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ABSTRACT
Introduction: In humans, long-term fasting reduces systemic inflammation and oxidative stress markers 
associated with atherosclerosis, and long-term fasting has been shown to have positive effects on cardiac 
functions. Frontal QRST angle (fQRSTa) is predictor of ventricular repolarization and is associated with 
arrhythmia incidence and adverse clinical outcomes. The aim of our study is to investigate the effect of long-
term fasting periods on cardiac conduction system, ventricular functions and especially fQRSTa. 
Patients and Methods: Fifty-seven volunteers who entered the long fasting period by fasting during the 
month of Ramadan were included in our study. Basal electrocardiography (ECG) records of patients before 
Ramadan were taken and control ECG records were examined after 1-month intermittent fasting periods. 
Basal and post-fasting ECG parameters and especially fQRSTa were compared.
Results: In the long pre-fasting period, the QRS axis [38 (34.5-58), 56 (54-58); p< 0.022] and P wave ampli-
tude [0.040 (0.025-0.044), 0.046 (0.041-0.049); p= 0.001] were statistically lower than post-fasting period. T 
axis in the pre-fasting period [73 (56.5-83.5), 54 (47-57); p< 0.001] and frontal QRS angle (33.4 ± 22.1, 12.4 
± 15.4; p< 0.001) were statistically higher than the post-fasting period. 
Conclusion: In this study, which examined the effect of long fasting on the heart conduction system and ven-
tricular functions, an increase in P wave amplitude was observed in the post-fasting period. In addition, after 
fasting, increased in the QRS axis and decrease in the T axis result in a decrease in fQRST axis. This can be 
evaluated as a positive effect on ventricular functions.
Key Words: Fasting; electrocardiography; QRST angle. 

Uzun Süreli Açlığın Elektrokardiyografik Parametreler Üzerine Etkisi 

ÖZ
Giriş: İnsanlarda uzun süreli açlık, ateroskleroz ile ilişkili sistemik inflamasyon ve oksidatif stres belirteçlerini 
azaltır ve uzun süreli açlığın kardiyak fonksiyonlar üzerine olumlu etkileri gösterilmiştir. Frontal QRST açısı 
(fQRSTa) ventriküler repolarizasyon göstergesi olup aritmi insidansı ve olumsuz klinik sonlanımlarla ilişkilidir. 
Çalışmamızın amacı uzun aralıklı açlık periyodlarının kardiyak ileti sistemi ile ventrikül fonksiyonları ve 
özellikle fQRSTa üzerine etkisini incelemektir.  
Hastalar ve Yöntem: Çalışmamıza Ramazan ayı boyunca oruç tutarak uzun açlık periyoduna giren 57 
adet gönüllü dahil edilmiştir. Hastaların Ramazan dönemi öncesi bazal elektrokardiyografi (EKG) kayıtları 
alınarak bir aylık intermittant açlık periyodları sonrası kontrol EKG kayıtları incelenmiştir. Bazal ve açlık 
sonrası EKG parametreleri ve özellikle fQRSTa karşılaştırılmıştır. 
Bulgular: Uzun açlık öncesi dönemde QRS aksı [38 (34.5-58), 56 (54-58); p< 0.022] ve P dalga amplitüdü 
[0.040 (0.025-0.044), 0.046 (0.041-0.049); p= 0.001] açlık sonrası döneme göre istatistiksel olarak daha 
düşük saptanmıştır. Açlık öncesi dönemde T aksı [73 (56.5-83.5), 54 (47-57); p< 0.001] ve frontal QRS açısı 
(33.4 ± 22.1, 12.4 ± 15.4; p< 0.001) açlık sonrası döneme göre istatistiksel olarak daha yüksek bulunmuştur.
Sonuç: Uzun açlığın kalp ileti sistemi ve ventrikül fonksiyonları üzerine etkisinin incelendiği bu çalışmada 
açlık sonrası dönemde P dalga amplitüdünde artış izlenmiştir. Ayrıca açlık sonrası QRS aksı artış gösterip T 
aksı gerilemekte ve sonuç olarak frontal QRST aksında azalma izlenmektedir. Bu ise ventrikül fonksiyonları 
üzerinde olumlu bir etki olarak değerlendirilebilir.
Anahtar Kelimeler: Açlık; elektrokardiyografi; QRST açısı.

INTRODUCTION 

Prolonged fasting elicits cellular responses to improve glucose regulation between and 
within organs, increase stress resistance, and suppress inflammation. Metabolic transition 
from the use of glucose as a fuel source to the use of fatty acids and ketone bodies provides 
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energy efficiency and reduces the rate of respiratory exchange. 
During fasting, cells activate pathways that increase internal 
defenses against oxidative and metabolic stress and remove or 
repair damaged molecules. In humans, long-term fasting has a 
positive effect on obesity, insulin resistance, dyslipidemia and 
hypertension. It reduces systemic inflammation and oxidative 
stress markers associated with atherosclerosis(1).

The frontal QRS-T (fQRS-T) angle is the angle between 
the frontal QRS and T vectors and is an indicator of ventricular 
repolarization heterogeneity(2). A wider QRS-T angle reflects an 
abnormal regulation of ventricular repolarization. Compared 
to other traditional cardiovascular risk factors for cardiac 
morbidity and mortality and electrocardiographic (ECG) risk 
indicators such as the length of QT, it is considered a strong and 
independent risk predictor(3). The wide fQRS-T angle reflects 
an increase in ventricular repolarization heterogeneity and 
arrhythmic vulnerability(4). The aim of our study is to examine 
the effects of long intermittent fasting periods on the cardiac 
conduction system and ventricular functions. 

PATIENTS and METHODS

The study was approved by the Istanbul Mehmet Akif Ersoy 
Thoracic and Cardiovascular Surgery Training and Research 
Hospital Clinical Research Ethics Committee (Decision no: 
2019-51; Date: 30.07.2019).

Our study is a single-center retrospective observational 
study and 57 volunteers who entered the long fasting period 
by fasting during the month of Ramadan were included in this 
study. Baseline ECG recordings of patients were taken before the 
Ramadan period, and control ECG recordings were examined 
after 1-month intermittent fasting periods. Patients under 18 
years of age, patients with systemic and/or cardiovascular 
disease, atrial fibrillation, implanted pacemakers, known cardiac 
conduction system disease and/or a history of medication usage 
that may affect the conducting system, severe valvular heart 
disease and those with electrolyte disturbances were excluded 
from the study.

During the 4-week period, our participants practiced 16 hours 
of hunger every day, followed by 8 hours of eating. Thus, patients 
were reevaluated 4 weeks after intermittent fasting periods.

Evaluation of ECG

A 12-channel surface ECG (Nihon Kohden Corporation, 
Cardiofax M Model ECG-1250, Tokyo, Japan) was obtained with 
a paper speed of 25 mm/s and a voltage of 10 mm/s. Those with 
U waves and/or biphasic T waves were excluded from the study. 
The PR interval was measured as the time from the beginning of 
the P wave to the beginning of the QRS complex, the QT interval 
is the time from the beginning of the QRS complex to the end of 
the T wave, and the Tp-e interval was measured from the peak 
to the end of the T wave. QTc interval is calculated according 

to Bazett’s formula [QTc interval= QT/√ (RR interval)]. P wave 
dispersion was calculated as the absolute difference between 
the maximum and minimum P wave durations, QT dispersion 
is the absolute difference between the maximum and minimum 
QT intervals, and T wave dispersion is the absolute difference 
between the maximum and minimum T wave durations. The 
fQRS-T angle was calculated as the absolute difference between 
the ventricular depolarization (QRS axis) and repolarization (T 
axis) axes, and if the result was greater than 180°, the final result 
was found by subtracting it from 360.

Statistical Analysis

Statistical analysis was performed using the SPSS Version 
24.0 programme (SPSS Inc., Chicago, Illinois, USA) and the 
Kolmogrov-Simirnov test was used to evaluate the normal 
distribution. For numerical variables with normal distribution, 
mean ± standard deviation (SD); for numerical variables that do 
not show normal distribution, median (25th-75th percentile); for 
categorical variables percentage (%) were used. Paired sample t 
test was used for normally distributed continuous variables and 
Wilcoxon signed-rank test was used for variables without a normal 
distribution. p< 0.05 will be considered as a significance level. 

RESULTS

Fifty-seven patients were included in this retrospective 
study. In this study, 70.2% (n= 40) of the patients were women 
and 22.8% (n= 13) of the patients were smokers. The median 
body mass index (BMI) values of the patients were 24.1 kg/m2 

(22.0-26.2 kg/m2). In addition, the median age of the patients 
was 30.14 ± 7.93 (Table 1).

ECG parameters evaluated before and after a long 
fasting are summarized in Table 2. Accordingly, there was 
no statistically significant differences in P wave duration, PR 
interval, QRS duration, P wave dispersion, QT dispersion, T 
dispersion, QT interval, QTc interval, Tp-e interval, Tp-e/QT 
ratio, Tp-e/QTc ratio between pre- and post- fasting values. In 
pre-fasting period, the QRS axis [38° (34.5°-58°), 56° (54°-
58°); p< 0.022] and P wave amplitude [0.040 (0.025-0.044) 
mV, 0.046 (0.041-0.049) mV; p= 0.001] was statistically lower 
than the post-fasting period. T axis in the pre-fasting period 
[73° (56.5°-83.5°), 54° (47°-57°); p< 0.001] and fQRS-T angle 
(33.4 ± 22.1°, 12.4 ± 15.4°; p< 0.001) were statistically higher 
than the post-fasting period (Figure 1).

Table 1. Demographic data of the study population 

Age (years) 30.14 ± 7.93

Gender (female) [n (%)] 40 (70.2%)

Smoking [n (%)] 13 (22.8%)

BMI (kg/m2) 24.1 (22.0-26.2)

BMI: Body mass index.
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DISCUSSION

According to our study, the P wave amplitude and QRS axis 
measured in the pre-fasting period were statistically lower than the 
post-fasting period while the T axis and fQRS-T angle in the pre-
fasting period were statistically higher than the post-fasting period.

Long-term fasting provides positive effects on several systems 
in the body. Its effects are very significant in many aspects, 

especially glucose regulation, energy efficiency, suppression of 
inflammation, and improvement of atherosclerotic indicators. 
Long-term fasting elicits adaptive cellular responses that are 
integrated to improve glucose regulation between and within 
organs, increase stress resistance, and suppress inflammation. 
During fasting, cells activate pathways that increase internal 
defenses against oxidative and metabolic stress and remove or 
repair damaged molecules(5). The transition from the metabolic 

Table 2. Comparison of ECG findings from pre- and post-fasting periods 

Pre-fasting period Post-fasting period p

Heart Rate (bpm) 77.37 ± 11.35 79.42 ± 13.53 0.184

P  wave duration (ms) 81 (62-101) 80 (64-95) 0.843

P wave amplitude (mV) 0.040 (0.025-0.044) 0.046 (0.041-0.049) 0.001

PR interval (ms) 124 (121-140) 125 (122-147) 0.080

QRS duration (ms) 84 (82-86) 84 (79-86) 0.202

P wave dispersion (ms) 0.046 (0.043-0.064) 0.047 (0.041-0.065) 0.630

QT dispersion (ms) 0.063 (0.043-0.083) 0.067 (0.047-0.087) 0.138

T dispersion (ms) 0.12 (0.08-0.14) 0.10 (0.10-0.14) 0.562

QT interval (ms) 356.95 ± 31.69 356.65 ± 36.96 0.952

QTc interval (ms) 402.04 ± 25.97 402.88 ± 28.69 0.855

Tp-e interval (ms) 65 (62-81) 69 (61-83) 0.343

QRS axis (°) 38 (34.5-58) 56 (54-58) 0.022

T axis (°) 73 (56.5-83.5) 54 (47-57) < 0.001

Frontal QRS-T angle (°) 33.4 ± 22.1 12.4 ± 15.4 < 0.001

Tp-e/QT ratio 0.189 ± 0.04 0.195 ± 0.04 0.425

Tp-e/QTc ratio 0.167 ± 0.03 0.171 ± 0.03 0.468

bpm: Beat per minute, ECG: Electrocardiography, QTc: Corrected QT, Tp-e: T peak-T end

Figure 1. Comparison of P wave amplitude (A), ORS axis (B), T axis (C) and frontal QRS-T angle (D) between pre- and post-fasting periods.
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use of glucose as a fuel source to the use of fatty acids and ketone 
bodies provides greater metabolic flexibility and energy efficiency 
with the production of fatty acids and ketone bodies, resulting 
in a decrease in the respiratory exchange ratio (the ratio of 
carbon dioxide produced to oxygen consumed)(6). Ketone bodies 
stimulate gene expression for the brain-derived neurotrophic 
factor, which has effects for brain health and psychiatric and 
neurodegenerative disorders(5). In humans, intermittent fasting 
interventions have a positive effect on obesity, insulin resistance, 
dyslipidemia, hypertension and inflammation(7). In a study 
involving overweight adults, 12-month calorie restriction led to 
improvements in verbal memory, executive function and global 
cognition(8). In animals and humans, long-term fasting improves 
many cardiovascular health indicators including blood pressure; 
resting heart rate; high-density and low-density lipoprotein (HDL 
and LDL) cholesterol, triglycerides, glucose and insulin levels, 
and insulin resistance(9-12). In addition, long-term fasting reduces 
systemic inflammation and oxidative stress markers associated 
with atherosclerosis(1,13-15). Various case studies involving patients 
with glioblastoma show that intermittent fasting can suppress 
tumor growth and prolong survival(16,17).

Although there are numerous studies on systems affected by 
long-term fasting in this way, we have found very few studies in 
the literature evaluating its effect on ECG parameters or fQRS-T 
angle. We hope our work is a step forward in this regard. In a 
study evaluating the effect of 4-hour and 10-hour fasting on 
ECG parameters, a decrease in P wave duration and amplitude, 
decrease in QRS wave duration, decrease in T wave duration 
and amplitude, prolonged PR interval, decreased ventricular 
velocity and a right shift in the R axis were observed after 10 
hours of fasting(18). In another study evaluating 10-day fasting, 
a decrease in heart rate, decrease in QRS and T amplitude 
rate and inverted T wave rate were found after the period(19). 
These findings might be due to the fact that intermittent fasting 
increases heart rate variability by increasing parasympathetic 
tone in humans(20). In our study, supporting these findings, the 
frontal QRS angle was found to be statistically lower in the pre-
fasting period compared to the post-fasting period.

The fQRS-t angle is the angle between the frontal QRS and 
T vectors and is an indicator of the heterogeneity of ventricular 
repolarization(2). A wider QRS-T angle reflects an abnormal 
regulation of ventricular repolarization and is considered a strong 
and independent risk indicator for cardiac morbidity and mortality 
compared to other traditional cardiovascular risk factors and 
ECG risk indicators such as the length of the QT(3). The wide 
fQRS-T angle reflects an increase in ventricular repolarization 
heterogeneity and arrhythmic vulnerability(4). Frontal planar 
QRS-T angle measurements can be helpful in detecting ventricular 
depolarization and repolarization anomalies in hypertensive 
patients. The QRS-T angle is a sensitive indicator of repolarization 

changes in systemic hypertension(21). Atsma et al. showed that 
increased blood pressure is directly related to cardiac repolarization 
disorders, and the results are stronger for the QRS angle than the 
T axis(22). The fQRS-T angle has been shown to be a strong and 
independent indicator of cardiac mortality in various groups such as 
coronary artery disease, heart failure, type 2 DM, postmenopausal 
women and Chagas disease(23-27). Frontal QRS-T angle was also 
associated with sudden cardiac death. Wide fQRS-T angle (> 100) 
was associated with a 3-fold increase in risk of sudden cardiac 
death, according to the Finnish CHD Cohort with 10957 middle-
aged patients(28). Abnormal frontal QRS-T angle is associated with 
increased incidence and mortality in CAD in men and women(29). 
Although somewhat inconsistent with this, in the National Health 
and Nutrition Examination Survey III cohort of 7052 patients, the 
frontal angle appeared to be only predictive in male and relevant 
in the female population. In the same study, while the study was 
started with those who did not have a known CVS disease; at the 
end of the study, it was determined that the increased fQRS-T 
angle doubles the risk of death from CVS(30). Many studies have 
shown that widened frontal QRS-T angle is associated with an 
increase in all-cause mortality. In one of them, The Finnish Cohort, 
the enlarged fQRS-T angle gave a hazard ratio of 1.8 for total 
mortality, which remained statistically significant in multivariate 
analysis(28). In our study, we calculated a decrease in fQRST angle 
in post fasting period compared to pre-fasting period. Based on 
this result, we can predict that fasting may improve ventricular 
functions and have positive effects on the cardiac system.

CONCLUSION

In this study, in which the effects of long fasting on the 
cardiac conduction system and ventricular functions were 
examined, an increase in P wave amplitude was observed in 
the post-fasting period. In addition, after fasting, the QRS axis 
increases and the T axis regresses, and consequently, a decrease 
in the frontal QRST axis is observed. This can be evaluated as a 
positive effect on ventricular functions.

LIMITATIONS

The main limitations of this study are its retrospective 
nature based on screening the records of a single center and 
the small sample size. With larger groups, more comprehensive 
data can be obtained. In addition, we do not know the effect 
of the findings on clinical outcomes such as the incidence of 
arrhythmia with holter monitoring.

Ethics Committee Approval: The study was approved by the Istanbul 
Mehmet Akif Ersoy Thoracic and Cardiovascular Surgery Training and 
Research Hospital Clinical Research Ethics Committee (Decision no: 2019-
51; Date: 30.07.2019). 
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