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Abstract
Introduction. Angiotensin-converting enzyme 
inhibitors prevent atrial fibrillation episodes 
by effective control of blood pressure and 
improving electrical and structural 
remodelling in the atria. Increased P wave 
dispersion (PWD) is a non-invasive 
electrocardiographic marker for paroxysmal 
atrial fibrillation. The aim of the study was to 
evaluate the effect of perindopril treatment 
on PWD in hypertensive patients.
Methods. Forty-eight hypertensive patients (mean 
age 57.4±11.8 years, 18 men) were included. 
Blood pressure values were determined and 
12-lead electrocardiograms were recorded at the 
beginning and at the first week, first month, third 
month and sixth month of the perindopril 
treatment. The difference between maximum 
and minimum P wave durations was calculated 
as PWD.
Results. PWDs were significantly shortened at 
the first, third and sixth months (41.7±8.8 ms, 
39.1±6.9 ms and 38.3±7.1 ms, respectively) 
compared with baseline and first-week 
measurements (54.3±9.2 ms and 49.0±9.1 ms, 
respectively, p<0.001). Baseline PWD was 
correlated with body mass index (r=0.32, 
p=0.026), while PWD at the sixth month of 
treatment was significantly correlated with left 
atrial volume index (r=0.30, p=0.042). Multiple 
linear regression analysis revealed that PWD 
at the sixth month was related to baseline 
PWD (p=0.001).
Conclusion. Perindopril treatment significantly 
reduced PWD in hypertensive patients.

Introduction
Atrial fibrillation (AF) is the most commonly 
observed arrhythmia in clinical practice and is 
associated with increased cardiovascular morbid-
ity and mortality.1-3 Epidemiological surveys have 
reported that age, male gender, ischaemic heart 
disease, hypertension, heart failure, valvular heart 

disease, diabetes and disorders of the thyroid, 
lung and pleura are the independent risk factors 
for the development of AF.4,5 Hypertension is 
associated with left ventricular hypertrophy, 
impaired ventricular filling, left atrial enlargement 
and slowing of atrial conduction velocity. These 
changes in cardiac structure and physiology 
favour the development of AF.6 Verdecchia et al.7 
reported that the risk of AF increased with age 
and left ventricular mass in hypertensive subjects 
with sinus rhythm and no other major predispos-
ing conditions.

Conventional therapy of AF has focused on inter-
ventions to control heart rate and rhythm and the 
prevention of stroke through the use of antico-
agulant medications. The most effective and saf-
est option for the prevention of AF is primary 
prevention and the management of arterial hyper-
tension.8 In patients with AF, effective treatment 
of high blood pressure may reverse the structural 
abnormalities in the heart, reduce thromboembo-
lic complications and prevent or retard the occur-
rence of AF.6 In addition to blood pressure 
reduction, substances with an action of the auto-
nomic nervous system and the renin-angiotensin-
aldosterone system (RAAS) have a positive effect 
on the remodelling of the atrial myocytes, and 
thus on the occurrence of AF.8

P wave dispersion (PWD) is a non-invasive elec-
trocardiographic marker for the development of 
paroxysmal AF.9,10 The P wave, occurring by the 
spread of electrical excitation from the sinoatrial 
node over the atrial musculature, represents the 
depolarisation of the atria. PWD is defined as the 
difference between maximum and minimum P 
wave durations. Because of the re-entrant nature 
of AF, there should be areas in the atria with dif-
ferent conduction properties for initiation of AF, 
and prolongation of PWD should reflect both 
intra- and interatrial heterogeneity in the conduc-
tion of sinus nodal impulses. Thus, prolonged 
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PWD can be used as a predictor for the develop-
ment of AF in various clinical settings.11,12

Angiotensin-converting enzyme (ACE) inhibitors 
and angiotensin receptor blockers are able to 
prevent the occurrence of AF. However, there is 
a limited number of studies exploring the effect 
of these drugs on PWD.13 The aim of the study 
was to explore the effect of perindopril treat-
ment on PWD in patients with stage 1 essential 
hypertension.

Patients and methods
The clinical investigation conformed to the prin-
ciples outlined in the Declaration of Helsinki. 
The study was approved by the local ethics com-
mittee and all participants gave informed con-
sent. Patients were selected among cases admitted 
to the Cardiology Outpatient Clinic of Marmara 
University Hospital between December 2006 and 
September 2007.

Forty-eight consecutive, newly diagnosed stage 
1 essential hypertensive patients (systolic blood 
pressure ≥ 140 mmHg and < 160 mmHg and/or 
diastolic blood pressure ≥ 90 mmHg and < 100 
mmHg) were included in the study. Subjects 
with valvular heart disease, coronary artery dis-
ease, pre-excitation syndrome, thyroid disor-
ders, or lung disease were excluded. None of 
the patients had significant impulse generation 
or conduction defect, autonomic or metabolic 

abnormality, or any previous episode of AF. 
None of the patients received any antihyperten-
sive drug other than perindopril, anti-arrhythmic 
drug or digitalis.

At baseline, all patients underwent echocardio-
graphic examination and laboratory test includ-
ing serum glucose, creatinine and lipid profiles. 
Standard 12-lead electrocardiograms were 
recorded. All patients were re-examined at the 
first week, first month, third month and sixth 
month of their treatment. Blood pressures were 
measured and standard 12-lead electrocardio-
grams were recorded at each visit.

All standard 12-lead electrocardiograms were 
recorded using 12-channel equipment (Nihon 
Kohden Cardiofax Q, Europe GmbH, Rosbach, 
Germany), at a paper speed of 25 mm/s and 
with 1 mV/cm standardisation, with the patient 
in a comfortable supine position. Electrocardiograms 
were scanned and magnified five times. P wave dura-
tion was measured digitally in three consecutive 

complexes of each lead (from the first electrical 
activity to the junction between the end of P 
wave deflection and the isoelectric line) by a 
single observer who was blinded to the patients. 
PWD was calculated as the difference between 
the maximum and minimum P wave durations. 
All patients were in sinus rhythm during the 
entire study period.

Statistical analysis
Statistical analyses were performed by a statisti-
cal software (SPSS 11.0 for Windows; Chicago, IL, 
USA). Continuous variables were expressed as 
mean±standard deviation and categorical vari-
ables as ratio. Friedman and Wilcoxon tests were 
used for the comparisons of P wave measure-
ments, blood pressure and heart rate. Spearman’s 
correlation test was performed to explore corre-
lation between PWD and age, systolic and diastolic 
blood pressures, laboratory and echocardiographic 
parameters. Multivariate linear regression model 
included age, gender, blood pressure, left atrium 
diameter, left ventricular ejection fraction, serum 
creatinine and potassium levels for their asso
ciation with PWD at the sixth month of treatment. 
A p value < 0.05 was considered as statistically 
significant.

Results
Forty-eight consecutive, newly diagnosed stage 1 
essential hypertensive patients, who were pre-
scribed perindopril, were included in the study. 
The mean age of the patients was 57.4±11.8 
years (age ranged between 26 and 65 years). 
Thirty out of 48 (62.5%) were women. Five 
patients (10.4%) were diabetic and 31 patients 
(64.6%) had hyperlipidaemia. Twenty patients 
(41.7%) were smokers. Seventeen patients were 
prescribed perindopril 5 mg/day, while 31 
patients were prescribed perindopril 10 mg/day. 
The clinical and laboratory characteristics of the 
patients are listed in table 1.

The echocardiographic measures are presented 
in table 2. All patients had normal left ventricular 
systolic function. None had significant valvular 
regurgitation or stenosis.

P wave durations (both maximum and mini-
mum) and PWD at baseline and at each visit are 
presented in table 3. Maximum P wave dura-
tions were significantly shortened at the first, 
third and sixth months compared with baseline 
and first week (p=0.001). Minimum P wave 
duration was significantly prolonged at the first 
week of perindopril treatment compared with 
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baseline, while minimum P wave durations 
were significantly prolonged at the first, third 
and sixth months of treatment compared with 
baseline and first week (p<0.001). PWD signifi-
cantly shortened throughout the study com-
pared with baseline (54.3±9.2 ms, 49.0±9.1 ms, 
41.7±8.8 ms, 39.1±6.9 ms and 38.3±7.1 ms, 
respectively, p<0.001) (figure 1). Systolic and 
diastolic blood pressures significantly decreased 
compared with baseline (p<0.001 for both com-
parisons). However, systolic and diastolic blood 
pressures were similar between the third and 
the sixth months of treatment. Heart rates were 
unchanged during the study period (p=0.057). 
No arrhythmia was observed during the entire 
study period.

Baseline PWD correlated with body mass index 
(r=0.32, p=0.026), while there were no significant 
correlations between baseline PWD and age, 
blood pressures, heart rate, left atrium size or 
volume, left ventricular ejection fraction, left ven-
tricular mass index, left ventricular myocardial 
performance index, serum creatinine, potassium, 
microalbuminuria or pro-B-type natriuretic pep-
tide (proBNP) levels. On the other hand, PWD at 
the sixth month of perindopril treatment showed 
significant correlation with left atrial volume 
index (r=0.30, p=0.042).

We modelled a multivariate linear regression 
analysis to define the independent association 
between PWD at the sixth month of treatment 
and age, gender, body mass index, blood pres-
sure, left atrium size, left ventricular ejection frac-
tion, mitral E velocity/lateral annulus E’ velocity 
ratio, baseline PWD, daily perindopril dose, 
proBNP and serum potassium levels. The adjusted 
R square of the model was 0.694 with p value of 
0.014. Linear regression model revealed that 
PWD at the sixth month of treatment was signifi-
cantly associated with baseline PWD (stan-
dardised beta=0.528, p=0.001).

Discussion
AF is the most common arrhythmia affecting the 
general population.14 In patients with arterial 
hypertension, the risk of AF is increased to as 
much as 42%, and the emergence of AF in hyper-
tension contributes to increased cardiovascular 
morbidity and mortality.5 AF is responsible for 
atrial electrical and structural remodelling that 
both contribute to the maintenance and recur-
rence of this arrhythmia.15,16 Inhibition of the RAAS 
with ACE inhibitors or angiotensin receptor block-
ers not only provides blood pressure reduction, 

Table 1 
The clinical characteristics and laboratory parameters of 
the patients.

Number of patients	 48
Women/men (n/n)	 30/18
Age (years)	 57.4±11.8
Diabetes mellitus (%)	 10.4
Hyperlipidaemia (%)	 64.6
Smoking (%)	 41.7
Perindopril dose (5/10 mg/day) (n/n)	 17/31 
Body mass index (kg/m2)	 29.1±4.6 
Haemoglobin (g/dL)	 11.2±1.7
Glucose (mg/dL)	 99±19
Creatinine (mg/dL)	 0.87±0.24
Potassium (mmol/L)	 4.4±0.4
Total cholesterol (mg/dL)	 210±51
Triglycerides (mg/dL)	 137±74
HDL cholesterol (mg/dL)	 53±14
LDL cholesterol (mg/dL)	 129±45
ProBNP (ng/dL)	 60.3±59.8
Microalbuminuria (mg/dL)	 11.3±9.9

Key: HDL = high-density lipoprotein; LDL = low-density 
lipoprotein; proBNP = pro-B-type natriuretic peptide.

Table 2 
Baseline echocardiographic measures of the patients.

Left atrial diameter (cm)	 3.58±0.42 (range 2.96-4.53)
Left atrium volume (ml)	 25.33±7.36 (range 13.82-43.81)
Left ventricular end diastolic diameter (cm)	 4.42±0.42 (range 3.65-5.65)
Left ventricular end systolic diameter (cm)	 2.72±0.45 (range 2.09-4.40)
Interventricular septum thickness (cm)	 1.10±0.13 (range 0.77-1.31)
Posterior wall thickness (cm)	 1.00±0.11 (range 0.71-1.20)
Left ventricular mass index (g/m2)	 122.78±28.47 (range 72.37-260.18)
Left ventricular ejection fraction (%)	 68.0±7.3 (range 60-83)
Mitral E wave velocity (m/s)	 0.70±0.16 (range 0.41-1.03)
Mitral A wave velocity (m/s)	 0.77±0.15 (range 0.46-1.13)
Deceleration time (ms)	 196.68±54.11 (range 140.98-286.60)
Isovolumetric relaxation time (ms)	 88.16±15.81 (range 63.49-128.50)
Mitral lateral annulus E’ velocity (cm/s)	 9.50±2.72 (range 4.62-15.98)
Mitral lateral annulus A’ velocity (cm/s)	 11.29±2.81 (range 3.59-16.55)
Mitral E velocity/lateral annulus E’ velocity	 7.76±2.02 (range 4.10-12.20)
Myocardial performance index	 0.28±0.10 (range 0.22-0.42)
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but also decreases the incidence of AF by improv-
ing electrical and structural stability within the 
atria (reducing collagen deposits in atria, reducing 
delay in atrial activation and heterogeneity).17-24

AF is characterised by multiple circulating 
re-entrant wavelets due to disorganised atrial 
depolarisation and inhomogeneous and dis
continuous propagation of sinus impulses.25 
Prolongation of intra- and interatrial conduction 
times (marked by maximum P wave duration) 
and the inhomogeneous propagation of sinus 

impulses (marked by PWD) are electrophysio-
logical characteristics of the atrium that is prone 
to AF.26 Thus, antihypertensive drugs which 
also reduce PWD are expected to decrease the 
incidence of AF. Angiotensin receptor blockers 
and ACE inhibitors have beneficial effects on 
atrial conduction times. In this study, we have 
found that perindopril therapy significantly 
shortened maximum P wave duration and PWD 
in hypertensive patients. This is the first study 
that shows significant decrease in PWD with 
perindopril therapy. This finding is important in 
the prevention of AF by perindopril therapy and 
is in agreement with some previous studies.27-29

Celik et al.13 and Fogari et al.30 have shown that 
non-anti-arrhythmic drugs interfering with the 
RAAS reduce PWD. Celik et al.13 compared the 
effects of daily doses of 80 mg telmisartan and 
10 mg ramipril on PWD after 6-month treat-
ments in hypertensive patients and found that 
both telmisartan and ramipril significantly 
decreased P maximum values and PWD, while 
telmisartan had a much greater effect on PWD 
and P maximum values compared with ramipril. 
Fogari et al.30 found that ramipril and valsartan 
significantly shortened PWD and maximum P 
wave durations.

In our study, a significant decrease in PWD was 
observed even in the first week of treatment with 
significant reduction of blood pressure. We 
believe that lowering of blood pressure could be 
an important mechanism for these drugs in pre-
vention of AF. However, Fogari et al.30 stated that 
ACE inhibitors or angiotensin receptor blockers 
exerted anti-arrhythmic action beyond their blood 

Table 3
P wave measures and blood pressures at baseline and at each visit.

Baseline First week First month Third month Sixth month p

Pmax (ms)
(range)

109±12
(80-144)

108±11
(84-132)

104±13b,e

(80-144)
104±11b,e

(84-140)
104±11b,e

(84-136)
0.001

Pmin (ms)
(range)

55±10
(36-84)

59±9c

(40-80)
63±11a,e

(40-96)
65±11a,d

(44-92)
66±12a,d

(44-96)
< 0.001

PWD (ms)
(range)

54.3±9.2
(32-80)

49.0±9.1a

(32-80)
41.7±8.8a,d

(24-80)
39.1±6.9a,d,g

(24-56)
38.3±7.1a,d,g

(24-56)
< 0.001

Systolic BP 
(mmHg) (range)

146.8±12.5
(135-155)

134.9±14.5a

(125-155)
126.8±11.0a,d

(120-150)
122.1±6.5a,d,g

(120-140)
120.7±6.1a,d,f

(110-135)
< 0.001

Diastolic BP 
(mmHg) (range)

87.7±7.9
(70-95)

83.9±9.3b

(70-95)
80.1±8.2a,e

(60-95)
79.1±4.8a,d

(60-90)
76.7±3.9a,d,f

(40-90)
< 0.001

HR (/min)
(range)

76±11
(51-100)

75±10
(52-96)

74±11
(50-100)

74±10
(50-100)

74±10
(50-94)

0.057

Key: Post-hoc comparisons: a p<0.001 vs. baseline; b p<0.01 vs. baseline; c p<0.05 vs. baseline; d p<0.001 vs. first week; e 
p<0.05 vs. first week; f p<0.001 vs. first month; g p<0.01 vs. first month. BP = blood pressure; HR = heart rate; 
Pmax = maximum P wave duration; Pmin = minimum P wave duration; PWD = P wave dispersion.
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Figure 1
P wave dispersion (PWD) distribution during the entire study 
period. Post-hoc analysis: a: p<0.001 vs. baseline; b: p<0.001 
vs. 1st week; c: p<0.01 vs. 1st month.
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pressure-lowering effects. They found that, 
although amlodipine, ramipril and valsartan sig-
nificantly reduced blood pressure, PWD values 
were significantly shortened with ramipril and 
valsartan only, not with amlodipine. Similarly, we 
did not find any correlation between blood pres-
sure and PWD in our study. Therefore, there 
could be other mechanisms for ACE inhibitors 
and angiotensin receptor blockers to reduce 
PWD in addition to their effective blood pressure 
control. Inhibition of angiotensin II-induced 
fibrosis, reduced atrial stretch, interference with 
ion-channel function and modulation of refracto-
riness, improved left ventricular haemodynamics 
and modulation of sympathetic nerve activity 
may be important mechanisms to explain the 
anti-arrhythmic actions of RAAS inhibitors.17,31-35

In our study, there was a significant association 
between PWD and body mass index. Obesity is 
now accepted as a risk factor for AF. Obesity 
increases the risk of developing AF by 49% in the 
general population, and the risk escalates in 
parallel with increased body mass index.36 Kosar 
et al.37 reported that obesity affected PWD and 
changes in PWD were closely related to body 
mass index. Left atrium size was correlated with 
PWD, as expected. We did not find any signifi-
cant association between PWD and other well-
known risk factors of AF, including age. Although 
amino-terminal proBNP levels have been sug-
gested to predict newly detected AF in subjects 
in the general population,38 there was no signifi-
cant association between proBNP level and PWD 
in our study. Perindopril dose did not influence 
PWD in our study. Our study revealed that only 
baseline PWD was related to PWD at the sixth 
month of treatment.

Conclusion
Prolongation of maximum P wave duration and 
increase of PWD were shown to be independent 
predictors of AF. RAAS inhibition by ACE inhibi-
tors reduces PWD and prevents or delays AF 
episodes. Perindopril therapy significantly short-
ened maximum P wave duration and PWD in 
addition to blood pressure control. This finding 
suggests that perindopril therapy might also help 
in prevention of AF episodes while maintaining 
blood pressure control.
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