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Background: Premature atrial contractions (PACs) are predictors of atrial fibrillation, stroke, and cardiovascular mortality. The pres-
ent study aimed to assess relevant factors for PACs among a general population of Japanese men.

Methods and Results: This study conducted a population-based, cross-sectional study among 517 men, aged 40-79 years, with
neither apparent myocardial infarction nor atrial fibrillation. 24-h Holter electrocardiography to assess PAC frequency was used. Age,
body mass index, height, low-density lipoprotein cholesterol, triglycerides, high-density lipoprotein cholesterol, mean heart rate,
diabetes mellitus, hypertension, physical activity, smoking, alcohol consumption, and lipid-lowering therapy were included in multivari-
able negative binomial regression analyses to assess correlation for the number of PACs per hour. Almost all participants (99%) had
atleast 1 PAC in 1h (median number 2.84 PACs per h). In multivariable negative binomial regression after adjusting for all covariates
simultaneously, age (relative risk [95% confidence interval], 1.30 [1.08—1.57] per 1-standard deviation [SD] increment), height (1.19
[1.02—1.39] per 1-SD increment), triglycerides (0.79 [0.65—-0.97] per 1-SD increment), mean heart rate (0.69 [0.59-0.80] per 1-SD
increment), physical activity (0.63 [0.43-0.93]), current smoking (1.69 [1.06—2.69]), current moderate (1.97 [1.23-3.16]) and heavy
(1.84 [1.12-3.01]) alcohol consumption were independently associated with PAC frequency.

Conclusions: PAC frequency was independently associated with age, height, smoking, alcohol consumption, heart rate, physical

activity, and triglycerides.
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cardiac arrhythmia, can cause substantial mortal-

ity, stroke, and heart failure, and is responsible for
reduced quality of life.!2 Some cardiovascular risk factors,
including elevated blood pressure, obesity, diabetes, and
smoking, have been demonstrated as important determi-
nants of AF.34 Although guideline-adherent antithrom-
botic treatment is important,’ there is also increasing
interest in premature atrial contraction (PACs) as a crucial
subclinical arrhythmia related to AF, stroke, and mortal-
ity.68 However, studies that have assessed the prevalence
of PACs and the association between PACs and cardiovas-
cular risk factors in a general population are scarce.” Fur-
thermore, the epidemiology of PACs and their determinants
may be more important in East Asia, where the stroke is

S- trial fibrillation (AF), the most common type of

dominant among cardiovascular diseases.!?

Therefore, the present study aimed to assess the preva-
lence and relevant factors for PACs among a general pop-
ulation of Japanese men aged between 40 and 79 years.

Methods

Study Participants and Setting

The Shiga Epidemiological Study of Subclinical Athero-
sclerosis (SESSA) is a population-based observational
study examining determinants of subclinical atherosclero-
sis. The design of this study and the information regarding
baseline characteristics have been described previously.!!
In brief, from 2006 to 2008, the investigators from SESSA
randomly selected and invited 2,379 Japanese men aged
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2,379 men were randomly selected and invited from
Kusatsu, Japan based on the Basic Residents'
Register* of the city

A4

Baseline: 1,094 men participated in an interview
session and medical examination (2006 -2008)

Y
Follow up: 853 men participated for follow-up
interview session and medical examination (2010-
2014)

), ¢

Holter study: 542 men participated in 24
hours Holter electrocardiogram (2014~
2015)

4

A total of 517 men were included for the
present study

We excluded 10 with

myocardial infarction

and 15 with persistent
or paroxysmal AF

Figure 1. Study flowchart detailing partici-
pant inclusion from the Shiga Epidemiological
Study of Subclinical Atherosclerosis (SESSA)
cohort. *The Register contains information
on name, sex, birth date, and address of
residents. AF, atrial fibrillation.

between 40 and 79 years from Kusatsu City in Shiga pre-
fecture, based on the Basic Residents’ Register of the city.
Among them, 1,094 men participated in the baseline assess-
ment. During the follow-up examination from October
2010 to August 2014, 853 of the original participants were
reassessed. For the current research, they were invited to
join the SESSA Holter Study from October 2014 through
September 2015, and a total of 542 agreed to participate
(Figure 1). We excluded 10 with known myocardial infarc-
tion and 15 diagnosed with persistent or paroxysmal AF.
The remaining 517 men were analyzed for the present
study. Written informed consent was obtained from all
participants prior to the study. The study followed the
code of ethics of the World Medical Association (1975
Declaration of Helsinki). The study obtained approval
from the Institutional Review Board of Shiga University
of Medical Science (G2008-61).

Holter Electrocardiography

Details of Holter electrocardiography have been described
previously.!2 We used a 2-channel digital device (FM 800;
Fukuda Denshi, Tokyo, Japan) with a frequency response
of 0.05-40.0 Hz, sampling frequency of 125 Hz, and resolu-
tion of 10 bits for 24-h Holter recordings to assess PACs.
All recordings were scanned and interpreted via SCM-510
software (Fukuda Denshi, Tokyo, Japan) and interpreted
by using the interactive method. We have counted the
short run of PACs and took those into account while
counting PACs. The SCM-510 software was programmed
to automatically identify arrhythmic events or artificial

noises. The basis of verification of PAC consisted of 3 cri-
teria: prematurity, post-contraction pause, and morphol-
ogy. A PAC was defined by a coupling interval to the
preceding QRS complex <70% of the mean RR interval,
and the QRS complexes had a duration of <0.11s unless
aberration was suspected and the post-contraction pause
had to be non-compensatory. The total number of PACs
was summed during the entire period. To account for the
slight variations in recording time, the mean number of
PACs per h was used as the primary outcome variable in
this study. The primary editing and analyses were manu-
ally performed by one well-trained medical technologist
supervised by one expert cardiologist (T.H.), certified by
the Japanese Circulation Society, who were blinded regard-
ing the status and related information of participants.
Regarding ensuring intrareader reproducibility of PAC, it
was tested by a blinded reanalysis of a random sample of
50 recordings, and the intraclass correlation coefficient was
0.97. The median (25%, 75% tiles) of the recording duration
was 24.0 (23.6, 24.4) h, and all recordings met the definition
of a valid recording as a recording duration of at least
18h.?

We also assessed premature ventricular contractions
(PVCs); frequency response of 0.05-40.0 Hz, sampling fre-
quency of 125Hz, and resolution of 10 bits for 24-h Holter
recordings. PVCs were defined as premature beats with a
QRS duration of >120ms and different QRS-wave and
T-wave morphology compared with normal sinus beats.
The intrareader reproducibility of PVCs was also tested by
a blinded reanalysis of a random sample of 50 recordings,
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Table 1. Participant Characteristics Stratified by the Median Number of PACs per h, SESSA, Shiga, Japan
(2010-2015)
Characteristics <2'(8:=2235/h zZ.(BiZ?;;s/ h P value*

No. of PACs per h 1.1 (0.6-1.8) 7.8 (4.6-22.6)
Age, years 67.0 (62.0-70.0) 69.0 (66.0-73.0) <0.001
Height, m 1.66 (1.63-1.70) 1.66 (1.62—1.70) 0.316
BMI, kg/m? 23.3 (21.7-25.0) 23.1 (21.5-24.8) 0.451
Systolic BP, mmHg 128.7 (118.0-140.5) 131.7 (120.5-143.5) 0.116
Diastolic BP, mmHg 78.0 (71.5-84.0) 76.2 (69.5-83.0) 0.053
Total cholesterol, mg/dL 204.5 (178.0-229.0) 199.0 (181.0-221.0) 0.184
LDL-C, mg/dL 117.0 (97.0-140.0) 115.0 (99.0-135.0) 0.435
HDL-C, mg/dL 56.0 (47.0-70.0) 59.0 (50.0-71.0) 0.276
Triglycerides, mg/dL 112.5 (78.0-164.0) 99.0 (71.0-137.0) 0.011
Maximum HR, beats/min 111.0 (103.0-123.0) 112.0 (100.0-123.0) 0.143
Resting HR, beats/min 53.0 (48.0-57.0) 50.2 (46.0-54.0) <0.001
Mean HR, beats/min 72.6 (67.0-78.0) 69.4 (63.0-75.0) <0.001
eGFR, mL/min/1.73m? 70.3 (61.7-78.8) 69.4 (61.5-78.8) 0.859
HbA1c, % 5.8 (5.5-6.2) 5.8 (5.5-6.2) 0.815
No. of PVC per h 3.0 (1.0-27.0) 10.0 (3.0-83.0) 0.065
Physical activity 192 (74.4) 201 (77.6) 0.396
Hypertension 139 (53.8) 142 (55.0) 0.790
Diabetes mellitus 54 (20.9) 58 (22.4) 0.669
Diabetic medication 36 (13.9) 40 (15.5) 0.619
Anti-hypertensive medication 95 (36.8) 94 (36.5) 0.953
Lipid lowering therapy 63 (24.4) 53 (20.5) 0.291
Smoking status

Past 157 (60.8) 150 (58.1) 0.802

Current 49 (18.9) 54 (20.9)
Drinking status

Past 8(3.1) 15 (5.8) 0.558

Light 105 (40.7) 107 (41.4)

Moderate 63 (24.4) 61 (23.6)

Heavy 44 (17.0) 36 (13.95)

Data are expressed as median (interquartile range) or n (%). Number of observations across the categories may not
add up to the total given number because of missing data. Diabetes mellitus was defined as fasting glucose of
>126 mg/dL, hemoglobin Alc of >6.5%, or the use of any antidiabetic medication. Hypertension was defined as
systolic BP of =140mmHg, diastolic BP of =290 mmHg, or use of antihypertensive medication. The participants who
exercised more than 10 min regularly over the current 3 months or more were defined as physically active. *Based on
the unpaired Student’s t-test/Wilcoxon rank-sum test for continuous variables and a chi-squared test for categorical
variables. BMI, body mass index; BP, blood pressure; eGFR, estimated glomerular filtration rate; HbA1c, hemoglobin
A1ic; HDL-C, high-density lipoprotein cholesterol; HR, heart rate; LDL-C, low-density lipoprotein cholesterol; PAC,
premature atrial contraction; PVC, premature ventricular contraction; SESSA, Shiga Epidemiological Study of

Subclinical Atherosclerosis.

and the intraclass correlation coefficient was 0.99. The
median (25%, 75% tiles) of the recording duration was 24.0
(23.6, 24.4) h. All recordings met the definition of a valid
recording with a recording duration of at least 18h.?

Study Variables

Demographic data, medical history, use of medications,
and lifestyle factors including smoking and alcohol con-
sumption were collected from the participants by trained
research technicians using a self-administered questionnaire.
Details of the assessment of covariates have been described
elsewhere.!! Briefly, smokers and alcohol drinking habits
were defined as either “current” (smoke/consume alcohol
in the last 30 days), “past” (those who quit 30 days prior to
the study), or “never” (those who never smoke/consume
alcohol). “Current drinkers” were again subdivided into

“light drinkers” (<23 g/day), “moderate drinkers” (>23—
46 g/day), or “heavy drinkers” (>46g/day). We asked drink-
ers to estimate the frequency and amount of alcohol they
consume during a usual week. Volumes were converted to
the estimated amount of ethanol consumed in grams per
week.13

Body mass index (BMI) was defined as body weight (kg)
divided by the square of the height (m). Using an auto-
mated sphygmomanometer (BP-8800SF; Omron Health
Care, Kyoto, Japan), the mean of 2 consecutive measure-
ments on the right arm with participants in a seated position
after a strict 5-min rest period was used to determine blood
pressure. Hypertension was defined as systolic blood pres-
sure of 2140mmHg, diastolic blood pressure of 290mmHg,
or use of antihypertensive medication. Heart rate was mea-
sured as heartbeats per minute on a 24-h Holter electrocar-
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Figure 2. Number of PACs stratified by age groups. Data are presented as median values of PACs per h; whiskers represent the
interquartile ranges. The P value was estimated using a Kruskal-Wallis test across age categories. PAC, premature atrial contraction.
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diogram. We used maximum (the highest value), resting
(the lowest values usually in a resting position), and mean
heart rate (the average value) recorded during 24h. The
participants who exercised more than 10 min over the cur-
rent 3 months or more were defined as physically active,
and the data were recorded as number of days per week of
leisure-time physical activity.!3

Venipuncture was performed early in the clinic visit fol-
lowing measurement of blood pressure after at least a 12-h
fast. Samples were sent for routine laboratory tests includ-
ing the assessment of lipid profiles and glucose. Total cho-
lesterol and triglycerides were measured using enzymatic
assays, and high-density lipoprotein (HDL) cholesterol
was measured using a direct method (Kyowa Medix,
Tokyo, Japan). We calculated low-density lipoprotein (LDL)
cholesterol by using the Friedewald equation.!* Lipid mea-
surements were standardized annually according to the
protocol of the Centers for Disease Control and Preven-
tion/Cholesterol Reference Method Laboratory Network.
Plasma glucose levels were determined by sodium fluoride-
treated plasma using the hexokinase glucose-6 phosphate-
dehydrogenase enzymatic assay. Glycated hemoglobin
(HbA1c) was measured by the latex agglutination inhibi-
tion assay according to either the Japan Diabetes Society
(JDS) protocol or that of the National Glycohemoglobin
Standardization Program (NGSP). JDS values were con-
verted to NGSP values using the equation recommended
by the JDS as follows: NGSP value (%)= 1.02xJDS value
(%) +0.25.15 Diabetes mellitus was defined as fasting glu-
cose of 2126 mg/dL or HbAlc (NGSP) of 26.5%, or use of
any antidiabetic medication. Serum creatinine levels were
measured using an enzymatic assay (Espa CRE-liquid II;
NIPRO, Osaka, Japan). The estimated glomerular filtration
rate (¢GFR) was calculated using serum creatinine levels

for Japanese men: eGFR (mL/min/1.73m?2)=194xserum
creatinine™!"%4xage=0287 16

Statistical Analysis
The participants were divided into 2 groups based on the
median value of PACs per h (2.85 PACs per h). Partici-
pants’ characteristics are shown using medians and inter-
quartile ranges for continuous variables and percentages
for categorical variables. The characteristics between the 2
groups were compared using the unpaired Student’s t-test
or Wilcoxon rank-sum test for continuous variables and
the chi-squared test for categorical variables. Number of
PAC:s per h according to age categories (40-59, 60-69, and
70-79 years) was compared by using the Kruskal-Wallis
test. Similarly, the number of PACs were also compared
according to height, mean heart rate, triglycerides, physical
activity, smoking, and drinking categories. We performed
a negative binomial regression to assess the factors inde-
pendently related to the number of PACs per h. Our
analyses were performed with sequential adjustment:
Model 1 was adjusted for age and Model 2 was simultane-
ously adjusted for all variables. To assess whether number
of PVCs was associated with PAC frequency, we addition-
ally added number of PVCs to a multivariable model.
Covariates with a skewed distribution were log trans-
formed; missing data were not included in the analyses.
For selection of the appropriate variables for statistical
modeling, we performed the stepwise approach based on
the value of the Akaike Information Criterion, which gives
a measure of the goodness of fit. We also checked back-
ground information carefully to identify the clinically
strong variables to set our final analysis model. Because
aging itself is related to other cardiovascular risk factors,
we also checked for the interaction of age with related fac-

Circulation Journal Vol.86, August 2022



1302

AHMED S et al.

Table 2. Negative Binomial Regression to Assess Variables Related to the Number of PACs per h
. Model 1 Model 2
Variables " " N -
Risk ratio* (95% ClI) P value Risk ratio* (95% ClI) P value

Age (per 1-SD) 1.37 (1.20-1.58) <0.001 1.30 (1.08-1.57) <0.001
BMI (per 1-SD) 1.06 (0.92-1.21) 0.399 1.18 (0.99-1.41) 0.051
Height (per 1-SD) 1.22 (1.06—1.40) 0.005 1.19 (1.02-1.39) 0.027
LDL-C (per 1-SD) 0.86 (0.75-0.98) 0.031 0.94 (0.80-1.11) 0.499
Triglycerides (log, per 1-SD) 0.81 (0.67-0.97) 0.023 0.79 (0.65-0.97) 0.024
HDL-C (per 1-SD) 1.30 (1.10-1.54) 0.001 1.14 (0.93-1.41) 0.190
Mean HR (per 1-SD) 0.76 (0.64-0.89) <0.001 0.69 (0.59-0.80) <0.001
Diabetes mellitus (Yes vs. No) 0.86 (0.61-1.22) 0.414 0.74 (0.50-1.11) 0.151
Hypertension (Yes vs. No) 1.24 (0.91-1.69) 0.156 0.93 (0.65-1.34) 0.727
Physical activity (Yes vs. No) 0.60 (0.42—-0.85) 0.004 0.63 (0.43-0.93) 0.021
Smoking

Current vs. Never 1.38 (0.87-2.16) 0.160 1.69 (1.06-2.69) 0.027

Past vs. Never 0.97 (0.66—1.41) 0.874 0.75 (0.50-1.12) 0.171
Drinking

Light vs. Never 1.52 (0.70-3.30) 0.283 2.13 (0.97-4.65) 0.056

Moderate vs. Never 1.64 (1.06-2.54) 0.023 1.97 (1.23-3.16) 0.004

Heavy vs. Never 1.42 (0.88-2.28) 0.141 1.84 (1.12-3.01) 0.014

Past vs. Never 1.33 (0.79-2.25) 0.278 1.25 (0.72-2.17) 0.426
Lipid-lowering therapy (Yes vs. No) 1.36 (0.97-1.92) 0.069 1.40 (0.92-2.13) 0.114
No. of PVCs per h 1.28 (0.81-2.02) 0.287 1.07 (0.61-1.87) 0.799

Model 1 is adjusted for age; Model 2 includes all variables simultaneously. *Data are risk ratio per 1-SD increment for continuous variables or
compared with the reference group for categorical variables. Age (per 1-SD)=7.24 years; BMI (per 1-SD)=2.80kg/m?; Height (per 1-SD)=0.05m;
LDL-C (per 1-SD)=30.5mg/dL; Triglycerides (log per 1-SD)=0.53; HDL-C (per 1-SD)=17.0mg/dL; Mean HR (per 1-SD)=7.0beats/min; No. of
PVCs (per 1-SD)=2 counts/h. Cl, confidence interval; HR, heart rate; SD, standard deviation. Other abbreviations as in Table 1.

tors showing no persistent interaction between them (non-
significant). For the sensitivity analysis, we examined the
quartiles of number of PACs per h (£1.19, 1.20-2.84, 2.85—
7.86, and >7.86) as dependent variables in multivariable
ordinal logistic regression. We also performed a negative
binomial regression analysis excluding the participants
with anti-hypertensive medication use because f-blockers
or calcium channel blockers may affect the incidence of
PACs. Furthermore, we estimated the risk ratios (RRs)
and 95% confidence intervals (CIs) per 10-unit increment
in age [years], HDL-C [mg/dL], LDL-C [mg/dL], and mean
heart rate [beats/min]; per 1-unit increment in BMI [kg/m?]
and TG [log]; per 0.1 unit increment in height [m] for PAC
frequency. All analyses were performed by using SAS ver-
sion 9.4 (SAS Institute, Cary, NC, USA). A 2-tailed P
value of <0.05 was prespecified to indicate statistical sig-
nificance.

Results

The mean age of the participants was 66.6 (standard
deviation [SD], 7.2) years. PACs were very common, as
99% (n=513) of the participants had at least | PAC on 24-h
Holter electrocardiogram. Table 1 shows the characteristics
of participants stratified by the median number of PACs
per h. The group having a higher number of PACs was
older and had lower levels of resting and mean heart rates,
and lower triglycerides, compared with the group with a
lower number of PACs.

In Figure 2, the median number (interquartile range) of
PACs per h was 1.04 (0.50-2.78), 2.67 (1.28-7.39), and 4.19
(1.58-9.37) among the participants aged 40-59, 60-69, and
70-79 years, respectively (P<0.001). In Supplementary

Figure A-F, the median number (interquartile range) of
PACs per h according to categories of height, was 3.28
(1.39-7.72), 2.05 (1.01-7.87), 2.94 (1.30-7.75), triglycerides
was 3.28 (1.55-9.47), 3.41 (1.38-9.65), 2.14 (0.87-5.22), mean
heart rates were 3.92 (1.53-9.74), 2.74 (1.18-6.91), 2.05
(1.00-6.80); physical activity categories was 3.42 (1.19—
8.48), 2.66 (1.05-6.65); smoking and drinking categories
was 2.89 (1.28-6.48), 2.75 (1.19-7.52), 3.37 (1.03-10.47)
and 3.23 (1.04-7.27), 3.94 (1.67-12.54), 2.78 (1.19-7.83)
respectively.

The results from a negative binomial regression are
shown in Table 2. In Model 1, adjustment for age showed
that height (RR per 1-SD increment, 1.22; 95% CI, 1.06—
1.40; P<0.001), HDL cholesterol (RR per 1-SD increment,
1.30; 95% CI, 1.10-1.54; P<0.001), and current moderate
alcohol consumption compared with never consumers
(RR, 1.64; 95% CI, 1.06-2.54; P<0.05) were positively
associated with the number of PACs per h, whereas LDL
cholesterol (RR per 1-SD increment, 0.86; 95% CI, 0.75-
0.98; P<0.05), triglycerides (RR per 1-SD increment, 0.81;
95% CI, 0.67-0.97; P<0.05), mean heart rate (RR per 1-SD
increment, 0.76; 95% CI, 0.64-0.89; P<0.001), and physical
activity (RR, 0.60; 95% CI, 0.42-0.85; P<0.01) were
inversely associated with the number of PACs per h. After
adjustment by all covariates simultaneously (Model 2), age
(RR per 1-SD increment, 1.30; 95% CI, 1.08-1.57; P<0.001),
height (RR per 1-SD increment, 1.19; 95% CI, 1.02-1.39;
P<0.05), current smoking (RR, 1.69; 95% CI, 1.06-2.69;
P<0.05), and current moderate (RR, 1.97; 95% CI, 1.23-
3.16; P<0.01) and heavy (RR, 1.84; 95% CI, 1.12-3.01;
P<0.05) alcohol consumption were positively associated
with the number of PACs per h, whereas triglycerides (RR
per 1-SD increment, 0.79; 95% CI, 0.65-0.97; P<0.05),
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Table 3. Ordinal Logistic Regression to Assess Variables Related to the Number of PACs per h
. Model 1 Model 2
Risk factors - -
Odds ratio* (95% CI) P value Odds ratio* (95% CI) P value

Age (per 1-SD) 1.81 (1.48-2.22) <0.001 1.94 (1.59-2.37) <0.001
BMI (per 1-SD) 0.94 (0.80-1.11) 0.500 1.09 (0.90-1.30) 0.353
Height (per 1-SD) 1.24 (1.05-1.21) 0.038 1.30 (1.08—1.56) 0.004
LDL-C (per 1-SD) 0.87 (0.73-1.02) 0.094 0.90 (0.76-1.06) 0.220
Triglyceride (log, per 1-SD) 0.72 (0.60-0.86) <0.001 0.76 (0.62-0.93) 0.010
HDL-C (per 1-SD) 1.13 (0.96-1.33) 0.132 1.08 (0.89—1.31) 0.390
Mean HR (per 1-SD) 0.73 (0.62-0.86) <0.001 0.73 (0.62-0.86) <0.001
Diabetes mellitus (Yes vs. No) 0.93 (0.62-1.38) 0.735 1.03 (0.69-1.55) 0.870
Hypertension (Yes vs. No) 0.94 (0.67-1.32) 0.759 0.97 (0.68-1.37) 0.874
Physical activity (Yes vs. No) 1.11 (0.76-1.60) 0.579 1.16 (0.80-1.68) 0.413
Smoking

Current vs. Never 1.19 (0.71-2.00) 0.498 1.49 (0.88-2.50) 0.130

Past vs. Never 0.85 (0.56-1.28) 0.445 0.91 (0.60-1.38) 0.683
Drinking

Light vs. Never 1.14 (0.71-1.83) 0.566 1.17 (0.72-1.91) 0.509

Moderate vs. Never 1.19 (0.71-2.00) 0.493 1.23 (0.71-2.14) 0.455

Heavy vs. Never 1.16 (0.66—2.05) 0.596 1.38 (0.74—2.55) 0.304

Past vs. Never 1.65 (0.70-3.85) 0.244 1.76 (0.73-4.19) 0.201
Lipid-lowering therapy (Yes vs. No) 0.82 (0.55-1.21) 0.327 1.04 (0.69-1.57) 0.832
No. of PVCs per h 1.39 (0.73-2.66) 0.306 1.29 (0.59-2.81) 0.511

Model 1 is adjusted for age; Model 2 includes all variables simultaneously. *Data are odds ratio per 1-SD increment for continuous variables
and compared with reference group for categorical variables. Age (per 1-SD)=7.24 years; BMI (per 1-SD)=2.80kg/m?; Height (per
1-SD)=0.05m; LDL-C (per 1-SD)=30.5mg/dL; Triglycerides (log per 1-SD)=0.53; HDL-C (per 1-SD)=17.0mg/dL; Mean HR (per
1-SD)=7.0beats/min; No. of PVCs (per 1-SD)=2 counts/h. Abbreviations as in Tables 1,2.

mean heart rate (RR per 1-SD increment, 0.69; 95% CI,
0.59-0.80; P<0.001), and physical activity (RR, 0.63; 95%
CI, 0.43-0.93; P<0.005) were inversely associated with the
number of PACs per h. BMI as a continuous variable
showed a borderline association with number of PACs per
h (RR per 1-SD increment, 1.18; 95% CI, 0.99-1.41;
P=0.051). Additionally, we defined obesity based on a
BMI >25kg/m? as a categorical variable, and we found a
strong association between obesity and PAC frequency in
both Model 1 (RR, 1.73; 95% CI, 1.25-2.40; P<0.001) and
Model 2 (RR, 2.34; 95% CI, 1.63-3.37; P<0.001) (data not
shown in tables to avoid concern of over adjustments).

In multivariable ordinal logistic regression (Table 3), age
(odds ratio [OR] per 1-SD increment, 1.94; 95% CI, 1.59—
2.37; P<0.001), height (OR per 1-SD increment, 1.30; 95%
CI, 1.08-1.56; P<0.05), triglycerides (OR per 1-SD incre-
ment, 0.76; 95% CI, 0.62-0.93; P<0.05), and mean heart
rate (OR per 1-SD increment, 0.73; 95% CI, 0.62-0.86;
P<0.001) showed independent associations with PAC fre-
quency (Model 2).

In negative binomial regression analysis (Supplementary
Table 1), after excluding those participants having a his-
tory of anti-hypertensive medication (n=328) use, age (RR
per 1-SD increment, 1.25; 95% CI, 1.08-1.57; P<0.001),
triglycerides (RR 0.79; 95% CI, 0.65-0.97; P<0.050), mean
heart rate (RR 0.78; 95% CI, 0.65-0.94; P<0.050), physical
activity (RR, 0.71; 95% CI, 0.43-0.93; P<0.050), current
smoking (RR, 1.62; 95% CI, 1.02-2.95; P<0.05), and cur-
rent light (RR, 2.63; 95% CI, 1.02-6.77; P<0.05) and heavy
drinking (RR, 2.59; 95% CI, 1.37-4.89; P<0.010) showed
an independent association with PACs (Model 2). In
Supplementary Table 2, we observed similar results; age
(RR, 1.45; 95% CI [1.12-1.87] per 10-years increment),

height (1.02 [1.01-1.05] per 0.1 meter increment), triglycer-
ides (0.69 [0.49-0.97], log, per 1l-unit increment), mean
heart rate (0.65 [0.54-0.78] per 10 beats/min increment),
physical activity (0.63 [0.43-0.93]), current smoking (1.69
[1.06-2.69]), current moderate (1.97 [1.23-3.16]) and heavy
(1.84 [1.12-3.01]) alcohol consumption were associated
with PAC frequency.

Discussion

In this population-based study of apparently healthy middle-
aged to older men, the number of PACs per h was associ-
ated with age, height, smoking, alcohol consumption,
heart rate, physical activity, and triglycerides. To our best
knowledge, this is the first population-based study in East
Asia to examine the burden of PACs based on 24-h Holter
monitoring data and their determinants, where stroke is
dominant among cardiovascular diseases. Our findings are
also comparable with those reported in Western countries
with similar interests.*!

In our study, we estimated that 99% of all participants
had at least 1 PAC during 24 h. The distribution of a higher
number of PACs was higher among older participants.
Similarly, a higher number of PACs was observed with
advancing age among middle-aged or older participants
from the Cardiovascular Health Study (age range, >65
years)!” and from the Swiss cohort Study on Air Pollution
and Lung Diseases in Adults (SAPALDIA) (age range,
>50 years).?

Our study has revealed the interesting finding of an inverse
association between PAC frequencies and mean heart
rates; a previous study focusing on AF also reported simi-
lar findings.!® Lower heart rate could be related to larger
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stroke volume, possibly leading to increased atrial stretch
or strain, which might result in structural and electrical
remodeling and can initiate AF.!"® Furthermore, lower
heart rate is also known as a measure of autonomic imbal-
ance leading to AF.2? Understandably a large number of
PAC:s are associated with higher risk of AF occurrence;®
another explanation could simply be that when the heart
rate is lower, there is more time for an extra beat to occur;
finally, we may assume that the association between PAC
frequency and lower heart rate follows pathophysiology
similar to that for AF.1?

We also first revealed an interesting inverse association
between PAC frequency and triglyceride levels. It has been
reported by recent studies showing that lipid profiles,
including triglycerides, have an inverse association with
AF .22 The pathophysiology behind this inverse associa-
tion may be explained by the fact that as all cholesterols
including triglycerides are essential for the cell membrane,
changes in cholesterol levels can lead to alteration of cell
membrane properties that can affect cell membrane perme-
ability and membrane proteins including ion channels,
pumps, and receptors,? which can hamper electrical gradi-
ent and resting potential through the cell membrane, lead-
ing to vulnerability to arrhythmia. In the SAPALDIA
study,? they reported an inverse association between
HDL-C and PACs frequency because the overall inverse
relationship between HDL cholesterol and cardiovascular
disease, including incident AF, might be the pathophysiol-
ogy. 242 Controversially, this finding could not be con-
firmed in a more recent analysis as no significant association
between HDL-C and incident AF was found.? In terms of
LDL-C, being an essential lipid for the cell membrane and
was found to be inversely related to incident AF,26 we
could not report any association with PACs, similar to
findings of a prior study.” The difference in the findings
between the SAPALDIA study and ours may be due to the
differences in participants’ characteristics (e.g., race/ethnic-
ity, age, or sex) or discrepancies in lipid levels; however, for
further evaluation, future studies are required.?”

BMI, as a continuous variable, showed a borderline
positive association with PAC frequency, whereas defined
obesity (BMI >25kg/m?) as a categorical variable showed
a significant association with PAC frequency. Obesity
adversely affects cardiovascular hemodynamics and car-
diac structures, and increases risk of incident AF through
the development of the electro-anatomic remodeling in the
atrium.322 However, cross-sectional analyses from the
SAPALDIA study did not report such an association
between BMI and PACs,® perhaps because of the differ-
ence in the distribution of BMI between the cohorts, or the
Japanese population being thinner.

Previous studies®3%34 have revealed an association
between AF and height, smoking, and drinking habits; we
also reported positive associations of height, current smok-
ing, and drinking habits with a larger number of PACs. It
has been hypothesized that the higher frequency of PACs
among taller individuals may be a result of a close relation-
ship between body size and left atrial size.3? Interestingly,
genetic or early-life determinants might play an important
role in this relationship.3® An earlier study has revealed a
positive association between PACs and being taller among
the Western population;® we have found similar findings in
an Asian population. To confirm the effect of any ethnic
variation on PACs, future studies are recommended.
Smoking contributes to the development of atrial fibrosis

via nicotine, which can lead to atrial arrhythmias by reducing
electrical impulse conduction in cardiac tissue.3s A system-
atic review and meta-analysis clarified that the risk for
current smokers of developing AF was higher than that in
former smokers.3¢ Our study reported that current smoking,
but not former smoking, was positively associated with
PAC frequency, suggesting that a longer time since quitting
smoking might be associated with a lower likelihood of
atrial arrhythmia.

Higher alcohol consumption was linked to a higher risk
of AF,32 which may result from an alcoholic heart disorder
such as cardiomyopathy;3! however, data from previous
epidemiological studies showed that mild-to-moderate
alcohol consumption protected against the development of
heart failure,3 which could lead to a lower risk of atrial
arrhythmia. Therefore, our finding regarding the associa-
tion between moderate alcohol consumption and PAC
frequency remains controversial.

We found an inverse association between physical activ-
ity and number of PACs per h. Our findings support the
previous findings of the SAPALDIA study.® A prospective
cohort study reported that moderate physical activity was
associated with a reduced risk of AF, whereas higher activ-
ity attenuated the benefits of moderate activity on AF risk,
suggesting a J-shaped relationship between leisure-time
physical activity and AF,3 indicating that vigorous activity
might increase the risk of AF. In our current research, we
did not collect information regarding physical activity lev-
els; therefore, it is difficult to explain the underlying patho-
physiology clearly.

Regarding the sensitivity analysis, we chose to perform
ordinal logistic regression to discover how the dependent
variable behaves (quartiles of PACs per h) in an ordinal
fashion to each independent variable. The different out-
comes in ordinal logistic regression may cause some
determinants to be missed in comparison with negative
binomial regression (Table 2). For Supplementary Table 1,
a negative binomial regression analysis was performed,
excluding participants with anti-hypertensive medication
use, because f-blockers or calcium channel blockers may
affect the incidence of PACs and observed results of this
study.

Study Limitations

Several limitations of the present study warrant consider-
ation. First, we studied only middle-aged to older men, and
the sample was obtained from a single area in Japan, both
of which may limit the generalizability of the present study
results. Second, owing to the cross-sectional study design,
the true relationship between PACs and their determinants
might have been somewhat diluted. Third, the number of
PACs recorded may have had day-to-day variability, which
we were unable to assess because only 1 recording per
individual was obtained. Assuming that this variability is
random, this might have slightly reduced our power to
detect significant associations. Fourth, we currently do not
have the data for 3-blocker and other antiarrhythmic drug
intake for the present study. Fifth, in the current study, we
could not indicate the relationship of heart rate per each
clock hour (circadian variation) or biomarkers representing
myocardial damage (e.g., B-type natriuretic peptide,
troponin, or creatine phosphokinase) and PAC frequency.
Finally, as very few earlier studies have been conducted
primarily focusing on the risk factors for PACs, in some
cases, we had to discuss possible pathophysiologies regarding
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AF that are not directly related to PACs; therefore, evidence
for this particular field is essential.

Conclusions

In a middle-aged to older male cohort of the general popu-
lation in Japan with neither apparent cardiovascular dis-
ease nor AF, the majority of the participants had at least 1
PAC per h on a 24-h Holter electrocardiogram. Age, height,
current smoking, current alcohol consumption, heart rate,
physical activity, and triglycerides were identified as inde-
pendent determinants of PAC frequency. This study has
generated new knowledge about the modifiable determi-
nants for the prevention of PACs related to future AF and
stroke, and expressly underlines the importance of a healthy
lifestyle. Future research is warranted to investigate the
association of frequent PAC with incident AF among this
study population.
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