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Abstract: The Objective of this work was to access diastolic functions and P-wave dispersion in Type 1 diabetic
adolescents, to investigate the relation between P-wave dispersion and the diastolic functions & to correlate
the results to other diabetic complications; lipid profile abnormalities and microalbuminuria. Case-control study
included 50 pubertal adolescents with Type 1 diabetes of more than 5 years duration, with age ranging from
9.5-19 years matched to 30 healthy controls. All subjects were evaluated for their metabolic profile, lipid profile
and albumin/creatinine ratio. Conventional echocardiography and 12 leads electrocardiography were performed.
Results revealed that diastolic dysfunction of both ventricles and increased P-wave dispersion were found in
Type 1 diabetic patients. Significant correlations were found between P-wave dispersion and each of left
ventricular end diastolic diameter, A mitral and isovolumetric relaxation time. Significant positive correlation
between low density lipoprotein level and albumin/creatinine ratio. In conclusions, Type 1 diabetes resulted
in prolongation of P-wave dispersion, P-wave dispersion was correlated to left ventricular diastolic dysfunction
therefore P-wave dispersion can help in identifying the high risk patients before progressing to overt heart
failure. This study also proved that dyslipidemia played an essential role in the pathogenesis of diabetic

nephropathy.
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INTRODUCTION

In clinical practice, there is a tendency to focus on
microvascular risk in type 1 diabetes (TID) and
macrovascular complications in type 2 diabetes (T2D). In
fact, micro- and macro-vascular complications are
highly relevant to both T1D and T2D and balance should
be done by exploring the often overlooked link between
T1D and cardiac disease [1]. T1D increases the risk of
cardiovascular disease (CVD) by more than 10 times,
compared to general population [2-5]. The spectrum of
diabetic heart disease involves progresses from normal
heart to preclinical left ventricular (LV) diastolic and
systolic dysfunction followed by overt echo evidence of
LV dysfunction and finally symptomatic heart failure [6].
P-wave dispersion (PD) is an ECG index that measures the
difference between the longest and the shortest P-wave
duration recorded from multiple different ECG surface

leads. The term dispersion in the context of P-wave
indices describes atrial conduction and not the
repolarization conveyed by T-wave dispersion [7]. It has
a good predictive value for assessment the risk of having
atrial fibrillation (AF) in various subclinical cardiac
disorders. Insults such as chronically elevated atrial
pressure, ischemia and metabolic stress lead to atrial
remodeling marked by inflammation, fibrosis and poor
cellular coupling. Thus, studies argued that the
electrophysiological result of prolonged P-wave duration
due to slowed conduction and PD can predict the
occurrence of AF [8]. Accordingly, the aims of this study
are to access diastolic functions and PD in TID
adolescents, to investigate the relation between PD and
the diastolic functions & to correlate the results to other
diabetic complications; specifically lipid profile
abnormalities and microalbuminuria as an early
manifestation of diabetic nephropathy.
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MATERIALS AND METHODS

Patients: We studied 50 adolescents (28 males) with T1D
attending the outpatient clinic of the Diabetes Endocrine
and Metabolic Pediatric Unit (DEMPU) at Cairo
University, New Children’s Hospital, for regular follow-up,
between November 2011 and December 2012, as well as,
30 age- and sex-matched healthy controls. T1D patients
were diagnosed according to the ADA
guidelines [9] and suffered from diabetes for at least 5
years and pubertal from Tanner 2 stage onwards for both
males and females. T1D Patients with known cardiac
disease whether congenital or acquired, arrhythmias,
hypertension or thyroid disorder were excluded.
The control group was recruited from healthy adolescents
attending the general pediatric clinics at the New
Children’s Hospital. The protocol was approved by the
local research ethics committee of the pediatric
department at Cairo University and all the participants or
their guardians gave informed consent.

consensus

Methods: All patients and controls were subjected to full
clinical examination, cardiac examination to detect any
structural cardiac abnormality, blood pressure were
compared to percentile curves for same age and sex.
Patients lying on or higher than the 95th percentile for
their height were considered hypertensive [10].

According to the protocol adopted at the DEMPU
using percentile curves for Egyptian children and
adolescents [11], anthropometric data including length,
weight were reviewed. The height was measured by using
a Harpenden stadiometer and recorded to the nearest
0.lcm and the weight was measured by using self-
calibrating electronic SECA scale that records to the
nearest 0.1 kg. BMI (body mass index) was calculated as
weight in kg/height in m2]. Growth vision computer
software provided by Novo Nordisk was employed to
assess height SDS, weight SDS and BMI SDS. Pubertal
assessment was done by rating breast development in
girls [12] and genital development in boys [13] and also
pubic and axillary development for boys.

Laboratory Investigations: Lipid profile was measured for
patients and controls including serum triglycerides
(TG), total cholesterol (TC) and high density lipoproteins
(HDL) by enzymatic colorimetry using Olympus auto-
analyzer AU 400 (Olympus Diagnostics, GmbH, Germany).
Low density lipoprotein cholesterol (LDL) was calculated

according to Friedewald's formula LDL = TC - HDL - TG/5
(mg/dl) [14]. Limits above the standard normal values were
used as cut off in the present work; serum cholesterol >
200mg/dl, serum TG > 130 mg/dl, serum LDL >130 mg/dl,
serum HDL < 40 mg/dl) [15]. Only for T1D patients,
glycosylated hemoglobin (HbAlc) was done (it is
routinely done twice a year using high performance liquid
chromatography (HPLC) technique) [16]. For assessment
of glycemic control the mean HbA 1¢ was calculated over
the last year prior to the study for each patient.
Microalbuminuria was assayed using SERAPAK immuno-
microalbumin Kit (Bayer Corporation, Benedict Ave, Tarry
town, NY, USA). Persistent microalbuminuria was defined
when two out of three early morning urine samples, 2
months apart showed urinary albumin/creatinine (alb/cr)
ratio of 30-300 pg/mg. Possible factors affecting urinary
albumin excretion as exercise, fever and posture were
excluded [17]. T1D patients were further subdivided into
two groups: Normo-albuminuric and micro-albuminuric
according to absence or presence of microalbuminuria in
their urine samples.

Electrocardiogram (ECG) and Echocardiography: A
standard 12 lead-ECG was done to show the PD. The
onset of P-wave was defined as the junction between the
isoelectric line and the start of P-wave deflection while the
offset of the P-wave was defined as the junction between
the end of the P-wave deflection and the isoelectric line.
PD is defined as the difference between the minimum (P-
min) & maximum (P-max) P-wave duration calculated from
any derivation of 12-lead ECG (PD=Pmax-Pmin).
Echocardiography was also done to detect left atrium
(LA) diameter and left ventricular end diastolic diameter
(LVEDD) according to the American Society of
Echocardiography Criteria [18]. Evaluation of diastolic
function of both right ventricle (RV) and LV were
assessed according to the recent consensus guidelines
on diastolic function evaluation [19]. The LV diastolic
function, transmitral diastolic flow, Doppler tracing was
imaged in the apical four-chamber view by using pulsed
wave Doppler with sample volume sited at the tip of the
mitral leaflets. The mitral early diastolic velocity (E-wave),
mitral late diastolic velocity (A-wave), the mitral early
diastolic velocity/ mitral late diastolic velocity (E/A ratio
mitral) and isovolumetric relaxation time (IVRT) (time from
the end of systolic ventricular outflow to mitral valve
opening) were measured accordingly. The RV diastolic
function was measured similar to LV regarding but the
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sample volume of Doppler was symmetrically set at the
tricuspid valve instead of mitral valve. Doppler patterns of
diastolic function include normal diastolic function,
impaired relaxation, pseudo-normal filling and restriction
mainly based on the E/A ratio. Various abnormalities in
diastolic function, e.g. prolonged IVRT, delayed mitral
valve opening and impairment in rapid diastolic filling,
increased atrial contribution of LV filling, reduced E/A
mitral ratio are characteristics findings [20].

Statistical Methods: SPSS (version 15) was used for
analysis of data. Data was summarized as mean and SD.
T- test was used for analysis of 2 independent variables.
One way ANOVA was used for analysis of more than 2
independent variables. Pearson's correlation was also
done. P-value is significant if < 0.05.

RESULTS

The comparison of clinical, anthropometric,
laboratory and echocardiographic data among the study
groups are shown in Table 1. No significant difference
was found between diabetic patients (n= 50) and control
(n = 30) as regards age indicating that both groups are
comparable. T1D patients were significantly shorter
(height SDS) than controls. T1D patients had significantly
higher HbAlc, TC and LDL than controls, but no
significant difference was found between both groups as
regards HDL and TG. E mitral, E/A ratio mitral, E tricuspid
and A tricuspid were significantly lower in the T1D

patients than the controls. However, IVRT, LVEDD,
IVRTTR and PD were significantly higher in T1D patients
than the controls.

When correlating the P-wave characteristics (P-max,
P-min, PD) with the echocardiographic data, only a
significant negative correlation was found between PD
and both of A mitral and IVRT and a significant
positive correlation was detected between PD and LVEDD
(Table 2).

A correlation between P-wave and echocardiography
data of T1D patients in relation to lipid profile, alb/cr ratio,
diabetes duration, insulin dose, HbAlc and BMI SDS was
done and revealed no significant correlations between
lipid profile in relation to disease duration, insulin dose,
HbAlc and BMI. A significant negative correlation was
found between the disease duration and E mitral and E/A
ratio mitral. A significant positive correlation was detected
between the disease duration and IVRT. A significant
positive correlation was found between BMI SDS and
both of P-max and P-min. A significant positive correlation
was found between the LDL level and the alb/cr ratio

(Table 3).
When comparing normo-albuminuric diabetic
patients with micro-albuminuric diabetics; micro-

albuminuric diabetics had significantly higher TC and LDL
than normo-albuminuric diabetic patients (Table 4).

LA diameter was found significantly higher in
Tanner stage 4 (2.5340.13) than both of Tanner stage 2
(2.44+ 0.16) and Tanner stage 3 (2.52+0.13) with a p-value
of (0.003) (Figure 1).
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Fig. 1: Comparison between LA diameters in T1D patients in relation to pubertal staging.
LA: left atrial diameter (measured in centimeters), T1D: type 1 diabetes, P-value is significant if < 0.05.
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Table 1: Comparison between demographic data, anthropometric data, laboratory data, echocardiographic data and p-wave characteristics of T1D patients and

controls
Patients (n=50) Controls (n=30)

Variables Mean SD Mean SD P-value
Age (years) 14.50 2.39 13.48 2.31 0.07
Weight (kg) 49.96 14.31 46.91 11.91 0.3
Weight (SDS) -0.03 1.56 0.53 1.22 0.08
Height (cm) 151.80 11.89 149.85 9.37 0.4
Height (SDS) -1.29 1.61 -0.27 0.94 0.002
BMI (kg/m2) 21.37 4.14 20.36 3.50 0.3
BMI (SDS) 0.57 1.08 0.40 1.67 0.6
HbAL (%) 8.68 2.14 5.36 0.68 0.0001
TC (mg/dl) 161.33 34.77 100.4 19.7 0.0001
LDL (mg/dl) 100.53 33 63.07 19.36 0.0001
HDL (mg/dl) 47.63 10.77 52.43 11.11 0.06
TG (mg/dl) 77.61 31.93 69.23 27.44 0.2
E mitral (m/sec) 0.52 0.09 0.79 0.17 0.0001
A mitral (m/sec) 0.5 0.12 0.47 0.11 0.1
E/A ratio mitral 1.12 0.45 1.62 0.3 0.0001
IVRT (msec) 78.94 11.56 67.07 9.06 0.0001
LA (cm) 2.56 0.14 2.52 0.32 0.4
LVEDD (cm) 4.61 0.21 437 0.41 0.001
E tricuspid (m/sec) 0.6 0.07 0.66 0.07 0.0001
A tricuspid (m/sec) 0.39 0.09 0.49 0.13 0.0001
E/A ratio tricuspid 1.57 0.27 1.44 0.4 0.1
IVRTTR (msec) 68.84 1.3 66 9.5 0.04
P-max (msec) 0.1 0.01 0.1 0.02 0.1
P-min (msec) 0.04 0.01 0.04 0.01 0.2
PD 0.07 0.02 0.06 0.01 0.005

Data are given meantSD, T1D: type 1 diabetes, BMI: body mass index, SDS: standard deviation score, HbAlc: glycosylated hemoglobin, LDL: low density
lipoprotein, HDL: high density lipoprotein, TC: total cholesterol, E mitral: mitral early diastolic velocity wave, A mitral: mitral late diastolic velocity wave,
E tricuspid: tricuspid early diastolic velocity wave, A tricuspid: tricuspid late diastolic velocity wave,, P-max: maximum p-wave, P-min: minimum p-wave,
PD = p-wave dispersion, IVRT: isovolumetric relaxation time, IVRTTR: isovolumetric relaxation time of tricuspid, LA: left atrium, LVEDD: left ventricle
end diastolic diameter, Kg: kilogram, mg: milligram, m: meter, cm: centimeter, mm: millimeter, sec: second, msec: millisecond. P-value is significant if
<0.05.

Table 2: Correlation between P-wave characteristics and echocardiographic data in T1D patients.

Variables Correlation coefficient P-max P-min PD
E mitral (m/sec) r 0.23 -0.07 0.25
P- value 0.12 0.62 0.08
A mitral (m/sec) r -0.23 0.15 -0.32%
P- value 0.12 0.3 0.03
E/A ratio mitral r 0.22 -0.11 0.28
P- value 0.13 0.46 0.06
IVRT (msec) r -0.27 0.18 -0.38%
P- value 0.06 0.22 0.01
LA (cm) r 0.07 -0.02 0.07
P- value 0.64 0.91 0.63
LVEDD (cm) r 0.21 -0.14 0.3*
P- value 0.15 0.34 0.04
E tricuspid (m/sec) r -0.05 -0.01 -0.03
P- value 0.71 0.93 0.82
A tricuspid (m/sec) r -0.09 -0.02 -0.06
P- value 0.53 0.88 0.70
E/A ratio tricuspid r 0.07 -0.03 0.08
P- value 0.65 0.83 0.58
IVRTTR (msec) r -0.03 -0.06 0.02
P- value 0.82 0.70 0.90

T1D: type 1 diabetes, E mitral: mitral early diastolic velocity wave, A mitral: mitral late diastolic velocity wave, E tricuspid: tricuspid early diastolic velocity
wave, A tricuspid: tricuspid late diastolic velocity wave, P-max: maximum p-wave, P-min: minimum p-wave, PD = p-wave dispersion, IVRT: isovolumetric
relaxation time, IVRTTR: isovolumetric relaxation time of tricuspid, LA: left atrium, LVEDD: left ventricle end diastolic diameter, m: meter, cm: centimeter,
mm: millimeter, sec: second, msec: millisecond. P-value is significant if < 0.05.
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Table 3: Correlation between P-wave characteristics and echocardiography of T1D patients in relation to lipid profile, alb/cr ratio, disease duration, insulin
dose, HbA1C and BMI SDS

Correlation Disease Insulin dose
Variables coefficient TC LDL HDL TG Alb/er Duration (years)  (u/ kg/d) HBAlc (%) BMI(SDS)
E mitral (m/sec) r -0.15 -0.2 0.00 -0.2 -0.07 -0.38 -0.01 -0.18 0.00
P-value 0.31 0.17 0.99 0.17 0.62 0.01 0.94 0.22 0.98
A mitral (m/sec) r 0.09 0.15 -0.12 0.08 -0.01 0.27 -0.11 0.19 0.11
P-value 0.56 0.32 0.4 0.58 0.93 0.06 0.44 0.2 0.47
E/A ratio mitral r -0.11 -0.17 0.1 -0.13 -0.03 -0.29 0.14 -0.23 -0.05
P-value 0.47 0.25 0.48 0.36 0.81 0.04 0.32 0.11 0.72
IVRT (ms) r 0.12 0.2 -0.02 0.15 0.1 0.39 0.13 0.18 0.07
P-value 0.41 0.18 0.87 0.30 0.49 0.0001 0.38 0.22 0.64
LA (cm) r -0.04 -0.06 -0.14 -0.11 0.00 0.09 -0.04 0.18 -0.13
P-value 0.78 0.66 0.35 0.43 0.98 0.54 0.77 0.22 0.39
LVEDD (cm) T -0.07 -0.1 -0.12 0.01 0.00 0.07 -0.02 -0.06 -0.08
P-value 0.62 0.5 0.4 0.95 0.99 0.64 0.9 0.7 0.56
E tricuspid (m/sec) r -0.03 -0.04 0.00 -0.36 0.18 -0.14 0.09 0.16 -0.04
P-value 0.84 0.79 0.99 0.01 0.20 0.34 0.55 0.27 0.8
A tricuspid (m/sec) 1 0.01 -0.04 0.01 -0.24 0.18 -0.05 0.09 0.16 -0.05
P-value 0.92 0.76 0.93 0.10 0.22 0.72 0.52 0.28 0.74
E/A ratio tricuspid  r -0.06 0.04 -0.02 0.00 -0.08 0.00 -0.04 -0.09 0.04
P-value 0.69 0.8 0.9 0.98 0.59 1.00 0.8 0.54 0.79
IVRTTR (msec) r -0.11 -0.04 -0.08 -0.04 0.09 0.14 0.08 0.01 0.12
P-value 0.44 0.77 0.6 0.8 0.53 0.34 0.57 0.94 0.4
P-max (msec) r 0.12 0.14 -0.01 0.01 0.14 -0.14 -0.06 -0.06 0.29
P-value 0.43 0.35 0.94 0.96 0.36 0.34 0.68 0.69 0.04
P-min (msec) T -0.03 0.03 -0.07 0.02 0.13 0.02 0.13 0.04 0.36
P-value 0.82 0.82 0.61 0.88 0.4 0.9 0.36 0.79 0.01
PD r 0.12 0.09 0.05 -0.01 0.01 -0.13 -0.17 -0.08 -0.06
P-value 0.4 0.56 0.72 0.93 0.96 0.37 0.26 0.58 0.67
Alb/ Cr ratio r 0.16 0.32 0.05 0.17 - 0.12 0.19 0.17 0.03
P-value 0.28 0.02 0.76 0.23 - 0.14 0.19 0.24 0.85

T1D: type 1 diabetes, BMI: body mass index, SDS: standard deviation score, HbAlc: glycosylated hemoglobin, Alb/ Cr ratio= albumin/ creatinine ratio

measured in ;g albumin/g creatinine, LDL: low density lipoprotein, HDL: high density lipoprotein, TC: total cholesterol, E mitral: mitral early diastolic

velocity wave, A mitral: mitral late diastolic velocity wave, E tricuspid: tricuspid early diastolic velocity wave, A tricuspid: tricuspid late diastolic velocity

wave,, P-max: maximum p-wave, P-min: minimum p-wave, PD = p-wave dispersion, IVRT: isovolumetric relaxation time, IVRTTR: isovolumetric

relaxation time of tricuspid, LA: left atrium, LVEDD: left ventricle end diastolic diameter, Kg: kilogram, mg: milligram, m: meter, cm: centimeter, mm:

millimeter, sec: second, msec: millisecond. P-value is significant if < 0.05.

Table 4: Comparison between normo-albuminuric and micro-albuminuic T1D patients regarding demographic, anthropometric, laboratory, echocardiography

data and P-wave characteristics

Normo-albuminuric (n=36)

Micro-albuminuric (n=14)

Variables Mean SD Mean SD P-value
Age (years) 14.55 2.35 14.36 2.58 0.8
Disease Duration (years) 7.81 2.89 8.71 2.92 0.3
Insulin dose (u/kg/d) 1.06 0.35 1.13 0.33 0.5
Weight (SDS) -0.01 1.68 -0.09 1.27 0.9
BMI (kg/m2) 21.36 4.61 21.40 2.76 0.9
BMI (SDS) 0.52 1.17 0.69 0.86 0.6
HbAlc (%) 8.37 2.00 9.47 2.28 0.1
TC (mg/dl) 153.34 32.35 181.29 33.58 0.01
LDL (mg/dl) 91.78 28.56 122.43 34.13 0.002
HDL (mg/dl) 47.34 10.97 48.36 10.62 0.8
TG (mg/dl) 72.86 31.69 89.50 30.42 0.1

E mitral (m/sec) 0.52 0.09 0.50 0.09 0.4

A mitral (m/sec) 0.50 0.12 0.52 0.12 0.6
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Table 4: Continued

Normo-albuminuric (n=36)

Micro-albuminuric (n=14)

Variables Mean SD Mean SD P-value
E/A mitral 1.15 0.46 1.04 0.45 0.4
IVRT (msec) 77.83 11.36 81.79 12.01 0.3
LA (cm) 2.56 0.13 2.57 0.17 0.8
LVEDD (cm) 4.62 0.18 4.59 0.27 0.6
E tricuspid (m/sec) 0.60 0.07 0.61 0.07 0.8
A tricuspid (m/sec) 0.38 0.09 0.42 0.10 0.2
E/ A tricuspid 1.60 0.26 1.48 0.27 0.2
IVRTTR (msec) 68.78 1.46 69.00 0.78 0.6
P-max (msec) 0.10 0.01 0.11 0.01 0.1
P-min (msec) 0.04 0.01 0.04 0.02 0.6
PD 0.07 0.01 0.07 0.02 0.4

Data are given mean+SD, T1D: type 1 diabetes, BMI: body mass index, SDS: standard deviation score, HbAlc: glycosylated hemoglobin, Alb/Cr ratio:

albumin/ creatinine ratio measured in wg albumin/g creatinine, LDL: low density lipoprotein, HDL: high density lipoprotein, TC: total cholesterol, E mitral:

mitral early diastolic velocity wave, A mitral: mitral late diastolic velocity wave, E tricuspid: tricuspid early diastolic velocity wave, A tricuspid: tricuspid

late diastolic velocity wave, P-max: maximum p-wave, P-min: minimum p-wave, PD: p-wave dispersion, IVRT: isovolumetric relaxation time, IVRTTR:

isovolumetric relaxation time of tricuspid, LA: left atrium, LVEDD: left ventricle end diastolic diameter, Kg: kilogram, U/Kg/d: unit per kilogram per day,

mg: milligram, m: meter, cm: centimeter, mm: millimeter, sec: second, msec: millisecond. P-value is significant if < 0.05.

DISCUSSION

Main findings in our study were PD was found to be
significantly prolonged in T1D compared to controls and
was related to left ventricular diastolic dysfunction
(LVDD). PD is an important non-invasive ECG marker
indicating heterogeneity of intra-atrial conduction.
Prolonged PD is very well known electrophysiological
marker for the prediction of AF [21-23], making cardiac
rhythm disorders liable to occur in patients with T1D. AF
should be regarded as a marker of adverse outcome
promoting aggressive management of possible risk factors
[23].

In majority of studies, LVDD is demonstrated in
diabetic patients with intact systolic function. Since
diastolic function usually declines before systolic and this
precedes clinical signs, therefore, diagnosis of diastolic
dysfunction is very important for early diagnosis, follow
up, treatment and prognosis of heart failure in diabetic
patients [20]. Our study showed a significant difference
regarding diastolic function of the ventricles namely
decrease in their mitral E/A ratio (one of the
abnormalities denoting LVDD) but not in tricuspid E/A
ratio (RV function is still relatively intact), this is a
well-known finding which is consistent with previous
conventional Doppler studies in TID population that
showed abnormal diabetic filling pattern (relaxation
abnormality) [24, 25]. Very limited studies exist for RV
diastolic function in T1D diabetic population, because of
its complex geometric shape, also the RV has contributes
to the overall cardiac function affecting both the course

and prognosis in patients with heart failure [26, 27].
We detected significant increase in IVRT & IVRTTR that
denotes early myopathic diastolic function affecting both
RV & LV. Affection of both ventricles is expected as they
are anatomically united by their common blood supply,
muscle fiber anatomy, inter-ventricular septum and
pericardium [28]. Previous reports showed no difference
between diabetic and control regarding the E/A ratio for
either LV or RV by conventional Doppler, but with Tissue
Doppler Imaging (TDI) it showed late atrial filling,
decreased E/A ratio of the lateral segment of RV [29, 30].
In a previous study, systolic & diastolic function in
diabetic patient were compared to controls, systolic
dysfunction was found in all diabetics, however, LV& RV
diastolic dysfunction was diagnosed in 25% of diabetic
with higher peak A & lower E/A ratio [6]. Similarly,
diastolic alterations (E/A ratio mitral, IVRT & E-wave
deceleration time) were detected in the diabetic group [31].
RV diastolic dysfunction was detected in non-uniform
(T1ID & T2D) diabetic cohort using TDI, although
conventional Doppler failed to show any difference in E/A
ratio among diabetic and healthy subject [32].

When correlating the PD to diastolic function, a
significant negative correlation with the A-mitral, IVRT
and significant positive one with LVEDD. Increased
LVEDD may be the result of sustained chronic
tachycardia or one of the echo findings for diastolic
dysfunction in diabetics as sustained chronic tachycardia
diminishes the number of microtubules in the cardiac
myocyte which contribute to myocardial dysfunction due
to depletion of high energy phosphate [33].
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In our study, no correlation was found between
diabetes duration and PD, while a positive correlation
existed between diabetes duration and IVRT and a
negative one with E/A ratio mitral denoting that micro-
vascular disease may share in the development of
decreased LV compliance making diabetic population at
risk of developing progressive heart failure. It was
reported that diastolic dysfunction occurred 8 years after
the onset of diabetes which is earlier than systolic
dysfunction occurring after 18 years [34]. Koken and
colleagues found no correlation with the diabetes
duration but the mean duration in their study was 5.1
years [35]. In another study, it was concluded that there
is an association between diabetes duration and LVDD
and demonstrated that a duration > 4 years has the
strongest association with LVDD [36].

Our study showed no correlation of BMI SDS or
HbAlc, on PD or Echocardiographic parameters. Despite
the fact that hyperglycemia will lead to accumulation of
advanced glycation end product in the myocardium [37],
similarly another study showed no correlation of HbAlc
to echocardiographic finding [29] but it was shown that
the extent and frequency of diastolic dysfunction was
proportional to the HbAlc level [38]. In a recent study, PD
was significantly higher in the diabetic patients with
HbAlc >7.5% compared to control and this was also
found in patients that were followed up >1 year [39]. The
discrepancy in studies regarding HbA 1¢ may be explained
that the hyperglycemia is the core of the problem but not
the sole element which affects the cardiac functions or
can be explained that we considered the HbAlc in short
term (only one year prior to the study) not long term
HbAlc. Unlike our study, IVRT was correlated positively
with BMI. The chronological age and disease duration
were identified as predictive factors for mitral A-wave [31].

We detected that the LA diameter increased with
progression of pubertal stage and this is of importance as
LA dilatation reflects long term increased filling pressure
[40, 41]. It was reported also that female children showed
signs of significant diastolic filling abnormality than in
male diabetic patients [42].

No long term studies are established to link between
dyslipidemia (increased TC, high LDL, low HDL & high
TG) in T1D children with subsequent CVD [43]. But lipid
abnormalities have been linked to the development &
prognosis of micro- and macro-vascular complications in
adolescents with T1D [44, 45]. Comparing T1D patients to
control we found a significant difference regarding TC &
LDL making diabetic group at risk of aggravation of the
atherosclerosis process and at risk for coronary artery

disease. No statistical significant difference in HDL & TG
among diabetic and control, the normal HDL in the
diabetic population indicate that HDL metabolism remain
undisturbed in T1D as HDL is produced in the liver and
intestine, similar findings were reported by Chaturvedi
and colleagues [46]. Moreover another study even
showed that HDL was significantly higher in diabetic
when compared to control group [47]. The increased HDL
level in T1D patients signifies that this HDL may be
dysfunctional in combating the adverse pro-inflammatory
and pro-atherogenic effect of oxidized LDL. The
dysfunctional HDL would make TID subjects more
vulnerable to oxidative vascular damage despite higher
absolute levels of HDL [48].

Considering the studies which suggest that
dyslipidemia is also involved in the development of
microvascular complications, correlation of lipid profile
with alb/cr ratio was done and it showed significant
positive correlation with LDL and when comparing the
diabetic group regarding the presence or absence of
micro-albuminuria, we detected a significant difference in
TC & LDL. This shows a potential role of dyslipidemia in
the pathogenesis of diabetic nephropathy. Similarly, in a
study exploring the prevalence of lipid abnormality and
their relationship with microalbuminuria in T1D patients;
a significant increase in females more than males as regard
TC, LDL & HDL was shown. Alb/cr ratio was related to
both TC & LDL cholesterol [45]. Other studies
demonstrated that raised lipid levels are involved in the
pathogenesis and progression of renal disease and
treatment of dyslipidemia can reduce albumin excretion
[49]. In the Steno study, micro-albuminuric subjects were
found to have higher TC levels than normo-albuminuric
ones [50], another study demonstrated that micro-
albuminuric T1D patients had significantly higher mean
TC and TG levels [51] and this was similar to our study as
regards to TC but against ours as regard TG as our study
showed no correlation with the TG. It is logical to
postulate that endothelial dysfunction in the myocardium
leads to increased ventricular scarring and stiffness as
microalbuminuria is a marker of endothelial dysfunction in
the glomerulus which is an arteriole [52]. Therefore,
correlation was done between alb/cr ratio and p-wave
characteristics & echocardiographic finding and
comparison done between both normo-albuminuric &
micro-albuminuric groups; we found no correlation to any
of them. Contrary to our study, it was shown that renal
dysfunction was related to LV systolic and diastolic
dysfunction and PD is independently associated with
rapid renal decline [42]. Renal dysfunction was postulated
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to have impact on LV mass, septal thickness, systolic
function, diastolic compliance and also decreased
myocardial performance was associated with albuminuria
in diabetic patients [53].

Our study had the following limitations; it was
conducted in a single center (DEMPU) although it is a big
one (following up more than 8000 T1D patients) and
included only a small number of patients. Also, analysis
of the prognostic value of PD wasn’t performed. However,
the correlation between PD and AF has been shown in the
previous studies.

CONCLUSION

T1D can result in prolongation of PD that can be
diagnosed on ECG even when the patients are
asymptomatic. Since PD correlates with echo findings
specific to LVDD namely (A mitral, IVRT and LVEDD)
therefore it may be helpful in identifying the high risk
patients for LVDD. It is also proved that dyslipidemia
played an essential role in the pathogenesis of diabetic
nephropathy.
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