently been recognized as a possible even
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A b s t r a c t

Atrial fibrillation (AF) and hypertension often coexist and are both responsible
for considerable morbidity and mortality. Aggressive treatment of hypertension,
especially with a RAS-blocker, may postpone or prevent AF development and re-
duce thromboembolic complications. Focus on primary prevention of atrial fi-
brillation with optimal antihypertensive treatment may reduce morbidity, mor-
tality and health care expenditures.
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more important risk factor. In the Framingham
database, increased systolic pressure was
associated with AF, but the association was even
stronger when low diastolic pressure with a higher
pulse pressure effect was added into the statistic
model [5]. Other known risk factors for AF is left
ventricular hypertrophy, heart failure, valvular (in
particular mitral valve) and ischemic heart disease,
heart rate, gender, diabetes mellitus, hyper-
thyroidism, severe infection, pulmonary pathology,
stroke, obesity, alcohol abuse, and smoking [6].
Recently new risk factors for AF like sleep apnoea,
inflammation, and genetic influence have also been
recognized [7].

Lone AF is defined as AF in individuals younger
than 60 years without clinical or echocardiographic
evidence of cardiopulmonary disease, including
hypertension [8]. These patients have a favourable
prognosis with respect to thromboembolism and
mortality [8]. However, underlying hypertension may
often not be recognized in these patients diagnosed
with lone AF due to inadequate diagnostic
investigations or treatment with β-blockers or
calcium channel blocker for AF which also have
antihypertensive effects [7].

Atrial fibrillation itself produces electrical and
structural remodelling of the heart, and may be
important for the recurrence or the maintenance of
the AF. Angiotensin II have been suggested as one
important mechanism for the atrial remodelling and
blockers of RAS like angiotensin-converting enzyme
inhibitors (ACEIs) and angiotensin II-receptor
blockers (ARBs) have shown promising results in
reducing the incidence of AF in heart failure and
hypertension trials [9]. Studies have also shown an
additive effect of ARBs and ACEIs on top of that
obtained from standard anti-arrhythmic therapy
with amiodarone in the prevention of AF recurrence
in hypertensive patients [10, 11]. In a meta-analysis

of 11 randomized, controlled human trials by Healey
et al. [12], the authors found that treatment with
ACEIs or ARBs reduced the relative risk of new AF
with 28% (15-40%), but this benefit was limited to
patients with systolic left ventricular hypertrophy
or dysfunction. Lately the results from the more
than 15000 hypertensive patients included in the
Valsartan Long-term Use Evaluation (VALUE) trial
have been published giving more evidence for
a possible preventive effect of RAS blockade [13].

New-onset atrial fibrillation in hypertension
trials using RAS-blocker

There has never been any prospective
hypertension trial investigating effect of RAS
blockade on development of AF as a primary
endpoint, but there are several secondary analyzes
of large randomized trials as shown in Table I.
However, there are limitations in the evaluation of
new-onset AF in these trials which were not
designed to investigate this as the primary
endpoint, especially as the definitions and
evaluations of AF differ between the trials. Annual
electrocardiogram (ECG) recordings may under-
estimate the prevalence of AF (although equal
between the treatment groups); in recent ongoing
trials new-onset AF is a pre-specified endpoint and
trans-telephonic ECG monitoring is included to
recognize also asymptomatic AF. There have been
a couple of hypertension trials using ACEIs reporting
the effect on AF, but these trials were not designed
to investigate AF and must be looked upon more
as chance findings, and no significant effects of
RAS-blockade were found [14, 15].

In placebo-controlled trials it is not known if an
effect on AF is a result of the blood pressure
reduction per se or the effect is specific for blocking
of RAS. In the Losartan Intervention for Endpoint
Reduction in hypertension (LIFE) study more
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TTaabbllee  II..  Large hypertension trials reporting new-onset AF and use of ACEI or ARB

SSttuuddyy NN SSttuuddyy  ddrruugg DDeeffiinniittiioonn  ooff  AAFF EEffffeecctt  ooff  RRAASS--bblloocckkaaddee  
oonn  nneeww--oonnsseett  AAFF  [[RRRR]]

CAPPP [14] 10985 ACEI (captopril) • Not stated NS
vs. D/BB (conventional) [RR 0.87 (0.68-1.11)]

LIFE [17] 9193 ARB (losartan) vs. BB • Secondary analysis, 33% (P<0.001)
planned before study [RR 0.67 (0.55-0.83)]
termination

• Yearly ECG, one single 
ECG core centre

STOP-H2 [15] 6614 ACEI (enalapril) • Yearly ECG and when NS
vs. D/BB (conventional) symptoms [RR 1.15 (0.94-1.41)]

VALUE [13] 15245 ARB (valsartan) vs. CCB • Pre-specified secondary 16% (P=0.0455)
endpoint [RR 0.84 (0.713-0.997)]

• ECG every year, centrally 
analyzed

AF – atrial fibrillation, BB – β-blockers, CCB – calcium channel blocker, D – diuretics, HT – hypertension, n – number of patients, NS – non significant,
P – P-value, RR – relative risk, y – years
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than 9000 hypertensive patients with signs of left
ventricular hypertrophy in their electrocardiogram
(ECG) were randomized to atenolol (β-blocker)- or
losartan (ARB)-based antihypertensive treatment
with similar blood pressure reduction between the
two treatment groups [16]. 8851 patients with no
previous history of AF and in sinus rhythm at
baseline were included in the analyzes of AF [17].
New-onset AF was identified in 371 of these
patients from annual in-study ECGs analysed at one
single centre, during the mean 4.8 years
of follow-up; 221 of the atenolol-treated and 150
of the losartan-treated patients [17]. This indicates
a relative risk reduction of 33% of new-onset AF
between the two treatment groups independent
of other risk factors (P-value <0.001) [17]. Patients
with new-onset AF had a twofold increased risk
of cardiovascular events, a threefold risk of fatal
and non-fatal stroke, and fivefold increased rate
of hospitalization for heart failure [17]. 

In the VALUE trial more than 15000 high-risk
hypertensive patients were treated with amlodipine
(calcium channel blocker) or valsartan (ARB) and
new-onset AF was a secondary pre-specified
endpoint and ECG recording were obtained every
year and centrally analyzed [13]. During the
average 4.2 years of the trial the incidence of at least
one ECG-documented episode of new-onset AF
was 3.67% in the valsartan-treated and 4.34% in the
amlodipine-treated patients resulting in a hazard
ratio of 0.84 (0.713-0.997, P-value =0.0455) [13].
When taking potential confounding covariates into
account (age, history of coronary artery disease, left
ventricular hypertrophy) the incidence of AF reduction
with ARB-treatment remained significant [13].

In a study by Madrid et al. [10], 154 patients were
randomized to open-label treatment with
amiodarone or amiodarone plus irbesartan (ARB)
before electrical cardioversion for chronic AF. Time
to recurrence and the probability of remaining free
of AF were greater in the group treated with
irbesartan (80 vs. 56%, P-value =0.007). At
baseline 38% of the patients treated with
amiodarone alone and 46% of the patients treated
with amiodarone plus irbesartan were hypertensive
and there was a trend for irbesartan plus
amiodarone to be superior to amiodarone alone in
patients with hypertension [RR 0.49 (0.11-2.06)].
Use of ARB was the only significant variable related
to the maintenance of sinus rhythm after
cardioversion in a multivariate analysis [10]. In
another study by Ueng et al. [19], the addition of the
ACEI enalapril to amiodarone in patients scheduled
for external cardioversion (about 30% hypertensives)
decreased the rate of immediate and sub-acute
arrhythmia recurrences and facilitated subsequent
long-term maintenance of sinus rhythm after
cardioversion. However, one limitation with these

studies is that the effect of RAS-blockade alone was
not tested.

In a study by Fogari et al. [11], 213 patients with
mild hypertension and paroxysmal AF treated with
amiodarone were randomized to additional trea-
tment with amlodipine (calcium channel blocker) or
losartan (ARB). During the 1-year follow up, at least
one ECG-documented episode of AF was reported
in 13 of the 107 patients treated with losartan and
in 39 of the 106 the patients treated with
amlodipine, with a significant lower recurrence rate
in the ARB-treated patients (P<0.01) [11]. Treatment
with ARB alone without adjunct anti-arrhythmic
therapy 3-6 weeks before electrical cardioversion
for AF was tested in the Candesartan in the
Prevention of Relapsing Atrial Fibrillation (CAPRAF)
study [19]. In this study only 25-35% of the patients
were hypertensive and no statistically significant
difference in AF recurrence was found between the
two treatment regimens [19]. Therefore an effect
on AF recurrence of RAS- blockade alone without
anti-arrhythmic treatment is not known for sure. 

In another recent published trial by Fogari et al.
[20], 369 mild hypertensive patients [systolic blood
pressure (SBP): 140-160 and/or diastolic blood
pressure (DBP): 90-110 mm Hg] in sinus rhythm, but
with at least two episodes of AF during the
last 6 months, were randomized double-blindly into
treatment with three different drug regimens for
one year [ARB (valsartan), ACEI (ramipril) or calcium
channel blocker (amlodipine)]. Atrial fibrillation
recurrence was reduced significantly with ARB and
ACEI compared with calcium channel blocker (CCB)
despite similar blood pressure lowering effect [20].
Although, different mechanisms of drug action and
possible more AF-reduction seen in hypertension
trials using ARBs than ACEIs, no significant
difference between ACEI and ARB treatment was
found in this study by Fogari and in the
ONTARGET-trial [20, 21]. In ONTARGET about 69%
of the patients were hypertensive and no significant
difference was seen between the ACEI ramipril, the
ARB telmisartan or the combination of both (ACEI
+ ARB) in case of new-onset AF [21]. On the other
side in the Val-HeFT (heart failure) study the ARB
valsartan even showed an effect on top of another
blocker of RAS (92.5% also used ACEI) [22]. 

Possible mechanisms for the AF-reducing effects
of RAS blockers are summarized in Figure 1 and may
be haemodynamic effects by reducing blood
pressure per se. Reduction of left ventricular
hypertrophy by blockers of RAS may improve left
ventricular haemodynamic and the risk of
developing AF. Other anti-arrhythmic effects beyond
blood pressure lowering have also been suggested
e.g. ion-channel function, reduction of P-wave
dispersion, cardiac fibrosis, atrial stretch and left
atrial dilatation, and modulation of sympathetic
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activity. Blockade of RAS also has potassium-sparing
effects that may reduce the risk of tachyarrhythmia
and a direct anti-arrhythmic effect of the drugs has
also been suggested. ARBs are effective in both
non-ACE and ACE-dependent production of
angiotensin II by giving a direct blockade at the
receptor site, while an ACEI is only a competitive
inhibitor of ACE that also can be overcome by a rise
in renin during antihypertensive treatment. The
angiotensin II-producing chimase (non-ACE
dependent angiotensin II-production) seems to be
more active in the left atrium than in the other
cardiac chambers [23, 24], and this may be involved
in a possible precedence of ARBs compared to ACEIs
in reducing new-onset AF. However, more research
is needed and there are ongoing prospective trials
that will explore the effect of RAS blocking [25-29].
Until then none of the above observations provides
a definitive indication for the use of RAS blockade
to prevent AF, but have been suggested to be used
in patients with recurrent AF, particularly if there
are other indications such as hypertension, heart
failure, or diabetes mellitus. Recent guidelines of
hypertension [30] and AF [8] have also included
treatment with ACEIs or ARBs for prevention of AF
in hypertension due to their safety profile and
a possible additional benefit of reduction of AF.

New-onset atrial fibrillation in trials using other
antihypertensive treatment

The efficiency of antihypertensive treatment in
reducing blood pressure is not necessarily predicting
reduction in AF e.g. its capacity to reduce myocardial
fibrosis. It is also difficult to draw conclusions from
the results of trials comparing two or more active
antihypertensive treatment regimens, due to
uncertainty whether the observed effects may

represent a detrimental effect of one regiment or
a beneficial effect of the other or vice versa.

The use of β-blockers as first-line therapy for
hypertension has lately been questioned [30, 31], but
β-blockers have known effects in AF rate-control and
a possible effect in maintaining sinus rhythm,
especially in heart failure and in cardiac postoperative
settings [32-34]. In a systematic review including
almost 12000 patients with systolic heart failure
(about 90% received RAS-blockade), the incidence
of new-onset AF was significantly lower in the
patients treated with β-blockers compared with
those assigned to placebo with a relative risk
reduction of 27% (14-38%, P-value <0.001) [34].
The non-selective β-blocker sotalol is effective in
maintaining sinus rhythm, but has pro-arrhythmic
effects and is not recommended as antihypertensive
treatment. Possible mechanisms of action of the plain
β-blockers to reduce risk of AF may be prevention
of adverse remodelling and ischemia, reduced
sympathetic drive or counteract of the β-adrenergic
shortening of action potential which otherwise could
contribute to perpetuation of AF [32, 34].

Calcium channel blockers are a heterogeneous
group of drugs with antihypertensive properties.
Non-dihydropyridines like diltiazem and verapamil
are used to slow the ventricular response in AF, and
verapamil has also been investigated for its
effectiveness in maintaining sinus rhythm after
cardioversion. Calcium channel blockers could
hypothetically attenuate the Ca2+ overload in
tachycardia-induced electrical remodelling of the
atria [35]. However, studies have shown variable
results and in the VALUE trial the ARB valsartan was
more effective than the calcium channel blocker
amlodipine in preventing new-onset AF [13]. 

Diuretics are often included in antihypertensive
treatment regimens, but the effect on new-onset
AF has to our knowledge seldom been investigated.
In the Veteran Affairs Cooperative Study on
Single-Drug Therapy in Mild-Moderate Hypertension
comparing different antihypertensive agents,
hydrochlorothiazide was associated with a signifi-
cant reduction in left ventricular mass and a greater
overall reduction in left atrial size than the other
agents [36, 37]. Left ventricular mass and left atrial
size are both known AF risk factors, but it has been
suggested that the reduction of left ventricular
mass with diuretics is mainly due to reduction
of ventricular diameter and volume and not wall
thickness or hypertrophy and the effect on
new-onset AF is not known [37]. 

Conclusion

Atrial fibrillation and hypertension are two
prevalent and often coexistent conditions, and both
are responsible for considerable morbidity and
mortality. The incidence of stroke in patients with

FFiigguurree  11..  Possible mechanisms for reduced new-
onset AF seen in patients using RAS blockers (ACEIs
and ARBs)

Systolic blood pressure

Sympathetic activity

Left atrial:
– pressure and dilation
– structural remodeling,
inflammation and fibrosis
– conduction velocity

Left ventricular 
hypertrophyRRAASS  bblloocckkaaddee
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AF is strongly related to age and risk factors like
hypertension, diabetes mellitus and heart failure
[38, 39]. Aggressive treatment of hypertension,
especially with a RAS-blocker, may reverse structural
changes in the heart and may postpone or prevent
AF development and recurrence and reduce
thromboembolic complications. Primary prevention
is a new strategy in treatment of AF (e.g. not
discussed in guidelines), as it has previously been
more common to focus on prevention of adverse
outcome and rate- and rhythm-control of the final
condition. However, as our population is aging, the
number of patients with AF is expected to rise by
a 2.5-fold during the next 50 years [40], a focus on
primary prevention with optimal antihypertensive
treatment may be important to reduce morbidity,
mortality and health care expenditures in the future.
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