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ABSTRACT
Aims: Obstructive sleep apnea syndrome (OSAS) is a sleep-related breathing disorder characterized by hypopnea and apnea. 
Atrial fibrillation (AF) is an arrhythmia frequently encountered in cardiology practice, with concomitant heart disease and 
an increasing incidence with age. OSAS and AF are closely related as they have similar etiological risk factors and common 
pathophysiological processes such as inflammation, oxidative cellular damage, and autonomic nervous system dysregulation. 
P-wave peak time (PWPT) is the time from the beginning of the P-wave to its peak and is a recently defined electrocardiographic 
(ECG) parameter. Studies on the relationship between PWPT and cardiovascular events have been published recently. In this 
study, we aimed to evaluate the risk of AF in OSAS patients by determining a new ECG parameter, PWPT. 
Methods: 52 OSAS patients and 41 healthy individuals as a control group were included in the study. The groups were compared 
in terms of demographic characteristics, laboratory findings, echocardiography and ECG findings. D2 and V1 leads were used 
for PWPT as recommended in the literature. 
Results: When the patient group was compared with the control group, no difference was found in terms of demographic 
characteristics and laboratory findings. Compared with the control group, OSAS patients had significantly longer PWPT 
(PWPTV1 55.05msn±7.18 msn vs 48.91 msn±7.08 msn, p<.01, PWPTD2 54.13 msn±5.60 msn vs 46.20 msn±6.94 msn, p<.01). 
Conclusion: We observed that PWPT was longer in OSAS patients than in controls, and our results suggest that OSAS patients 
are at risk of AF. 
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INTRODUCTION
Obstructive sleep apnea syndrome (OSAS) is a sleep-related 
breathing disorder characterized by hypopnea and apnea. 
These respiratory disorders cause increased respiratory effort, 
blood hypoxia, hypercapnia, repeated nocturnal awakenings, 
and intermittent hypoxia, which leads to increased sympathetic 
nervous activity.1,2 The incidence of OSAS is 24% among 
men and 9% among women aged 30 to 60.3,4 It is estimated 
that it affects approximately 1 billion people worldwide.5 
Polysomnography is the gold standard for diagnosis and uses 
the number of apneas and hypopneas per hour of sleep [apnea-
hypopnea index (AHI)]. For OSAS diagnosis, AHI must be >5, 
and when AHI is ≥30, it is considered severe OSAS.6

The relationship between OSAS and cardiovascular disease 
(CVD) is well-documented, often associated with hypertension 
(HT), heart failure (HF), atrial fibrillation (AF), coronary artery 

disease (CAD), and stroke.7,8 AF is a common arrhythmia, 
with its prevalence increasing alongside concomitant heart 
disease and advancing age.9 AF is associated with increased 
mortality and morbidity (thromboembolic and cardiovascular 
events, decreased quality of life, decreased exercise capacity, 
and decompensated HF).10 Although causality between OSAS 
and AF has not yet been established, epidemiological studies 
suggest that OSAS doubles the risk of AF.6 Furthermore, 
AF recurrence after cardioversion is significantly higher in 
untreated OSAS patients than in well-treated OSAS patients.11 

Electrocardiography (ECG) is the main diagnostic tool for the 
diagnosis and treatment of CVD, especially in ischemic and 
arrhythmic conditions. Studies have been conducted on the 
availability of standard ECG and P wave indices (due to AF 
mechanisms). 
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P-wave peak time (PWPT) is the time from the beginning of 
the P wave to its peak. It is considered a new index of atrial 
depolarization, and recent studies have shown a relationship 
between PWPT and CAD severity, left ventricular end-
diastolic pressure, absence of coronary reflux, and left atrial 
volume index (LAVI).12-14 This new parameter may be used as 
an indicator of the risk of developing AF.15,16  In this article, we 
aim to determine the PWPT times in patients with OSAS and 
evaluate the risk of AF in patients with OSAS based on this 
index.

METHODS
The study was conducted with the permission of Kayseri 
City Hospital Clinical Researches Ethics Committee (Date: 
12.12.2023, Decision No: 957). All procedures were carried out 
in accordance with the ethical rules and the principles of the 
Declaration of Helsinki.

The study included patients diagnosed via polysomnography in 
the sleep laboratory of the chest diseases department between 
2020 and 2022 (AHI >5 and previously untreated). The 
study was planned retrospectively and all medical histories, 
physical examinations, laboratory findings, 12-lead ECG 
and transthoracic echocardiography records were obtained 
from archive files and/or computer records. The control 
group comprised age- and gender-matched patients without 
respiratory disease suspicion, based on medical history, 
physical examination, and echocardiography findings.

In addition, none of the patients included in the study had 
a history of paroxysmal AF. Patients with uninterpretable 
ECGs (left bundle branch block, presence of pacemaker, U 
waves and negative T waves on pre-stimulus ECGs), history of 
ischemic heart disease, non-sinus rhythm and/or arrhythmia 
(atrial or ventricular) and pacemaker history, segmental or 
global wall motion abnormalities, moderate to severe valvular 
heart disease, structural heart disease, endocrine neoplasms, 
parathyroid cancer, thyroid cancer or hyperparathyroidism, 
renal failure, hypertrophic cardiomyopathy, severe valvular 
disease, hypokalemia and hyperkalemia, hypomagnesemia 
and hypermagnesemia, creatinine clearance (CrCl) <60 ml/
min, and patients with severe comorbidities were excluded 
from the study. 

Sleep Test
Polysomnographic evaluation was performed in the sleep 
laboratory by continuous monitoring and analysis of ECG, 
electroencephalogram, electromyogram, pulse oximetry, 
electrooculogram, nasal airflow, snoring, leg movements, 
thoracic and abdominal movements, and body position. 
Polysomnographic records were evaluated by computer-assisted 
manual scoring according to the criteria of the American 
Academy of sleep medicine by physicians experienced in 
sleep disorders and polysomnography. OSAS was defined as 
the number of apneic and hypopneic events per hour during 
sleep.17 Apnea was defined as the absence of airflow for at least 
10 seconds. Hypopnea was defined as the reduction of airflow 
with 4% oxygen desaturation lasting at least 10 seconds with 
subsequent arousal. 

Electrocardiogram Analysis
All standard 12-lead ECGs were performed in the supine 
position and at rest using an ECG device (Philips brand) 

standardized to 1 mV/cm and 25 mm/s paper speed. All ECGs 
were scanned and transferred to personal computers. ECGs 
were magnified 5-fold and measured using an electronic 
caliper (Cardio Calipers software version 3.3; Iconico.com, 
Philadelphia, PA, USA) for the necessary measurements. To 
reduce inaccurate measurements, ECG assessments were 
conducted by two cardiologists who were blinded to clinical 
information.

The PWPT in lead D2 (PWPTD2) was measured as the time 
from the onset of the P-wave to its peak in lead D2, and 
the PWPT in lead V1 (PWPTV1) was defined as the time 
between the onset of the P-wave and the lower limit of negative 
deflection in patients with biphasic or pure negative P-wave 
morphology (Figure).

Echocardiography
Patients and healthy volunteers underwent conventional 
echocardiographic examination with an M4S-RS (1.5-3.6 MHz) 
cardiac transducer and Vingmed System 5 (General Electronic 
Horten, Norway) echocardiograph. Left ventricular diastolic 
(LVIDd) and systolic (LVIDs) diameters, interventricular 
septum (IVSWT), and posterior wall (LVPWT) diastolic 
thicknesses were measured in the parasternal long axis with 
M-mode echocardiography according to the standards set by 
the American Echocardiography Association. The ejection 
fraction was calculated using the Teichholz formula.

Statistical Analysis
Statistical analyses were performed using the SPSS statistical 
software package for Windows version 21.0 (SPSS Inc., Chicago, 
IL, USA). The distributional characteristics of the data were 
determined using the Kolmogorov-Smirnov test. Independent 
samples t-test was used for parametric scale variables. Mann-
Whitney U test was used for nonparametric scale variables. 
The χ2 (chi-square) test was used for the univariate analysis 
of categorical variables. Variables were expressed as mean±SD 
(standard deviation); categorical variables were expressed as 
percentages. A probability value of p<0.05 was considered to be 
significant, and two-tailed p values were used for all statistical 
analyses.

RESULTS
Baseline clinical and demographic characteristics of the study 
groups are presented in Table 1. There were no statistically 

Figure. Measurement of P-wave peak time on electrocardiograms, A. Measurement of 
P-wave peak time in the lead D2 (positive wave), B. Measurement of P-wave peak time in 
the lead V1 (biphasic wave)
* Figure is used with permission from Yucel YILMAZ, MD.
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significant differences between the patient and control 
groups in terms of gender, age, smoking status, diabetes, 
and hypertension (p>0.05). In the patient group with OSAS, 
diastolic blood pressure was elevated and BMI was high 
(p<0.01).

The ECG parameters of the groups are shown in Table 2. 
Heart rate and QRS duration were similar between the groups 
(p<0.05). PWPTV1 and PWPTD2 were higher in OSAS 
patients compared to the control group (50.25±7 msec vs. 
56.07±8.33 msec p<0.01 and 48.05±5.91 msec vs. 54.57±6.28 
msec p<0.01, respectively).

DISCUSSION
This is the first randomized study to show that PWPT 
prolongation detected by ECG analysis was higher in OSAS 
patients included in the patient group than in those included 
in the control group.

The pathophysiology of cardiovascular effects in OSAS can be 
explained as follows. Recurrent airway obstructions trigger 
hypoxemia, hypercapnia, intrathoracic pressure fluctuations, 
reoxygenation and sleep arousals.8,18,19 All these recurrent 
attacks can activate various cardiovascular mechanisms 
such as vasoconstriction, tachycardia, acute blood pressure 
elevations and decrease in cardiac variability, which trigger 
sympathetic activation, and also increase in left ventricular 
wall stress, increase in afterload, acute diastolic dysfunction, 
left atrial stress, left atrial enlargement, hypercoagulability, 
oxidative stress and endothelial dysfunction can occur. Finally, 

all these mechanisms are associated with hypertension, systolic 
and diastolic dysfunction, coronary artery disease, sinus node 
dysfunction (sick sinus syndrome), atrioventricular block, AF, 
ventricular ectopy or even ventricular tachycardia and sudden 
cardiac death.6 

AF is the most common arrhythmia in older ages and is 
associated with significant morbidity and mortality. Thus, 
primary prevention and identification of individuals at-risk 
have become more important. The atrial remodeling theory 
seems plausible to explain the predisposition to AF in patients 
with OSAS.20-22 Sudden negative intrathoracic pressures may 
lead to repetitive atrial distension and gradual left atrial 
enlargement.23 As a result of left atrial enlargement, there may 
be remodeling of the pulmonary vein ostia, a known site for 
initiating and propagating AF.24 

Previous studies have shown that a P-wave terminal strength 
of >0.04 mm/s is an independent predictor of AF.25 P-wave 
terminal strength is the algebraic product of the duration and 
depth of the negative terminal portion of the P-wave. Goda et 
al.26 reported that PWTF has high sensitivity for estimating PAF 
in patients with acute ischaemic stroke. Although Baturova et 
al.27 reported that PWTF may not be a good predictor of PAF 
in patients with acute ischaemic stroke, Öz et al.16 and Çinar 
et al.28 showed a significant relationship between PWPT and 
AF in patients with acute ischaemic stroke. Platonov et al.29 
showed that prolonged PWD is associated with a history of 
PAF. Yıldırım et al.15 previously reported PWPT predicted 
paroxysmal AF in patients with a history of AF. In contrast, 
Burak et al.14 found that only PWPT was associated with 
more extensive coronary atherosclerosis in patients with acute 
coronary syndrome. Yıldız et al.12 showed that a prolonged 
PWPT was independently associated with an increased LAVI 
in hemodialysis patients. In our study, we found prolongation 
in PWPT in ECGs of patients with OSAS. When evaluated 
together with the literature, it can be assumed that prolongation 
of PWPT found in OSAS patients in this study will increase the 
risk of developing AF.

Limitations
The current study has some limitations. The study is a single-
center, retrospective study with a limited number of patients. 
We do not know how long the patients had the disease before 
diagnosis. Although values such as PWPT are secondary 
markers of arrhythmia, we did not perform long-term clinical 
follow-up and rhythm Holter monitoring to detect the 
development of arrhythmia. Patients in our control group did 
not undergo sleep testing, which may have led to false results. 
OSAS patients were not grouped according to disease severity; 
further studies that include OSAS patients more proportionally 
to disease severity may yield different results. We also did not 
evaluate the relationship between AHI and atrial arrhythmia 
parameters.

CONCLUSION
In conclusion, the findings of this study suggest that PWPT, 
derived from ECG-a simple, easily measured, and cost-
effective test-could serve as a predictive marker for AF risk in 
OSAS patients. More comprehensive and multicenter studies 
should be conducted to better analyze all possible predictors of 
AF and to make more robust recommendations for the future.

Table 1. Baseline characteristics of the study populations
OSAS (n=52) Control (n=41) p

Age (years) 52±9 51±4 NS 
Gender (male/female) 35/17 27/16 NS 
Systolic blood pressure (mmHg) 115±10.9 110±6 NS

Diastolic blood pressure (mmHg) 85±5.9 70±8 0,04

Stature (cm) 172±6 168±8 NS

Weight (kg) 89±17 70±7 <0,001

Body mass index (kg/m2) 30.24±5.9 24±2 <0,001

OSAS: Obstructive sleep apnea syndrome NS: Not statistically significant
Independent samples t-test was used for parametric scale variables. Variables were expressed as 
mean±SD (standard deviation); categorical variables were expressed as percentages.

Table 2. Echocardiography characteristics of the study population
Variables OSAS (n=52) Control (n=41) p value

LVEDD (cm) 4.56±0.99 4.39±1 .367
LVESD (cm) 3.05±.86 3.41±1.01 .883
IVSD (cm) 0.9±.52 1.01±0.5 .625
PWD (cm) 0.92±0.29 1.01±0.6 .764
LVEF 62.1±3.7 63.9±3.8 .158
Data are expressed as mean±standard deviation for normally distributed data and percentage (%) 
for categorical variables. PHPT: Primary hyperparathyroidism, LVEDD: Left ventricular end 
diastole diameter, LVESD: Left ventricular end systole diameter, IVSD: Interventricular septal 
diameter, PWD: Posterior wall diameter, LVEF: Left ventricular ejection fraction

Table 3. Electrocardiographic characteristics of the study population
Variables Control group (41) OSAS (52) p 

Heart rate (beat/min) 79.3±7.6 81.7±9.7 .017
PR interval (ms) 141±14 145±16 0.891
PWPTV1 (ms) 48.91±7.08 55.05±7.18 <.01
PWPTD2 (ms) 46.20±6.94 54.13±5.60 <.01
PWPTD2: P-wave peak time obtained from D2 lead, PWPTV1: P-wave peak time obtained from V1 
lead, Data are expressed as mean±standard deviation for normally distributed data and percentage 
(%) for categorical variables.
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