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Abstract Prolonged P-wave duration, indicating atrial

conduction delay, is a marker of left atrial abnormality and

is reported as a potent precursor of atrial fibrillation (AF).

Several studies have shown that obstructive sleep apnea

(OSA) is associated with AF. We evaluated the relationship

between OSA and prolonged P-wave duration. Consecutive

subjects who underwent overnight polysomnography and

showed a normal sinus rhythm, had no history of AF or

ischemic heart disease, and showed no evidence of heart

failure were enrolled. Apnea–hypopnea index (AHI) is

defined as the number of apnea and hypopnea events per

hour of sleep. P-wave duration was determined on the basis

of the mean duration of three consecutive beats in lead II

from a digitally stored electrocardiogram. A total of 250

subjects (middle-aged, predominantly male, mildly obese,

with a mean P-wave duration of 106 ms) were enrolled. In

addition to age, male gender, body mass index (BMI),

hypertension, dyslipidemia, and uric acid and creatinine

levels, AHI (r = 0.56; P \ 0.001) had significant univari-

able relationship with P-wave duration. Multivariate

regression analysis showed that age, BMI, male gender,

and AHI (partial correlation coefficient, 0.47; P \ 0.001)

were significantly independently correlated to P-wave

duration. Severity of OSA is significantly associated with

delayed atrial conduction time. Obstructive sleep apnea

may lead to progression of atrial remodeling as an AF

substrate.
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Introduction

P-wave duration on an electrocardiogram is generally

accepted as a reliable and noninvasive indicator of atrial

conduction [1]. Prolonged P-wave duration, which indicates

delayed atrial conduction, is associated with some degree of

atrial enlargement [2, 3], abnormality in left atrial function

[4], and subsequently with significant atrial arrhythmias,

such as atrial fibrillation (AF) [5, 6]. According to a recent

National Health and Nutrition Examination Survey, P-wave

prolongation may be a predictor of long-term all-cause and

cardiovascular mortality [7].

By contrast, obstructive sleep apnea (OSA) is a highly

prevalent disorder associated with an increased risk of

cardiovascular disease [8–11]. In such relationships

between OSA and cardiovascular disease, several patho-

physiological effects of OSA are observed, including

enhanced cardiac wall stress associated with exaggerated

intrathoracic pressure oscillations [12, 13], elevated sym-

pathetic nerve activity [14], activated systemic inflamma-

tion [15], increased production of reactive oxygen species

[16], and vascular endothelial dysfunction [17]. In addition

to hypertension [18] and left ventricular diastolic dys-

function [19, 20], both of which are frequently observed in

patients with OSA, the pathophysiological effects of OSA
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may directly cause left atrial overload and left atrial

remodeling, leading to P-wave prolongation.

Several reports have demonstrated the relationship

between P-wave prolongation and the presence or severity

of OSA. However, these studies involved a limited sample

size and were conducted in Western countries [21–23].

Thus, no data are available for the Asian population

involving a large sample of subjects who have undergone

sleep study.

The aim of this study was to determine whether a strong

relationship exists between P-wave duration and OSA

severity in a large population in Japan.

Subjects and methods

Subjects

Subjects with a normal sinus rhythm on electrocardiogram

who had undergone an attended overnight sleep study in

the Sleep Center of the Toranomon Hospital (Tokyo,

Japan) from January to May 2007 were enrolled in the

study if the following criteria were met: (1) age C20 years

and (2) normal sinus rhythm, where every P-wave was

positive in leads I, II, and aVF with uniform morphologies,

every QRS complex was preceded by a P-wave, and every

P-wave was followed by a QRS. The following subjects

were excluded from the study: (1) subjects with a history of

AF/flutter or sodium-channel blocker administration, (2)

subjects with a pacemaker or implantable cardioverter-

defibrillator, (3) subjects with evidence of heart failure, (4)

subjects with history of ischemic heart disease, (5) subjects

with significant valvular heart disease, (6) subjects with

severe chronic pulmonary disease, (7) subjects on dialysis,

or (8) subjects with central sleep apnea.

Informed consent to participate in the study was

obtained from all patients. The study complied with the

Declaration of Helsinki and was conducted according to

the ethics policies of the involved institutions.

Sleep study

All subjects underwent an overnight attended sleep study

using a digital polygraph (SomnoStar a Sleep System;

Sensor Medics, Yorba Linda, CA, USA) at our sleep lab-

oratory; the definitions and scoring methods used have

been described previously [24–26]. The apnea–hypopnea

index (AHI) was used to evaluate OSA severity. The AHI

is calculated as the total number of apnea and hypopnea

events divided by total sleep time, expressed as the number

of events per hour. Obstructive sleep apnea was diagnosed

if the AHI was [5 events/h, and OSA was further subdi-

vided as mild (5 B AHI \ 15 events/h), moderate

(15 B AHI\30 events/h), and severe (AHI C 30 events/h).

We defined patients with central sleep apnea as those

having an AHI of C15 events/h, of which more than 50 %

were central events [27].

Electrocardiogram and measurements of P-wave

duration

On the same day as the sleep study, a standard 12-lead

electrocardiogram was obtained using the same electro-

cardiogram machine (PageWriter Touch; Philips, Amster-

dam, the Netherlands) for all subjects at 25 mm/s with 1

mV/cm standardization after supine rest for at least 5 min.

Data were stored digitally on the server in our hospital.

Next, P-wave duration was measured manually by an

experienced observer who was blinded to polysomno-

graphic data by using software for the digital caliper

(Hakarun, version 0.7.0; Onegland, Shizuoka, Japan) with

fourfold magnification. In this study, P-wave duration was

obtained as the mean duration of three consecutive beats in

lead II; each measurement included identifying the initia-

tion of P-wave onset and its termination at P-wave offset.

P-wave onset was identified as the junction between the

T–P isoelectric line and the beginning of the positive

deflection, and offset was identified as the junction between

the end of the P-wave deflection and the PR segment. To

determine the intraobserver reproducibility, the coefficients

of variation (CV) were obtained from measurements

repeated three times on different days in 10 patients with a

random selection. The average CV was 2.2 %.

Left ventricular hypertrophy (LVH) was defined using

Sokolow–Lyon voltage criteria (i.e., S-wave voltage in V1

plus the greater of R wave in lead V5 or V6,[3.5 mV) [28].

Blood samples and other data

Venous blood samples were obtained early in the morning

after overnight fasting, immediately following the sleep

study. Height and weight were also measured at this time.

Blood pressure and heart rate were measured on the same

day as the sleep study. Blood pressure was measured using

a sphygmomanometer with an appropriately sized cuff

after subjects had been rested for at least 5 min. Three

consecutive measurements were carried out and the mean

of the last two values was recorded.

Hypertension was defined as systolic blood pressure of

C140 mmHg, diastolic blood pressure of C90 mmHg, or

treatment with antihypertensive medications. Diabetes

mellitus was defined as fasting plasma glucose level of

C126 mg/dl, hemoglobin A1c level of C6.5 %, or treat-

ment with antidiabetic medication (oral hypoglycemic

drugs or insulin injections). Dyslipidemia was defined as

serum total cholesterol level of C220 mg/dl, high-density
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lipoprotein cholesterol level of \50 mg/dl, triglycerides

level of C150 mg/dl, or treatment with drugs for dyslipi-

demia. A habitual drinker was defined as one who ingested

alcohol at least three times per week at the time of sleep

study. A current smoker was defined as one who smoked at

the time of the sleep study or had quit smoking within 1

year before the sleep study.

Statistical analysis

Data are expressed as mean ± standard deviation (SD) or

median (interquartile range) for continuous variables, or

numbers and percentages for categorical variables. Corre-

lations between P-wave duration and clinical parameters

were analyzed. To identify factors that correlated inde-

pendently with P-wave duration, we conducted multivari-

able regression analysis, which included P-wave duration

as the dependent variable and variables regarded as sig-

nificant (i.e., P \ 0.05) in the univariable analyses as the

independent variables. Statistical analyses were performed

using a statistical software package (StatView, version 5.0,

for Windows; SAS Institute, Cary, NC, USA), and P \
0.05 was considered statistically significant.

Results

A total of 250 subjects were enrolled in the study. Char-

acteristics of all subjects are shown in Table 1. Subjects

were generally middle-aged, predominantly male, and

mildly obese. Of these, 41 % had hypertension, 8 % had

diabetes mellitus, 12 % were current smokers, and 41 %

were habitual drinkers. The mean P-wave duration of all

subjects was 106 ± 11 ms. Nine percent of subjects had

P-wave durations of C120 ms, while normal P-wave

duration in lead II was considered to be \120 ms [29].

Sleep study data are summarized in Table 2. Among the

250 subjects, 22 (9 %) did not have OSA, 38 (15 %) had

mild OSA, 62 (25 %) had moderate OSA, and 128 (51 %)

had severe OSA.

As shown in Table 3, age (r = 0.39; P \ 0.001), male

gender (r = 0.29; P \ 0.001), BMI (r = 0.25; P \ 0.001),

hypertension (r = 0.29; P\0.001), dyslipidemia (r = 0.14;

P = 0.014), uric acid level (r = 0.25; P \ 0.001), and

creatinine level (r = 0.20; P = 0.002) exhibited significant

univariable relationships with P-wave duration. In addition,

AHI showed a significant positive correlation with P-wave

duration (r = 0.56; P \ 0.001) (Fig. 1). Multivariate

regression analysis, which included P-wave duration as the

dependent variable and age, male gender, BMI, hyperten-

sion, dyslipidemia, uric acid and creatinine levels, and AHI

as independent variables, age (partial correlation coeffi-

cient, 0.32; P\0.001), BMI (partial correlation coefficient,

0.13; P = 0.038), male gender (partial correlation coeffi-

cient, 0.23; P \ 0.001), and AHI (partial correlation

coefficient, 0.47; P \ 0.001) were significantly indepen-

dently correlated to P-wave duration (Table 4).

Discussion

This study revealed several important findings, thus pro-

viding insights into the relationship between atrial

arrhythmias and OSA. We found that the severity of OSA

is significantly and directly associated with atrial conduc-

tion time; the greater the AHI, the longer the P-wave

duration. This direct relationship was independent of other

Table 1 Clinical characteristics of subjects

Variables n = 250

Age (years) 53.2 ± 13.2

Male subjects 224 (90)

Body mass index (kg/m2) 26.0 ± 4.0

Current smoker 31 (12)

Habitual drinker 102 (41)

Hypertension 102 (41)

Diabetes mellitus 21 (8)

Dyslipidemia 94 (38)

LVH on electrocardiogram 58 (23)

P-wave duration (ms) 106 ± 11

Systolic blood pressure (mmHg) 126.2 ± 16.0

Diastolic blood pressure (mmHg) 74.4 ± 10.8

Heart rate (beats/min) 68.2 ± 9.2

Hemoglobin A1c (%) 5.5 ± 0.7

Total cholesterol (mg/dl) 195.1 ± 34.0

Uric acid (mg/dl) 6.2 ± 1.3

Creatinine (mg/dl) 0.86 ± 0.31

Data are expressed as mean ± SD or as number (percentage) as

appropriate

LVH left ventricular hypertrophy

Table 2 Sleep study data

Variables n = 250

AHI (events/h) 30.6 (32.1)

Lowest SO2 (%) 80.0 (11.0)

Arousal index (events/h) 34.2 (25.3)

Total sleep time (min) 360.8 (72.5)

Slow-wave sleep (%TST) 9.1 (13.1)

REM sleep (%TST) 10.4 (8.3)

Data are expressed as median (interquartile range)

AHI apnea–hypopnea index, SO2 oxyhemoglobin saturation, REM

rapid eye movement, TST total sleep time
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well-known correlations to P-wave duration such as age,

gender, BMI, and hypertension [3, 30–32]. Furthermore,

we observed a relationship between atrial conduction time

and OSA in the Japanese population. These results sug-

gested a close relationship between OSA and prolonged

P-wave duration, a marker of left atrial abnormality, in

clinical subjects and in the Asian population.

P-wave duration corresponds to the time required for

complete depolarization of both right and left atria, and

prolonged P-wave duration indicates an intra-atrial and

interatrial conduction delay. Electrophysiological evalua-

tion by Kistler et al. [30] revealed that aging is associated

with regional conduction velocity slowing in the atrium

and increasing P-wave duration. Ariyarajah et al. [2]

reported that left atrial size is directly related to prolonged

P-wave duration. P-wave duration was shown to fluctuate

depending on fluid volume and left atrial pressure, and

volume overload or increased left atrial pressure can lead to

prolonged P-wave duration [33]. In a large population-

based study (Atherosclerosis Risk in Communities study),

P-wave duration in lead II was independently associated

with an increased risk of AF incidence (hazard ratio (HR)

per 1 SD, 1.80; 95 % confidence interval (95 % CI),

1.49–2.20) in multivariate analysis [5]. In the Framingham

Heart Study, maximum P-wave duration was reported to be

correlated with long-term AF risk (HR per 1 SD, 1.12; 95

% CI 1.00–1.25; adjusted for age and gender) in the elderly

population [6]. More recently, Magnani et al. [7] showed in

the National Health and Nutrition Examination Survey that

P-wave duration in lead II is significantly associated with

cardiovascular mortality (HR per 1 SD, 1.13; 95 % CI

1.04–1.23) and all-cause mortality (HR per 1 SD, 1.06; 95

% CI 1.00–1.13) after multivariable adjustment for car-

diovascular risk factors. Therefore, prolonged P-wave

duration is now recognized as a marker of left atrial

abnormality, a potent precursor of AF, and a risk factor of

long-term mortality.

There are several potential mechanisms linking OSA

and prolonged P-wave duration. Faggiano et al. [34]

showed a positive correlation between P-wave duration and

left atrial pressure. Obstructive sleep apnea was shown to

be associated with left ventricular diastolic dysfunction

[19, 20], which can result in impaired left ventricular filling

and increased left atrial pressure. Atrial fibrosis, an element

of atrial conduction disturbance [35], can be caused by

mechanical stretch [36, 37], which may increase because of

exaggerated intrathoracic pressure oscillations in addition

to the pathophysiology of OSA described above. Kim et al.

Table 3 Correlations between P-wave duration and various clinical

parameters

Correlation

coefficient

P value

Age 0.39 \0.001

Male gender 0.29 \0.001

BMI 0.25 \0.001

Current smoker 0.07 0.294

Habitual drinker 0.04 0.560

Hypertension 0.29 \0.001

Diabetes mellitus 0.11 0.073

Dyslipidemia 0.14 0.027

LVH on electrocardiogram 0.05 0.409

Systolic blood pressure 0.24 \0.001

Diastolic blood pressure 0.17 0.008

Heart rate 0.03 0.627

Hemoglobin A1c 0.14 0.031

Total cholesterol -0.02 0.727

Triglyceride 0.06 0.353

HDL cholesterol -0.146 0.021

Uric acid 0.25 \0.001

Creatinine 0.20 0.002

BMI body mass index, LVH left ventricular hypertrophy, HDL high-

density lipoprotein

Table 4 Multiple linear regression analysis for P-wave duration

Partial correlation

coefficient

P value

Age 0.32 \0.001

Male 0.23 \0.001

BMI 0.13 0.038

Hypertension 0.09 0.180

Dyslipidemia 0.11 0.083

Uric acid 0.02 0.733

Creatinine 0.11 0.078

AHI 0.47 \0.001

BMI body mass index, AHI apnea–hypopnea index

Fig. 1 Correlation between P-wave duration and apnea–hypopnea

index (AHI). A strong positive correlation exists between P-wave

duration and AHI (r = 0.56, P \ 0.001)
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[38] recently demonstrated that increased left ventricular

afterload can lead to left atrial fibrosis and reduced regional

conduction velocity in the left atrium. Elevated sympa-

thetic nerve activity or endothelial dysfunction, a down-

stream pathophysiology of OSA, can result in increased

arterial stiffness, which increases left ventricular afterload

[39]. Levels of inflammation markers or oxidative stress

markers were elevated in patients with OSA but decreased

after continuous positive airway pressure therapy [15, 16].

Increasing evidence has supported the influence of

inflammation or oxidative stress in the pathogenesis of

atrial injury [40]. On the other hand, Oliveira et al. [41]

showed that AHI is independently associated with an

increase in maximum left atrial volume by using real-time

three-dimensional echocardiography, which leads to

P-wave prolongation on an electrocardiogram [2, 3].

To our knowledge, there have been three reports eval-

uating the relationship between P-wave duration and OSA

severity. Can et al. [21] reported that AHI was positively

correlated with P-wave duration (r = 0.44, P = 0.002) in 67

subjects without comorbid cardiovascular disease. Among

all variables assessed in the study, only AHI showed a

significant correlation with P-wave duration; however,

multivariate analysis was not performed. Baranchuk et al.

[22] reported that age and AHI [25 were independent

related factors for P-wave duration in 180 unselected

subjects, including patients with heart failure or ischemic

heart disease. P-wave duration was positively correlated

with AHI (r = 0.20, P = 0.009), but this relationship was

modest compared with that of the present study. The dif-

ference between the study by Baranchuk et al. and our

study might be caused by the inclusion of patients with

cardiovascular disease in the former study. Cagirci et al.

[23] investigated P-wave duration in 126 subjects without

cardiovascular disease; the subjects were classified into

three groups according to AHI (namely, AHI\5, 5 B AHI

\ 30, and AHI [30). P-wave duration was significantly

longer in the more severe OSA group, but further evalua-

tion of P-wave duration, including linear regression, was

not performed. The finding that P-wave duration is asso-

ciated with OSA severity is consistent with the three pre-

vious studies as well as with the present study. However,

the previous studies focused on P-wave dispersion to a

greater extent than on P-wave duration, whereas the Fra-

mingham Heart Study revealed no significant associations

between P-wave dispersion and incidence of AF or mor-

tality [6]. This is the first study to demonstrate an inde-

pendent linear correlation of AHI to P-wave duration in

lead II, which appears to be a simpler index than P-wave

dispersion. Furthermore, all three studies involved data

from Western countries. Therefore, the present study is the

first to be conducted in the Asian population and included

the largest number of subjects.

In addition, P-wave duration was manually determined

using a magnifying lens in the studies by Can et al. and

Cagirci et al., and semi-automatically determined using

caliper software for scanned data in the study by Baran-

chuk et al. For manual measurement of P-wave duration,

hand-held caliper measurements were reported to be less

accurate than digital measurements [42]. We conducted on-

screen measurements using digital calipers to increase the

accuracy of our data.

Limitations

Our study has several limitations. Because the present study

was cross-sectional, a cause–effect relationship between

OSA and prolonged P-wave duration cannot be construed.

Structural or functional information regarding the left

atrium appears to be important for clarifying the mechanism

between OSA and delayed atrial conduction. However, we

did not obtain this information in the present study. The

present study was not population-based. The low proportion

of no or mild OSA subjects can lead to decreased general-

izability of the results in the present study. Another limi-

tation of this study included the potential for residual

confounding by unmeasured or unidentified factors, such as

drug exposure and duration of the disorder, among others.

Whereas P-wave durations were used as the maximum

value obtained from 12 leads in most studies, P-wave

duration in the present study was measured from a single

lead (lead II). Lead II nearly always yields longer P-wave

durations than any other lead [43].

Conclusions

Severity of OSA is significantly correlated with prolonged

P-wave duration. This suggests that OSA may cause left

atrial overload and left atrial remodeling, leading to

adverse effects, including increased risk of AF develop-

ment. Since a cause–effect relationship between OSA and

prolonged P-wave duration has not been demonstrated,

further studies to examine whether baseline P-wave dura-

tion is a risk factor for AF incidence and whether effective

treatment for OSA can shorten P-wave duration are

necessary.

References

1. American College of Cardiology/American Heart Association

Task Force on Clinical Data Standards (ACC/AHA/HRS Writing

Committee to Develop Data Standards on Electrophysiology)

(2006) ACC/AHA/HRS 2006 key data elements and definitions

Heart Vessels (2013) 28:639–645 643

123



for electrophysiological studies and procedures: a report of the

American College of Cardiology/American Heart Association

Task Force on Clinical Data Standards (ACC/AHA/HRS Writing

Committee to Develop Data Standards on Electrophysiology).

Circulation 114:2534–2570

2. Ariyarajah V, Mercado K, Apiyasawat S, Puri P, Spodick DH

(2005) Correlation of left atrial size with P-wave duration in

interatrial block. Chest 128:2615–2618

3. Dagli N, Karaca I, Yavuzkir M, Balin M, Arslan N (2008) Are

maximum P wave duration and P wave dispersion a marker of

target organ damage in the hypertensive population? Clin Res

Cardiol 97:98–104

4. Goyal SB, Spodick DH (2001) Electromechanical dysfunction of

the left atrium associated with interatrial block. Am Heart J

142:823–827

5. Soliman EZ, Prineas RJ, Case LD, Zhang ZM, Goff DC Jr (2009)

Ethnic distribution of ECG predictors of atrial fibrillation and its

impact on understanding the ethnic distribution of ischemic

stroke in the Atherosclerosis Risk in Communities (ARIC) study.

Stroke 40:1204–1211

6. Magnani JW, Johnson VM, Sullivan LM, Gorodeski EZ, Schn-

abel RB, Lubitz SA, Levy D, Ellinor PT, Benjamin EJ (2011) P

wave duration and risk of longitudinal atrial fibrillation in persons

C60 years old (from the Framingham Heart Study). Am J Cardiol

107:917–921

7. Magnani JW, Gorodeski EZ, Johnson VM, Sullivan LM, Ham-

burg NM, Benjamin EJ, Ellinor PT (2011) P wave duration is

associated with cardiovascular and all-cause mortality outcomes:

the National Health and Nutrition Examination Survey. Heart

Rhythm 8:93–100

8. Bradley TD, Floras JS (2009) Obstructive sleep apnoea and its

cardiovascular consequences. Lancet 373:82–93

9. Naito R, Sakakura K, Kasai T, Dohi T, Wada H, Sugawara Y,

Kubo N, Yamashita S, Narui K, Ishiwata S, Ohno M, Ako J,

Momomura S (2012) Aortic dissection is associated with inter-

mittent hypoxia and re-oxygenation. Heart Vessels 27:265–270

10. Saruhara H, Takata Y, Usui Y, Shiina K, Hashimura Y, Kato K,

Asano K, Kawaguchi S, Obitsu Y, Shigematsu H, Yamashina A

(2012) Obstructive sleep apnea as a potential risk factor for aortic

disease. Heart Vessels 27:166–173

11. Dohi T, Narui K, Kasai T, Takaya H, Inoshita A, Maeno K,

Kasagi S, Ishiwata S, Ohno M, Yamaguchi T, Momomura S

(2011) Effects of olmesartan on blood pressure and insulin

resistance in hypertensive patients with sleep-disordered breath-

ing. Heart Vessels 26:603–608

12. Buda AJ, Pinsky MR, Ingels NB Jr, Daughters GT 2nd, Stinson

EB, Alderman EL (1979) Effect of intrathoracic pressure on left

ventricular performance. N Engl J Med 301:453–459

13. Zamagni M, Sforza E, Boudewijns A, Petiau C, Krieger J (1996)

Respiratory effort. A factor contributing to sleep propensity in

patients with obstructive sleep apnea. Chest 109:651–658

14. Somers VK, Dyken ME, Clary MP, Abboud FM (1995) Sym-

pathetic neural mechanisms in obstructive sleep apnea. J Clin

Invest 96:1897–1904

15. Yokoe T, Minoguchi K, Matsuo H, Oda N, Minoguchi H,

Yoshino G, Hirano T, Adachi M (2003) Elevated levels of

C-reactive protein and interleukin-6 in patients with obstructive

sleep apnea syndrome are decreased by nasal continuous positive

airway pressure. Circulation 107:1129–1134

16. Alonso-Fernández A, Garcı́a-Rı́o F, Arias MA, Hernanz A, de la
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