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Abstract

Background: Diabetes mellitus has a negative impact on the cardiovascular system; P-wave
indices were considered to reflect the discontinuous and inhomogeneous propagation of sinus
impulses and prolongation of atrial conduction time.

Objectives: to know importance of P-wave indices and significant of its use for prediction and
evaluation of diabetic complication in type 2 diabetics.

Methods and Results: A case control study, Dec. 2011, on diabetics (n=88) and healthy relatives
(n= 70) were conducted in the NDC. Comparing both groups for age, sex, resting heart rate and
BMI revealed insignificant differences, P > 0.05. P-wave indices of diabetics shown absence of any
correlation with the age, duration of diabetes, FPG, BMI, resting heart rate and HDL; But, it
shown weak correlation with HbAlc, Serum cholesterol, serum triglycerides and LDL. P-wave
indices show significant higher values in diabetics than in healthy subjects, P < 0.05, except for the
Pmin, P > 0.05.

Conclusions: P-wave indices (Pmean, Pmax, and Pd) were significantly higher in diabetics than the
healthy individuals. P-wave indices of diabetics have no effect on gender, age and BMI; but, have
weak correlation with HbAlc, Serum cholesterol, serum triglycerides and LDL.

Keywords: Type 2 diabetes mellitus, P-wave indices, atrial fibrillation.

Abbreviations:ECG = electrocardiography, WHO = world health organization, IDF = international
diabetes federation, NCEP/ATP Ill = National Cholesterol Education Program/Adult
Treatment Panel 1ll, NDC = national diabetes center, BMI = body mass index,
AF = atrial fibrillation, Pd = P-wave dispersion, DM = diabetes mellitus,
PAF = paroxysmal Atrial Fibrillation

Introduction epidemiological studies that the rate of
The pathological mechanisms related to development of AF in diabetic cases is higher
initiation and maintenance of atrial fibrillation than normal cases [3].
(AF) in patients with diabetes mellitus (DM) Nevertheless, a consensus regarding
has not been well described. In diabetic cases P-wave indices, P-wave dispersion (Pd)
it is thought that myocardial ischemia as a values, distinguishing normal patients from
result of coronary microcirculation disorders high-risk patients, is lacking. Various research
or metabolic stress on atrium can play a role. groups have included control subjects with
Hypertension and coronary artery diseases, different clinical characteristics [4].
which are important factors in development of Cardiovascular risk factors, like obesity,
AF, often accompany DM [1]. Diabetic hypertension, coronary artery disease, valvular
autonomic neuropathy (DAN) is a frequent disease, and diastolic dysfunction, were all
complication of diabetes mellitus and has a suggested to influence the Pd values.
negative impact on the cardiovascular system; Nonetheless, the influences of demographic
such as, atrial fibrillation (AF) which is the parameters such as gender, age, and body mass
most common sustained arrhythmia [2]. index (BMI) on P-wave parameters remain to
There are no data about the occurrence of be determined [4].
paroxysmal atrial fibrillation (PAF) in the P-wave dispersion (Pd) is defined as the
population with DAN [2]. It was shown in difference between the minimum (Pnin) and
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maximum  (Pmax) P-wave durations on
standard 12-lead electrocardiography (ECG).
Pd is a measure of heterogeneity of atrial
refractoriness and prolongation of Pd shows
the intra-atrial and inter-atrial non-uniform
conduction [5]. Pd is considered to reflect the
discontinuous and inhomogeneous propagation
of sinus impulses and prolongation of atrial
conduction time [6].

We tried in this study to shed light on the
importance of P-wave indices and significant
of its use for prediction and evaluation of
diabetic complication in Iraqi sample of type 2
diabetic patients.

Patients and Methods
Ethical approval

All patients were informed about the aim
and the suspected benefit of the study before
obtaining their agreements for participation
according to the medical research and ethical
regulations, thus an oral consent was taken
from all enrolled participants.

All the medical research ethics rules and
instructions adopted in National Diabetes
Center (NDC) regarding patient’s privacy,
humanity and security; as well as the medical
research, laboratory data and investigation
results were strictly considered throughout all
the steps of study.

Setting

A case control study was conducted, Dec.
2011, on lIragi random sample of type 2
diabetic patients, and healthy subjects from
their relatives.

Patients

During the study period, Dec. 2011, eighty
eight type 2 diabetic patients, who visit
the National Diabetes Center (NDC) /
Al-Mustansiriyah University, had no coronary
artery disease or hypertension (groupl; mean
age 49.0£10.7 years, ranged 30-73 years,
male/female ratio = 1/0.76) and 70 of their
healthy relatives participants (group2; mean
age 46.5+8.5 vyears, ranged 32-63 years,
male/female ratio = 1/0.84) were enrolled in
the study. Our team designs the study to enroll
only the type 2 diabetic patients who consulted
NDC and fulfilled the WHO, IDF and
NCEP/ATP Ill diagnostic criteria of type 2
diabetes mellitus [7,8,9].
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All participants  were  thoroughly
interviewed and examined by consultant
physician according to the standard medical
and laboratory work up which is adopted in the
NDC; also they were examined physically and
their heart rate, blood pressure, height, weight
and BMI were measured.

Participant who  had  retinopathy,
nephropathy was not included in the study.
Cases with history of myocardial infarction,
angina pectoris or other clinical findings of
coronary artery diseases were not included in
the study. Also, Cases who had right bundle-
branch block, left bundle-branch block, Wolff-
Parkinson-White syndrome, intraventricular
conduction defect in resting ECG and angina
chest pain or ischemic ECG changes during
the exercise test were excluded from the study.
Patients with a history of AF, having a
permanent pacemaker, taking anti-arrhythmic
medicine, having a thyroid disease, left
ventricular hypertrophy, and/or left ventricular
dysfunction were also excluded.

Electrocardiography and P-wave
Measurements

The 12-lead surface electrocardiograms of
all cases were obtained in a supine position
with cardio smart, version 1.4, 22743582
GA(e), Germany, electrocardiography device.
ECG was recorded at a paper speed of
50 mm/s and 1mV/cm standardization. When
recording not allowed to hold their breath or
speak. The ECG recordings were scanned with
high resolution scanner (Canon, Cano scan,
LED-25) flat bed scanner with resolution
600dpi. The onset of P-wave was defined as
the junction between the isoelectric line and
the start of P-wave deflection and the offset of
the P-wave as the junction between the end of
the P-wave deflection and the isoelectric line.
Mean of P-wave duration in the 12 leads. Also
Pmax and Pmin P-waves were calculated on a
12-lead surface ECG simultaneously recorded
and their difference were defined as P-wave
dispersion (Pd) (Pd = Pmax— Pmin)-

Laboratory Analysis

Fasting blood sampels were taken from all
patients during their visits for laboratory
analysis to measure the fasting plasma glucose
(FPG), glycated hemoglobin (HbA;), serum
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cholesterol, serum triglycerides, HDL and
LDL.

Statistical Analysis

The statistical analyses of the cases were
done with SPSS software. All data were
expressed as mean + SD. Student’s t-test was
used in comparison of the means of the
independent groups. A p-value <0.05 was
considered as statistically significant in all
analysis.

Simple linear correlation and regression
analysis was used to study the type of relation
between variables.

Results

The clinical characteristics of the cases in
group 1 and group 2 are shown in (Table (1)).
There was no significant statistical difference
in comparison of groups with regard to age,
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sex, resting heart rate and body mass index,
t-test, p>0.05.

Correlation and regression analysis of
P-wave indices (mean P-wave duration Ppmean,
Pmax, Pmin @nd Pd) among group 1 participants
shown absence of any correlation with the
age, duration of diabetes, FPG, BMI, resting
heart rate and HDL. But, correlation of
P-wave indices among group 1 participants
with  HbAlc, Serum cholesterol, serum
triglycerides and LDL were shown weak
correlation.

All the details of P-wave indices of
group 1 and group 2 were shown in
(Table (2)). Pmean, Pmax and Pd showed obvious
higher values in diabetic patients; but,
differences between group 1 and group 2 were
statistically significant, t-test, P< 0.05. While,
the difference between Pp, values of group 1
and group 2 was not statistically significant.

Table (1)
Descriptive criteria of Group 1 and Group 2.

Group 1 (n =88)
(diabetic participant)

Group 2 (n =70)

(healthy relatives) FiElle

Age (years)?

49.0+10.7

46.5%8.5

Male n (%)

50 (56%)

38 (54%)

Sex

Female n (%)

38 (44%)

32 (46%)

Resting heart rate (pulse/min)

81.0+11.5

75.5+8.6

BMI (kg/m?)

30.0+£5.5

26.57+3.61

Duration of diabetes (year)

5.0+4.8

FPG (mmol/L)

9.879+3.296

4.784+0.788

HbA1c (%)

9.0£1.9

5.5+0.82

Serum cholesterol (mmol/L)

5.413+1.546

4.831+0.797

Serum triglycerides (mmol/L)

1.966+0.991

2.403+0.221

HDL (mmol/L)

1.346+0.559

1.554+0.404

LDL (mmol/L)

3.185+1.147

Table (2)

3.232+1.181

Comparison of P-Wave indices of study groups.

Group 1 (n =88) Group 2 (n=70)

(diabetic participant) (healthy relatives)
200.0£28.1 196.3+31.3
300.0+49.1 285.7+28.6
100.0+26.7 108.5+44.5
200.04£51.5 177.1+44.2

P value

Mean P-wave (Pmean) (MS)
Maximum P-wave (Ppmax) (M)
Minimum P-wave (Pmin) (MS)
P-wave dispersion (Pd) (ms)
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Discussion

Kose et al. 2003, did not observe
differences in p-wave indices between genders
of children [10], and Sari et al., 2008, reported
similar findings in a small group of
healthy males and females [11], also, Udi
Nussinovitch, Jan. 2012, did not find
association between gender and P-wave
parameters [4]; but in contrast, Yildiz et al.
2008, included a very large cohort and
reported that male gender was associated with
higher Pd and Ppax values 2. Sari et al., Kose
et al. and Udi Nussinovitch results were
consistent with the findings in our study about
relation of gender with P-wave indices [4, 11].

Study the relation of age with P-wave
indices, as far as, the risk of AF increased
dramatically in older patients [***!, and Kannel
et.al found that prevalence of AF doubles with
each advancing decade of age, from 0.5% at
the age of 50-59 years to almost 9% at the age
of 80-89 years [14]. We did not find any
significant association between age and
P-wave indices; also Yildiz et al. found no
association between age and Pd [12]. But
Magnani et al., in contrast, reported a positive
association between age and all P-wave
parameters [*%),

Regarding the correlation between BMI
and P-wave indices we did not find any
correlation; but Udi Nussinovitch [4] found an
interesting negative associations between
increased BMI and Pd, moreover in a recently
published review by Rosiak et al., 2010, it was
reported that an increase of a single BMI unit
was associated with an increase of about 8% in
the risk for developing AF [16]. Also, higher
Pd was reported in obese patients compared
with patients with normal weight in studies
specifically aimed at evaluating such an
association [17, 18]. Another report by
Magnani et al., 2010, found a negative
association between BMI and Pd [15].

We found in our study that P-wave indices,
Pmean, Pmax and Pd of diabetic patients were
higher than those of the healthy control group;
and the difference of statistical significant. But
the Ppin did not show any significant
difference between diabetic patients and
healthy control group. Although, Mehmet
et.al. [1] in 2007 stated that AF accompanies
DM and increases the mortality, and they
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could not find any published study
investigating Pd, which is one of the predictor
of AF in diabetic cases; but, according to their
knowledge, their study was the first one
showing prolongation of Pd in diabetic cases
without hypertension and ischemia. They did
not refer to other in P-wave indices and since
that study a lot of studies about the importance
of p-wave were concentrated on the role and
importance of Pd rather than the other P-wave
indices which are the Ppean and Prax [1, 4, 10,
11,12, 19].

It was shown that DM is an independent
and strong risk factor for development of AF
and Pd is the predictor of AF in diabetic cases
[1, 20, 21]; the frequency of AF development
was 1.4 - 2.1 folds higher in cases with DM
than cases without DM [20]. Also, Pd is a non-
invasive indicator of intra-atrial conduction
heterogeneity producing substrate for re-entry,
which is a pathophysiological mechanism of
AF [1]. Moreover; Boriani et al reported that
P-wave dispersion is the most important
indicator of short-term recurrences of AF
immediately after internal cardioversion, 2
Pd was also used as an indicator of AF
development in cases of coronary bypass
surgery performed [23]. In another study it
was seen that Pd was significantly prolonged
in cases with paroxysmal AF (PAF), in
contrast to cases without paroxysmal AF [24].
All the conclusions and extrapolations
extracted from the forwarded studies can be
applied on the P-wave indices Pmean, Pmax and
Pd as far as the pathophysiological bases for
the prolongation of P-wave indices were the
same as explained by Mehmet etal.; who
speculated that the possible mechanism of the
Pd prolongation in diabetic patients could be
atrial myopathy and fibrosis due to chronic
hyperglycemia and extracellular  protein
deposition which leads to heterogeneity in
atrial conduction velocity [1].

P-wave indices were simple and non
invasive technique for the prediction and
follow up of AF and PAF in diabetic patients
during management and follow up of diabetes.

Conclusions

The P-wave indices (Pmean, Pmax, and Pd)
were significantly higher in type 2 diabetic
patients than values of healthy individuals.
Gender, age and BMI have no significant
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effects on P-wave indices. But, P-wave indices
among diabetic patients have weak correlation
with  HbAlc, Serum cholesterol, serum
triglycerides and LDL.

Study Limitations

The high variability of P-wave indices and
overlapping of the results with those reported
by inconsistent studies, might suggest that
P-wave indices were limited sensitivity
and specificity; and necessity for the
standardization of P-wave indices to increase
the reproducibility, sensitivity, and specificity
of the study findings.

The most important limitations of study
were that accuracy and reproducibility
may significantly increase when PC-based
on-screen measurements are applied. Studies
may differ in applying manual versus
automated measurements of digitalized ECG.
Also, comparison of different studies, applying
different measurement techniques, due to
the lack of measurement standardization,
is challenging for the comparison and
standardization of research work about p-wave
indices.

The P-wave indices vary due to technical,
external influences such as seasonal effects
and Internal influences such as anxiety,
adequate sleep, effect of autonomic function
and Diurnal variation.

Recommendations

Prolongation of P-wave indices could be
used as a non-invasive indicator for prolonged
atrial conduction that might develop in
diabetic cases.
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