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ABSTRACT
Objective: Atrial fibrillation (AF), commonly observed in advanced ages, displays striking age dependent
increase and increased P wave dispersion (PWD) has been shown to be a predictor of AF. In this study
we sought to determine whether P wave duration and PWD increase with aging. 
Method and Results: Eighty-three elderly subjects (group-I mean age 75±8 years) and 40 healthy young
subjects (group-II, mean age 37±6 years) participated in this study. 12-lead ECG recorded at a paper
speed of 50mm/s was obtained from each participant. Maximum (Pmax) and minimum P wave duration
(Pmin) was measured manually with a caliper and the difference between two values was defined as
PWD. Pmax and PWD were significantly higher in group-I compared to group-II. (98±8 vs. 93±8 p=0.01,
41±12 vs. 34±13 p=0.002, respectively). Among the elderly population when those with cardiovascular
disorders such as hypertension, coronary artery disease and heart failure were excluded, Pmax and PWD
were still significantly higher than the young population. (Pmax: 98±7 vs. 93±7, p=0.02 and PWD: 42±11
vs. 34±13, p=0.002). Moreover, on correlation analysis a positive correlation was detected between Pmax
and PWD and aging. (r=0.29, p=0.004; r=0.30, p=0.003 respectively).
Conclusion: PWD shows age dependent increase and may be a useful marker for estimation the risk of
developing AF seen in advanced ages
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ÖZET

Yafl ile P Dalga Dispersiyonu Aras›ndaki Iliflki
Amaç: ‹leri yafllarda yag›n olarak görülen atriyal fibrilasyon; yafl ba¤›ml› olarak çarp›c› bir art›fl göstermek-
tedir ve artm›fl p dalga dispersiyonunun atriyal fibrilasyonun bir ön gördürücüsü oldu¤u gösterilmifltir. Bu
çal›flmada, yaflla birlikte p dalga dispersiyonunun art›p artmad›¤›n› araflt›rd›k.
Metod ve Bulgular: 83 yafll› hasta (grup-1; yafl ortalamas› 75±8 y›l) ve 40 sa¤l›kl› genç birey (grup-2; yafl
ortalamas› 37±6 y›l) bu çal›flmaya dahil edildi. Her bir kat›l›mc›dan 50 mm/s ka¤›t h›z›nda 12-derivasyon-
lu EKG kayd› al›nd›. Maksimum ve minimum p dalga süreleri cetvel ile manuel olarak ölçüldü ve her iki
de¤er aras›ndaki fark P dalga dispersiyonu (PDD) olarak tan›mland›. grup-1 maksimum p dalga süresi ve
PDD anlaml› flekilde grup-2'den yüksek idi (98±8 ve 93±8 ms p=0.01; 41±12 ve 34±13 ms p=0.002, s›ra-
s›yla). Yafll› grup aras›nda hipertansiyon, koroner arter hastal›¤› ve kalp yetersizli¤i gibi kardiyovasküler
hastal›klar› olanlar d›flland›¤›nda bile maksimum p dalga süresi ve PDD yine de genç popülasyondan yük-
sek idi (Pmax: 98±7 ve 93±7 ms , p=0.02; PDD: 42±11 ve 34±13ms, p=0.002). Üstelik, korelasyon anali-
zinde maksimum p dalga süresi, PDD ve yafl aras›nda pozitif bir korelasyon saptand› (r=0.29, p=0.004;
r=0.30, p=0.003 s›ras›yla). 
Sonuç: PDD yafl ba¤›ml› art›fl göstermektedir ve ileri yafllarda görülen atriyal fibrilasyon geliflim riskini
tahmin etmek için faydal› bir gösterge olabilir. 
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INTRODUCTION

Aging is a physiological process associated with
histologic and anatomic changes in the cardiovas-
cular system as well as the other systems. 
The prevalence of coronary artery disease (CAD),
rhythm disturbances including atrial and/or ventri-
cular arrhythmias have gradually increased with
aging (1). Moreover, electrocardiographic abnorma-
lities have commonly been observed in the elderly
whether or not there is a history of heart disease.
This is probably due to age associated changes in
the impulse formation and conduction system,
including loss of pacemaker and conducting cell
and fibrosis as well as increased incidence of mitral
annular and aortic calcification, hypertension and
CAD(1). Atrial fibrillation (AF), associated with
increased risk of cardiovascular morbidity and mor-
tality, is one of the most common arrhythmias
observed in elderly subjects and it displays striking
age dependent increase. Framingham Heart Study
showed that the 2year incidence of this arrhythmia
increases sharply with age: 0.5% among 5060
years, 4.8% among 6069 years and 12.7% among
7079 years(2). Yamashita et al.(3) have showed 
an independent direct effect of aging on this
arrhythmia although this agedependent increase is
thought to be associated with an increase in coex-
isting heart disease. PWD is a new electrocardio-
graphic marker that has been shown to be a predic-
tor of AF development(46). We have speculated that
PWD may alter in advanced ages and there may be
a relationship between aging and PWD. Therefore
in this study, we sought to determine whether aging
influences P wave duration and PWD, irrespective
of other clinical variables.

METHODS

Eighty-three elderly subjects living in a local care
home (Group-I) and 40 healthy hospital staff
(Group-II) participated in this study. Twelve-lead
ECG was recorded for each subject at a rate of 50
mm/s in the supine position (Hewlett Packard page
writer 300pi, USA). Measurement of P wave dura-
tion was carried out manually using a caliper. The
onset of P wave was defined as the point of the first
visible upward departure of the trace from the bot-
tom of the baseline for positive waves and as the
point of first downward departure from the top of
baseline for negative waves. The return to the base-
line of the bottom of trace in positive waves and of
the top of the trace in negative waves were consid-
ered to be the end of the P wave. The difference
between the maximum (P max) and minimum P 
(P min) wave duration was calculated from the 1
2-lead ECG and was defined as the PWD. At least
three consecutive beats were measured in each
lead. When the end of the P wave could not reliably
be determined these leads were excluded from the
study and also, to improve accuracy all measure-

ments were performed with magnifying lenses for
defining the electrocardiogram deflection.
Moreover, to minimize measurement errors analy-
ses of ECG parameters (Pmin, Pmax and PWD)
were performed in duplicate on two separate days
and by two independent observers who were
unaware of the clinical details.

Statistical Analysis
Statistical analysis was performed with SPSS for
Windows version 10.0 (SPSS Inc. Chicago, Illinois).
Data are presented as mean ? SD. For continuous
variables unpaired student t-test and for categori-
cal changes chi-square test was used. Pearson’s
correlation analysis was performed to investigate
the association between age and P wave duration
or PWD. Intra and inter-observer variabilities for
ECG parameters were also tested by means of
Pearson’s correlation test and it yielded minimal
variability (r=0.98 p<0.0001 and r=0.96 p<0.0001,
respectively). A p value <0.05 was considered to
indicate statistical significance.

RESULTS

Baseline characteristics of the both groups are
shown in Table-I. Mean age, systolic and diastolic
blood pressures were significantly higher in the 
elderly population than the control group. Mean
heart rate, body mass index were similar in both
groups. All participants were in sinus rhythm. The
number of leads in which P wave duration could be
measured was similar in both groups (range 9 to
12). Pmax wave duration and PWD were significant-
ly higher in group-1 than those of group-II. (98±8 vs.
93±8 p=0.01, 41±12 vs. 34±13 p=0.002, respective-
ly; Figure-I and II) 

However, there was no significant difference in
Pmin duration. (57±10 vs. 59±10 p=0.4). Among the

Figure 1: Comparison of maximum P wave duration in both

groups. Group-I: Elderly subjects, Group-II: Young subjects. 



elderly population, when those with cardiovascular
disorders such as hypertension, CAD and heart
failure were excluded; Pmax and PWD were still
significantly higher than the young population.
(Pmax: 98±7 vs. 93±7 p=0.02 and, PWD: 42±11 vs.
34±13 p=0.002). Moreover, on correlation analysis
a positive correlation was detected between age
and Pmax and PWD (r=0.29, p=0.004, r=0.30
p=0.003 respectively) (Figure-III and IV).

DISCUSSION

The present study demonstrates that P wave dura-
tion and dispersion increase with aging and there
may be a close correlation between PWD and
aging. Previously, P wave duration changes have
been shown in a variety of cardiac conditions such
as diastolic dysfunction, myocardial ischemia, and
acute coronary syndromes (7-9). However, the
relationship between aging and P wave duration
and PWD has not been well defined to date.
Therefore, we attempted to investigate the age-
related changes in P wave duration and PWD. 
Abnormalities of the 12- lead ECG are common in
the elderly. It has been suggested that shifts in the
frontal plane axis, interventricular conduction
defects (including lengthening of the PR interval)
and a reduction in QRS voltage may reflect normal
aging. A large community-based study of 5150
persons aged over 65 years determined the preva-
lence of major ECG abnormalities in those who had
and those who did not have a history of hyperten-
sion or CAD. Major ECG abnormalities were
defined as: ventricular conduction defects, major
Q-QS waves, left ventricular hypertrophy, isolated
major ST-T wave abnormalities, atrial fibrillation,
first-degree atrioventricular block (10). In addition,
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Figure 2: Comparison of P wave dispersion in both groups.

Group-I: Elderly subjects, Group-II: Young subjects. 

Figure 3: The relationship between P wave duration and age.

Figure 4: The relationship between P wave dispersion and age.

Table 1: General characteristics of study subjects

NS: Statistically not significant

Variable Group-I Group-II p values

Number (male/female) 48/35 26/14 NS

Age, years 75±8 37±6 <0.001

Body mass index, kg/m2 27±7 28±5 NS

Systolic blood pressure, mmHg 142±25 130±16 0.01

Diastolic blood pressure, mmHg 83±15 78±7 0.01

Heart rate, beats/min. 77±11 79±11 NS



AF is one of the most common arrhythmias
observed in advanced ages and increases in an
age dependent fashion whether or not there is a
history of heart disease. Accordingly, PWD is a
simple and new electrocardiographic marker that
has been proposed to identify patients at risk for
paroxysmal AF (11,12). It has been reported to be
associated with the inhomogeneous and discontin-
uous propagation of sinus impulses and the corre-
lation between the presence of intraatrial conduc-
tion abnormalities and the induction of paroxysmal
AF has been well documented (5,6,11,12). Our find-
ings indicate that that PWD is increased and P
wave duration is prolonged in the elderly popula-
tion, regardless of the presence of heart disease.
The underlying mechanism for the increase in PWD
is uncertain but it is likely to be associated with
structural and physiologic changes seen in the car-
diovascular system in advanced ages. These
changes occur either in the cardiac conduction
system or in the cardiac anatomy. There is an age-
dependent decline in the number of myocytes,
owing to fibrosis and cellular atrophy. By the age of
75 sinus node cells may be as few as 10% of the
number present at age 20 (13). Aging influences the
structure and electrophysiologic properties of the
atria. With increasing age, the atria become
enlarged and the myocardium is infiltrated by col-
lagen and amyloid, along with the prolongation of
refractoriness(14-17). Thus, degenerative changes
in the structure and electrical activity of atrium may
result in prolonged P wave duration and increased
PWD. 
On the other hand, the incidence of significant CAD
without symptoms, namely silent myocardial
ischemia increases with aging. However only about
20 percent of people older than 80 have clinically
evident CAD and over 50 percent have significant
CAD at autopsy(18,19). Accordingly, a close asso-
ciation has been shown between myocardial
ischemia and P wave duration and PWD(8,9).
Consequently, increase in PWD might have result-
ed from silent ischemia frequently observed in the
elderly population. 
Neurohumoral systems relevant to cardiovascular
regulation are uniformly affected by aging: the
sympathetic nervous system is overactive and cir-
culating level of vasopression and atrial natriuretic
factor are enhanced, while the activity of the renin-
angiotensin system is blunted (20-22). On the other
hand, the autonomic nervous system has been
proposed to be involved in the genesis of AF,
which has been classified according to increased
vagal tone or adrenergic tone (23). P wave duration
and PWD have been reported to be influenced by
the autonomic tone, which induces changes in the
velocity of impulse propagation (24). Also, Tukek et
al.(25) observed that PWD and Pmax were
increased in patients with paroxysmal AF when

compared with controls and that Valsalva maneu-
ver normalized these changes and concluded that
increased sympathetic activity may cause signifi-
cant increase in PWD. Therefore, neurohumoral
factors and altered autonomic system regulation
occuring in advanced ages may be the other rea-
sons that may facilitate development of intraatrial
conduction abnormalities.

Study Limitations
There are some limitations of the study. To assess
PWD we used 12 leads-ECG, instead of signal
averaged electrocardiogram which measures PWD
more accurately (26). Therefore, measurement
errors performed during manual evaluation is the
main limitation of the study. However, manual
measurement of PWD has been well accepted and
has been used in several studies (5,6,27).
Moreover, our inter and intra-observer measures
yielded minimal variability. In addition, we studied
on an extremely heterogeneous population and the
diagnosis of CAD and rhythm disturbances were
excluded solely depending on the clinical history
and physical examination. In fact, we did not 
perform further noninvasive examination such as
24-hour Holter monitorization or treadmill exercise
test. However, when we excluded those with car-
diovascular risk factors, PWD was still significantly
higher in the elderly subjects compared to those of
healthy subjects. Therefore, we think that
increased PWD and prolonged P wave duration is
not affected from confounding factors. 
In conclusion, our study shows that PWD follows
an age-dependent increase and may be an early
predictor of AF development in advanced ages.
Structural and physiologic changes involving con-
duction system, silent myocardial ischemia and
blunted autonomic regulation of the heart appear
to be main responsible mechanisms.
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