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ABSTRACT
Objective: To assess P-wave duration and dispersion (PD) in morbidly obese young subjects who do not have co-associated
atrial fibrillation (AF) risk factors, such as hypertension, diabetes, atrial enlargement and diastolic dysfunction.
Study Design: An observational cross-sectional study.
Place and Duration of Study: Bolu Abant Izzet Baysal University Medical Faculty, Turkey; and the study was conducted
between October 2017 and June 2018.
Methodology: P-wave duration and dispersions were determined on 12-lead surface ECG in 47 morbidly obese and 44 healthy
weight subjects, aged between 21-40 years. Above mentioned risk factors were studied. The correlation between BMI, PD and
Pmax were investigated by Pearson correlation analysis. 
Results: Average body mass index (BMI) of obese and control groups were 42.3 (8.5) vs. 19.5 (1.5) (P <0.001). Maximum P-
wave duration [(Pmax), 105.3±9.8 vs. 95.6±8.5, p<0.001] and PD [27.6 (7.6) vs. 12.2(8.3), p<0.001] were statistically signifi-
cantly prolonged in obese patients when compared to the normal weight group. BMI correlation with Pmax and PD (r=0.485;
p<0.001 and r=0.620; p<0.001, respectively) were significant.
Conclusion:  Pmax and PD, which are potential electrocardiographic AF predictors, may increase in lone obese patients having
no comorbidities.
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INTRODUCTION

Obesity is associated with the developmental of cardiovascular
diseases (CVDs) as an uncontrolled risk factor with a gradually
increasing frequency due to the increase of atrial fibrillation
(AF) in obese subjects.1 However, the potential mechanisms
that increase AF risks are not precise. Obesity-related condi-
tions  like  hypertension,  left  ventricular  hypertrophy,  sleep
apnea and left atrial enlargement are potential risk factors for
AF development.2,3 Age by itself is associated with increased AF
frequency.

P-wave dispersion (PD) is one of the essential non-invasive ECG
markers for  assessment of  AF development.4-7  Compared to
normal weight subjects, PD has been shown to be prolonged in
obese subjects.8 AF is more frequent, and PD is prolonged in
patients with hypertension, diabetes and older age, and PD is
prolonged.7
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Those comorbid conditions like hypertension, diabetes, older
age, atrial dilatation or ventricular hypertrophy that may be
associated  with  both  obesity  and  prolonged  PD,  were  not
excluded  in  previous  studies  that  were  searching  the  link
between PD and obesity.

The objective of the current investigation was to study the asso-
ciation between PD and lone obesity, no other potential risk
factors for AF development in young subjects under age of 40
years. 

METHODOLOGY

This study was a cross-sectional investigation, performed at
Bolu Abant  Izzet  Baysal  University  Medical  Faculty  between
October 2017 and June 2018. The Hospital Ethics Committee
approved the study protocol. The study population included 47
morbidly  obese  and  44  normal-weight  subjects  aged  21-40
years. All subjects had normal sinus rhythm. Patients taking any
medications like beta-blockers or other anti-arrhythmic agents,
antidepressants  or  having  structural  heart  disease,  heart
failure, coronary artery disease, cardiac pacemaker, hyperten-
sion, atrial fibrillation, diabetes, renal failure, liver dysfunction,
thyroid  dysfunction,  chronic  obstructive  pulmonary  disease,
anemia, electrolyte disorders, bundle branch or atrioventric-
ular blocks on ECG, ventricular hypertrophy, atrial dilatation or
diastolic dysfunction on echocardiography, were excluded from
the study.
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Body mass index (BMI) was calculated by dividing the body
weight by the square of the height (kilograms/meter square).
BMI <25 kg/m2 was accepted as normal weight, and BMI ≥40
kg/m2  was  accepted  as  morbid  obesity  (class  III  obesity).9

Twelve-lead ECGs were recorded after about 10 minutes of rest,
with a paper speed of 25 mm/s and amplitude of 10 mm/mV in
the supine position (Nihon Kohden Cardiofax ECG-1950 VET).
Two blinded cardiologists manually measured ECGs via magni-
fying glass (TorQ 150 mm Digital Caliper LCD). P-wave duration
was measured in all leads. If P-wave durations were not measur-
able in less than nine leads, patients were excluded. P-wave
dispersion is defined as the difference between the maximum P-
wave duration (Pmax) and minimum P-wave duration (Pmin).
The inter- and intra-observer variations for ECG measurements
were <5%.

Quantitative variables were stated as mean ± standard devia-
tion  (SD)  and  median  (IQR),  and  qualitative  variables  were
expressed in numbers and percentages. The normality of data
between  groups  was  evaluated  with  Shapiro-Wilk  test.  The
divergence  among  independent  groups  were  analyzed  by
Student t-test in the case of normal distribution. Mann-Whit-
ney’s  U-test  was  employed  for  the  variables  except  normal
distribution. Chi-square test was used for the qualitative vari-
ables. The correlation between BMI, PD and Pmax were investi-
gated by Pearson correlation analysis.  A p-value <0.05 was
considered as significant. Statistical analysis was carried out by
using SPSS version 15.0 software (IBM).
Table I: General characteristics and electrocardiographic findings of the
groups.

Baseline
characteristics

Control group
(n=44)

Study group
(n=47) p-value

 X2 test  
Gender (male /
female)

12 (27.3%) /
32 (72.7%)

11 (23.4%) /
36 (76.6%) 0.67

 Median (IQR)  
Age (years) 32.5 (6) 35(8) 0.27
BMI (kg/m2) 19.5 (1.5) 42.3 (8.5) <0.001
PD, ms 12.2(8.3) 27.6 (7.6) <0.001
 Mean ± SD  
Pmin, ms 82.2 ± 8.5 77.9 ± 10.7 0.04
Pmax, ms 95.6 ± 8.5 105.3 ± 9.8 <0.001
BMI: Body mass index, SD: Standard deviation, Pmin: Minimum P-wave
duration, Pmax: Maximum P-wave duration, PD: P-wave dispersion, ms:
Millisecond.

RESULTS

The study population involved 47 morbidly obese subjects (11
men, 36 women) and 44 healthy-weight control subjects (12
men, 32 women) aged 21 to 40 years. The average age of obese
patients  was  35  (21  to  40)  years.  The  average  BMI  of  the
morbidly obese and control groups were 42.3 (8.5) and 19.5
(1.5), p<0.001, respectively.

Compared to the normal weight group Pmax (105.3 ± 9.8 ms vs.
95.6 ± 8.5 ms, p<0.001) was significantly longer, Pmin (77.9 ±
10.7 ms vs. 82.2 ± 8.5 ms, p=0.04) was significantly lower and
PD [27.6 (7.6) ms vs. 12.2 (8.3) ms, p<0.001] was significantly
higher in obese patients (Table I). BMI was significantly in corre-
lation  with  Pmax  and  PD  (r=0.485;  p<0.001  and  r=0.620;

p<0.001). There were no significant difference between control
group and obese group regarding sex category (27.3%/72.7%
vs. 23.4%/76.6%, p=0.67), age (32.5 (6) years vs. 35 (8) years,
p=0.27). 

DISCUSSION

In this study, Pmax and PD were significantly increased in lone
obese  subjects.  Obesity  is  a  modifiable  cardiovascular  risk
factor.2,3,10,11 Some studies have demonstrated that high blood
pressure,  hyperlipidemia,  diabetes,  and  overweight/obesity
are  significantly  intercorrelated.11  Obesity  is  also  correlated
with an elevated danger of AF.1-3,12-14 A meta-analysis including
123,249 subjects showed that obesity was linked with a 49%
increased risk hazard for AF development (relative risk 1.49,
95%  CI  1.36-1.64).15  Wang  et  al.  reported  that  AF  risk  was
increased by 4% against every one unit gain in BMI, during a
mean follow-up of 13.7 years.4 Nevertheless, the potential mech-
anisms explaining increased AF risk in obesity are not precise.
Some co-associated conditions with obesity, such as diabetes
and  hypertension,  also  increase  the  likelihood  of  AF  devel-
opment.2 Left atrial dilatation and left ventricular hypertrophy
are frequently present in obesity even in the absence of hyper-
tension; and may have a role in the development of AF. Auto-
nomic  dysfunction,  inflammation,  and  oxidative  stress  are
among the other possible mechanisms.12,14

 P-wave duration and PD, which are simple ECG parameters,
have  been  used  to  predict  AF  risk.5-7  Increased  intra-atrial
conduction heterogeneity may serve as a substrate for reentry,
and in consequence to AF.12 PD may be a simple reflection of the
increased  heterogeneity  on  surface  ECG.  Compared  to  the
healthy weight subjects, Pmax and PD have been found to be
prolonged in obese subjects.8 However, patients with hyperten-
sion,  diabetes,  older  age,  diastolic  dysfunction,  and  atrial
enlargement were not excluded in these studies. Kosar et al.
studied 52 obese patients (age: 53 ± 9 years, BMI: 38.1 ± 5.8) of
whom 17  were  hypertensive,  and  13  were  diabetic.8  In  the
present study, the mean age of the obese patients was 34.5 ±
4.5 (21-40 years), and the BMI was 45.1 ± 5.4. Older age, hyper-
tension and diabetes have been associated with AF develop-
ment and prolonged PD.7 Therefore, by ruling out other co-po-
tential risk factors, this study establishes a link between PD and
obesity. 

Prolonged  PD  in  morbidly  obese  patients  is  not  clearly
explained.  Even  after  the  adjustment  for  demographic  and
cardiovascular  risk  factors,  severe  obesity  is  independently
associated  with  hypertrophy  or  dilatation  of  the  heart
chambers.13  The  mechanisms  encountered  in  obesity  like
increased neurohormonal activity, increased plasma volume
and diastolic dysfunction may lead to atrial enlargement.3 Left
atrial enlargement is strongly correlated with the advancement
and persistence of AF.16 It has been shown that BMI is strongly
correlated with left atrial size.17 Diastolic dysfunction has also
been associated with increased PD.5,6 However, in the present
study, even after the exclusion of atrial enlargement, ventric-
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ular hypertrophy and diastolic dysfunction, it is found that PD is
increased in obese subjects in correlation with BMI.

Manual calculation of the ECG parameters via a magnifying lens
instead of automated computer assistance is an important limi-
tation of this study. However, some studies have reported a high
accuracy  for  PD  measurement  on  printed  ECGs.18  Another
significant constraint of this investigation is the use of small
number  of  the  study  population.  Longer-term  and  large
numbered follow-up studies will be valuable for the assessment
of the clinical impact of prolonged PD on the development of AF.

CONCLUSION

Here in this paper, it is found that potential electrocardiographic
AF predictors, namely Pmax and PD, increase in lone obese
patients with no co-associated conditions for increased AF risk.
Long-term and large numbered follow-up studies might be valu-
able to confirm the association between increased PD and AF
risk in morbidly obese patients.
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