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Abstract
Purpose  Prolonged atrial conduction and inhomogeneous sinus impulse propagation may play a role in the initiation and 
maintenance of atrial tachyarrhythmias. Such a process could be reflected in inter-lead P-wave duration differences known as 
“P-wave dispersion” (PWD). Abnormal PWD may be related to obstructive sleep apnea syndrome (OSAS). A meta-analysis 
of the available publications was conducted.
Methods  A MEDLINE, Web of Science, and Google Scholar search from 2000 to 2021 was performed. The keywords used 
for search were apnea AND “P wave dispersion.” Case-control studies and surveys were selected as long as they included 
healthy subjects and subjects with diagnosed OSAS who did not have any other major health problems. PWD values and 
correlations between apnea-hypopnea indices (AHI) and PWD were used as outcome measures.
Results  Ten studies met the inclusion creteria, encompassing 773 patients with OSAS and 347 healthy controls. The mean 
ages of the patients with OSAS ranged from 6.9 to 58.8 years. The estimated average Hedges’s g standardized mean differ-
ence in PWD values was equal to 1.883 (95% CI: 1.140 to 2.626, p < 0.001). The estimated average Fisher r-to-z transformed 
correlation coefficient between AHI and PWD was equal to 0.530 (95% CI: 0.075 to 0.985, p = 0.0225). Meta-regression 
analysis failed to find statistically significant correlations between the effect sizes and the mean age, male proportion, and 
the body mass index in the OSAS groups.
Conclusion  OSAS is associated with increased PWD, which may predispose to atrial tachyarrythmias.

Keywords  Arrhythmias · Meta-analysis · Obstructive sleep apnea · P-wave dispersion

Introduction

Much interest has been raised in potential risk of cardiac 
arrhythmias in patients with sleep-disordered breathing, in 
particular patients diagnosed with obstructive sleep apnea 
syndrome (OSAS). Four percent of middle-aged men and 
2% of women are affected by sleep apnea; up to 5% of adults 
may have undiagnosed OSAS [1]. OSAS is also not uncom-
mon in pediatric population: in children, the estimated prev-
alence of OSAS is 1 to 3% [2–4].

Overnight polysomnography is considered as “the gold 
standard” in diagnosing OSAS. This method enables iden-
tification of the respiratory events and classification of their 
severity by the number of apneas and hypopneas per hour 
of sleep. In the adults, apnea-hypopnea indices (AHI) equal 
to 5, 15, and 30 are considered as the threshold of mild, 
moderate, and severe OSAS, respectively [5]. In children, 
these cut-points are suggested to be 1.5, 5, and 10, respec-
tively [6].

OSAS is considered to be a risk factor of cardiovascular 
pathology including systemic and pulmonary hypertension, 
coronary artery disease, congestive heart failure, and cardiac 
arrhythmias [7]. Previous studies have revealed a relation-
ship between the severity of OSAS and the frequency of 
atrial fibrillation (AF) [8]. AF has received much attention as 
an arrhythmia associated with OSAS [9]. The links between 
OSAS and AF may be multifactorial [10, 11]. Physiological 
changes may result in electrical and structural re-modeling 

 *	 Igor A. Kelmanson 
	 iakelmanson@hotmail.com

1	 Department of Children’s Diseases, Institute for Medical 
Education of the V.A. Almazov National Medical Research 
Centre, 2 Akkuratova Str., St Petersburg 197341, Russia

2	 Department of Clinical Psychology, St. Petersburg State 
Institute for Psychology and Social Work, St Petersburg, 
Russia

/ Published online: 30 April 2022

Sleep and Breathing (2023) 27:291–301

http://orcid.org/0000-0002-4449-2786
http://crossmark.crossref.org/dialog/?doi=10.1007/s11325-022-02630-1&domain=pdf


1 3

that may in turn serve as a substrate to the origins of AF 
[12].

Known indirect marker for such electrical re-modeling 
is the prolonged atrial conduction time, represented by 
increased maximum P-wave duration. Atrial conduction time 
can be evaluated by measuring the maximum P-wave dura-
tion (Pmax) and/or P-wave dispersion (PWD), the difference 
between the maximum and the minimum P-wave duration, 
on the surface electrocardiogram (ECG). Increased Pmax 
and PWD indicate prolonged atrial conduction, inhomoge-
neous propagation of sinus impulses considered to be the 
risk factors for AF [13]. PWD is calculated by subtracting 
the minimum P-wave duration from the maximum in any of 
the 12 ECG leads during sinus rhythm. Conventionally, the 
P-wave onset is determined as the initial deflection from the 
isoelectric baseline defined by the T-P segment; the P-wave 
offset is defined as the junction of the end of the P wave 
and its return to baseline [14]. Manual measurement of the 
P-wave duration is usually performed with a hand-held cali-
per with the ECG rate increased to 50 mm/s and the ECG 
voltage to 1 mV/cm. However, digital measurement has been 
proved to be more accurate and preferable [15, 16].

It would be logical to assume that sleep-disordered 
breathing, particularly OSAS, may be associated with 
increased PWD. This assumption is supported by studies 
that show that increased Pmax and PWD values are associ-
ated with OSAS in adults [17]. However, research in the 
field is limited. Even less is known about the possible link 
between OSAS and PWD in children.

To address the issue, a study was performed with the goal 
of conducting a systematic review and meta-analysis of rel-
evant publications on the associations between OSAS and 
PWD. The primary goals were to see if patients with OSAS 
had higher PWD than otherwise healthy people, and if there 
was a link between AHI and PWD.

Materials and methods

Search strategy for identification of studies

A MEDLINE search from January 2000 to December 2021 
at PubMed (NLM), Web of Science, and Google Scholar 
was performed using the PRISMA reporting guidelines [18]. 
The keywords used for search were apnea AND “P wave 
dispersion.” Textbooks were searched for additional data. 
Bibliographies of review articles and systematic reviews, as 
well as retrieved articles, were also examined for candidate 
publications. The abstracts of the retrieved papers were fur-
ther considered for their relevance, and the candidate papers 
were read in full. Case-control studies, as well as the surveys 
that included comparisons between the patients with OSAS 
and healthy subjects groups were included in the analysis. 

As a part of the studies, the patients must have been evalu-
ated for the PWD. The “outcome measures” were either the 
values of PWD or correlations between AHI and PWD. The 
population of interest included either children or adults. 
Studies in patients with known major anomalies were not 
included into analysis. PSGs and 12-lead surface ECGs were 
performed in all subjects. The authors of all included stud-
ies described the methods of measurement and the number 
of respiratory events and PWD. For each included study, 
confounding factors, such as gender and age of the subjects, 
were also recorded.

Methods of the review

Data extraction

Pertinent articles were reviewed using preset inclusion cri-
teria. The reviewer was un-blinded to the source of publica-
tion or authors at each step during study selection. Only one 
article was chosen in cases of multiple publications of the 
same material. Decisions on study inclusion and use of the 
variables were based on the methods sections of the studies. 
Details on the methods used for evaluation of the OSAS, 
number of patients who entered the studies, their age and 
gender, AHI, and body-mass index (BMI) as well as PWD 
values were extracted.

Statistics

The analysis was performed using the Hedges’s standardized 
mean difference between the values of PWD in the patients 
with OSAS and the control subjects with 95% confidence 
intervals (CI) and Fisher r-to-z transformation of correlation 
coefficient between AHI and PWD with 95% CI as the effect 
size measures [19]. The Hedges’s values 0.2, 0.5, and 0.8 
defined small, moderate, and large effect sizes, respectively, 
while correlations equal to 0.1, 0.3, and 0.5 were considered 
to be small, medium, and large effect sizes, respectively [20]. 
Heterogeneity of the studies was expected because of vari-
ous designs, settings, and patients covered by the studies, as 
well as discrepancies in the approaches to identification of 
the OSAS severity in children and adults. Hense, a random-
effects model was used. Two subgroups of outcome meas-
ures (mean PWD values with standard deviations (SD) and 
correlations between PWD and AHI) were defined. When 
the original findings on PWD values were presented as the 
median (interquartile range), they were converted to the 
means and SD according to suggested procedure [21] using 
Deep Meta Tool v.1.0 software. When the original data were 
presented within certain subgroups of the OSA severity, the 
summary data from the subgroups were calculated to recre-
ate the data for the study as a whole according to specified 
procedure [19, 22], and then these summary data were used 
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to compute the effect size and variance. The amount of heter-
ogeneity (i.e., tau2) was calculated. In addition, the Q-test for 
heterogeneity and the I2 statistic were reported. In case any 
amount of heterogeneity was detected (i.e., tau2 > 0, regard-
less of the results of the Q-test), a prediction interval for the 
true outcomes was also calculated using CMA Prediction 
Interval software [23]. Studentized residuals and Cook’s dis-
tances were used to examine whether studies might be outli-
ers and/or influential in the model. Outliers were defined as 
studies with a studentized residual greater than the 100 × (1 
− 0.05/(2 × k))th percentile of a standard normal distribu-
tion. Studies with a Cook’s distances greater than the median 
plus six times the interquartile range of Cook’s distances 
were considered influential. Publication bias was estimated 
using funnel plot. To check for funnel plot asymmetry, the 
rank correlation and regression tests with the standard error 
of the observed outcomes as predictor were used. If the evi-
dence of the funnel plot asymmetry and missing studies were 
found, the Duval and Tweedie “Trim and Fill” method was 
used to impute missing publications. To evaluate the effects 
of potential moderators, such as age and sex, on the meas-
urements in consideration, a meta-regression analysis was 
performed in that the mean age or the percent of male sub-
jects in the SDB group served as the explanatory variables. 
Method of moments, also known as the DerSimonian and 
Laird method, was used in meta-regression computations. 

Comprehensive meta-analysis (CMA) software version 2.0 
was used [24].

Results

A total of 697 records met initial search criteria. Fourteen 
duplicate records were removed before screening. Ten stud-
ies covering the period from 2009 to 2019 and including 773 
patients with OSAS and 347 healthy control subjects report-
ing the values of the PWD met the inclusion criteria (Fig. 1). 
The mean ages of the participants from the OSAS groups 
in the included studies ranged from 6.9 to 58.8 years. One 
study was performed in children (OSAS group: 77 patients, 
median age 82.8 months, 58% males, mean AHI equal to 3.2; 
control group: 44 children). The remaining 9 studies were 
carried out in adults (OSAS group: 696 patients, median age 
49 years, mean AHI equal to 43.6, mean body mass index 
equal to 30.7; control group 303 subjects). Proportions of 
male subjects in the OSAS groups ranged between 33 and 
79%. Table 1 is the summary of the studies included in the 
analysis.

A total of k = 10 studies were included in the analysis 
of the PWD mean differences between the OSAS and the 
healthy control subjects. Table 2 summarizes the obtained 
values of PWD in patients from the OSAS and control 

Fig. 1   Identification of the stud-
ies included in the meta-analysis
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groups across these studies. The Hedges’s g standardized 
mean differences ranged from 0.011 to 5.997, and all esti-
mates were positive. The estimated average Hedges’s g 
standardized mean difference was equal to 1.883 (95% CI: 
1.140 to 2.626). Therefore, the average outcome differed 
significantly from zero (z = 4.968, p < 0.0001), and the 
effect size was large (Fig. 2). The values of the Q-test were 
indicative that the true outcomes were heterogeneous (Q(9) 
= 218.243, p < .0001, tau2 = 1.346, I2 = 95.876%). A 95% 
prediction interval for the true outcomes in all comparable 
populations falls in the interval −0.93 to 4.70. It means that 
in some studies, the true outcome might in fact be nega-
tive. An examination of the studentized residuals found that 
one study (Metwally et al.) [31] had a value larger than ± 
2.8070. This study might be a potential outlier. According to 
the Cook’s distances, this same study (Metwally et al.) [31] 
could be considered as overly influential. Potential funnel 

plot asymmetry was confirmed by both the rank correla-
tion and the regression tests (p = 0.0091 and p < 0.0001, 
respectively). The “Trim and Fill” method based on a ran-
dom effects model was used to look for missing studies. 
The method suggested that 2 studies to the right side of the 
mean effect were missing, and the imputed point estimate 
was 2.32852 (95% CI: 1.30827, 3.34877).

The test for subgroup differences (adults vs. children) 
indicates that there is no statistically significant subgroup 
effect: Q(1) = 0.179, p = .672, suggesting that age category 
does not modify the effect of OSAS and that the effect size is 
consistent between adults and children. However, a smaller 
number of studies (only one study on children) and partici-
pants contributed data to the “Children” subgroup than to 
the “Adults” subgroup, meaning that the analysis may not 
be able to detect subgroup differences.

Table 2   Summary of the 
obtained values of PWD in 
patients from the OSAS and 
control groups

Study name OSAS group Control group

Mean SD Sample size Mean SD Sample size

Arslan et al., 2017 [25] 63.1 18.5 169 62.9 15.7 56
Baranchuk et al., 2011 [12] 14.6 7.5 144 8.9 3.1 36
Bayir et al., 2014 [26] 44 7 30 28.5 4 18
Cagirci et al., 2011 [27] 44.2 12.3 87 27.9 6.8 39
Can et al., 2009 [28] 51.4 11.2 48 31.1 11 19
Çiçek et al., 2012 [29] 50.1 13.2 64 42.9 10.2 26
Kraikriangsri et al., 2019 [30] 38.3 3.47 77 25.5 7.7 44
Metwally et al., 2014 [31] 98.5 4.77 40 72 3.37 20
Russo et al., 2016 [32] 56.5 8.5 50 31 7.2 50
Yagmur et al., 2012 [17] 46.09 13.4 64 34.1 10.7 39

Fig. 2   P-wave dispersion mean 
differences between the OSAS 
patients and the healthy control 
subjects (Hedges’s standardized 
mean difference)
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A meta-analysis covering 9 studies comprising only 
adult patients was further performed. The estimated aver-
age Hedges’s g standardized mean difference was equal to 
1.829 (95% CI: 1.046 to 2.612), and these figures did not 
significantly differ from the total estimates covering 10 stud-
ies covering both adults and children.

A series of meta-regression analyses were performed to 
check for possible association between mean patients age; 
proportion of male patients in the OSAS groups; mean BMI 
in the OSAS groups, on the one hand; and the PWD mean 
differences between the OSAS and the healthy control sub-
jects, on the other. Estimated effect was diminishing with 
advancing patient age in the OSAS groups; however, this 
relationship was not statistically significant (b = −0.020, 
Qmodel(1) = 0.56, p = .46). Estimated effect was increas-
ing with higher proportion of male patients in the OSAS 
groups; however, this association was insignificant (b 
= 0.041, Qmodel(1) = 2.34, p = .13). Likewise, estimated 
effect was increasing with higher values of BMI in patients 
with OSAS, although this association was insignificant (b = 
0.144, Qmodel(1) = 1.18, p = .28).

Another outcome considered by this meta-analysis was 
correlation between AHI and PWD. A total of k = 5 stud-
ies with available data were included in this analysis. The 
observed Fisher r-to-z transformed correlation coefficients 
ranged from 0 to 1.4722. The majority of estimates (80%) 
were positive. The estimated average Fisher r-to-z trans-
formed correlation coefficient was equal to 0.530 (95% CI: 
0.075 to 0.985). Therefore, the average outcome differed 
significantly from zero (z = 2.2815, p = 0.0225), and the 
effect size was large. Calculated aggregated correlation coef-
ficient was equal to 0.477 (95% CI: 0.155 to 0.7070 (Fig. 3). 
According to the Q-test, the true outcomes were hetero-
geneous (Q(4) = 36.0983, p < .0001, tau2 = 0.2472, I2 = 
93.0314%). A 95% prediction interval for the true outcomes 
was from −0.5457 to 1.6053. Therefore, in some studies, 

the true outcome might in fact be negative. An examination 
of the studentized residuals revealed that one study (Bayir 
et al.) [26] had a value larger than ± 2.5758. This study 
might be a potential outlier. The values of the Cook’s dis-
tances did not found any studies that could be considered as 
overly influential. The regression test indicated funnel plot 
asymmetry (p = .0022). However, the rank correlation test 
did not (p = 0.2333). The “Trim and Fill” method based on 
a random effects model was used to look for missing studies. 
The method suggested that one study to the right side of the 
mean effect was missing, and the imputed point estimate 
was 0.58097 (95% CI: 0.22246, 0.80107). A meta-analysis 
covering 4 studies comprising only adult patients was fur-
ther performed. The calculated aggregated correlation coeffi-
cient was equal to 0.573 (95% CI: 0.268 to 0.774), and these 
figures did not significantly differ from the total estimates 
covering 5 studies that comprised both adults and children.

Discussion

Atrial fibrillation is a common arrhythmia. It is caused by 
focal activation and multiple randomly reentrant wavelets 
that propagate, become extinct, or fractionate within the 
atrial tissue. The longest duration of right atrial electro-
grams, the maximum number of fragmented deflections, 
and the repetitive atrial firing zone have all been found to 
have significant correlations with P-wave duration measured 
from a single-surface ECG lead. Prolonged intra- and intera-
trial conduction time can be identified by a prolongation 
of the surface P-wave duration. This raises the question of 
whether inhomogeneous atrial conduction can be identified 
by a variation in P-wave duration between different surface 
ECG leads [15]. PWD is a relatively new addition to the 
field of noninvasive electrocardiology. It is defined as the 
difference between the longest and shortest P-wave durations 

Fig. 3   Correlations between 
apnea-hypopnea indices and 
P-wave dispersions
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recorded from multiple different surface ECG leads [13]. 
PWD was assumed to have a normal value of 29 ± 9 ms. The 
authors refer to a maximum PWD value of 36 ms, and PWD 
greater than 40 ms indicates the presence of heterogeneous 
electrical activity in various regions of the atrium, which 
may cause atrial tachyarrhythmias, particularly AF [33]. 
The PWD has gotten more attention and has been studied in 
a variety of clinical settings, including cardiovascular and 
non-cardiovascular diseases [14].

This meta-analysis was aimed at evaluation of possible 
effect of OSAS on PWD. The main finding of this study was 
that there was a statistically significant increase in PWD in 
patients with a confirmed diagnosis of OSAS, with a large 
effect size. The “dose-effect” response substantiated the 
potential causal inference of OSAS on increased PWD, in 
that a statistically significant correlation was found between 
AHI and PWD values across the studies included in the 
meta-analysis, with a large effect size.

Increased PWD is not only limited to clinical cases of 
OSAS. Increase in PWD values was induced with simulated 
respiratory disturbances in the healthy subjects using Muel-
ler maneuver and inspiration through a threshold load. This 
may imply that intrathoracic pressure swings may lengthen 
intra- and interatrial conduction time, thereby increasing 
P-wave duration and PWD [34]. Increased PWD has also 
been reported in children with respiratory disturbances due 
to adenotonsillar hypertrophy [35].

The marked autonomic imbalance that occurs in OSAS is 
one of the potential mechanisms linking increased PWD and 
OSAS [36]. The vagal predominance in conjunction with 
bradyarrhythmias at the end of apneas may alter the atria’s 
conduction properties. Previous research found that auto-
nomic tone influenced P-wave durations [37]. Other factors 
directly related to OSAS (repetitive hypoxemia, systemic 
inflammation, fluctuations in intrathoracic hemodynamic, 
left ventricular diastolic dysfunction from pulmonary hyper-
tension, increased atrial stretch, and left atrial dilatation) 
may all lead to prolonged intra- and interatrial conduction 
time and inhomogeneous propagation of sinus impulses, 
as reflected by increased Pmax and PWD [36, 38]. These 
factors have been linked to the pathophysiological mecha-
nisms that contribute to the development of AF in adults 
with OSAS [39, 40].

It is possible that children with OSAS will have abnor-
mal atrial conduction, as evidenced by increased PWD. Own 
findings do not contradict that suggestion, since no statisti-
cally significant differences in the effects of OSAS on PWD 
were found between children and adult subgroups. When the 
mean age of the OSAS group patients was included into the 
model as a covariant, meta-regression analysis failed to find 
statistically significant influence of that parameter on the 
effect size. However, it is of interest that the estimated value 
of the regression coefficient was indicative on diminishing 

estimated effect of OSAS on PWD with advancing patient 
age, meaning that in children the effect may potentially be 
even more pronounced than in adults. A smaller number of 
studies and participants that contributed data to the “Chil-
dren” subgroup than to the “Adults” subgroup in this meta-
analysis prevent from making definite judgments, and previ-
ous studies in adult patients were indicative that PWD was 
higher in older subjects [41].

Since overweight and obese patients have increased 
risk of OSAS, of special interest seems potential interplay 
between OSAS, body mass index (BMI), and PWD. Several 
studies have looked at the relationship between P wave indi-
ces and obesity, and it has been found that people who are 
obese have significantly longer P wave indices than people 
who are not [42]. Even after controlling for other clinical 
variables, BMI was found to be moderately related to PWD 
[42]. It is worth noting that a decrease in P wave indices 
has been observed following weight loss [43]. After inclu-
sion of the mean BMI in the OSAS group into the model 
as a covariant, the estimated value of the meta-regression 
coefficient was positive, thus implying growing PWD with 
increasing BMI in the patients with OSAS across the stud-
ies covered by this meta-analysis. However, this association 
was statistically insignificant. Probably, it was the breathing 
disturbance related to the excessive weight that influences 
PWD the most, rather than the excessive weight itself.

OSAS has been reported to occur more commonly in 
male patients. Therefore, an attempt was made to evaluate 
a possible modifying effect of patients’ gender on the asso-
ciation between OSAS and PWD by inclusion of the percent 
of male subjects in the OSAS groups across the studies into 
the meta-regression model as a covariant. This covariant 
did not significantly contribute to the model, although posi-
tive value of the estimated regression coefficient precluded 
increasing effect with increasing proportion of the males in 
the OSAS group.

This study has some advantages. It was based, like any 
meta-analysis, on a  systematic review of the literature, 
allowing for a conclusive synthesis of accumulating scien-
tific evidence. By combining data from independent studies, 
it was possible to include 773 patients with OSAS and 347 
healthy control subjects, improving statistical precision. The 
high methodological quality of the included studies, as well 
as the strict eligibility criteria, ensured the validity.

The study has several limitations that should be acknowl-
edged. First, the relationship between PWD and true inho-
mogeneity of sinus impulse propagation is debatable. How-
ever, despite the conceptual difficulties, and despite the fact 
that there is a clear publication bias toward positive findings, 
the large number of studies showing some meaningful results 
with PWD should not be dismissed lightly [44]. Another 
limitation is that measuring the P wave and its dispersion is 
not strictly standardized. The studies are hampered by the 
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fundamental limitations of using PWD measurements. The 
accuracy of the P-wave length and dispersion measurements 
has been limited by difficulties in determining the onset and 
offset of the P-wave. The lability of P-wave characteristics, 
as well as their circadian behavior, may also cause measure-
ment imprecision [45]. The effect of these potential inevi-
table discrepancies was minimized by the means of using 
standardized mean difference as a measure of the effect size 
and by using random effect model in this meta-analysis. We 
must also acknowledge high heterogeneity of the effects 
across the studies that entered this meta-analysis and the 
revealed signs of publication bias. Although appropriate 
statistical procedures were performed enabling to take into 
account these problems, the findings, nevertheless, should 
be interpreted cautiously.

Conclusion

With all limitations in mind, and with the understanding 
that more research in the field is needed, the findings of 
this meta-analysis suggest that OSAS is associated with 
increased P-wave dispersion across all age groups, which 
may predispose to atrial tachyarrhythmias in patients with 
sleep-disordered breathing.
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