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Atrial fibrillation (AF) is common arrhythmia and
results in a rapid and irregular rhythm. Patients with
this arrhythmia may be asymptomatic but AF often
causes palpitation or chest discomfort especially
when it develops in its paroxysmal form and patients
might develop fatigue easily or reduced working
capacity. Because of a loss of atrial contribution to
ventricular filling, AF results in a decrease of cardiac
output by 15% at rest and up to 30% upon exercise.1)

Long-standing tachycardia leads to cardiac dysfunc-
tion known as tachycardia-induced cardiomyopathy2)

and AF can be the cause of such cardiomyopahty and
results in atrial stunning.3)

The prevalence of AF increases with advanced
age: 0.4% in the general population but less than
6% in those >80 years4,5) and the elder patients are
prone to develop heart failure. Rarely, AF can be
fatal in WPW syndrome when rapid ventricular
activation occurs via the Kent bundle.6)

In addition to such morbidity, AF is the major
cause of stroke and is associated with increased
mortality and morbidity.7–9) For stroke in patients
with AF, several risk factors have been establish-
ed8–13) and in animal model, altered gene expression
predisposing to coagulation was confirmed in the
endocardium of the paced-atrium.14) To reduce
stroke, efficacy of anticoagulant therapy by Warfarin
is well established.12,13) Aspirin seems to be ineffica-
cious especially in Japan to prevent stroke due to
AF.15)

For AF, antiarrhythmic drugs are prescribed to
prevent recurrence but with limited efficacy. The
best result in preventing the recurrence of AF is that

reported by CTAF using amiodarone, wherein the
AF free rate was 60% at the 600th day of therapy.16)

However, the drug might be withdrawn because of
side effects and paroxysmal AF progresses even-
tually to chronic AF over time.17)

Recently, catheter ablation has been established as
a new promising therapy to prevent the recurrence of
AF18) but it would be difficult to apply catheter
ablation to every patient because of the large number
of patients. For these reasons, we have to seek other
possibilities and the prevention of the occurrence of
AF in the general population is very important. We
hereby, review the epidemiology and the underlying
diseases of AF from the point of view of primary
prevention of AF.

Associated Disorders and Genesis of AF

Though AF can occur in subjects without disease
and with normal cardiac function,19) it occurs more
often in association with familiar diseases.

The prevalence of AF associated with well-known
cardiac or non-cardiac diseases is shown in Table 1

which was presented in the guideline of AF treat-
ment in this country.20) The prevalence of each
disorder was determined in the institutions of the
committee members.

A more precise prevalence of AF was determined
in 19,825 patients who visited cardiovascular clinics
of 13 hospitals in Hokkaido, Japan.21) AF, was found
in 14% and increased with age: for the age groups of
<40, 40–50, 50–60, 60–70, 70–80 and >80 were
3.5%, 6.9%, 10.4%, 13.5%, 18.7% and 25.4%,
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respectively. The underlying heart diseases of AF
were hypertension (29%), valvular heart disease
(19%), ischemic heart disease (11%), cardiomyop-
athy (5%), sick sinus syndrome (1%), WPW syn-
drome (5%) and others (33%). The prevalence of AF
in these two reports was higher than that determined
in the general population.

The main factor causing AF in these diseases is
considered to be stretching of the left atrium22,23)

as found in heart failure, hypertension, myocardial
infarction and cardiomyopathy and the prevalence
and the incidence of AF increases as the cardiac
function worsens: the prevalence of AF can be found
in 10–15%, 26%, and up to 50% for NYHAI–II, III–
IV and IV, respectively.24)

When the atrium undergoes stretching, the renin-
agniotensin system (RAS) is considered to be ac-
tivated in the atrium and plays a major role in
inducing structural remodeling or expression of
oxidative stress.26–29) This activation has been con-
firmed in the atrium with AF26) and in the rapidly
paced atrium.27,28) In spontaneously hypertensive
rats (SHR), oxidative stress expression and fibrosis
was detected. This finding suggests that both fibrosis
and oxidative stress occur prior to the onset of AF
and they were found to be attenuated by hypotensive
therapy: most effectively by angiotensin II type-1
receptor blockade.30)

Altered autonomic nerve activities is another
precipitating factor of AF31,32) and some patients
develop AF exclusively at night or show a distinct
circardian rhythm in the occurrence of AF.33) A
shortening of the effective refractory period of atrial
myocytes by vagal activity will result in AF in these
patients since shortening of the effective refractory
period is considered to facilitate the development of
AF.34,35)

Recently, gene mutations of ionic channels have
been reported as the cause of familial AF.36–39) These
mutations are associated with abnormal function of
ionic channels and shortening of the refractory
period.38,39) AF develops in hyperthyroidism but
the cause has yet to be determined. We then,
confirmed that the thyroid hormone (T3) induces
gene expression of Kv1.5: the potassium channel,
and reduces the gene expression of the L-type
calcium channel.40) This altered gene expression will
result in a shortening of the action potential duration
and this might be the mechanism of frequent AF
in hyperthyroidism.34,35) The ionic channels can be
altered by congenital abnormalities or by some other
disorders such as hyperthyroidism rendering the
atrium to develop AF easily. Of these underlying
diseases, recent clinical trials have been shown the
incidence of AF might be efficiently reduced by
some drugs and will be discussed later.

Prevalence of AF in the General Population
and Risk Factors

The epidemiology of AF has not been well known
until recently in this country.41,42) We have deter-
mined the prevalence of AF in the general popula-
tion.41) The subjects underwent an annual health
examination which was recommended for those
who were not under medication for either cardiac
or non-cardiac diseases, but 12.6% had been receiv-
ing medication for hypertension, diabetes etc. In
2003, 83,367 men (31.1% of the total male residents)
and 159,770 women (39.6% of the total female
residents) underwent the examination. ECG at the
time of the examination showed AF in 1.25% and the
prevalence of AF was higher in men than women
and in the elderly than in younger subjects (Figure 1).
These results were similar to those obtained in the
national survey in 300 districts conducted every 10
years in Japan.42) From these results, the number of
Japanese adults with AF might be estimated as more
than one million: 598,000 men and 457,000 women.

Risk factors leading to development of AF have
been elucidated in population-based studies.43–48) In
the Framingham study,43) a total of 2,090 men and
2,641 women free of a history of AF between the
ages of 55 and 94 years were followed for 38 years.
AF developed in 12.6% of men and 11.3% of women
and in the multivariable model, odds ratio (OR) of
developing AF for each decade of advancing age
was 2.1 for men and 2.2 for women. In addition,
diabetes mellitus (DM), hypertension, congestive
heart failure and valve disease were associated with
OR (men/women) of 1.4/1.6, 1.5/1.4, 4,5/5.9 and

Table 1 The prevalence of atrial fibrillation (Ref. 20).

1 Hypertension: 7% (8.8%/5.0%)

2 Ischemic HD: 7% (7.3%/6.3%)

3 Dilated CM: 38% (36.3%/40.7%)

4 Hypertrophic CM: 10–20%

5 Valvular HD: 14–26%

6 Heart Failure: 20–35%

7 Hyperthyroidism: 1.7% (2.8%/1.4)

8 WPW syndrome: 15–30%

9 Sick sinus syndrome: 15–30%�

10 Lone AF: 1–10%��

HD: Heart Disease. CM: Cardiomyopathy. (Men/Women)
�: Rose to 40–60% in Brady-tachy syndrome.
��: Age dependent (<1%, 4–7% and 10% in <60, 70–79, >80

years of age)
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1.8/3.4, respectively. Myocardial infarction was a
risk factor in men (OR = 1.4). The incidence of AF
in the general population is considered to be 0.5 per
1000 person-years in those under 50 years and rose
to 9.7 per 1000-person years in those 70 years of
age.44) A similar age-dependent rise of the incidence
of AF was reproted by Psaty et al:45) 17.2 per 1000-
persons-years for those between 65–74 years and
42.7 per 1000 person-years for those between 75–84
years.

Risk factors for newly developed AF was ob-
served in this country and the incidence was found
to be lower than Western countries.48) The study was
conducted in 63,386 subjects aged �50 years,
without baseline AF, structural heart disease, or
heart failure, who completed the annual examination
during a 10-year follow-up period (1991–2002). AF

developed in 873 subjects (1.38%). The incidence
was 1.3 per 1000 person- years: 2.6 per 1000 person-
years for men and 0.9 per 1000 person- years for
women.

Age, male sex, body mass index, hypertension,
systolic and diastolic blood pressure, and diabetes
were significant risk factors for the development of
AF (Figure 2). In multivariable logistic regression
analysis adjusted for these risk factors, electro-
cardiographic left ventricular hypertrophy (odds
ratio [OR], 1.43), ST-segment abnormality without
left ventricular hypertrophy (OR, 1.89), and the
presence of premature complexes during a 10-second
recording (OR, 2.89) were significantly associated
with AF, whereas neither right nor left bundle branch
block was a risk factor.

Among risk factors in developing AF, some were
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and common risk factors with subsequent
stroke.
Common diseases such as hypertension (HTN),

diabetes mellitus (DM) or obesity are believed

to provide the arrhythmogenic substrate in the

atrium leading to development of atrial fibrilla-

tion (AF). These risk factors including age or

sex(male) are the risks for stroke. Though not

shown, heart failure is another risk factor.

Structural and electrical remodeling are in-

volved for the development of AF.
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closely related to a metabolic abnormality: DM,
obesity and obstructive sleep apnea (OSA) as risk
factors for newly developed AF was reported in the
literature.

DM and/or metabolic syndrome is increasing in
developed countries and is a risk factor for the new
AF.45) In type II DM (n = 293,124), AF occurred in
14.9% DM patients vs. 10.3% in the non-matched
control without DM but with hypertension: OR =
2.13 (95% CI:2.10 to 2.16, p < 0.0001).50) The caus-
al link can be indirect via coronary artery disease,
hypertension or autonomic neuropathy but it can be
more direct. In the atrium of diabetic rats, over-
expression of oxidative stress was verified and most
likely it plays a role as a causative factor of AF.51)

Obesity is said to be reaching epidemic propor-
tions with nearly 65% of the population overweight
and nearly 31% obese in the USA52) and this has
been associated with new AF and cerebral stoke
events in AF patients.53–55) In the Framingham
study,50) 5,282 participants (mean age, 57 � years;
2,898 women) without baseline AF were included.
During the mean follow-up of 13.7 years, 526
participants (234 women) developed AF. The age-
adjusted incidence rates for AF increased across the
3 BMI categories in men and were 9.7, 10.7, and
14.3 per 1000 person-years and in women 5.1, 8.6,
and 9.9 per 1000 person-years. The excess risk of AF
in obesity is considered to be mediated by left atrial
dilatation.53–55) Furthermore, the increased iunci-
dence of AF in obesity appeared partially mediated
by DM.54)

OSA is found in about 40% of obese individu-
als56–58) and patients with OSA were reported to be
significantly frequent in the AF group than in the
general cardiology group (49% versus 32%, P =
0.0004): OR for the association between AF and
OSA was 2.19 (95% CI 1.40 to 3.42, P = 0.0006).56)

In OSA, autonomic, hemodynamic and hypoxe-
mic surges caused by apnea will activate some ionic
channels leading to greater focal discharges. Pulmo-
nary or systemic hemodynamics, lung physiology
restricted by morbid obesity or both can elevate
atrial pressures and trigger ectopy. Furthremore,
enhanced vagal reflexes activities in OSA would lead
to a shortening of the atrial refractory period and
might promote the conduction of focal discharges
from the pulmonary vein to the left atrium and
trigger AF.56–58) Elevated C-reactive protein (CRP),
a marker of risk of a cardiovascular event59) has been
associated with obesity, metabolic syndrome, se-
verity of OSA and AF.59–61) Obesity, OSA or both is
believed to promote atrial structural remodeling via
mechanical or inflammatory stress.

Prevention of AF

Whether proper management of underlying dis-
eases or disorders can prevent the occurrence of AF
or not is an important clinical issue (Figure 2). So far,
clinical trials in heart failure and hypertension have
shown that ACE-inhibitors and ARB have been
effective in reducing the development of AF.

ACE inhibitors were suggested to reduce the
occurrence of arrhythmias and cardiac remodeling25)

and Trandolapril showed that it reduces the inci-
dence of AF after acute myocardial infarction with
left ventricular dysfunction. Of 1,749 patients ran-
domized to trandolapril or placebo, 1,577 had sinus
rhythm at baseline ECG.62) In the trandopril group,
2.8% developed AF while in the placebo group,
5.3% developed AF during the follow-up of 2–4
years (P < 0.05). Such reduction of the occurrence
of AF was confirmed in the SOLVD study.63) Of
391 patients with sinus rhythm and depressed left
ventricular ejection fraction (<0:35) and asympto-
matic or mild symptoms of heart failure, 5.4% in
the enalapril group and 24% in the placebo group
developed AF during the follow-up period of 2:9�
1:0 years (P < 0.0001).

In the Val-Heft study,64) new AF was observed in
287 (6.53%) among the 4,395 patients patients who
had sinus rhythm at baseline during 23 months of
follow-up. Multivariable analysis showed that the
brain natriuretic peptide (BNP) levels at baseline
above the median value, age over 70 years, and male
sex were risk factors for new AF. AF was reported in
113/2,205 (5.12%) allocated to the valsartan group
and in 174/2,190 (7.95%) to the placebo group
(P = .0002). Valsartan reduced the incidence of AF
by 37%. The occurrence of AF was independently
associated with a higher all-cause mortality and with
combined mortality/morbidity.

In the CHARM program,65) 7,601 patients with
symptomatic heart failure and reduced or preserved
left ventricular systolic function were randomly
administered candesartan or placebo and followed
for 37.7 months on average. Of these, 392 (6.15%)
developed AF during the follow-up, 177 (5.55%)
in the candesartan group and 215 (6.74%) in the
placebo group (OR 0.812, 95% CI 0.662–0.998,
P = .048).

The recurrence rate of AF after cardioversion of
persistent AF was reduced by ACE-inhibitor or
ARB.66,67) The beneficial effect of ACE-inhibitors or
ARBs was seen in meta-analysis.68,69) A rise in the
atrial pressure or an increased atrial size is believed
to be important in developing AF but, it was difficult
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to predict the occurrence of AF from clinical or
hemodynamic variables in heart failure.70) Decreased
mitral flow velocity might be observed prior to
AF.70)

Hypertension is an important risk factor for the
occurrence of AF and can be regarded as the major
source of AF in the community. In the STOP-
Hypertension 2 trial,71) 6,614 elderly patients were
included and the incidence of the cardiovascular
events were assessed in 3 treatment regimens;
conventional antihypertensive drugs (atenolol, me-
toprolol, pindolol or hydrochlorothiazide plus ami-
loride) and newer drugs at that time (enalapril,
lisinopril, fledipine, or isradipine). New AF devel-
oped in 16.5/1,000 person-years but the incidence
was not affected by drugs. The incidence was
relatively high compared to subsequent studies72–74)

and this might be due to the patients being aged 70–
84 years and some had severe hypertension: blood
pressure �180mmHg systolic, or �105mmHg dia-
stolic. More importantly, the attained blood pressure
was high, around 159mmHg (systolic).

The Nordic Diltiazem (NORDIL) study72) was
another prospective, randomised, open, blinded
endpoint study and 10,881 patients, aged 50–74
years were treated in two treatment regimens:
diltiazem with diuretics, beta-blockers, or both.
Blood pressure fell similary in both groups from
174� 18/105� 5 to 152� 16/88� 8mmHg in
the diltiazem group and from 173� 18/106� 5 to
149� 17/87� 8mmHg in the other group and new
AF occurred in 4.2 vs. 5.1 per 1000-person years
respectively. The two studies showed no difference
in the incidence of AF among drugs used.

However, in the LIFE study,73) the patients with
hypertension associated with ECG-documented left
ventricular hypertrophy were followed for 4:8� 1:0
years and losartan or atenolol was administered.

New-onset AF occurred in 150 patients randomly
administered with losartan vs. 221 with atenolol (6.8
vs. 10.1 per 1,000 person-years; the relative risk was
0.67, 95% confidence interval [CI] 0.55 to 0.83,
p < 0.001) despite similar blood pressure reduction.
Finally, the most recent study of VALUE74) inves-
tigated the outcomes in 15,245 high-risk hyper-
tensive subjects who were treated with valsartan-
or amlodipine-based regimens. For the first time,
the attained systolic blood pressure fell below 140
mmHg on average in this study. AF developed newly
in 4.8/1,000 person-years in the valsaratan group
and lower compared to the calcium channel blocker
amlodipine group: 5.8/1,000 person-years. Thus,
recent studies showed ARB reduces the incidence of
AF in hypertensive therapy.

The studies and results of hypotensive therapy
were summarized in Figure 3. It is of note that the
incidence of AF was high in the STOP-Hyper-
tension-2 study but low in the VALUE study.71,74)

One reason can be the finding that attained blood
pressure was high:160mmHg in the former but in the
VALUE study, the attained blood pressure was for
the first time below 140mmHg. Another reason
can be that the age of the patients: in the STOP
Hypetension-2 was high (>80 years) compared to
those of VALUE. However, the CAPP study in-
cluded younger aged patients: 20–66 years75) and the
attained blood pressure and the incidence of AF were
similar to STOP-Hypertension-2. Therefore, in hy-
potensive therapy, it seems very important to treat
hypertension strictly and also to choose either an
ACE-inhibitor or ARB. Such therapy can be a prom-
ising upstream therapy of AF.76)

In summary, AF is a common arrrhythmia and
develops in association with common diseases
(Figure 2). Once AF occurs, AF is associated with
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increased morbidity and mortality and the proper
therapy of AF is mandatory: anticoagulant therapy to
prevent stroke and antiarrhythmic agents or catheter
ablation to prevent recurrence of AF. The risk factors
to develop AF are also risk factors for stroke to occur
and the proper treatments are warranted.7–9,12,13,43)

However it is to be stressed that AF might be
reduced by the proper use of drugs which inhibit
RAS and the strict control of the underlying diseases
as proved in heart failure and hypertension.

References
1) Samet P, Bernstein W, Levine S: Significance of the

atrial contribution to ventricular filling. Am J Cardiol
1965; 15: 195–202

2) Packer DL, Bardy GH, Worley SJ, et al: Tachycardia-
induced cardiomyopathy: a reversible form of left

ventricular dysfunction. Am J Cardiol 1986; 57: 563–570
3) Khan IA: Atrial stunning: determinants and cellular

mechanisms. Am Heart J 2003; 145: 787–794
4) Kannel WB, Abbott RD, Savage DD, McNamara PM:

Epidemiologic features of chronic atrial fibrillation; the
Framingham study. N Engl J Med 1982; 306: 1018–1022

5) Feinberg WM, Blackshear JL, Laupacis A, Kronmal R,
Hart RG: Prevalence, age distribution, and gender of

patients with atrial fibrillation. Analysis and implica-
tions. Arch Intern Med 1995; 155: 469–473

6) Klein GJ, Bashore TM, Sellers TD, Pritchett EL, Smith
WM, Gallagher JJ: Ventricular fibrillation in the Wolff-

Parkinson-White syndrome. N Engl J Med 1979; 301:
1080–1085

7) Wolf PA, Abbott RD, Kannel WB: Atrial fibrillation as
an idependent risk facotr for stroke: the Framingham

study. Stroke 1991; 22: 983–988
8) Tanizaki Y, Kiyohara Y, Kato I, Iwamoto H, Nakayam

K, Shinohara N, Arima H, Tanaka K, Ibayashi S,
Fujishima M: Incidende and risk factors for subtypes

of cerebral infarction in a general population: The

Hisayama study. Stroke 2003; 31: 2616–2622
9) Yoshida M, Nakamura Y, Higashikawa M, Kinoshita M:

Predictors of ischemic stroke in non-rheumatic atrial
fibrillation. Int J Cardiol 1996; 56: 61–70

10) Igarashi Y, Kashimura K, Makiyama Y, Sato T, Ojima
K, Aizawa Y: Left atrial appendage dysfunction in

chronic nonvalvular atrial fibrillation is significantly
associated with an elevated level of brain natriuretic

peptide and a prothrombotic state. Jpn Circ J 2001; 65:
788–792

11) Nakagawa K, Hirai T, Shinokawa N, Uchiyama Y,
Kameyama T, Takashima S, Fujiki A, Asanoi H, Inoue

H: Relation of fibrillatory wave amplitude with hemo-
static abnormality and left atrial appendage dysfunction

in patients with chronic nonrheumatic atrial fibrillation.
Jpn Circ J 2001; 65: 375–380

12) Stroke Prevention in Atrial Fibrillation Investigators:
Stroke prevention in atrial fibrillation study: final results.

Circulation 1991; 84: 527–539
13) Atrial Fibrillation Investigators: Risk factors for stroke

and efficacy of antithrombotic therapy in arial fibrilla-

tion. Arch Intern Med 1994; 154: 409–416
14) Yamashita T, Sekiguchi A, Iwasaki YK, Sagara K,

Hatano S, Iinuma H, Aizawa T, Fu LT: Thrombomodulin
and tissue factor pathway inhibitor in endocardium of

rapidly paced rat atria. Circulation 2003; 108: 2450–
2452

15) Sato H, Ishikawa K, Kitabatake A, Ogawa S, Maruyama

Y, Yokota Y, Fukuyama T, Doi Y, Mochizuki S, Izumi
T, Takekoshi N, Yoshida K, Hiramori K, Origasa H,

Uchiyama S, Matsumoto M, Yamaguchi T, Hori M;
Japan Atrial Fibrillation Stroke Trial Group: Low-dose

aspirin for prevention of stroke in low-risk patients with
atrial fibrillation: Japan Atrial Fibrillation Stroke Trial.

Stroke 2006; 37: 447–451
16) Roy D, Talajic M, Dorian P, Connolly S, Eisenberg MJ,

Green M, Kus T, Lambert J, Dubuc M, Gagne P, Nattel
S, Thibault B: Amiodarone to prevent recurrence of atrial

fibrillation. Canadian Trial of Atrial Fibrillation Inves-
tigators. N Engl J Med 2000; 342: 913–920

17) Keer CR, Humphreies KH, Talajic M, Klein GJ,
Connolly SJ, Green M, Boone J, Sheldon R, Dorian P,

Newman D: Progression of chronic atrial fibrillation after
the initial diagnosis of paroxysmal atrial fibrillation:

results form the Canadian Registry of Atrial Fibrillation.
Am Heart J 2005; 149: 489–496

18) Haissaguerre M, Shah DC, Jais P, Hocini M, Yamane T,
Deisenhofer I, Chauvin M, Garrigue S, Clementy J:

Electrophysiological breakthroughs from the left atrium
to the pulmonary veins. Circulation 2000; 102: 2463–

2465
19) Kopecky SL, Gersh BJ, McGoon MD, Whisnant JP,

Holmes DR Jr, Ilstrup DM, Frye RL: The natural history
of lone atrial fbrillation. A population-based study over

three decades. N Engl J Med 1987; 317: 669–674
20) Toyama J for the Guideline Committee for 1999–2000:

Guideline of pharmacological therapy of atrial fibrilla-
tion. Jpn Cir J 2001; 65 (Suppl V): 931–978

21) Tomita F, Kohya T, Sakurai M, Kaji T, Yokoshiki H,
Sato M, Sasaki K, Itoh Y, Konno M, Kitabatake A;

Hokkaido Atrial Fibrillation Study Group: Prevalence

and clinical characteristics of patients with atrial fibril-
lation: analysis of 20,000 cases in Japan. Jpn Cir J 2000;

64: 653–658
22) Solti F, Vecsey T, Kekesi V, Juhasz-Nagy A: The effect

of arial dilatation on the genesis of atiral arrhythmias.
Cardiovasc Res 1989; 23: 882–886

23) Ravelli F, Allessie M: Effects of atrial dilatation on
refractory period and vulnerability to atrial fibrillation in

the isolated Langendorf-perfused rabbit heart. Circula-
tion 1997; 96: 1686–1695

24) Maisel WH, Stevenson LW: Atrial fibrillation in heart
failure: Epidemiology, pathohysiology, and rationale for

therapy. Am J cardiol 2003; 91 (Supl): 2D–8D
25) Campbell RWF: ACE inhibitors and arrhythmias. Heart

1996; 76 (suppl III): 79–82
26) Goette A, Staack T, Rocken C, Arndt M, Geller JC, Huth

C, Ansorge S, Klein HU, Lendeckel U: Increased
expression of extracellular signal-regulated kinase and

angiotensin-converting enzyme in human atria during
atrial fibrillation. J Am Coll Cardiol 2000; 35: 1669–

1677

Aizawa Y Atrial fibrillation revisited

9



27) Nakashima H, Kumagai K, Urata H, Gondo N, Ideishi M,
Arakawa K: Angiotensin II antagonist prevents electrical

remodeling in atrial fibrillation. Circulation 2000; 101:
2612–2617

28) Kumagai K, Nakashima H, Urata H, Gondo N, Arakawa
K, Saku K: Effects of angiotensin II type 1 receptor

antagonist on electrical and structural remodeling in

atrial fibrillation. J Am Coll Cardiol 2003; 41: 2197–
2204

29) Mihm MJ, Yu F, Carnes CA, Reiser PJ, McCarthy PM,
Van Wagoner DR, Bauer JA: Impaired myofibrillar

energetics and oxidative injury during human atrial
fibrillation. Circulation 2001; 104: 174–180

30) Okamura K, Itoh M, Chinushi M, Makoto K, Aizawa Y:
Angiotensin2 type 1 receptor blocker attenuates atrial

atructural remodeling in sponateously hypeertensive rats.
J Moll Cel Cardiol 2006; 41: 921–1096

31) Coumel P: Neural aspects of paroxysmal atrial fibrilla-
tion. In: Falk RH, Podrid PJ, editors. Atrial Fibrillation:

Mechanisms and Management. New York: Raven Press,
1992: p109–125

32) Maisel WH: Autonomic modulation preceding the onset
of atrial fibrillation. J Am Coll Cardiol 2003; 42: 1269–

1270
33) Yamashita T, Murakawa Y, Hayami N, Sezaki K, Inoue

M, Fukui E, Omata M: Relation between aging and
circadian variation of paroxysmal atrial fibrillation. Am J

Cardiol 1998; 82: 1364–1367
34) Moe GK, Abildskov JA: Atrial fibrillation as a self

sustaining arrhythmia independent of focal discharge.
Am Heart J 1959; 58: 59–70

35) Wijffels MC, Kirchhof CJ, Dorland R, Allessie MA:
Atrial fibrillation begets atrial fibrillation. A study in

awake chronically instrumented goats. Circulation 1995;
92: 1954–1968

36) Ellinor PT, Shin JT, Moore RK, Yoerger DM, MacRae
CA: Locus for atrial fibrillation maps to chromosome

6q14–16. Circulation 2003; 107: 2880–2883
37) Darbar D, Herron KJ, Ballew JD, Jahangir A, Gersh BJ,

Shen WK, Hammill SC, Packer DL, Olson TM: Familial

atrial fibrillation is a genetically heterogeneous disorder.
J Am Coll Cardiol 2003; 41: 2185–2192

38) Chen YH, Xu SJ, Bedahhou S: KCNQ1 gain-of-function
mutation. Science 2003; 299: 251–254

39) Anzelevitch C, Pollevick GD, Casis O, Sanguinetti MC,
Aizawa Y, Guerchicoff A, Pfeiffer R: Loss-of-function

mutations in the cardiac calcium channel underlie a new
clinical entity characte4rized by ST0segement elevation,

short QT interval, and sudden cardiac death. Circulation
2007; 115: 442–449

40) Watanabe H, Ma M, Washizuka T, Komura S, Yoshida
T, Hosaka Y, Hatada K, Chinushi M, Yamamoto T,

Watanabe K, Aizawa Y: Thyroid hormone regulates
mRNA expression and currents of ion channels in rat

atrium. Biochem Biophys Res Comm 2003; 308: 439–
444

41) Watanabe H, Aizawa Y, Watanabe T, Kurashima Y:
Metabolic syndrome and risk of development of atrial

fibrillation. Heart Rhythm 2006; S (Issue 1S): S135
42) Ohsawa M, Okayama A, Sakata K, Kato K, Itai K,

Onoda T, Ueshima H: Rapid increase in estimated

number of persons with atrial fibrillation in Japan: an
analysis from national surveys on cardiovascular dis-

eases in 1980, 1990 and 2000. J Epidemiol 2005; 15:
194–196

43) Benjamin EJ, Vaziri SM, Agostino RB, Wolf PA:
Independent risk factors for atrial fibrillation in a

population-based cohort. The Framingham Heart Study.

JAMA 1994; 271: 840–844
44) Krahn AD, Manfreda J, Tate RB, Mathewson FA, Cuddy

TE: The natural history of atrial fibrillation: incidence,
risk factors, and prognosis in the Manitoba Follow-Up

Study. Am J Med 1995; 98(5): 476–484
45) Psaty BM, Manolio TA, Kuller LH, Kronmal RA,

Cushman M, Fried LP, White R, Furberg CD, Rautaharju
PM: Incidence of and risk factors for atrial fibrillation in

older adults. Circulation 1997; 96(7): 2455–2461
46) Majeed A, Moser K, Carroll K: Trends in the prevalence

and management of atrial fibrillation in general practice
in England and Wales, 1994–1998: analysis of data from

the general practice research database. Heart 2001;
86(3): 284–288

47) Ruigomez A, Johansson S, Wallander MA, Rodriguez
LA: Incidence of chronic atrial fibrillation in general

practice and its treatment pattern. J Clin Epidemiol 2002;
55(4): 358–363

48) Watanabe H, Tanabe N, Makiyama Y, Chopra SS, Okura
Y, Suzuki H, Matsui K, Watanabe T, Kurashina Y,

Aizawa Y: ST-segment abnormalities and premature
complexes are predictors of new-onset atrial fibrillation:

the Niigata preventive medicine study. Am Heart J 2006;
152: 731–735

49) Ford ES, Giles WH, Dietz WH: Prevalence of the
metabolic syndrome among U.S. adults: findings from

the third National Health and Nutrition Examination
Survey. JAMA 2002; 287: 356–359

50) Movahed M-R, Hashemzadeh M, Jamal MM: Diabetes
mellitus is a strong, independet risk for atrial fibrillation

and flutter in addition to other cardiovascular disease. Int
J Cardiol 2005; 105: 315–318

51) Kato T, Yamashita T, Sekiguchi A, Sagara K, Takamura

M, Takata S, Kaneko S, Aizawa T, Fu LT: What are
arrhythmogenic substrates in diabetic rat atria? J Car-

diovasc Electrophysiol 2006; 17: 890–894
52) Flegal KM, Carrol MD, Ogden CL, Johnson CL:

Prevalence and trends in obesity among US adults,
1999–2000. JAMA 2002; 288: 1723–1727

53) Wang TJ, Parise H, Levy D, D’Agostino RB Sr, Wolf
PA, Vasan RS, Benjamin EJ: Obesity and the risk of

new-onset atrial fibrillation. JAMA 2004; 292: 2471–
2477

54) Dublin S, French B, Glazer NL, Wiggins KL, Lumley T,
Psaty BM, Smith NL, Heckbert SR: Risk of new-onset

atrial fibrillation in relation to body mass index. Arch
Intern Med 2006; 166: 2322–2328

55) Coromilas J: Obesity and atrial fibrillation: is one
epidemic feeding the other? JAMA 2004; 292(20):

2519–2520
56) Gami AS, Pressman G, Caples SM, Kanagala R, Gard JJ,

Davison DE, Malouf JF, Ammash NM, Friedman PA,
Somers VK: Association of atrial fibrillation and ob-

structive sleep apnea. Circulation 2004; 110: 364–378

J Arrhythmia Vol 23 No 1 2007

10



57) Porthan KM, Melin JH, Kupila JT, Venho KK, Partinen
MM: Prevalence of sleep apnea syndrome in lone atrial

fibrillation: a case-control study. Chest 2004; 125(3):
879–885

58) Chung MK, Foldvary-Schaefer N, Somers VK, Friedman
PA, Wang PJ: Atrial fibrillation, sleep apnea and obesity.

Nat Clin Pract Cardiovasc Med 2004; 1: 56–59

59) Ridker PM, Buring JE, Cook NR, Rifai N: C-reactive
protein, the metabolic syndrome, and risk of incident

cardiovascular events: An 8-year follow-up of 14719
initially healthy American Women. Circulation 2003;

107: 391–397
60) Chung MK, et al: C-reactive protein elevation in patients

with atrial arrhythmias: inflammatory mechanisms and
persistence of atrial fibrillation. Circulation 2001; 104:

2886–2891
61) Oda E, Oohara K, Abe A, Veeraveedu PT, Watanabe K,

Kato K, Aizawa Y: The optimal cut-off point of C-
reactive protein as an optional component of metabolic

syndrome in Japan. Circ J 2006; 70(4): 384–388
62) Pedersen OD, Bagger H, Kober L, Torp-Pedersen C:

Trandolapril reduces the incidence of atrial fibrillation
after acute myocardial infarction in patients with left

ventricular dysfunction. Circulation 1999; 100: 376–380
63) Vermes E, Tardif JC, Bourassa MG, Racine N, Levesque

S, White M, Guerra PG, Ducharme A: Enalapril
decreases the incidence of atrial fibrillation in patients

with left ventricular dysfunction: Insight from the studies
of left ventricular dysfunction (SOLVD) trials. Circu-

lation 2003; 107: 2926–2931
64) Maggioni AP, Latini R, Carson PE, Singh SN, Barlera S,

Glazer R, Masson S, Cere E, Tognoni G, Cohn JN, for
the Val-HeFT Investigators: Valsartan reduces the

incidence of atrial fibrillation in the patients with heart
failure in the Val-HeFT Trial. Circulation 2003; 108

(Suppl.): IV-507: 2314
65) Ducharme A, Swedberg K, Pfeffer MA, Cohen-Solal A,

Granger CB, Maggioni AP, Michelson EL, McMurray JJ,
Olsson L, Rouleau JL, Young JB, Olofsson B, Puu M,

Yusuf S; CHARM Investigators: Prevention of atrial

fibrillation in patients with symptomatic chronic heart
failure by candesartan in the Candesartan in Heart

failure: Assessment of Reduction in Mortality and
Morbidity (CHARM) program. Am Heart J 2006; 151:

985–991
66) Ueng KC, Tsung PT, Wen-Chung Y, et al: Use of

enalapril to facilitate sinus rhythm maintenance after
external cardioversion of long-standing persistent atrial

fibrillation. Eur Heart J 2003; 24: 2090–2098
67) Madrid AH, Bueno MG, Rebollo JM, et al: Use of

irebesartan to maintain sinus rhythm in patients with
long-lasting persistent atrial fibrillation. Aprospective

and randomized study. Circulation 2002; 106: 331–336
68) Madrid AH, Peng J, Zamora J, Marin I, Bernal E,

Escobar C, Munos-Tinog C, Rebollio JMG, Mord C: The
role of angiotensin receptor blockers and/or angiotensin

converting enzyme inhibitors in the prevention of atrial
fibrillation in patients with cardiovascualr disease: Meta-

analysis of randomized controlled clinical trials. PACE
2004; 27: 1405–1410

69) Healey JS, Baranchuk A, Crystal E, Morillo CA,
Garfinkle M, Yusuf S, Connolly SJ: Prevention of atrial

fibrillation with angiotensin-converting enzyme inhibi-
tors and angiotensin receptor blockers: a meta-analysis.

J Am Coll Cardiol 2005; 45: 1832–1839
70) Pozzoli M, Vioffi G, Traversi E, Pinna GDF, Cobelli F,

tavazzi L: Predictors of primary atrial fibrillation and

concomitant clinical and hemodyamic changes in pa-
tietns with chronic heart failure: a prospective study in

344 patients with baseline sinus rhhythm. J Am Coll
Cardiol 1998; 32: 197–204

71) Hansson L, Lindholm LH, Ekbom T, Dahlof B, Lanke
J, Schersten B, Wester PO, Hedner T, de Faire U:

Randomized trial of old and new antihypertensive drugs
in elderly patients: cardiovascular mortality and morbid-

ity the Swedish Trial in Old Patients with Hypertension-2
study. Lancet 1999; 354: 1751–1756

72) Dahlof B, Karlberg BE: Randomised trial of effects of
calcium antagonists compared with diuretics and beta-

blockers on cardiovascular morbidity and mortality in
hypertension: the Nordic Diltiazem (NORDIL) study.

Lancet 2000; 356: 359–365
73) Wachtell K, Lehto M, Gerdts E, Olsen MH, Hornestam

B, Dahlof B, Ibsen H, Julius S, Kjeldsen SE, Lindholm
LH, Nieminen MS, Devereux RB: Angiotensin II

receptor blockade reduces new-onset atrial fibrillation
and subsequent stroke compared to atenolol: the Losartan

Intervention For End Point Reduction in Hypertension
(LIFE) study. J Am Coll Cardiol 2005; 45: 712–719

74) Julius S, Kjeldsen SE, Weber M, Brunner HR, Ekman
S, Hansson L, Hua T, Laragh J, McInnes GT, Mitchell

L, Plat F, Schork A, Smith B, Zanchetti A; VALUE
trial group: Outcomes in hypertensive patients at high

cardiovascular risk treated with regimens based on
valsartan or amlodipine: the VALUE randomised trial.

Lancet 2004; 363: 2022–2031
75) Hansson L, Lindholm LH, Niskanen L, Lanke J, Hedner

T, Niklason A, Luomanmaki K, Dahlof B, de Faire U,
Morlin C, Karlberg BE, Wester PO, Bjorck JE: Effect

of angiotensin-converting-enzyme inhibition compared

with conventional therapy on cardiovascular morbidity
and mortality in hypertension: the Captopril Prevention

Project (CAPPP) randomised trial. Lancet 1999; 353:
611–616

76) Fuster V, Ryden LE, Cannom DS, Crijns HJ, Curtis AB,
Ellenbogen KA, Halperin JL, Le Heuzey JY, Kay GN,

Lowe JE, Olsson SB, Prystowsky EN, Tamargo JL,
Wann S: Task Force on Practice Guidelines, American

College of Cardiology/American Heart Association;
Committee for Practice Guidelines, European Society

of Cardiology; European Heart Rhythm Association;
Heart Rhythm Society. ACC/AHA/ESC 2006 guide-

lines for the management of patients with atrial fibrilla-
tion-executive summary: a report of the American

College of Cardiology/American Heart Association Task
Force on practice guidelines and the European Society of

Cardiology Committee for Practice Guidelines (Writing
Committee to Revise the 2001 Guidelines for the

Management of Patients with Atrial Fibrillation). Eur
Heart J 2006; 27: 1979–2030

Aizawa Y Atrial fibrillation revisited

11




