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ABSTRACT
Aim: Cardiac abnormalities associated with celiac disease (CD) have been reported. However, changes in electrocardiographic (ECG) parameters

in children with CD have not been previously evaluated in the literature. In this study, we aimed to evaluate these parameters which may be
determinative in the development of atrial and ventricular arrhythmia of children with CD.

Materials and Methods: Patients diagnosed with CD in the gastroenterology clinic were included in the study. ECG measurements of QT, T

peak to end (Tp-e) and P intervals were performed. The Tp-e/QT ratio was calculated from these measurements. Echocardiographic and ECG
parameters of the patients and controls were compared. Those patients with elevated anti-tissue transglutaminase immunoglobulin A (IgAtTG) levels were considered positive serology. The patients were divided in three groups and compared with each other according to ECG
parameters; namely newly diagnosed patients, patients with seropositive and patients with seronegative who had been on a gluten free diet
for at least 6 months.
Results: Fifty-two patients with CD and 59 healthy volunteers were included. P-wave dispersion, QTd, corrected QT dispersion (QTcd), Tp-e

dispersion and TP-e/QT ratio were higher in those children with CD compared to the controls. We did not find any correlation between IgA-tTG
levels and P-wave, QT and Tp-e dispersions. There was no difference between the three groups of CD patients for ECG and echocardiographic
parameters.
Conclusion: CD is associated with changes in some ECG parameters, which are considered as predictors of atrial and ventricular arrhythmias in

special populations. For this reason, children with CD should be evaluated in terms of these parameters, and more electrophysiological studies
are necessary to reveal the clinical and prognostic effects of these parameters for CD.
Keywords: Electrocardiography, celiac disease, Tp-e dispersion, Tp-e/QT ratio, ventricular depolarization, arrhythmias

Introduction

only on genetically predisposed people through the

Celiac disease (CD) is a chronic immune-mediated
disease triggered by gluten, which often results in diffuse
inflammatory damage to the small intestinal mucosa (1).
Gluten, found in wheat, barley and rye, has this effect

interaction of environmental and immunological factors
(2). The frequency of CD varies with respect to geographical
regions, and different studies report that its prevalence
varies between 0.8% and 1% (3,4). In Turkey, this prevalence
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is reported to be 1 in 212 (5). A gluten-free diet is the current
treatment for CD (1).
Various cardiovascular abnormalities such as
cardiomyopathy, myocarditis, arrhythmias, and premature
atherosclerosis have been reported in adult populations
with CD (6). Few studies have studied cardiovascular
involvement in children with CD, with most of them focusing
on clinical and subclinical left ventricular dysfunction (7).
Some electrocardiographic (ECG) changes such as P-wave
dispersion (PWd), QT dispersion (QTd) and T peak to end
(Tp-e) interval, which is the measurement of the interval
between the peak and the end of the T-wave, Tp-e/QT
ratio and Tp-e dispersion have emerged as markers of
transmural dispersion of repolarization (TDR) and it has been
reported that they can predict the development of atrial
and ventricular arrhythmias (8,9). Although some adult
studies have reported on CD patients, these ECG parameters
have not been evaluated in children with CD before (10,11).
Therefore, we aimed to evaluate PWd, QTd, Tp-e interval and
dispersion and Tp-e/QT ratio in children with CD.

Materials and Methods
In this prospective study, those patients with CD
admitted to a pediatric gastroenterology outpatient
clinic between March 2018-August 2018 were included.
The research procedure was approved by the Local Ethics
Committee (no: 2018/3-9). The patients signed consent
forms which gave information concerning the purpose
of this study. Those patients whose celiac serology were
positive, who had undergone upper gastrointestinal system
endoscopy, and whose duodenum and bulbous specimens
were taken and histologically diagnosed as CD were
included in this study. CD patients were defined according
to the European Society for Pediatric Gastroenterology and
Hepatology and Nutrition criteria (12). Healthy volunteers
of the same age and gender were included as a control
group. These individuals were referred to a pediatric
cardiology outpatient clinical for cardiac evaluation due
to murmurs but had no structural heart disease detected
with echocardiographic examination. CD patients and
healthy volunteers with known structural and/or valvular
congenital heart disease, thyroid dysfunction or additional
chronic disease or those taking any medication that could
affect heart rate and ECG parameters were excluded from
the study. The patients’ clinical and demographic data
was determined. Anthropometric measurements of weight,
height, and body mass index were obtained.
Echocardiographic examination was performed by a
single pediatric cardiologist using the Philips Ultrasound
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System and S 3-1 probe. Conventional echocardiographic
measurements were made in accordance with the standards
of the American Echocardiography Association (13). The
dimensions of the left ventricle in the parasternal long axis
on M mode tracing, and ejection fraction (EF) and fractional
shortening were analyzed using the Teichholz formula (14).
ECG measurements of QT, Tp-e and P intervals were
performed by a pediatric cardiologist who was blind to patient
data. The TP-e interval, QT interval, and P-wave interval were
obtained from a minimum of six measurements, at least
three of which were from precordial leads. The QT interval
was measured from the beginning of the QRS complex to
the end of the T-wave and corrected for heart rate according
to Bazett’s formula (15). The Tp-e interval was defined as
the interval from the peak of the T-wave to the end of the
T-wave. Measurements of the Tp-e interval were performed
from precordial leads (16). The Tp-e/QT ratio was calculated
from these measurements. P-wave interval was measured
from the beginning of the P-wave to the end of the P-wave.
Echocardiographic and ECG parameters of the patients and
controls were compared. The patients were divided into
three group and compared with each other according to
ECG parameters; namely newly diagnosed patients, patients
with seropositive and patients with seronegative who had
been on a gluten free diet for at least 6 months. Patients
with elevated anti-tissue transglutaminase IgA (IgA-tTG)
levels were considered positive for celiac serology.
Statistical Analysis
G* Power 3.1 program was used to determine the sample
size. In this study, the sample size was determined as
follows; patients and the controls to be in a 1-1 ratio, at
least 128 patients comprising 64 patients in each group with
medium effect size of 0.5, a type-1 error of 5% and the type2 error of 20% and with 80% power, which was suggested
by Cohen (17) in the literature. In this study, a total of 111
individuals, 52 of them being celiac and the remaining being
healthy controls who were admitted to our hospital during
a 6-months period were enrolled. Accordingly, for QTd
values with the use of mean + standard deviation between
those patients with celiac and the controls, the effect size
was calculated as d=2. At the end of the study, the power of
the test was calculated to be 99.9%.
Data were analyzed using the IBM SPSS Statistics 25.0
(IBM Corp., Armonk, New York, USA) statistical package
program. Normal distribution of continuous variables
was evaluated by Shapiro-Wilk normality test and Q-Q
graphs. Whether the group variances were homogeneously
distributed or not was examined by Levene test. For the
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normal distribution of continuous variables, the t-test
for parametric statistical tests was used to compare the
two groups, and One-Way ANOVA was used to compare
more than two groups. Median (Q1-Q3) values were given
as descriptive statistics in the analysis of variables with
non-normal distribution. In the comparison of the two
groups, the non-parametric statistical test Mann-Whitney
U and in the comparison of more than two groups, the
Kruskal-Wallis H test were used. Relationships between
variables were evaluated by Spearman correlation analysis.
The relationships between variables with categorical
structure were evaluated by using the Continuity Correction
chi-square test in 2x2 tables. P<0.05 was considered as
statistically significant (17).

Results
Fifty-two patients with CD and 59 healthy volunteers
were included in this study. The baseline clinical
characteristics of the patients and controls are shown in
Table I. The mean age of the CD patients was 10.24±4.6
years and 58.8% were female. There were no difference
in terms of age and gender (p=0.025). The laboratory
parameters of CD patients are shown in Table II. The mean
follow-up period of CD patients was 29.8±28.4 months.
The ECG and echocardiographic findings of the patient
and control groups are given in Table III. There was no
significant difference in left ventricular dimensions and EF
between groups. PWd, QTd, corrected QTcd, Tp-e dispersion
and TP-e/QT ratio were higher in children with CD compared
to the controls. We did not find any correlation between IgAtTG levels and P-wave, QT and Tp-e dispersions (p=0.95, 0.67,

0.97 respectively). When the ECG and echocardiographic
parameters of CD patients were compared with each other,
we did not find any difference between groups (Table
IV). QT and QTcd was found to be significantly higher in
seronegative patients who were under celiac diet compared
to the controls (p<0.05).

Discussion
In the current study, we have investigated atrial and
ventricular depolarization together with ventricular
repolarization changes in children with CD. We found that
the P-wave, QT and QTc dispersions, Tp-e dispersion and
Tp-e/QT ratio were prolonged in patients with CD. However,
we did not find any difference in Tp-e/QTc ratios between
the groups and we did not find any correlation between IgAtTG and PWd, QTd, QTc d and Tp-e dispersion.
Different types of cardiovascular diseases in CD such
as autoimmune myocarditis, left ventricular dysfunction,
congestive heart failure and arrhythmia have been described
(6,7). Antibodies specific for CD have been observed in some
patients with autoimmune myocarditis (18). Some research
revealed subclinical left ventricular systolic dysfunction
by using conventional and strain echocardiography in
children and adults with CD (19,20). Some theories have
been proposed to explain the mechanisms of cardiac
involvement in these patients. One of these theories
is that nutritional deficiency is triggered by intestinal
malabsorption and another is autoimmune is triggered
myocardial involvement (20). In our study, although we
did not find any systolic dysfunction by using conventional
M-mode echocardiography, we think that further studies

Table I. Clinical data of the study population
Patient group mean ± SD
M (Q1-Q3)

Control group mean ± SD
M (Q1-Q3)

p

10.24±4.63
10 (6.25-14.75)

10.47±4.28
11 (7-14)

0.143+

Girl (n, %)

31 (59.6)

28 (47.5)

Boy (n, %)

21 (40.4)

31 (52.5)

Body mass index (kg/m2)

17.42±3.44
16.59 (14.38-19.54)

23.20±39.69
17.85 (15.43-20.77)

0.124+

Heart rate (bpm)

112.37±129.47
90 (80-114)

89.45±16.59
89.50 (76-102.25)

0.201+

Mean sistolic blood pressure (mmHg)

106.91±15.45
109 (100-120)

113.21±11.57
113.50 (106.50-120)

0.082+

Mean diastolic blood pressure (mmHg)

63.66±8.78
60 (60-70)

62.71±9.65
60 (60-70)

0.441+

Age (year)
Gender

0.318*

+Mann-Whitney U test, *Continuity Correction test, SD: Standard deviation
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Table II. Laboratory parameters in Celiac disease patients
Mean ± SD M (Q1-Q3)

Minimum-Maximum

Hemoglobin (g/dL)

12.57±1.46
12 (11.6-13.2)

8.6-16.2

WBC (cell/mm3)

7,750±1,797
7,900 (6,500-9,100)

4,900-12,200

Platelet (cell/mm3)

299,780±74,486
303,000 (255,000-366,000)

158,000-487,000

AST (IU/L)

29.4±9.7
31 (23-36.5)

10-57

ALT (IU/L)

17.6±9.5
16 (11-20)

6-58

Ure (mg/dL)

20.8±6.8
19 (14.5-22.5)

10-36

Creatinine (mg/dL)

0.57±0.12
0.5 (0.45-0.6)

0.3-0.9

Sodium (mEq/L)

139±2
139 (137-141.5)

134-144

Potassium (mmol/L)

4.3±0.37
4.2 (4-4.55)

3.5-5.6

Calcium (mg/dL)

9.9±0.3
9.9 (9.6-10)

9.2-10.7

Albumin (gr/dL)

4.39±0.28
4.3 (4.3-4.55)

3.5-5.1

Ferritin (ng/mL)

25.6±16.6
23 (13.5-44)

2-70

Folic acid (ng/mL)

12.4±5.1
13 (8.5-17.85)

5-24

Vitamin D (ng/mL)

20.4±9.57
20 (11-29.7)

6-50

IgA-tTG (RU/mL)

105±82
200 (58-200)

0-200

WBC: White blood cell, AST: Aspartate aminotransferase, ALT: Alanine aminotransferase, IgA-tTG: Anti-tissue transglutaminase IgA, SD: Standard deviation

with strain echocardiography with larger numbers of
patients are needed to demonstrate the subclinical left
ventricular dysfunction in children with CD.
Recent studies have shown that PWd is an ECG marker
which reflects the homogenous distribution of atrial
conduction. Its predictive value has been shown in different
clinical situations such as atrial flutter and fibrillation in
patients with CD (16). Inflammation may trigger fibrosis
and structural changes that results in arrhythmogenic
substrate for atrial fibrillation in CD patients. In a study,
Karadeniz et al. (21) showed prolonged P-wave duration and
dispersion in children with low iron stores. Secondary iron
deficiency anemia is more common in CD patients due to
malabsorption. Although we did not study the correlation
between ferritin level and PWd in the CD group, low iron
stores may explain the prolonged PWd in our study group.
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Both QT and QTc dispersion reflects inhomogeneity
of ventricular repolarization and is used as a marker
tendency for ventricular arrhythmia and sudden cardiac
death. Previous studies have shown that increased QT
and QTc dispersions are significantly correlated with the
burden of ventricular premature contractions in children
with structurally normal hearts (22,23). Besides QT and
QTc dispersions, prolonged QT interval is another ECG
marker for malignant ventricular arrhythmia which reflects
delayed heart repolarization. Corazza et al. (24) reported
that 33% of CD patients had prolonged QT interval. Similar
to Corazza et al. (24), we found increased QT and QTc
dispersions in children with CD.
Studies have shown that the last part of the T-wave
represents the arrhythmogenic tendency for malignant
ventricular arrhythmias (25). The interval between the
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Table III. Electrocardiographic and echocardiographic characteristics in patients with Celiac disease and healthy controls
Patient group
Mean ± SD
M (Q1-Q3)

Control group
Mean ± SD
M (Q1-Q3)

p

QTmax (ms)

0.35±0.04
0.34 (0.32-0.36)

0.34±0.03
0.34 (0.32-0.36)

0.075+

QTmin (ms)

0.29±0.04
0.28 (0.26-0.32)

0.32±0.04
0.32 (0.3-0.34)

<0.001+

QTcmax (ms)

0.44±0.03
0.43 (0.42-0.45)

0.42±0.02
0.41 (0.39-0.43)

<0.001+

QTcmin (ms)

0.37±0.02
0.39 (0.37-0.40)

0.39±0.02
0.38 (0.35-0.4)

<0.001*

QTdisp (ms)

0.06±0.02
0.05 (0.04-0.08)

0.02±0.02
0.02 (0.02-0.03)

<0.001+

Pmax (ms)

0.11±0.02
0.1 (0.09-0.12)

0.1±0.02
0.1 (0.09-0.12)

0.834+

Pmin (ms)

0.05±0.01
0.06 (0.04-0.06)

0.06±0.01
0.06 (0.06-0.07)

0.015+

Pdisp (ms)

0.05±0.02
0.05 (0.04-0.06)

0.04±0.01
0.04 (0.04-0.06)

0.024+

TP-emax (ms)

0.09±0.02
0.09 (0.08-0.1)

0.09±0.02
0.08 (0.08-0.1)

0.151+

TP-emin (ms)

0.05±0.01
0.06 (0.05-0.06)

0.06±0.01
0.06 (0.05-0.06)

0.272+

TP-edisp (ms)

0.04±0.01
0.04 (0.02-0.05)

0.03±0.01
0.03 (0.02-0.04)

0.180+

TP-e/QTmax

0.27±0.04
0.27 (0.24-0.28)

0.26±0.04
0.25 (0.23-0.28)

0.378+

TP-e/QTmin

0.19±0.03
0.19 (0.17-0.21)

0.18±0.03
0.18 (0.15-0.2)

0.039*

TP-e/QTcmax

0.21±0.05
0.20 (0.18-0.24)

0.21±0.04
0.21 (0.18-0.24)

0.297+

TP-e/QTcmin

0.15±0.03
0.16 (0.13-0.17)

0.15±0.03
0.15 (0.12-0.17)

0.162+

RR (ms)

637.69±156.76
630 (500-742.5)

691.61±138.51
675 (567.5-765)

0.031+

LVEF%

67.71±11.18
68 (64.5-73)

69.58±6.18
70 (64.75-74)

0.738+

*Independent sample t-test, +Mann-Whitney U test, LVEF: Left ventricular ejection fraction, ms: Milliseconds, QTc: Corrected QT interval, SD: Standard deviation, TP-e:
T peak to end

peak and the end of the T-wave (Tp-e interval) and Tp-e
dispersion have emerged as novel ECG markers of increased
dispersion of ventricular repolarization. These parameters
are more useful markers than QT dispersion for TDR.
Previous studies have shown prolonged Tp-e interval and
Tp-e dispersion in long QT syndrome, Brugada syndrome,
hypertrophic cardiomyopathy and myocardial infraction
(26,27). Unlike Tp-e interval, Tp-e/QT is not affected by
heart rate and body weight; thus, it has been used as a
more sensitive marker rather than Tp-e and QT intervals.

The Tp-e/QT ratio is an important index of arrhythmogenic
tendency in acquired and congenital channelopathies (9).
Demirtas et al. (10) showed that the Tp-e interval and
Tp-e/QT ratio are higher in patients with CD compared to
controls. Additionally, they reported significantly increased
Tp-e/QT ratios in parallel to disease duration. Given that
the Tp-e interval, Tp-e dispersion and Tp-e/QT ratio have not
been evaluated in children with CD before, in the present
study, we found prolonged Tp-e dispersion and increased
Tp-e/QT ratios in children with CD. However, we could not
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Table IV. Electrocardiographic and echocardiographic characteristics in the groups of the patients with Celiac disease
Seronegative under gluten free
diet
Mean ± SD
M (Q1-Q3)

Seropositive under gluten free
diet
Mean ± SD
M (Q1-Q3)

New diagnosis
Mean ± SD
M (Q1-Q3)

n (%)

23 (44.2)

13 (25)

16 (30.8)

QTdisp (ms)

0.05±0.03
0.05 (0.04-0.08)

0.06±0.03
0.06 (0.04-0.08)

0.06±0.02
0.05 (0.04-0.08)

0.707+

Pdisp (ms)

0.05±0.02
0.05 (0.04-0.06)

0.06±0.02
0.05 (0.04-0.08)

0.05±0.02
0.05 (0.04-0.06)

0.649*

TP-edisp (ms)

0.04±0.02
0.04 (0.02-0.05)

0.04±0.01
0.04 (0.03-0.05)

0.04±0.01
0.03 (0.02-0.04)

0,643+

TP-e/QTmax

0.26±0.05
0.26 (0.25-0.28)

0.27±0.05
0.28 (0.23-0.32)

0.26±0.04
0.27 (0.24-0.29)

0.614+

TP-e/QTmin

0.19±0.04
0.19 (0.16-0.21)

0.2±0.04
0.19 (0.17-0.21)

0.19±0.03
0.19 (0.17-0.21)

0.915+

TP-e/QTcmax

0.22±0.05
0.21 (0.18-0.25)

0.22±0.04
0.21 (0.18-0.26)

0.19±0.04
0.18 (0.17-0.21)

0.187*

TP-e/QTcmin

0.16±0.03
0.17 (0.14-0.17)

0.16±0.03
0.16 (0.13-0.17)

0.14±0.02
0.13 (0.11-0.16)

0.115*

RR (ms)

676.96±147.54
680 (540-760)

656.92±154.24
700 (510-750)

565.63±156.12
520 (440-660)

0.079*

p

+Kruskal-Wallis analysis, *One-Way ANOVA, Data are given as mean ± SD, SD: Standard deviation, LVEF: Left ventricular ejection fraction, ms: Milliseconds, QTc:
Corrected QT interval, TP-e: T peak to end

find any difference in terms of Tp-e interval, and we did
not demonstrate any correlation between disease duration
and these parameters. Additionally, when we compared
the seropositive, seronegative patients practicing a gluten
free diet and those patients with a new diagnosis, we did
not find any difference between the groups in terms of
ECG parameters. The short follow-up period may be the
major reason for these results. Nutritional deficiency and
autoimmune triggered myocardial involvement may have
led to the increased QT, QTc and Tp-e dispersions and Tp-e/
QT ratio in our study. Furthermore, when seronegative
patients with celiac diet were compared to controls, QT
and QTc dispersions were significantly higher in the celiac
patients. These results suggest that CD patients continue to
have a cardiac risk despite diet and that autoimmunity may
lead to this situation. Due to the lack of studies evaluating
these ECG parameters in children with CD, our study may be
the starting point for further electrophysiological studies to
evaluate potentially fatal atrial and ventricular arrhythmias
in this patient population.
Study Limitations
Our study has some limitations that need to be
considered. First, its relatively small sample size is the
foremost limitation of our study. Second, we could not
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evaluate the ventricular functions by strain echocardiography
to demonstrate subclinical left ventricular dysfunction.
Third, it is possible that we did not find any correlation
between ECG parameters and disease duration due to
the short follow-up period. Finally, we could not perform
24-hour ECG monitoring on patients with CD and evaluate
future arrhythmic events.

Conclusion
Our study showed that CD is associated with changes
in some ECG parameters such as prolonged PWd, QT,
QTc and Tp-e dispersions and increased Tp-e/QT ratio,
which are considered as predictors of atrial and ventricular
arrhythmias in special populations. Due to the long-life
expectancy in children, pediatric patients with CD may be
considered to be at risk of developing arrhythmias. For this
reason, these parameters should be evaluated carefully in
children with CD. Longer prospective electrophysiological
studies are needed to demonstrate the long-term clinical
and prognostic results of these ECG parameters.
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