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Abstract 
Introduction: The female sex hormones are known to have a cardioprotective role in premenopausal women compared to 

postmenopausal women.1,2,5 The key hormone estrogen and progesterone shows a cyclical variation along the different phases of 

menstrual cycle. Parasympathetic activity via vagus is known to improve the cardiac function compared to sympathetic activity.3 

Heart rate variability (HRV) is one of the sensitive and non-invasive method to record the cardiac autonomic activity.4 Thus we 

chose this study to assess how the female sex hormones affect autonomic activity on the heart during the phases of menstrual cycle. 

Aim: To assess the effect of cyclical alteration in female sex hormones on cardiac autonomic activity by HRV. 

Materials and Methods: After getting institutional ethics committee clearance, short term HRV (5 minutes) was recorded in fifty 

young female volunteers aged between 20-30 years within normal range of BMI and regular menstrual cycle in supine posture after 

10 minutes rest using PHYSIO PAC PP4 Medicaid system Chandigarh in the autonomic function lab, Department of Physiology, 

Sri Venkateshwaraa Medical College Hospital and Research Center, Ariyur, Pondicherry. Statistical analysis was done using SPSS 

17 version. 

Results: The sympathetic parameters like (low frequency domain) LF nu, LF/HF ratio was significantly increased in the 

premenstrual phase. The parasympathetic parameters like (high frequency domain) HF nu, TP (total power) were significantly 

increased in the proliferative phase of the menstrual cycle. 

Conclusion: Thus the cardioprotective role of female sex hormones in premenopausal women was more pronounced in the 

proliferative phase of menstrual cycle. 
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Introduction 
Epidemiological studies showed that the risk of 

coronary heart disease is much lower in the 

premenopausal women compared to age matched men.5 

This suggests that the female sex hormones in the 

premenopausal women contribute to their cardio 

protective role compared to postmenopausal women.6 

Cyclical alteration in female sex hormones along the 

menstrual cycle affect the cardiac autonomic reactivity 

through hypothalamo-pituitary adrenal activity and 

sympatho-adrenomedullary system.7 Effect of female 

sex hormones on cardiac autonomic activity can be 

assessed with the help of HRV. HRV is the non-invasive 

tool to measure the autonomic activity in humans.4 

Power spectral analysis is a sensitive index to assess the 

autonomic activity in the normal menstruating females 

during different phases of menstrual cycle. Vagal 

innervation influence the HF component in 

correspondence with sinus rhythm. The LF component 

varies with oscillations in blood pressure, influenced by 

both the divisions of Autonomic Nervous System 

(ANS).8 The equilibrium between both the divisions of 

ANS can be assessed by LF/HF ratio.8 

 

 

Aim 

To assess the effect of cyclical alteration in female 

sex hormones on cardiac autonomic activity by HRV. 

 

Objectives  
1. To record the 5 mins HRV during proliferative 

phase 

2. To record the 5 mins HRV during premenstrual 

phase 

3. To compare 5 mins HRV during both the phases 

 

Materials and Methods 

After getting institutional ethics committee 

clearance, written consent was obtained from all fifty 

healthy eumenorrheic women volunteers with regular 

menstrual cycle aging between 20-30 years with normal 

BMI (18- 24 kg/m2). This observational study was 

carried out in the Department of Physiology Sri 

Venkateshwaraa Medical College Hospital and Research 

Centre, Puducherry. Females with menstrual 

abnormalities, or any other medical illness prone to 

affect HRV were excluded from the study. 

General examination and history collection were 

done for all subjects. Last menstrual period (LMP) and 

menstrual history were collected. After 10 minutes rest 
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ECG analysis was done by using PHYSIOPAC PP4 

MEDICAID system Chandigarh in the Department of 

Physiology in supine position for 5 minutes. Limb leads 

were used to record ECG. Recordings were done in the 

morning between 9.00 am to 11.00 am in the autonomic 

function test lab during proliferative phase (6th -7th day) 

and premenstrual phase (24th- 25th day). The subjects 

were advised to avoid caffeine at least 2 hours before the 

test and recording was done at least 2 hours after the 

meal. 

 

Results  
All the values were tabulated as Mean±SD. 

Statistical analysis was done using SPSS 17 version 

 

Table 1: HRV (Frequency domain) in both the phases of menstrual cycle 

Frequency domain 

parameters 

Proliferative 

phase 

Premenstrual 

phase 
P value 

LF nu 84.76±2.415 87.07±2.04 <0.0001* 

HF nu 15.24±2.413 12.94±2.059 <0.0001* 

LF/HF 5.711±1.005 6.977±1.675 <0.0001* 

Total power(ms2) 4441±2000 3437±1819 0.005* 

*P< 0.05- statistically significant  

LF- low frequency, HF- high frequency, LF/HF - ratio of LF and HF 

TP- total power 

 

In table: I - LF nu and LF/HF indicating the 

sympathetic activity has significantly increased in the 

premenstrual phase compared to the proliferative phase. 

The parasympathetic functions shown by HF nu and total 

power were significantly increased in the proliferative 

phase compared to premenstrual phase of the menstrual 

cycle.  

These results were similar to the study done by 

Nozomi Sato et al with increased LF, and LF/HF in the 

premenstrual phase.7 Similarly Choudhury et al. has 

reported increased sympathetic activity in the luteal 

phase due to the combined effect of estrogen and 

progesterone which increases premenstrual stress.3 

 

Discussion 
Leicht et al. found that the sympathetic activity was 

higher during ovulatory and luteal phase compared to the 

menstrual phase.6 Increased vagal tone during 

proliferative phase could be one of the reasons for 

decreased sympathetic activity.9 In contrast Saeki et al. 

reported increased sympathetic activity in the 

premenstrual phase might be due to associated increase 

in LH, FSH and progesterone.10 Weisman et al reported 

sudden increase in the level of estrogen in women treated 

with ovulation induction for in-vitro fertilization showed 

increase in the vagal activity.11 

Some authors reported increased sympathetic 

activity only in females with premenstrual syndrome 

(PMS) in the late luteal phase compared to females 

without PMS.12,13 Similarly Baker et al. also reported 

decreased HF power in severe PMS subjects during 

sleep.14 Our results are similar to Sneha et al. where HRV 

is analysed among exercising and non- exercising 

women.15 Leicht et al. found a positive correlation 

between HRV and endogenous estrogen during 

ovulatory period. But they did not find any synchronistic 

changes in HRV with endogenous female sex 

hormones.6 Absolute measures of HRV and baroreflex 

control of heart rate during normal menstrual cycle were 

correlated significantly with estradiol level in healthy 

females thus ovarian hormones might be the reason for 

altered cardiac autonomic function.16 Decreased HRV 

indicates increased risk of arrhythmic events and an 

increased mortality. This could be due to the 

environmental stressors, which bring about 

parasympathetic suppression and sympathetic over 

activation.17 Rosana et al reported that women with 

regular menstrual cycle and paroxysmal supraventricular 

tachycardia showed greater incidence of arrhythmia 

during luteal phase compared to follicular phase. Thus 

cardiovagal modulation has antiarrhythmic effect in 

proliferative phase which is consistent with our finding 

of increased paraympathetic function during the 

proliferative phase.18 Estrogen was known to increase 

the density and affinity of muscarinic receptors as 

studied by Rainbow et al.19 The sympathetic hormone 

Nor-epinephrine was found to be high during 21st-25th 

day of menstrual cycle along with higher estrogen and 

progesterone.20,21 Estrogen was known to modulate the 

neurotransmitter release presynaptically by secreting 

NO.22 Thus in this study vagal dominance in the 

proliferative phase (as shown by increased HF nu, TP) 

might be due to endogenous estrogen and increased 

sympathetic activity (as shown by increased LFnu, 

LF/HF ratio in premenstrual phase) might be due to 

increase in the progesterone, opposing the effect of 

estrogen.6 Hence HRV can be used to find the autonomic 

imbalance in the normal menstruating female subjects. 

With short term HRV, frequency domain parameters 

were found to be the better gauge of cardiac autonomic 

activity compared to time domain parameters which are 

better with long term HRV measured for 24 hours.23 

Thus we did not compare the time domain values in our 

study. 

It was found that estrogen not only had a role of 

cardioprotection but also increased the working 

memory.24 It also has a role over central nervous system 
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as shown by the studies on brain stem auditory evoked 

potential and visual evoked potential among females.25 

 

Conclusion 
The HFnu indicating the parasympathetic activity 

was significantly increased in the proliferative phase of 

the menstrual cycle. This is mainly due to vagal 

dominance and release of NO by estrogen which in turn 

decreases the effect of sympathetic nervous system. Thus 

cardioprotective role of female sex hormone in 

premenopausal women is more pronounced in estrogen 

dominant proliferative phase compared to premenstrual 

phase. 

 

References 
1. Bhat AN, Sadhoo AK, Yograj S, Kaur G. Autonomic 

parametrs in post menopausal women. JK sci. 

2005;7:135-139. 

2. Freedman MA. Quality of life and menopause, the role of 

estrogen. J Women’s Health. 2002;11(8):703-18. 

3. Choudhury R, Jahan N, Sultana N, Akter R, Khanum AA. 

Parasympathetic Nerve Function Status during Different 

Phases of Menstrual Cycle in Healthy Young Women. J 

Bangladesh Soc Physiol. 2011;6(2):100-107. 

4. Task force of European society of cardiology & North 

American society of pacing and electrophysiology. Heart 

rate variability. Standards of measurement, physiological 

interpretation and clinical use. Eur Heart J. 1996;17: 354-

381.  

5. Mckinley PS, King AR, Shapiro PA, Slavov I, Yixin F, 

Chen IS et al. The impact of menstrual phase on cardiac 

autonomic regulation. Psychophysiol. 2009;46:904-911. 

6. Leicht AS, Hirning DA, Allen GD. Heart rate variability 

and endogenous sex hormones during the menstrual cycle 

in young women. Exp Physiol. 2003;88(3):441-446. 

7. Sato N Meyake S, Kumashiro M. Power spectral analysis 

of heart rate variability in healthy young women during 

the normal menstrual cycle. Psychosom Med. 

1995;57:331-335. 

8. Pagani M, Lombardi F, Cerutti S. cardiovascular neural 

regulation explored in the frequency domain. Circ 

Res.1986;59:178-193 

9. Mercuro G, Podda A, Pitzalis L et al. Evidence of a role 

of endogenous estrogen in the modulation of ANS. Am J 

Cardiol. 2000;85(6):787-89. 

10. Saeki Y, Atogami F, Takahashi K. Reflex control of 

autonomic function induced by posture change during 

menstrual cycle. J Auton Nerv Syst. 1997;66(1-2):69-74. 

11. Weissman A, Lowenstein L, Taj J, Ohel G, Calderon I. 

Modulation of heart rate variability by estrogen in young 

women undergoing induction of ovulation. Eur J Appl 

Physiol. 2009;105:381-386. 

12. Matsumoto T, Ushiroyama T, Kimura T, Hayashi T. 

Altered autonomic nervous system activity as a potential 

etiological factor of Premenstrual syndrome and 

premenstrual dysphoric disorder. Biopsychosoc Med. 

2007;1(24):1-8. 

13. Rode MV, Kamble P, Patak MS, Jadhao P, Ayde P. 

Effect of premenstrual stress on autonomic function. Ann 

Neurosci. 2010;17(3):1-6. 

14. Baker FC, Colrain IM, Trinder J. Reduced 

parasympathetic activity during sleep in the symptomatic 

phase of severe premenstrual syndrome. J Psychosom 

Res. 2008;65(1):13-22. 

15. Shetty SB, Pai SR, Nayanatara, Shetty BA. Comparison 

of cardiac autonomic activity and BMI in different phases 

of menstrual cycle using heart rate variability. Int J 

Biomed and Adv Res. 2011;2:402-409. 

16. Bhagyalakshmi K, Amrutha Tripathy, Ramaswamy, 

Rajendran P, Kishan K, Anupama N. A comparative 

analytical study of heart rate variability in young Indian 

females and non-resident Indian females. International 

Journal of Biomedical Research. 2011;3(1):36-41. 

17. Dekker JM, Crow RS, Folsom AR, Hannan PJ, Liao D, 

Cees A et al. Low heart rate variability in a 2- minute 

rhythm strip predicts risk of coronary heart disease and 

mortality from several causes: The ARIC Study. J Am 

Heart Asso Circ. 2000;102:1239-1244. 

18. Rosano GMC, Leonardo F, De Luca F, Sarrel PM, Beale 

CM. Cyclical variation in paroxysmal supraventricular 

tachycardia in women. The Lancet. 1996;347:786-788. 

19. Rainbow TC, Degroff V, Luine VN, Mc Even BS. 

Estradiol 17β increase the number of muscarinic 

receptors in hypothalamic nuclei. Brain Res. 

1980;198:239-243. 

20. Hirshoren N, Tzoran I, Makrienko I, Edoute Y, Plawner 

MM, Jacob G. Menstrual cycle effects on Neurohumoral 

and autonomic nervous systems regulating the 

cardiovascular system. J Clin Endocrinol 

Metab.2002;87(4):1569-1575. 

21. Cooke WH, Ludvig DA, Hogg PS, Eckberg DL, 

Convertino VA. Does the menstrual cycle influence the 

sensitivity of vagally mediated baroreflexes? Clin Sci. 

2002;102:639-644. 

22. Wellman GC, Boner AD, Nelson MT, Brayden JE. 

Gender differences in coronary artery diameter involve 

estrogen, nitric oxide and Ca2+ dependent K+ channels. 

Circ Res. 1996;79:1024-1030. 

23. Pal GK. Textbook of Medical physiology 2011; 2nd 

edition, chapter 55:462-484. 

24. Konishi K, Kumashiro M, Izumi H, Higuchi Y. Effects of 

menstrual cycle on working memory: comparison of 

postmenstrual and premenstrual phases. J Ind health. 

2008; 46:253-260. 

25. Natarajan N, Priyadharshini K, Ukkirapandian K, 

Lakshmi A. Brain stem auditory evoked response during 

different phases of menstrual cycle. Int J Med Sci and 

Pub Health. 2014;3(6):689-692. 

 

How to cite this article:  Priyadharshini UK, 

Kavitha U, Latha R, Nirmala N, Paramita B. 

Cyclical alteration in heart rate variability 

among young eumenorrheic women. Ind J Clin 

Anat Physiol. 2018;5(3):337-339. 

 


