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Background: This study aimed to compare the circadian distribution of the onset, maintenance and
termination of paroxysmal atrial fibrillation (PAF) between structural and non-structural heart diseases
(SHD and NSHD, respectively) in the untreated state.

Subjects and Methods: We included 217 patients with 338 PAF (79 SHD patients with 131
episodes; 138 NSHD patients with 207 episodes). The probabilities for the onset, maintenance and
termination of PAF for each hour were analyzed using Holter monitoring data and harmonic models
being fitted into a cosinusoidal function.

Results: The SHD group had a triphasic circadian pattern at the onset with higher peaks at midnight,
in the early morning and in the late afternoon (p < 0.05), whereas the NSHD group showed a single
peak at midnight (p < 0.01). The probability of maintenance revealed a single peak during midnight
(SHD, p < 0.0001; NHD, p < 0.01). The termination showed a peak at noon in the SHD group
(p < 0.05), whereas there was a double peak at 10:00 am and 8:00 pm in the NSHD group (p =
0.06). RR intervals just after the PAF onset showed marked shortening in the daytime initiation PAF
as compared to the nighttime initiation PAF in both SHD and NSHD groups (p < 0.01).

Conclusion: These observations suggest that the SHD group has very complex onset hours, whereas
the NSHD group shows complex termination hours. Reflexly accelerated sympathetic tone just after
the PAF onset is suggested in the daytime initiation PAF.
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With respect to the time of occurrence, early morn-
ing hours have been known to be the peak time
for the incidence of acute myocardial infarction,1,2

sudden cardiac death,3,4 transient myocardial is-
chemia,5,6 and stroke.7 Regarding arrhythmias,
premature ventricular contractions occur with def-
inite onset hours throughout the day with high
reproducibility in patients: daytime, nighttime,
both daytime and nighttime, and irregular occur-
rences.8,9 The incidence of paroxysmal supraven-
tricular tachycardia is reportedly higher during the
daytime than the period from midnight to the early
morning hours.10
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Paroxysmal atrial fibrillation (PAF) is one of the
most common arrhythmias in patients with struc-
tural and nonstructural heart diseases (SHD and
NSHD, respectively).11,12 Yamashita et al.13 found
a double peak for the onset with increases after
lunch and midnight, and an interesting circadian
variation in the total duration of PAF with a peak
at midnight and a nadir at 11:00 AM. However, all
their patients had NSHDs.

Although PAF may not be fatal by itself, it
increases the incidence of stroke, especially at
a higher risk in patients with SHDs.14,15 More-
over, PAF is often associated with coronary artery
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Table 1. Clinical Characteristics of the Study Population

SHD (n = 79) NSHD (n = 138) P

Number of episodes 131 207
Age, years 67.2 ± 10.1 62.8 ± 12.8

Male 64.9 ± 11.4 59.2 ± 12.5 P < 0.01
Female 69.6 ± 8.8 66.5 ± 13.0 NS

Sex (male/female) 62/17 108/30
Underlying diseases (%)

Sinus node dysfunction 21
Hypertensive heart disease 21
Coronary heart disease 16
Hypertension 15
Mitral valve diseases 7
Stroke 6
Hyperthyroidism 4
Dilated cardiomyopathy 3
Unknown 8

Blood pressure (BP)
Systolic BP (mmHg) 146.2 ± 12.9 135.6 ± 7.7 P < 0.05
Diastolic BP (mmHg) 88.2 ± 9.4 82.9 ± 7.4 P < 0.01

Echocardiographic findings
LVEF (%) 65.3 ± 13.3 69.3 ± 9.8 NS
LAD (mm) 44.8 ± 6.1 36.0 ± 5.3 P < 0.01
LVPWth 11.5 ± 2.5 10.0 ± 1.2 P < 0.05
IVSth 12.2 ± 2.2 10.9 ± 1.4 P < 0.05

ECG findings
QRS duration (ms) 96.8 ± 13.5 90.8 ± 14.2 NS
QT interval (ms) 377.7 ± 34.2 363.9 ± 90.9 NS
QTc interval (ms) 397.5 ± 43.0 385.2 ± 92.1 NS

Data represent mean ± SD or frequency. LVEF = left ventricular ejection fraction; LAD = left atrial dimension; QTc =
rate-corrected QT interval; LVPWth = posterior wall thickness of the left ventricle; IVSth = thickness of the interventricular
septum.

disease, which may result in sudden cardiac death
in relation to circadian variation with a peak inci-
dence in the morning.1–6 Therefore, a direct inves-
tigation of the circadian distribution of the onset
of PAF in patients with SHDs should be consid-
ered.

The purpose of this study was to analyze the
circadian distributions of the onset, maintenance,
and termination of PAF associated with SHDs and
to compare the corresponding values in NSHD pa-
tients in a drug-free state.

SUBJECTS AND METHODS

Study Population

A total of 217 patients with 338 episodes of PAF
in a drug-free state were enrolled in this study (170
males [mean age, 62.1 ± 12.0 years] and 47 fe-
males [mean age, 68.1 ± 10.9 years]). PAF episodes
that lasted for �1 minute were selected from

the 19,148 consecutive Holter recordings obtained
from October 1986 to September 1998. The clinical
characteristics of the study population are summa-
rized in Table 1. The first recording Holter monitor-
ing was analyzed when the patients recorded two
or more Holter monitoring within this period in a
drug-free state. Patients with PAF within this pe-
riod were selected to allow an investigation of the
prognosis or changes into chronic atrial fibrillation
of these patients, which was intended as the topic
of other study. Of the 217 patients, there were 79
patients (62 males [mean age, 64.9 ± 11.4 years]
and 17 females [mean age, 69.6 ± 8.8 years]) with
SHDs; these included 21 patients with sick sinus
syndrome, 21 patients with hypertensive heart dis-
ease, 16 with coronary heart disease, 15 with es-
sential hypertension, 7 with mitral valve diseases,
6 with cerebral vascular diseases, 4 with hyperthy-
roidism, 3 with dilated cardiomyopathy, and 8 with
miscellaneous other heart diseases (the total num-
ber exceeds 79 because some patients had more
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than one disease). The remaining 138 patients (108
males [mean age, 59.2 ± 12.5 years] and 30 females
[mean age, 66.5 ± 13.0 years]) had no apparent
SHD. Whether a patient had an SHD or NSHD de-
pended on the presence or absence of abnormal
findings in a physical examination, 12-lead elec-
trocardiography, chest radiography, echocardiogra-
phy, exercise testing, and laboratory tests, as well
as the results of the coronary angiography, when
needed.

Data Analysis

The duration of each episode of PAF was clasi-
fied into the following eight categories: �1 and
<5 minutes, �5 and <10 minutes, �10 and
<30 minutes, �30 and <60 minutes, �60 and <120
minutes, �120 and <600 minutes, �600 minutes,
and undetermined duration. For each category, a
comparison was made between SHD and NSHD
groups. The undetermined duration reflected the
existence of PAF at the beginning or termination
of the Holter monitor recording; therefore, it was
impossible to measure the duration of the PAF.

The method described by Yamashita et al.13,16

was used to analyze data for the SHD and NSHD
groups. Briefly, first, the hourly total recorded du-
ration of PAF for the patients in each group was
determined. Then, the hourly numbers for the on-
set, maintenance, and termination of PAF were de-
termined and normalized according to the equation
of Yamashita et al.14,17 In brief, the probability of
an onset at N o’clock equals the number of record-
ings that developed PAF between N and N + 1
o’clock divided by the number of recordings in si-
nus rhythm at N o’clock. The probability of mainte-
nance at N o’clock equals the number of recordings
with sustained PAF from N to N + 1 o’clock divided
by the number of patients with PAF at N o’clock.
The probability of termination at N o’clock equals
the number of recordings in which the PAF ter-
minated between N and N + 1 o’clock divided by
the number of recordings that demonstrated PAF
at N o’clock or developed it between N and N + 1
o’clock.

Average and minimum RR intervals for 5 beats
just after the onset and just before the termination
of PAF were measured to compare them between
the daytime and nighttime initiation PAF and be-
tween just after the PAF onset and just before the
PAF termination. The day was divided into two
12-hour periods according to the time of PAF initi-

ation: daytime initiation PAF (onset from 6:00 AM
to 5:59 PM) and nighttime initiation PAF (onset
from 6:00 PM to 5:59 AM).

The execution of this study was approved by the
Institutional Review Board for Clinical Research of
Tokai University School of Medicine.

Statistical Analysis

We used a chi-square test to compare the differ-
ences in gender and the duration of PAF between
the SHD and NSHD groups. The hourly data on
the recorded duration of PAF and the data on the
probabilities of onset, maintenance, and termina-
tion were analyzed using an algorithm for least-
squares cosine-curve fitting. Single-, double-, or
triple-harmonic models with the hour of the day as
the independent variable were fitted into a cosinu-
soidal function with a 24-hour period: g(t) = M +
A cos (ωt + ϕ), where M is the midline estima-
tor statistic of rhythm, a rhythm-adjusted 24-hour
time series mean. A is the amplitude (one-half of
the peak-to-trough difference by the fit of the sin-
gle cosine curve approximation), ϕ is the acrophase
(crest time of the fitted approximation referenced
to local midnight), and t reflects the time of day
in hours.17 A circadian rhythm was considered to
exist when the null hypothesis regarding the sig-
nificance of rhythm was < 0.05. An unpaired Stu-
dent’s t-test was used to compare the results of av-
erage and minimum RR intervals measurements
for 5 beats just after the onset and just before the
termination of PAF between different categories
(the daytime vs nighttime initiation PAF; just af-
ter the PAF onset vs just before the PAF termina-
tion). P < 0.05 was used as cutoff for statistical
significance.

RESULTS

Gender and Age Distribution

The study population comprised more male pa-
tients than female patients (P < 0.001), as shown
in Figure 1. PAF occurrence was related to an in-
crease in age and was most frequently documented
in patients in their sixties for both genders.

Duration of PAF

There were no significant differences in each cat-
egory of PAF duration between the SHD and NSHD
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Figure 1. Age distribution of paroxysmal atrial fibrillation (PAF) in patients with structural and non-
structural heart diseases (NHD and NSHD, respectively).

groups, although the duration categories, namely,
�120 and <600 minutes and �600 minutes showed
a tendency of higher incidence in the NSHD group
than in the SHD group (P < 0.1)(Fig. 2).

Both SHD and NSHD groups showed a simple
distribution of hourly total durations with a peak

Figure 2. Distribution of the episode duration of PAF—its comparison between
patients with SHD and NSHD, respectively.

during the night at around 3:00–4:00 AM and with
a nadir in the afternoon at around 4:00–5:00 PM
(Fig. 3). Each distribution well fitted into a single
harmonic curve: g(t) = 1419.960 + 993.192 × cos
(ωt – 4.050) with the acrophase corresponding to
4:03 AM in the SHD group (P < 0.001), and g(t) =
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Figure 3. Hourly total duration of PAF in SHD and NSHD, respectively. Very similar single harmonic fit of
the data with a peak (longest duration) around 3:00–4:00 AM and with a nadir (shortest duration) around
4:00–5:00 PM in PAF is observed in both groups.

2363.960 + 1335.192 × cos (ωt – 3.029) with the
acrophase corresponding to 3:01 AM in the NSHD
group (P < 0.001).

Circadian Distribution of Onset,
Maintenance, and Termination of PAF

Onset of PAF

The circadian distributions of the probability
of PAF onset during the day showed a marked
difference between the two groups (Fig. 4A).
The SHD group had a triphasic circadian pattern
with higher peaks between late evening and mid-
night, in the early morning, and in the late af-
ternoon (Fig. 4A, left). It fitted into the triple
harmonic curves: g(t) = 0.054 + 0.015 × cos (2ωt –
19.760) + 0.017 × cos (3ωt – 40.600) + 0.016 ×
cos (4ωt – 52.100)(P < 0.05), and each coefficient
was significant (P < 0.05), except that of the third
harmonic segment (P = 0.056).

In contrast, the NSHD group showed a sim-
ple single peak between late evening and mid-
night (Fig. 4A, right). The cosinusoidal function fit-
ted into g(t) = 0.054 + 0.021 × cos (ωt – 0.559)
with the acrophase corresponding to 0:33 AM
(P < 0.01).

Maintenance of PAF

The distribution of the probability of mainte-
nance revealed a single peak at around midnight
and a nadir in the early afternoon in both groups:
g(t) = 0.781 + 0.159 × cos (ωt − 2.037) with the
acrophase corresponding to 2:02 AM in the SHD
group (P < 0.0001), and g(t) = 0.803 + 0.075 ×
cos (ωt − 1.438) with the acrophase correspond-
ing to 1:25 AM in the NSHD group (P < 0.01)
(Fig. 4B).

Termination of PAF

The circadian distribution of the probability of
termination was a mirror image of the proba-
bility of maintenance in the SHD group, and it
significantly well fitted into g(t) = 0.199 + 0.160 ×
cos (ωt − 12.767) with the acrophase corresponding
to 12:46 PM and a nadir corresponding to around
midnight (P < 0.05)(Fig. 4C, left). On the other
hand, the probability of termination in the NSHD
group tended to fit with the presence of a dou-
ble harmonic curve: g(t) = 0.170 + 0.061 × cos
(2ωt − 12.940) + 0.0278 × cos (3ωt − 8.737) with
peak incidences corresponding to around 10:00 AM
(P = 0.052) and 8:00 PM (P = 0.181) (total: P =
0.063)(Fig. 4C, right).
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Figure 4. (A) Hourly probabilities of the onset of PAF in patients with SHD and NSHD, respectively. A marked
difference in the circadian distribution is documented between the two groups. The details are described in the
text. (B) Hourly probabilities of maintenance of PAF in patients with SHD and NSHD, respectively. The circadian
distribution reveals a single harmonic fitting in both groups. The details are described in the text. (C) Hourly
probabilities of termination of PAF in patients with SHD and NSHD, respectively. The distribution is in a mirror
image of the distribution of maintenance in the SHD group, whereas it shows a double harmonic curve without
a mirror image in the NSHD group. The details are described in the text.

RR Intervals Just after the Onset and Just
before the Termination of PAF

Average and minimum RR intervals for 5 beats
just after the onset of PAF were more short-

ened in the daytime initiation PAF than in the
nighttime initiation PAF both in groups NSHD and
SHD (P < 0.01 each). There were, however, no sig-
nificant differences regarding RR intervals just be-
fore the PAF termination between the daytime and
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Figure 4. Continued

nighttime initiation PAFs in both groups (Fig. 5A,
B). In the NSHD group, average and minimum RR
intervals just after the PAF onset were shorter than
those just before the termination in the daytime ini-
tiation PAF (P < 0.05 each), whereas no significant
differences were found in the nighttime initiation
PAF. In the SHD group, there were no significant
differences in average and minimum RR intervals
between just after the onset and just before the ter-
mination of PAF both in the daytime and nighttime
initiation PAFs (Fig. 5A, B).

DISCUSSION

Our main findings were as follows: (1) very sim-
ilar single harmonic fits of the circadian distribu-
tions of the hourly total PAF duration with a peak
during the night at around 3:00–4:00 AM in both
the SHD and NSHD groups; (2) a marked differ-
ence in the distributions of the PAF onset between
the two groups, with a triphasic circadian pattern
in the SHD group and a simple single maximum in
the NSHD group; and (3) a distribution of the PAF
termination with a peak at around noon in the SHD
group, which was a mirror image of the distribu-
tion of the maintenance, and a relative double peak
that was not a mirror image of the probability of
maintenance in the NSHD group.

PAF is well known to have a higher occurrence
in men than in women. This study supported this
finding. The NSHD group showed a tendency for

higher incidence of long PAF duration. Yamashita
et al.13 demonstrated much shorter duration of PAF
beginning during the day and much longer duration
PAF beginning in the night in NSHD patients. Our
data showed that most PAF (58%) occurred during
the night in NSHD patients, whereas less than half
occurred at night in SHD patients. The reason for
the tendency of a higher incidence of longer PAFs
in NSHD patients may be explained by a greater
incidence of episodes at night in NSHD patients
than in SHD patients.

A previous study has reported a circadian varia-
tion in the total hourly duration of PAF with a peak
prolongation at midnight and a minimal prolonga-
tion at about 11:00 AM in NSHD patients.13 This
study supports the above finding for the NSHD
patients. In addition, our data suggest that SHD
patients also show a longer hourly total PAF du-
ration at night, although the hourly duration was
relatively shorter in SHD patients than in NSHD
patients.

Some studies demonstrates a double-peak oc-
currence of PAF during nighttime and morning
hours,18,19 whereas other studies have shown a
peak incidence during the daytime,20 no circadian
distribution21 or triple peaks at noon to 2:00 PM,
6:00 PM to 2:00 AM, and 4:00 AM to 6:00
AM.22 However, most of these studies do not
seem to reflect the real circadian distribution
of PAF, because they only included patients
with symptomatic episodes;18,19,21 those in special
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Figure 5. (A) Average RR intervals for 5 beats just after the onset and just
before the termination of PAF in the daytime and nighttime initiation PAF.
Details are described in the text. (B) Minimum RR intervals for 5 beats just
after the onset and just before the termination of PAF in the daytime and
nighttime initiation PAF. Details are described in the text.

circumstances such as in an emergency room18 or
mobile coronary care unit;19 those with transtele-
phonic transmission of ECG;21 those taking antiar-
rhythmic drugs including beta-blockers;18,20 and
those who had undergone simultaneous analysis
for SHDs and NSHDs.18,19

One study precisely considered the characteris-
tics of the NSHD patients, and absence of drug
therapy, and included both symptomatic and
asymptomatic subjects.13 However, the results of

the circadian distribution of the PAF onset for the
NSHD patients in this previous study were differ-
ent from our results: the peak incidence only at
midnight was noted in our study whereas a double
peak with increases after lunch and at midnight
was reported in their study.

The circadian distribution pattern for the PAF
onset can be attributed to sympatovagal imbal-
ance, especially in patients with NSHDs. Coumel23

clinically studied the selective effects of vagal and
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sympathetic activity on PAF, and distinguished va-
gally induced PAF from sympathetically induced
PAF. According to a part of his description, va-
gally induced PAF was always idiopathic (NSHD)
and it most often occurred at night. In contrast,
sympathetically induced PAF was considerably less
frequent than PAF of vagal origin, and it often oc-
curred during the daytime in association with a my-
ocardial disease rather than with a normal heart.
The NSHD patients in the study of Yamashita
et al.13 included patients with essential hyperten-
sion (38 of 150 patients), whereas the NHSD group
in our study did not include such patients. The
plasma concentration was highly elevated during
the daytime from 8:00 AM to 6:00 PM than during
the nighttime in patients with essential hyperten-
sion.24 Therefore, in our NSHD patients, PAF is be-
lieved to be induced by vagal stimulation, whereas
in their patients, PAF occurred in response to either
vagal or sympathetic stimuli.

Some studies have shown no significant differ-
ence in the time of PAF occurrence between SHD
and NSHD groups.18,19 In this study, however, the
SHD group showed a triphasic circadian pattern
and the NSHD group, a simple harmonic curve.
The reason for the difference between the previ-
ous studies and ours is unclear. The previous study
failed to mention data on treatment with antiar-
rhythmic agents, or whether the groups, SHD or
NSHD comprised patients with hypertension. The
distribution with much more frequent onset peaks
during the day in the SHD group in our study ap-
pear reasonable, since not only autonomic influ-
ence but also cardiac load by itself is considered to
initiate episodes of PAF in this group.

The SHD group in this study showed a distri-
bution of PAF termination with a peak between
10:00 AM and 01:00 PM. This is very similar to
the phenomenon in older patients that was studied
by Yamashita et al.16 They reported substantially
greater sympathetic augmentation in the elderly
than in younger patients. The much greater inci-
dence of PAF termination between the late morn-
ing and noon observed in our study may be due
to sympathetic tone augmentation during the day-
time. The termination of PAF in the NSHD group
may also be influenced by an increase in sympa-
thetic tone, since a relatively higher incidence of
the distribution of termination was seen in the late
morning and in the afternoon in this study.

Gabathuler and Adamec25 observed that heart
rate of 40 beats/min just before the onset of PAF

rapidly increased to that of 94 beats/min just after
the beginning of PAF. We compared average and
minimum RR intervals just after the PAF onset and
those just before the PAF termination between the
daytime and nighttime initiation PAFs. As a result,
in both SHD and NSHD groups, those RR inter-
vals just after the PAF onset showed significant
shortening in the daytime initiation PAF as com-
pared to the nighttime initiation PAF, whereas no
significant differences in RR intervals just before
the termination between both initiation PAFs were
found. In addition, RR intervals just after the PAF
onset were much more shortened than those just
before the PAF termination in the NSHD group.
These observations, together with the findings of
Gabathuler and Adamec,25 suggest that reflexly ac-
celerated sympathetic tone just after the onset of
PAF replaces vagal tone predominance just before
the PAF onset, especially in the daytime initiation
PAF.

This study, however, had some limitations. First,
it was difficult to determine the real duration of
some PAF episodes because the PAF was already
present before the beginning of the Holter record-
ing (PAF termination could, however, be evaluated)
or PAF started after the completion of the recording
(the onset could be evaluated). Second, the selec-
tion of the patients was limited because of inclu-
sion of only opportunities of Holter recording for
the evaluation of cardiovascular disease including
arrhythmia. Nevertheless, this study demonstrated
new findings regarding the differences in the clin-
ical characteristics of the onset, maintenance, and
termination of PAF between SHD and NSHD
patients.
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