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Abstract

Background: It is known that overt diabetes as well as chronic hyperglycaemia can lead to atrial fibrillation. A P wave
dispersion (PWD) represents heterogeneity in atrial refractoriness.

Aim: To investigate PWDs in patients with pre-diabetes.

Method: Based on the results of examinations, 84 pre-diabetic patients (the pre-DM group; 50 female, 34 male; mean age
54 = 8.6 years) who had no overt diabetes, coronary artery disease or hypertension, whose fasting blood glucose was higher
than 100 mg/dL and/or whose 2 h glucose concentrations on an oral glucose tolerance test was in the range of 140 to 199 mg/dL,
and 48 healthy volunteers (the non-DM group, 30 female, 18 male; mean age 51.7 = 7.3 years) with no illnesses, were
enrolled in this study. Standard 12-lead electrocardiograms of all patients were taken at 50 mm/s and 20 mm/mV standardi-
sation. Maximum (P_ ) and minimum (P ) P-wave durations were measured. The PWD was defined as the difference
between P and P__ .

Results: The P and PWD values were significantly higher in pre-DM compared to non-DM (104 + 13 msvs 98 + 12 ms;
p < 0.05 42 = 13 msvs 34 = 11 ms; p < 0.01 respectively). A positive correlation was found between PWD and fasting
blood glucose (r = 0.32; p < 0.01). There was no correlation between PWD and HbA1c levels (r = 19; p > 0.05). Multivari-
ate regression analysis showed no relationship between PWD and age, left atrial diameter, E, A, E/A or HbA1c. However,
there was a relationship between PWD and fasting blood glucose.

Conclusions: The P and PWD are increased in pre-diabetic patients who have no coronary artery disease, hypertension or
left ventricular hypertrophy.
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INTRODUCTION

The P wave dispersion (PWD) is defined as the difference
between the maximum (P__ ) and minimum (P_) P wave
duration on a standard 12-lead electrocardiogram (ECG). The
PWD is a measure of the heterogeneity of atrial refractoriness
[1]. Prolongation of PWD is known to be an independent risk
factor for development of atrial fibrillation (AF) and indicates
intra-atrial and inter-atrial non-uniform conduction [1-3].
Pre-diabetes defines patients at high risk for diabetes in
the future with impaired fasting glucose (IFG; fasting glucose

above 100 mg/dL) and/or impaired glucose tolerance (IGT;
2 h oral glucose tolerance test [OGTT] levels of 140-
=199 mg/dL). The IFG and IGT should not be considered
only as clinical symptoms, but should be regarded as risk
factors for both diabetes and cardiovascular diseases [4]. Not
only diabetes, but also all stages of glucose abnormalities
are associated with an increased risk of cardiovascular mor-
bidity and mortality, making it important to identify such
conditions as early as possible [5]. Diabetes mellitus (DM) is
an independent and strong risk factor for the development
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of AF. The frequency of AF development is 1.4-2.1 times
higher in patients with DM than in those without DM [6, 71.
The incidence of DM in patients with AF is known to be as
high as the incidence of pre-diabetes. The prediction of risk
for AF development is of importance throughout all phases
of diabetes [8].

In the present study, we measured PWD in pre-diabetic
patients, which is one of the predictive parameters for the
development of AF.

METHODS
Based on examinations performed on admission to cardiolo-
gy and endocrinology departments, 84 patients (the pre-DM
group, 50 female, 34 male; mean age 54 =+ 8.6 years) who
had no overt diabetes, coronary artery disease (CAD) or hy-
pertension, whose fasting blood glucose (FBC) was higher than
100 mg/dL and/or whose two hour glucose concentrations
on an oral glucose tolerance test was between 140 and
199 mg/dL, were enrolled in the present study. The control
group consisted of 48 healthy volunteers (the non-DM group,
30 female, 18 male; mean age 51.7 = 7.3 years) with no
ilinesses, whose examinations revealed no anomalies and
whose laboratory values were within normal ranges.
Subjects with a history of myocardial infarction, angina
pectoris or other symptoms of CAD, those with right or left
bundle branch block, Wolff-Parkinson-White syndrome, in-
traventricular conduction defect on resting ECG, and those
with ischaemic changes on the ECG and stress test, were exc-
luded from the study. Moreover, patients with a history of
palpitations, AF, permanent pacemaker implantation, antiar-
rhythmic drug use and those with thyroid disease, left ventri-
cular (LV) hypertrophy or LV dysfunction were also excluded
from the study. All patients underwent 12-lead ECG and exer-
cise stress test (according to Bruce protocol) and echocardio-
graphy. Renal and hepatic functions of the study group were
within normal ranges. A signed consent form was obtained
from each volunteer enrolled. The study was approved by
the Local Ethics Committee.

Laboratory measurements
Fasting blood glucose, total cholesterol, triglyceride, low den-
sity lipoprotein, high density lipoprotein and HbA1c values were
measured from venous blood collected from the pre-DM and
non-DM groups after fasting for eight hours. A simplified pro-
tocol was used for OGTT. Fasting blood glucose was determi-
ned immediately before ingestion of 75 g of solubilised gluco-
se, followed 2 h later by determination of 2 h plasma glucose
(2 h-PG).

Patients with FBG > 100 mg/dL fulfilled the criteria for
IFG and those with 2 h OGTT level of 140-199 mg/dL fulfil-
led the criteria for IGT based on the American Diabetes Asso-
ciation criteria. Patients with IFG and IGT were both inclu-
ded in the pre-DM group [4].

Electrocardiographic measurements
All standard 12-lead ECGs were obtained using a recorder
(Agilent, Andover, MA, USA) set at a 50 mm/s paper speed
and 20 mm/mV standardisation. Recordings were performed
during spontaneous breathing in the supine position. All me-
asurements of P-wave duration were calculated blindly by
two observers. The onset of the P wave was defined as the
point of first visible upward slope from the baseline for positi-
ve waveforms, and as the point of first downward slope from
the baseline for negative waveforms. The return to the base-
line was considered as the end of the P wave. Biphasic P waves
were measured to the time of final return to the baseline.
The P in any of the 12-lead surface ECGs was measu-
red as the longest atrial conduction time. The P was me-
asured as the shortest atrial conduction time. Mean P-wave
durations for at least three complexes were calculated in each
lead. Patients whose measurements could be performed
in at least eight derivations were included in the study. The
P wave measurements could not be performed because of
low amplitude in approximately 1-2 of 12 ECG leads in each
case. In all patients, measurements were excluded if the be-
ginning or the end of the P wave could not be clearly identi-
fied. If the baseline noise was over 1.0 mV and/or if the peak
of the P wave amplitude from isoelectric line was below
1.5 mV, the lead was excluded from the analysis. The diffe-
rence between the P__ and the P_ was calculated and this
was defined as PWD.

Echocardiographic measurements

All echocardiographic examinations were performed with
a System Five (GE Vingmed Ultrasound, Horten, Norway) car-
diac ultrasound scanner and 2.5-3.5 MHz transducers. All
patients were examined in the left lateral and supine posi-
tions by precordial M-mode, two-dimensional (2D) echocar-
diography. The LV and left atrial (LA) diameters, as well as
wall thickness, were measured from the 2D targeted M-mode
echocardiographic tracings in the parasternal long axis, ac-
cording to the criteria of the American Society of Echocardio-
graphy [9]. The LV ejection fraction was measured according
to the Simpson method [10]. Pulse wave mitral flow veloci-
ties were measured from the apical four-chamber view by
inserting a sample volume to mitral leaflet tips. Mitral early
diastolic velocity (E), late diastolic velocity (A), E/A ratio, and
E wave deceleration time (EDT) were measured.

Statistical analysis

All statistical analyses were carried out using SPSS statistical
software (version 11.0, SPSS, Chicago, IL, USA). Data are pre-
sented as mean = SD. Statistical comparisons of quantitative
data concerning P, P . and PWD were performed by in-
dependent sample t test. The association of HbATc and glu-
cose levels with PWD was assessed using Pearson’s correla-

tion test. The relationship between PWD and clinical and
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echocardiographic variables in patients with pre-diabetes were
evaluated by multivariate regression analysis. A p value < 0.05
was considered statistically significant.

RESULTS
Table 1 demonstrates the clinical characteristics and Table 2
the echocardiographic measurements in both groups. Con-

Table 1. Clinical characteristics of the groups

Pre-DM (n = 84)

trols had a significantly better lipid profile and diastolic func-
tion compared to the pre-DM group.

The P and PWD were significantly greater in the pre-DM
group compared to the non-DM group (Table 3). However,
there was no significant difference in the P___duration (Table 3).
A positive correlation between PWD and FBG (r = 0.32;
p < 0.01) was found. No correlation was found between PWD

Non-DM (n = 48)

Age [years] 54.1 + 8.6
Gender (female) 50
SBP [mm Hg] 127 =12
DBP [mm Hg] 82 + 11
Heart rate [beat/min] 78 =21
BMI [kg/m?] 27.4+35
FBG [mg/dL] 117 +5.5
HbA1c [%] 6+15
TC[mg/dL] 198 = 40
TG [mg/dL] 164 + 89
LDL-C [mg/dL] 120 = 31
HDL-C [mg/dL] 45 =11

51773 NS
30 NS
118 =10 NS
78 £8 NS
69 +9 NS
25941 NS
8977 < 0.001
49=0.7 NS
168 = 33 < 0.001
103 =37 <0.05
98 + 30 <0.05
52 +13 <0.05

BMI — body mass index; DBP — diastolic blood pressure; DM — diabetes mellitus; FBG — fasting plasma glucose; HbA1c — glycosylated haemoglo-
bin; HDL-C — high density lipoprotein cholesterol; LDL-C — low density lipoprotein cholesterol; SBP — systolic blood pressure; TC — total cholesterol;

TG — triglycerides

Table 2. Echocardiographic characteristics of the groups

Pre-DM (n = 84)

LVEDD [mm] 46.7 = 2.7
LVESD [mm] 284 +2.3
LA [mm] 355+3.9
AOD [mm] 30.1 +£3.2
IVS [mm] 94+15

PW [mm] 9.0+ 1.5

EF [%] 63.3+29
E [cm/s] 0.66 +0.14
A [cm/s] 0.79+0.19
E/A 0.88 +0.29
EDT [ms] 228 =40

Non-DM (n = 48) P
451 £ 3.1 NS
275+1.7 NS
33.6 2.1 NS
288 £2.1 NS
87+12 NS
8612 NS
64.8 = 2.1 NS
0.82 +0.1 <0.05
0.59 +£0.1 <0.05
1.40 =0.23 <0.05
178 =17 <0.05

A — mitral diastolic A wave; AOD — aortic diameter; DM — diabetes mellitus; E — mitral diastolic E wave; EDT — E wave deceleration time; EF — ejection
fraction; IVS — interventricular septum; LA — left atrium; LVEDD — left ventricular end-diastolic diameter; LVESD — left ventricular end-systolic

diameter; PW — posterior wall thickness

Table 3. Comparison of P wave measurements in the groups

Pre-DM (n = 84)

Non-DM (n = 48)

P .[ms] 104 + 13
P . [ms] 62 +11
PWD [ms] 42 +13

98 + 12 <0.05
64 =13 NS
34 £ 11 <0.01

DM — diabetes mellitus; PWD — P wave dispersion
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Table 4. Relationship between P wave dispersion and clinical, echocardiographic and laboratory characteristics

B

Age [years] 0.267
LA diameter [mm] 0.091

E [cm/s] 0.108
Alcm/s] -0.308
E/Aratio -0.055
HbA1c [%] 0.285
FBG [gr/dL] 0.434

P wave dispersion

t P
1.883 NS
0.677 NS
0.221 NS
-0.636 NS
-0.084 NS
1.645 NS
2.373 0.029

A — mitral diastolic A wave; E— mitral diastolic E wave; FBG — fasting blood glucose; HbA1c — glycosylated haemoglobin; LA — left atrial

and HbATc levels (r = 19; p > 0.05). Although there were
significant differences with regard to mitral E, A and E/A values
between the pre-DM and non-DM groups (Table 2), no corre-
lation between PWD and E, A or E/A was observed (r = -0.12;
r=0.09 and r = =0.13; NS respectively).

There were no significant differences in the P, P and
PWD values between the IFG and IGT patients (103 = 14
vs 108 =9 ms; p > 0.05,62 = 11 vs 61 = 8 ms; p > 0.05;
41 =13 vs 46 = 11 ms; NS respectively). Multivariate regres-
sion analysis showed no relationship between PWD and age,
LA diameter, E, A, E/A, or HbATc values. However, there was
a relationship between PWD and FBG (Table 4).

DISCUSSION

Atrial fibrillation is the commonest arrhythmia encountered
in clinical practice, even in the absence of antecedent conge-
stive heart failure or myocardial infarction, and is associated
with an increased risk of ischaemic stroke, heart failure, and
overall mortality [1-4]. Thus, identifying risk factors is impor-
tant for the development of therapeutic approaches to AF.
Diabetes has been reported to be one of the independent
risk factors in AF development [11-14]. However, previous
studies have reported that chronic hyperglycaemia, through
some mechanisms, can trigger AF even before the develop-
ment of overt diabetes [8]. In an epidemiologic study by Jo-
hansen et al. [8] increased glycaemic burden was reported in
= 75 year old patients with AF. The authors concluded that
in patients with a = five-year history of AF, pre-diabetes or
diabetes should be actively investigated [8].

Although it remains to be elucidated why a hyperglyca-
emic state leads to AF, several mechanisms have been pro-
posed. Chronic hyperglycaemia may contribute to the AF
burden [6, 15-17] in several ways. One recently described is
through the activation of the advanced glycosylation endpro-
duct (AGE) — receptors for AGE system and the up-regula-
tion of circulating tissue growth factors (CTGF) that may pro-
mote atrial structural remodelling [18]. Even though long-term
exposure to high glucose concentrations increases eNOS
expression in endothelial cells, an increase in superoxide

anions (probably NADH/NADPH oxidase) results in NO in-
activation. Additionally, prolonged hyperglycaemic stress le-
ads to accumulation of advanced glycosylation end products
(AGES), which are capable of inactivating NO [19, 20]. One
potential reason for the increased prevalence of long-stan-
ding AF in the presence of abnormal glucose metabolism could
be related to an activation of inflammation, an early manife-
station of AF as well as of DM, hence potentially also being
a common pathway for these two conditions [6].

Another possible mechanism is that chronic hyperglyca-
emia causes structural and functional disorders by changing
the chemical composition of the proteins present in cell mem-
brane structure. An experimental study has reported that extra-
cellular protein deposition and interstitial myocardial fibrosis
might be other mechanisms responsible for the prolongation
of PWD, by influencing heterogeneity of atrial conduction
time and atrial refractoriness in diabetic patients [21].

In the present study, we were unable to investigate whe-
ther there was atrial cell damage at the tissue level. However,
the reason for the prolongation of PWD may be a structural
defect in the atrium, which is likely to be caused by damage
due to chronic hyperglycaemia. In a study investigating PWD
in type 1 and 2 diabetic patients without CAD or hyperten-
sion, PWD was reported to be prolonged [22].

Stahrenberg et al. [23] investigated the association be-
tween glucose metabolism and diastolic function along the
whole spectrum of glucose metabolism states in a subgroup
of patients classified as normal, OGTT, pre-diabetic, non-
-insulin treated or insulin-treated type 2 diabetic. They found
impaired diastolic functions in all groups, and concluded that
glucose metabolism is associated with diastolic dysfunction
across the whole spectrum.

In another study, Gunduz et al. [24] found enhanced
PWD in patients with diastolic dysfunction, with PWD values
increasing as the degree of diastolic dysfunction worsened.
They found no relationship between PWD and E, A, E/A ra-
tio, isovolumetric relaxation time or LA diameter. Similar to
Gunduz et al. [24], we found impaired diastolic functions in
pre-diabetic patients compared to the control group. How-
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ever, there was no relationship between PWD and E, A, E/A
or LA diameters.

Our study demonstrated that the prolongation of PWD
might occur before the development of overt diabetes. It may
be that the non-invasive demonstration of the prolongation
of PWD before the development of overt diabetes could as-
sist in predicting the occurence of AF. Echocardiographic exa-
mination of volunteers enrolled in this study revealed no di-
latation of the cardiac cavities and no valvular pathology. This
indicates that the prolongation of PWD is independent of
structural defects in the cardiac cavities.

Limitations of the study

Dilaveris et al. [25] concluded that manual measurement of
P wave duration in standard 12-lead ECGs is not only feasi-
ble, but also more stable and reliable when performed on
a high resolution screen of a digital ECG system than more
conventional methods involving paper printed ECCs. We me-
asured P wave dispersion on paper printed ECGs. Another
limitation to our study was the use of non-invasive imaging
techniques to exclude those with CAD in the study group.
Pre-diabetic patients were enrolled in the study after being
evaluated in detail for the presence of AF and symptoms that
may be associated with other arrhythmias. However, we did
not follow up our patients, thus the value of PWD in predic-
ting AF development is unknown.

CONCLUSIONS

The PWD may be increased in pre-diabetic patients without
CAD, hypertension or structural anomalies in the cardiac ca-
vities, and it may be a non-invasive marker of prolonged and
inhomogenous atrial conduction. Even though the mecha-
nism has not yet been identified, it could be that hyperglyca-
emia may be responsible for the prolongation of atrial con-
duction time in patients with pre-diabetes and hence predi-
sposed to AF.

Confflict of interest: none declared
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Streszczenie
Wstep: Wiadomo, ze jawna cukrzyca i jawna hiperglikemia moga sprzyja¢ wystapieniu migotania przedsionkéw.

Cel: Celem pracy byta zbadanie dyspersji zatamka P (PWD) jako metody oceny heterogennosci opornosci przedsionkéw
u chorych ze stanem przedcukrzycowym.

Metody: Na podstawie ponizszych wynikéw do badania wtaczono 84 chorych ze stanem przedcukrzycowym (grupa pre-
DM: 50 kobiet, 34 mezczyzn; Sredni wiek 54 = 8,6 roku) bez jawnej cukrzycy, choroby wiericowej czy nadcisnienia, u kt6-
rych stezenie glukozy na czczo wynosifo ponad 100 mg/dl i/lub u ktérych stezenia glukozy po 2 h podczas testu doustnego
obciazenia glukoza znajdowaly sie w zakresie 140-199 mg/dl, oraz 48 zdrowych ochotnikéw (grupa non-DM: 30 kobiet,
18 mezczyzn, $redni wiek 51,7 + 7,3 roku) bez rozpoznanych choréb. Standardowy 12-odprowadzeniowy elektrokardio-
gram wykonano u wszystkich badanych przy standardowym przesuwie tasmy 50 mm/s z cecha 20 mm/mV. Zmierzono
maksymalne (P_ )i minimalne (P ) czasy trwania zalamkéw P, a PWD zdefiniowano jako réznice miedzy P i P .

Wyniki: Wartosci P oraz PWD byly istotnie wyzsze w grupie pre-DM w poréwnaniu z non-DM (odpowiednio 104 + 13 ms
v.98 =12 ms; p < 0,05; 42 = 13 msv. 34 = 11 ms; p < 0,01). Stwierdzono dodatnig korelacje miedzy PWD i stezeniem
glukozy na czczo (r = 0,32; p < 0,01), nie zaobserwowano zaleznosci miedzy PWD i HbA, (r = 19; p > 0,05). Wieloczyn-
nikowa analiza regresji nie wykazata zwiazku miedzy PWD a wiekiem, wymiarem lewego przedsionka, wartosciami E, A, E/A
oraz HbA, . Stwierdzono jednak zaleznos¢ miedzy PWD i stezeniem glukozy na czczo.

Whioski: Wartosci P oraz PWD moga by¢ zwigkszone u 0s6b ze stanem przedcukrzycowym bez rozpoznanej choroby
wieficowej, nadcisnienia czy przerostu lewej komory.

Stowa kluczowe: stan przedcukrzycowy, dyspersja zatamka P, migotanie przedsionkéw
Kardiol Pol 2011; 69, 6: 566-571
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