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Abstract 
Introduction: The gonadal hormones accompanying the menstrual cycle in a female affect the ventricular repolarization 

regionally in the cardiac muscle as well as affects its recovery time both of which are QTc AND QTd measured conventionally 

using a non-invasive ECG. A prolonged QTc and QTd are predictors of cardiac morbidity and mortality. 

Aim: The aim of the present study was to examine whether the cardiac ventricular repolarization is altered during different 

phases of menstrual cycle by the endogenous gonadal hormones. 

Materials and Methods: Thirty eumenorrhic females were examined using 12 lead ECG during the follicular and luteal phases 

of menstrual cycle. 

Statistical Analysis: Data was analysed statistically using student’s paired t-test. 

Results: It was observed that the heart rate in follicular phase was (78.8 ±7.48) while in luteal (84 ± 8.17), R-R interval in 

follicular was (82±5.89) while in luteal phase was (77±3.69) QT interval in follicular was (0.39±0.09) while in luteal phase was 

(0.33±0.08), QTc in follicular was (0.43±0.03) while in luteal phase was (0.39±0.03), QTd in follicular was (67 ± 2.30) while in 

luteal phase was (58±4.08). 

Conclusion: We hence elucidate interactions between the sex steroids and cardiac conduction dynamics which is characterized 

by a prolonged QTc and QTd during the follicular phase. 
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Introduction 
Menstruation involves rhythmic cyclical changes in 

all the reproductive organs of a female which in turn is 

due to the interplay of endogenous hormones i.e.-

oestrogen and progesterone. These gonadal hormones 

are associated with various homeostatic changes in 

various organ systems in anticipation to fertilization if 

at all. Apart from its traditional role in affecting the 

reproductive organs the presence of receptors for the 

sex steroids on the cardiovascular as well as the level of 

medulla is well established hence it is subjudiced that 

the changes in the functioning of these systems 

cyclically are inherent to the biological rhythm. 

Multiple studies conducted on males and females have 

studied the propensity to develop cardiac rhythm 

abnormalities and the most feared torsa des pointes 

which occurs in the absence of structural deformities 

and can lead to ventricular fibrillation and tendency to 

develop MI, it was observed that females have a distinct 

advantage over the age matched male counterparts 

showing a delay in the onset of cardiac abnormalities. 

The data tends to skew as a female turns 

postmenopausal with no difference in the morbidity or 

mortality rates thereafter.1,2 

The ECG is a simple non-invasive diagnostic tool 

used to diagnose cardiac abnormalities. The QT interval 

(measured from the initial Q-wave deflection to the end 

of the T wave) records the ventricular depolarization 

and repolarization of both the ventricles but is variable 

as it is dependent on the RR interval, so several 

formulae have been devised to calculate a corrected 

QT. The QT interval, QT interval corrected (QTc) using 

Bazett and Fredricia formula and its dispersion (QTd) is 

a measure of ventricular repolarization and ventricular 

recovery time and differences in the repolarization 

times across the entire ventricular musculature, and its 

prolongation has been linked to the occurrence of 

cardiac arrhythmias.3,4 An abnormal QTc is one which 

is longer than 0.44 s even though physiologically, some 

females may have QTc up to 0.46 s. The treating 

physician should be vigilant as female gender and the 

prolongation of QT is a cumulative risk factor for 

development of torrential arrhythmias which should be 

borne in mind prior to instituting a drug regime which 

has effects in the cardiac conduction system since 

certain drugs are known to cause fatal drug induced 

arrhythmias. There are numerous studies in literature 

which have correlated HRV changes to the phases of 

menstrual cycle but sex differences in ECG findings is 

a matter of debate. The QTc interval which is notably 

increased in females compared to males owing to their 

slower resting heart rates and R-R intervals and an 

associated steep QT-to-RR ratio which increases the 

likelihood to rhythm abnormalities.5-8 There is solicited 

proof that these QTc changes are not present since 

birth9 and the change in the QTc characteristics occur 

post-pubertal associated with a surge in the levels of 

endogenous gonadal hormones.10 The prolongation of 

QTc during pregnancy11 and longer baseline QTc in 

post pubertal women5,12 reinstates the role of sex 
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hormones in altering the cardiac electrogenic 

properties. Numerous animal studies have demonstrated 

the effect of gonadal hormones on cardiac myocyte as 

well as the conduction system but the results remain 

inapplicable to humans due to paucity of studies 

conducted on recording the electrical phenomenon. 

Converging line of data on inability to reach a 

consensus and conflicting reports on the effects of sex 

steroids on ECG recordings especially repolarization 

with the menstrual cycle13-16 has hampered the 

assessment of female gender as to being a risk factor for 

arrhythmogenesis. The results may aide the physicians 

in treatment modalities which can be made more cycle 

specific as well as hormone replacement therapy 

instituted if at all be in sync with the biological rhythm 

and at the same time the physiologist may solve the 

nexus around the influence of sex hormones and cardiac 

repolarization properties. 

 

Materials and Methods 
Study Design: Cross-sectional 

Duration: December 2011 till February 2012 

Source of Data: In the present study the data was 

collected from the students of first year M.B.B.S for the 

academic year 2011. 

Sample Size: Thirty eumenorrhic girls aged 17 -20 

years of age studying their first year MBBS course 

were selected 

Sample Size Estimation-17 

Expected Reduction-(Mean) = d=20 

SD=40 = σ  

ά = 0.05   One sided  Z ά = 1.65 

β = 0.2  Power 80%  Z β = 0.84 

n = [(Z ά + Z β) σ / d]2 = 24.8 = 25 =30  

Based on sample size calculation 30 MBBS phase 

1females aged 17-20 years who are eligible were 

enrolled at the time of data collection. 

Inclusion Criteria: Thirty eumenorrhic girls aged 17 -

20 years of age studying their MBBS course with 

regular cycle duration of 28days at least prior to 2 

months of the study, having no well-defined 

premenstrual tension or no medical, endocrinological, 

psychiatric or gynaecological problems were enrolled. 

Exclusion Criteria: Subjects who had any menstrual 

cycle irregularities, dysmenorrhea, menorrhagia, or 

consuming drugs like cough suppressants, history of 

smoking or drug abuse antidepressant, oral 

contraceptive pill, drugs that alter the cardiovascular 

functions, history or clinical suspicion of ischemic or 

structural heart disease, any kind of conduction defect 

or antiarrhythmic drug use or history of hypertension, 

diabetes mellitus were excluded from the study. 

Females engaging in active exercise i.e.- 3 times/week 

are excluded from the study since the work extends to 

sedentary females. 

Voluntary informed written consent was obtained 

from all participants, and the experiment protocol was 

approved by Institutional Ethics committee on human 

research of the college. A detailed menstrual history 

regarding the total duration, regularity, flow was 

collected from every participant prior to enrollment.17 

The entire purpose along with a detailed 

description of the study protocol was given to all the 

subjects prior to beginning of the test& examination 

carried out at same time of the day.17 

Considering the first day of bleeding as Day 1, the 

phases marked out were and confirmed by basal body 

temperature monitoring: 

1. Follicular (10th day) 

2. Luteal (20thday). 

 

Recording 

The subject was given a rest in supine position for 

a period of 20 mins following which ECG was recorded 

at a paper speed of 25 mm/s and a calibration of 1 

mv=10 mm and the QT recorded in all possible leads 

with the interval considered from the onset of the QRS 

complex to the end of the T wave The end of the T 

wave was defined as intersection of the terminal limb of 

the T wave with the isoelectric baseline.18 The longest 

and the shortest QT intervals across 12 leads were 

defined as the maximum QT (QTmax) and the minimum 

QT (QTmin) intervals, respectively. QTC was corrected 

for heart rate by using the Bazett formula and defined 

as corrected QTmax (QTmaxc) and corrected 

QTmin (QTminc), respectively.19,20 QTc dispersion (QTcd) 

was defined as the difference between QTmaxc and 

QTminc. Fridericia formula was also used since it 

provided for rate-adjustment and is devoid of many 

errors.21-23 Intervals between two consecutive R-waves 

were defined as RR interval. 

1. Bazett:   QTc =QT (RR)1/2 

2. Fridericia:   QTc =QT (RR)1/3 

 

Results 
The results from the study show that the indices 

which represent ventricular repolarization are all 

prolonged during the follicular phase of menstrual 

cycle. This suggests that females are potentially at high 

risk of developing ventricular arrhythmias during the 

follicular phase. 

 

Table 1: Shows the baseline demographic 

characteristics of the population.17 

Age(yrs.) 18.3±0.66(17-20) 

Weight(kg) 56.7±7.55(47-65) 

Height(m2) 1.56±0.04(1.51-1.68) 

NS-not significant, *-statistically significant at p<0.05 

 

Table 1 shows the demographic profile of the 

participants. It is evident that most of the participants 

are of the mean age group of 18 years and average 

weight of 56 kgs. 
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Table 2: Heart rate & repolarization indices across different phases of menstrual cycle 

 Follicular Luteal P value 

Heart rate(b/min) 78.8 ±7.48 84 ± 8.17 0.003* 

QT(msec) 0.39±0.09 0.33±0.08 ≤0.001* 

QTc (msec) 0.43±0.03 0.39±0.03 ≤0.001* 

NS-not significant, *-statistically significant at p<0.05. 

 

Table 2 shows the mean Heart rates and ventricular 

repolarization indices of the participants. The results of 

the table suggest a higher heart rate during the luteal 

phase while the ventricular repolarization indices like 

QT and QTc were prolonged in the follicular phase as 

compared to the luteal phase which was statistically 

significant. 

 

 
Fig. 1: Qtc during different phases of menstrual 

cycle 

 

Table 3: QT dispersion & RR intervals across 

different phases of menstrual cycle 

 Follicular Luteal P value 

R-R interval 

(msec) 

82±5.89 77±3.69 0.30NS 

QTd(msec) 67±2.30 58±4.08 0.001* 

NS-not significant,*-statistically significant at p<0.05. 

 

Table 3 shows the mean RR intervals and QTd 

which measures the heterogeneity of regional 

ventricular repolarization of the participants is 

statistically prolonged in the follicular phase as 

compared to the luteal phase. 

 

Discussion 
The results derived from our study suggest a 

prolonged QT interval, QTC and QTd during the 

follicular phase as compared to the luteal phase, thus 

confirming that endogenous gonadal hormones i.e. 

oestrogen and progesterone affect cardiac ventricular 

repolarization as well as exhibit a regional 

heterogeneticity in its actions on the cardiac 

musculature, with oestrogen prolonging the 

repolarization indices and the progesterone exerting an 

anti-oestrogenic and androgenic property and 

antagonizing the actions of oestrogen and shortening 

the duration of cardiac action potential. The fluctuating 

levels of oestrogen and progesterone exert a genomic 

and non- genomic hormone induced changes at the 

level of cardiac musculature.  

The results derived from our study are in similar 

lines with a study which signifies that the QT interval 

values fluctuate parallel to the surges in gonadal 

hormones associated with the menstrual cycle.13 On the 

other hand there are contradictory reports from certain 

studies where no association was found between 

oestrogen and its cardio-protective role on the 

cardiovascular system.24,25 Our results are in sync with 

the results of a study wherein they observed that during 

a single cycle it was progesterone and oestrogen which 

affected the ventricular repolarization in women, with 

the endogenous progesterone shortening the action 

potential while oestrogen counterbalances it by 

prolonging it.26 The possible molecular mechanism how 

oestrogen prolongs the action potential is by inhibiting 

the potassium channels which are responsible for 

ventricular repolarization and also hormone induced 

depletion in the mRNA levels coding for the potassium 

rectifier channels, while in the animal models it was 

known to decrease the IcAl as well as inward rectifying 

potassium channels at physiological doses.27-29 The 

shorter QT interval observed during the luteal phase 

may be attributed to the high levels of progesterone 

which is known to decrease calcium channel current 

and increases potassium channel currents. The effects 

of progesterone have been studied in a guinea pig 

model, where it shortened the AP duration through up 

regulation of IKs currents and down regulation of ICa, 

L currents.30 The risk of sudden cardiac death in patients 

with myocardial infarction, heart failure, and 

hypertrophic cardiomyopathy has been attributed to 

prolonged Qt interval.31-33 and is a risk factor for 

sudden cardiac death in hypertensive patients with left 

ventricular hypertrophy (LVH).31,32 The endogenous 

gonadal hormones of menstrual cycle alter the cardiac 

action potential kinetics with oestrogen in the follicular 

phase prolonging it and a progesterone surge during the 

luteal phase reversing it by antagonizing the actions of 

oestrogen. 

Implications: There is sufficient line of data to prove 

that the post-menopausal state is an independent risk 

factor along with female gender for the development 

and progression of cardiovascular diseases which 

corroborates the modulatory role of endogenous 

hormones in cardiac conduction. The issue which 

remains to be resolved is of oestrogen conferring cardio 

protective role on the cardiovascular system with 

multiple studies suggesting the same,31,34,35 the delay in 

onset of cardiac adversities towards menopause 
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compared to age matched males imbibes the role of 

hypo oestrogenic state facilitating it1,2 while certain 

studies have reported negative outcomes with hormone 

replacement therapy in post-menopausal women 

contradicts the traditional cardio-protective role.36,37 A 

review of the food and drug administration database 

revealed a prediclition of females to develop torrential 

arrhythmias after consuming variety of drugs, such as 

antihistamines, antimalarials, certain antibiotics etc 

which have the potential to block potassium channels, 

thereby prolonging the QT interval on the ECG.28 The 

probable implication from such type of studies would 

be the potential use of progesterone containing 

analogues in treatment of conditions having long QT 

syndromes as well as caution be exercised when certain 

drugs known to affect the refractory periods are to be 

prescribed in females. 

Limitations and Future Scope: Actual hormone 

estimation was not conducted due to paucity of funds 

and technical problems. Such studies should be 

conducted in larger population to get to the results. 

Future studies must be conducted to elucidate an 

association between the levels of sex steroids and their 

prognostic cardiovascular implications. Studies should 

include QTd on population suffering from 

cardiovascular conditions like hypertension, 

arrhythmias, MI and the female gender to strike an 

association between the two since Qtd and QTc have 

evolved as the biomarkers of predicting cardiac 

adversities and the risk of sudden death.38 
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