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We aimed to evaluate cardiac functions and electrocardiogram (ECG) parameters that are determinant in the development of atrial 
and ventricular arrhythmia in children with celiac disease.Twenty-eight patients with celiac disease followed up between March 
2017 and June 2020 were evaluated retrospectively. 33 age-and sex-matched healthy children were included as the control group. 
Echocardiography (ECHO) and 12-lead ECG were performed in all patients and controls.  Of the 28 patients, 16 were girls (57.1%) 
and their mean age was 9.46±4.20 years. The mean duration time of celiac disease was 2.17±2.21 years. The Tp-e interval, QTc, 
QTc dispersion, and Tp-e / QT ratio were detected longer in celiac patients than in the control group (p <0.05). The patients were 
divided into 2 groups as seronegative (patients adhering to the gluten free-diet (GFD)) and seropositive celiac patients (patients 
not adhering to the GFD). There was no statistically significant difference between the two groups in terms of age and gender. The 
Tp-e interval, Tp-e / QT and Tp-e / QTc was determined longer in seropositive celiac patients. We found prolonged Tp-e interval, 
QTc, QTc dispersion and Tp-e / QT ratio in patients with celiac disease. In other words, we only detected the ventricular arrhyt-
hmia indicators as longer. In addition, we found prolonged Tp-e interval, Tp-e / QT and Tp-e / QTc in patients not adhering to a 
strict GFD. We detected that untreated celiac patients have a higher risk of ventricular arrhythmia. We think that further studies 
with more pediatric celiac patients who have longer duration of disease are needed for precise interpretation.
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Çölyak hastalığı tanılı çocuk hastalarda atriyal ve ventriküler aritmi gelişiminde belirleyici olan elektrokardiyogram (EKG) para-
metrelerini ve kardiyak fonksiyonları değerlendirmeyi amaçladık. 2017 Mart-2020 Haziran dönemlerinde çölyak hastalığı tanısı 
ile takip edilen 28 hasta retrospektif olarak değerlendirildi. Yaş ve cinsiyet uyumlu 33 hasta kontrol grubu olarak alındı. Tüm 
hasta ve kontrol grubuna Ekokardiyografi (EKO) ve 12 kanallı elektrokardiyogram tetkiki yapıldı. Hastaların 16'sı kız (%57,1) 
olup ortalama yaşları 9,46±4,20 yıl idi. Ortalama çölyak hastalığı takip süresi 2,17±2,21 yıl idi. Çölyak hastalarında Tp-e intervali, 
QTc, QTc dispersiyonu, Tp-e/QT ve Tp-e/QTc oranları kontrol grubuna göre daha uzun saptandı (p <0.05). Hastalar seronegatif 
(glutensiz diyete uyumlu) ve seropozitif (glutensiz diyete uyumsuz) çölyak hastaları olarak 2 gruba ayrıldı. Her iki grup arasında 
yaş ve cinsiyet yönünden istatistiksel olarak fark yoktu. Seropozitif hastalarda yani diyete uymayan hastalarda Tp-e intervali, Tp-e/
QT ve Tp-e/QTc daha uzun saptandı (p<0.05) Çölyak hastalarında Tp-e intervali, QTc, QTc dispersiyonu, Tp-e/QT oranlarını 
kontrol grubuna göre daha uzun saptadık. Diğer bir deyişle, sadece ventriküler aritmi göstergelerini daha uzun saptadık. Ayrıca 
glutensiz diyete uymayan hastalarımızda Tp-e intervali, Tp-e/QT ve Tp-e/QTc oranlarını daha uzun saptadık. Tedavi edilmemiş 
çölyak hastalarında ventriküler aritmi riskinin daha yüksek olduğunu tespit ettik. Daha kesin yorum yapabilmek için daha uzun 
takip sürelerine sahip daha fazla hasta içeren çalışmalara ihtiyaç olduğunu düşünüyoruz.

Anahtar Kelimeler: Çölyak hastalığı, ekokardiyografi, elektrokardiyografi, kardiyak fonksiyon
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1. Introduction  

Celiac disease is an immune-mediated 
systemic autoimmune disease triggered by 
gluten intake in genetically susceptible 
individuals and characterized by the 
combination of various degrees of small 
bowel injury and gluten-dependent clinical 
manifestations (1). The seroprevalence of 
celiac disease and prevalence of biopsy-
proven celiac disease worldwide is reported to 
be 1.4% and 0.7%, respectively (2). 

It has been reported that cardiovascular 
diseases such as cardiomyopathy, autoimmune 
myocarditis, arrhythmias and subclinical 
cardiac dysfunction are more common in 
patients with celiac disease compared to the 
control group (3-11). Ongoing systemic 
inflammation and accompanying nutritional 
deficiency in celiac disease may cause 
impairment in cardiac functions and other 
organs (12,13). The gluten-free diet has 
protective effect against autoimmune diseases 
(14). Because of that, early diagnosis of celiac 
disease is very important to prevent long-term 
complications. 

There are limited studies about cardiovascular 
disease and rhythm disturbances in pediatric 
celiac disease (15-21). There are increasing 
number of recent studies reporting changes in 
cardiac functions in untreated celiac disease 
patients (9). 

In the current study, we aimed to evaluate 
cardiac functions and electrocardiogram 
(ECG) parameters that are determinant in the 
development of atrial and ventricular 
arrhythmia in children with celiac disease. 

2. Material and Methods 

Twenty-eight patients with celiac disease 
followed up between March 2017 and June 
2020 were evaluated retrospectively. Celiac 
disease was diagnosed with European 
Society for Pediatric Gastroenterology, 
Hepatology and Nutrition 2012 guideline by 
intestinal biopsy (1). Local Ethics Committee 
approved the current study (19.08.2020/48, 
Toros University, Mersin). 

Patients with any previous concomitant heart 
disease, chronic disease, and malignancy were 

not included in the study. Seven patients with 
concomitant chronic diseases were excluded 
from the study. 33 age-and sex-matched 
healthy children were included as the control 
group. 

Both patient and control groups were 
evaluated by the same experienced pediatric 
cardiologist. Echocardiography (ECHO) and 
12-lead ECG were performed in all patients 
and controls. The QT interval was measured 
from the beginning of the QRS complex to the 
end of the T-wave. Corrected QT (QTc) 
interval was measured according to the heart 
rate (QT/(R-R interval). The Tp-e interval is 
defined as the interval from the peak of the T 
wave to the end of the T-wave. The Tp-e/ QT 
ratio was measured from those parameters. 
QTc dispersion was determined according to 
the difference between the shortest and 
longest QTc interval durations. P wave 
interval was measured from the beginning of 
the P wave to the end of the P wave. P wave 
dispersion was determined according to the 
difference between the shortest and longest P 
wave durations. 

All patients were evaluated with transthoracic 
ECHO including 2D and color-Doppler 
imaging. Conventional ECHO measurements 
were done in accordance with the standards 
recommended by the American ECO 
Association. All patients' and healthy controls’ 
hearts were evaluated through apical, 
parasternal long and short axis view (22). 
Ejection fraction (EF) was measured by 
modified Simpson's method (23). 

Statistical analysis 

Statistical analysis was performed using SPSS 
software version 20.0 (SPAA Inc, Chicago IL, 
USA). Descriptive statistics were used for 
frequency, percentage, and mean ± standard 
deviation (SD). Independent samples t-test 
was used for nominal data. Chi-square test 
was used for comparison of categorical 
variables. Mann-Whitney U test or Kruskal-
Wallis test was used for parameters with non-
normal distribution. P value < 0.05 was 
considered as statistically significant. 
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3. Results 

Of the 28 patients, 16 were girls (57.1%) and 
their mean age was 9.46±4.20 years. The 
mean duration time of celiac disease was 
2.17±2.21 years. The demographic 
characteristics and laboratory parameters of 
the patients are shown in table 1. Folate 
deficiency was detected in 2 patients. 14 
patients had iron deficiency anemia. 

Electrocardiographic and echocardiographic 
characteristics of the patient and control 
groups are shown in Table 2. There was no 
difference between the two groups in terms of 
age, gender, height and weight (p> 0.05). The 
Tp-e interval, QTc, QTc dispersion, and Tp-e / 
QT ratio were detected longer in celiac 
patients than in the control group (p <0.05) 
(Table 2). 

The patients were divided into 2 groups as 
seronegative (patients adhering to a strict  
gluten free-diet (GFD) and seropositive celiac 
patients (patients not adhering to a strict GFD) 
(Table 3). There was no statistical difference 
between the two groups in terms of age and 
gender (p>0.05). Tp-e interval, Tp-e / QT and 
Tp-e / QTc was determined longer in 
seropositive celiac patients (p <0.05) (Table 
3). 

Mitral valve prolapse (MVP) and minimal 
mitral regurgitation (MR) were detected in 4 
patients (14.3%) by conventional ECHO. No 
systolic or diastolic dysfunction was found in 
the patient and control groups. 

4. Discussion and Conclusion 

We have investigated cardiac functions and 
ECG parameters that are determinant in the 
development of atrial and ventricular 
arrhythmia in children with celiac disease. 
The Tp-e interval, QTc, QTc dispersion, and 
Tp-e / QT ratio were detected longer in celiac 
patients than in the control group. Tp-e 
interval, Tp-e / QT and Tp-e / QTc was 
determined longer in seropositive celiac 
patients. 

Despite increased awareness of physicians 
about celiac disease and screening tests for 

celiac disease are performed in high-risk 
groups, a majority of celiac patients still 
remain undiagnosed (24,25). 

Although there are many studies reporting 
cardiac involvement in celiac disease, the 
mechanism of this involvement is not known 
exactly (11,26,27). It has been suggested that 
nutritional deficiency secondary to chronic 
malabsorption in celiac disease may cause 
cardiomyopathy. In addition, various luminal 
antigens or infectious agents due to impaired 
intestinal permeability may cause myocardial 
damage by immune-mediated mechanisms 
(15,28,29). As a result, direct immune response 
may cause damage in the small intestine and 
myocardium (30). 

It has been reported that increased risk of 
atrial fibrillation is in patients with celiac 
disease. (3,10,11,26,31). It has been suggested 
that systemic inflammation associated fibrotic 
changes in the atrium may play a role in the 
development of atrial fibrillation (11,30-34). 
In our study, we did not detect atrial 
fibrillation in any of our patients. For the 
development of atrial fibrillation, there should 
be fibrotic changes in the atrium. The long 
duration of disease is required for the 
development of fibrotic changes. Therefore, 
we may not have detected atrial fibrillation 
due to the young age of our patients and the 
short duration time of the disease. In addition 
to inflammation, hyperhomocysteinemia may 
lead to atrial fibrillation in patients with celiac 
disease. Homocysteine is an amino acid 
produced during the metabolism of 
methionine (35). In diseases such as celiac 
disease that cause folate deficiency, 
homocysteine metabolism is impaired and 
hyperhomocysteinemia occurs. It affects the 
sodium and potassium channels causing 
proarrhythmic effects in the atrium and so 
increases the risk of atrial fibrillation (36-38). 
It has been suggested that 
hyperhmocysteinaemia may play a role in the 
of atrial fibrillation in patients with celiac 
disease. In our study, folate deficiency was 
detected in 2 of our patients, but none of them 
had atrial fibrillation. The reason for this 
results may be the small sample size. 

In a recent study, P wave, QT, QTc, Tp-e 
dispersion and Tp-e / QT ratio were found 
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longer in patients with celiac disease than in 
the control group (19). In that study, there was 
no correlation between tissue 
transglutaminase antibody (tTG) levels and P 
wave, QT and Tp-e dispersion. No correlation 
was found with the duration of the disease. It 
has been suggested that the correlation might 
not have been found due to the short follow-
up period. Also, it has been reported that 
celiac disease is associated with some ECG 
parameter changes that may be indicators of 
atrial and ventricular arrhythmia. In addition, 
it has been suggested that pediatric patients 
with celiac disease should be followed up 
regularly in terms of the risk of arrhythmia 
due to the long life expectancy (19). In an 
another study, it has been reported that Tp-e 
interval, Tp-e / QT and TP-e / QTc ratios are 
increased in patients with celiac disease, and 
further studies are needed to determine 
whether these changes increase the risk of 
ventricular arrhythmia (39). In that study, it 
has been reported that the Tp-e / QTc ratio is 
correlated with the duration of celiac disease. 
In accordance with those studies, we also 
found longer Tp-e interval, QTc, QTc 
dispersion and Tp-e / QT ratios in celiac 
disease patients compared to the control group 
(19,39). Although parameters which are both 
atrial and ventricular arrhythmia indicators 
were detected longer in patients with celiac 
disease in the study of Demircan et al.(19), 
only ventricular arrhythmia indicators were 
detected longer in our study, the reason for 
this may be due to the small sample sizes and 
short follow-up period. 

Karadeniz et al. found prolonged P wave 
duration and dispersion in patients with low 
iron stores (40). Iron deficiency anemia 
secondary to malabsorption is very common 
in patients with celiac disease. Demircan et al. 
detected prolonged P wave dispersion in 
pediatric celiac patients with low iron stores 
(19). In contrast to that study, we did not find 
prolonged P wave dispersion in any of the 14 
celiac disease patients with low iron storage. 
Also, there was no difference between patients 
with low and normal iron stores in terms of P 
wave dispersion. Since myocardial damage 
has not yet developed by immune-mediated 
mechanisms, we may not have detected 
prolonged P wave dispersion. 

Both QT and QTc dispersion can be used as a 
marker to determine the risk of ventricular 
arrhythmia (19). Previous studies have shown 
that prolonged QT and QTc dispersion are 
significantly correlated with ventricular 
premature beats in children with a structurally 
normal heart (41,42). In a study including 83 
adult celiac patients, prolonged QT was found 
in 33% of celiac disease patients (8). Corazza 
et al. reported that prolonged QT is found 
especially in patients not adhering to a strict 
GFD, and suggested that the QT length should 
be regularly monitored in untreated celiac 
patients (8). In the current study, we detected 
prolonged QTc and QTc dispersion in patients 
with celiac disease compared to the control 
group. As consistent with those studies, we 
also detected prolonged QT in our patients not 
adhering to a strict GFD. 

The Tp-e / QT ratio is not affected by heart 
rate and body weight, so it is used as a more 
sensitive marker than the TP-e and QT 
interval. The Tp-e / QT ratio is an important 
index in determining arrhythmogenic 
tendency in acquired and congenital 
channelopathies (43). Demirtaş et al. detected 
higher Tp-e interval and Tp-e / QT ratio in 
celiac disease patients compared to the control 
group, and also reported that the Tp-e / QT 
ratio is significantly higher as parallel with the 
disease duration (39). As consistent with that 
study, we also detected prolonged Tp-e 
interval and Tp-e / QT ratios in celiac disease 
patients. In contrast to that study, we found 
that the ratio of Tp-e / QT is significantly 
higher in patients not adhering to the GFD (p 
<0.05). We think that compliance with the 
treatment, not the duration of the disease, is 
more effective on the Tp e / QT ratio. When 
compliance with gluten-free diet is complete, 
systemic inflammation and immune response 
occur less likely in patients. Therefore, the 
possibility of damage to the small intestine 
and myocardium and the risk of arrhythmia 
occur less likely. 

Rhythm disturbances secondary to electrolyte 
disturbance caused by malabsorption in celiac 
disease return to normal with gluten-free diet 
(44). None of our patients had electrolyte 
disturbances.  

Left ventricular hypertrabeculation / 

Cardiac functions in celiac disease
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noncompaction may be associated with celiac 
disease (45). In our study, we did not detect 
left ventricular hypertrabeculation/ 
noncompaction in any of the patients. The 
small number of our patients may be the 
reason of our results. 

In a study including 40 celiac disease patients, 
mild cardiac involvement was found in 9 
patients (22.5%), mitral valve insufficiency in 
5 patients, aortic valve insufficiency in 2 
patients, pulmonary and tricuspid valve 
insufficiency in 1 patient, and low EF in 1 
patient were detected (46). In addition, an 
improvement in cardiac changes was reported 
12 months after GFD. In an another study 
including 60 pediatric celiac patients, 
moderate cardiac involvement (valve 
insufficiency or low EF) was found in 13 
patients (21.6%), and it has been shown that 
patients with celiac disease have lower 
contractility indexes (47).  In that study, 
improvement in echocardiographic findings 
was observed after a gluten-free diet. In 
parallel with those studies, MVP and minimal 
MR were detected in 4 of our patients 
(14.3%). However, we could not evaluate 
whether there is an improvement in cardiac 
changes after a gluten-free diet due to the 
short follow-up period. 

A high prevalence of impaired left ventricular 
function has been reported in patients with 
celiac disease (48-50). Conversely, there are 
also studies reporting no systolic dysfunction 
by conventional ECHO (16,19-21,51). In the 
present study, systolic dysfunction was not 
detected in any of our patients by 
conventional ECHO, but we think that studies 
with more patients are needed to make a more 

precise interpretation. In an another study, 
subclinical cardiac dysfunction was found in 
the majority of untreated celiac patients (18). 
In our study, no subclinical cardiac 
dysfunction was detected in any of our 
patients by conventional ECHO, and there 
was no subclinical cardiac dysfunction in 
patients not adhering to a strict GFD. Since 
the advanced ECHO examinations such as 
strain, strain rate and speckle tracking were 
not used, we may not have detected 
subclinical cardiac dysfunction. 

Limitations of our study: First, lack of 
cardiac assessment results after adherence to 
the GFD. Due to the short follow-up period, 
we could not evaluate whether the patients 
have improvement in cardiac functions. 
Second, we have small sample size because 
the study is single-center. Third, advanced 
ECHO examinations such as strain, strain rate 
and speckle tracking may be more useful in 
detecting early and subclinical ventricular 
dysfunctions in patients with celiac disease, 
but we could not perform them. 

In conclusion, we found prolonged Tp-e 
interval, QTc, QTc dispersion and Tp-e / QT 
ratio in patients with celiac disease. In other 
words, we only detected the ventricular 
arrhythmia indicators as longer. We did not 
found prolonged atrial arrhythmia indicators 
in any of our patients. In addition, we found 
prolonged Tp-e interval, Tp-e / QT and Tp-e / 
QTc in patients not adhering to a strict GFD. 
We found that untreated celiac patients have a 
higher risk of ventricular arrhythmia. Further 
studies with more pediatric celiac patients 
who have longer duration of disease are 
needed to make a more precise interpretation. 
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