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Abstract 
Introduction: The cyclical fluctuating gonadal hormones in a female affect the functioning of the autonomic nervous system & a 

decline in parasympathetic neural activity is a forerunner to multiple cardiac conditions like MI, angina etc hence its detection at 

its inception is primary to institute remedial measures. 

Aim: The aim of the present study was to examine whether the cardiac parasympathetic status of a healthy eumenorrhic female is 

altered during different phases of menstrual cycle.  

Materials and Methods- Thirty eumenorrhic females were recruited during the follicular and luteal phases of menstrual cycle & 

subjected to battery of parasympathetic autonomic tests  

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

Results: The results from 30:15 ratio in follicular phase was (1.19 ±0.05) while in luteal (1.08 ±0.05), E:I ratio in follicular (1.58 

±0.15) while in luteal phase was (1.29 ±0.25), Valsalva ratio in follicular (1.89 ±0.32 ) while in luteal phase was (1.73 ±0.34) 

while the values of DBD and Tachycardia ratio were insignificant statistically  

Conclusion: We hence conclude that there is an obvious interaction between the gonadal hormones and autonomic nervous 

system which is reflected by a reduced vagal outflow during luteal phase. 
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Introduction 

 
The menstrual cycle is an endogenous biological 

rhythm where there are cyclical changes in the 

reproductive organs as well as many other organ 

systems as a result of fluctuations in the levels of 

gonadal hormonesnamely estrogen and progesterone 

which are secreted as a result of co-ordinated action of 

hypothalamo-pituitary-gonadal axis.1-3 Maintenance of 

normal homeostasis before or after encountering a 

stressful situation involves a pivotal role of the 

autonomic nervous system which acts through its two 

effector arms i.e. sympathetic and parasympathetic 

forming a controlled loop with the brain and spinal cord 

which regularly controls the set point of the system.1,2 

The gonadal hormones have discrete interactions with 

the autonomic centers in the brain, medulla as well as 

HPA axis. There are reports cited in literature of the 

interaction of the gonadal hormones with the autonomic 

nervous system. There is no clear cut consensus 

regarding the interaction of the endogenous gonadal 

hormones with the ANS, but the presence of estrogen 

receptors in the medulla namely the tractus solitarius 

which modulates cardiorespiratory activities, heart 

suggest some kind of interaction between both of 

them.4 Parasympathetic activity is primary in regulating  

the SA node which is the pacemaker of the heart 

because of its rapidity of action and rapid decay 

compared to its counterpart the sympathetic nervous 

activity which has a long latency and takes considerable 

amount of time for termination of its action.1,2 A study 

reporting no significant change in the ANS activity 

through the menstrual cycle using the heart rate 

measurement using ECG & phonocardiography.5 

Contradictory results have been reported by a study 

wherein they have observed an increase in the 

parasympathetic activity during the secretory phase 

while no change was associated with respect to 

sympathetic activity during any phase of menstrual 

cycle.6 Several noninvasive tests to incite the ANS have 

been devised where recording response changes in the 

cardiovascular system in the form of heart rate change 

or change in blood pressure to standardized stimuli has 

been introduced.7-11 Autonomic imbalance primarily in 

the formof vagal dysfunction precedes the onset of 

chronic diseases involving the cardiovascular, 

neurological, reproductive system.7 Hence testing for 

the autonomic status of an individual is worthwhile 

since most of these disorders can lend themselves to 

preventive or early curative strategies. Hence the study 

was designed to focus on the interaction of the ANS 

with the gonadal hormones and to identify the lacunae 

which exist in literature. 

 

Objective 

 
The objective of this study was to assess whether 

different phases of menstrual cycle actually affect the 

functioning of the cardiacparasympathetic outflow 
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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 

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 menstrual cycle duration of 28days at least 2 

months prior to the study, having no medical or 

gynecological problems, no well-defined premenstrual 

tension were enrolled. 

Exclusion criteria: Subjects who had irregular 

menstrual cycles, dysmenorrhea, menorrhagia, had any 

endocrine disorder or consuming over the counter drugs 

like cough suppressants,antidepressant, oral 

contraceptive pill, hormonal replacement therapy, drugs 

that alter the cardiovascular functions 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 Ethics committee of the college. A 

detailed menstrual history which included the no of 

days, regularity and total duration of cycle was 

collected prior to enrollment of every participant. 

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. 

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). 

 

Parasympathetic Measures:5,6 

Parasympathetic tests 

1) 30:15 ratio(Orthostatic Tolerance Test) 

2) E:I ratio 

3) Deep Breathing Difference (DBD) 

4)) Valsalva index 

5) Tachycardia ratio 

 

1. 30:15 Ratio (Orthostatic Tolerance Test): is 

considered as a measure of cardiac vagal function. 

With change in the posture from supine to standing 

causes venous pooling leading to hydrostatic stress 

which activates the baroreflex leading to increased 

heart rates within 10-20 seconds of assuming 

upright posture and returns to baseline after 25-30 

seconds. 

Procedure: Resting ECG was recorded and 

baseline heart rate measured. 

The subject was asked to stand with support to 

avoid the heart muscle reflex and a continuous ECG is 

recorded for 1-3 minutes. 

 

30:15 Ratio 
Longest RR interval 30 beats after standing 

Shortest RR interval 15 beats after standing. 

Normal value->1.04 

2. Sinus Arrhythmia: The variation in heart rate 

with deep breathing i.e. -increase in heart rate 

during inspiration while decrease during expiration 

is known as Sinus arrhythmia. In supine position 

the subject was asked to breathe slowly and deeply 

at the rate of 6 to 8 breaths/minute, inspiration and 

expiration lasting for 5 seconds each which was set 

using a metronome& ECG was continuously 

recorded. The ratio of the R-R interval during 

expiration versus inspiration is called the E: I 

Index.  

a) E: I Ratio  
Maximum R-R interval in mm (during expiration) 

Minimum R-R interval in mm (during inspiration) 

Normal Value: E:I ratio->1.21 

b) Deep Breathing Difference=mean of the 

difference between maximum & minimum heart 

rates for six measured cycles in bpm. 

Normal Value: Deep Breathing Difference->18 bpm 

3. Valsalva Index: For this test the subject was asked 

to sit and blow forcefully into mercury 

sphygmomanometer rubber tubing. The subject 

raised the mercury column to 40 mm Hg and 

maintained it for at least 30 seconds during which 

continuous ECG tracing was recorded. The 

valsalva index was calculated as follows.  

a) Valsalva index 
Maximum R-R interval in mm(during release) 

Minimum R-R interval in mm (during strain) 

Normal Value-Valsalva ratio:>1.45 

b) Tachycardia Ratio 
Shortest R-R interval during maneuver 

Longest R-R interval before maneuver 

 

Statistical analysis 
The data quantified as mean ± SD and analyzed 

statistically using Student’s paired t-test p<0.05 was 
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considered to be statistically significant Statistical 

software SPSS 18 version was used for the analysis of 

the data. 

 

Results 

 
The current study used the parasympathetic 

subtests from the Ewing & Clarke Battery of tests. To 

assess the status of the parasympathetic tone we used 

the 30:15 ratio, E:I ratio, Deep Breathing Difference, 

Valsalva ratio& Tachycardia ratio. 

 

Table 1: Shows the distribution of demographic 

variables 
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) 

 

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. 

 

Table 2: Comparison of 30:15 ratio during different 

phases of menstrual cycle 

 Follicular Luteal P value 

30;15 Ratio 1.19 ±0.05 1.08 ±0.05 0.001* 

*-statistically significant, NS-not significant 

 

Table 2 shows tests used to compute 

parasympathetic measures of autonomic function test 

i.e. 30:15 ratio.The table 2 shows the comparison of 

30:15 during follicular and luteal phase.The values of 

30:15ratio were higher in follicular phase showing 

parasympathetic predominance in it.(p=0.001*) 

 

Table 3: Comparison of Sinus Arrhythmia using E:I 

ratio & Deep Breathing Difference during difference 

phases of menstrual cycle 

 Follicular Luteal P value 

E:I Ratio 1.58 ±0.15 1.29 ±0.25 0.004* 

DBD 31.8± 6.44 30.2±8.77 1.70NS 

*-statistically significant, NS-not significant 

 

Table 3 Comparison of E:I ratio and Deep 

Breathing difference during follicular and luteal phases 

of menstrual cycle. The valueof E:I ratio was 

significantly higher during the follicular phase while 

the results of DBD show that there is no statistical 

difference in the values between the two phases. 

 

Table 4: Comparison of Valsalva ratio & 

Tachycardia ratio during difference phases of 

menstrual cycle 

 Follicular Luteal P value 

Valsalva 

ratio 

1.89 ±0.32 1.73 ±0.34 0.001* 

Tachycardia 

ratio 

0.58±0.08 0.56± 0.07 0.23NS 

*-statistically significant, NS-not significant 

 

Table 4 shows results of Valsalva ratio and 

Tachycardia ratio during follicular and luteal phases of 

menstrual cycle. From the results of table 4 it is evident 

that Valsalva ratio values were statistically higher 

during the follicular phase while the values of 

Tachycardia ratio were not significant. Hence from the 

above we can compute that the follicular phase shows 

greater vagal outflow. 

 

Graph 1: Shows the values of various 

parasympathetic subtests like 30:15 ratio, E: I ratio 

& Valsalva ratio 

 
 

Graph 1 the above graph depicts the results of the 

parasympathetic subtests which clearly indicate that in 

all the subtests the values are statistically higher in the 

follicular phase, proving an increased vagal outflow 

during it. 

 

Discussion 

 
The current study was designed to assess the 

complex interactions of the gonadal steroids with the 

cardiovascular and hemodynamic regulatory systems. 

The results of the present study showed that the resting 

heart rate, SBP as well as DBP were higher during the 

luteal phase which points towards sympathetic 

dominance during the luteal phase. The battery of 

parasympathetic testse specially the 30:15 ratio, E:I 

ratio and Valsalva ratio conducted showed a blunted 

vagal outflow towards the luteal phase while the 

follicular phase shows parasympathetic predominance. 

The findings are concurrent with a study wherein they 

demonstrated a decrease in sympathetic neural 

trafficking along with an associated up regulation of 

vagal activity in response to hypertensive stimuli on 

injecting estrogen into Nucleus tractus solitarius which 

is a brainstem nuclei associated with the central 

autonomic cardiovascular control.14 

Resting Heart rate and Blood pressure: It was 

observed that the baseline heart rate and blood pressure 

was higher in the luteal phase which is characterized by 

increase in the levels of progesterone which stimulates 

the HPA axis leading to activation of the sympathetic 

nervous activity. Progesterone alone can increase the 
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cardiac excitability and its inherent thermogenic 

property leads to increase in the SA nodal discharge as 

a result of increased body core temperature.12,13 

Progesterone is known to cause peripheral 

vasoconstriction by acting on the receptors present on 

the vascular smooth muscles leading to increased DBP. 

Increased translocation of blood in the form of 

increased venous return leads to increased SBP. Our 

results are similar to the study conductedwherein they 

used measurement of plasma concentration of 

norepinephrine which serves as a measure of 

sympathetic activity, the results pointed towards raised 

sympathetic activity during the luteal phase.14 

Standing is to lying ratio (Postural Index): This test 

involvesstimulation carotid as a result of fall in blood 

pressure leading to reflex tachycardia and peripheral 

vasoconstriction. This immediate change observed in 

heart rate on standing is due to vagal withdrawal. 

Change in posture subjects an individual to orthostatic 

stress and checks for the integrity of the vasomotor 

system. Peripheral venous pooling which occurs as a 

result of standing causes inhibition of the carotid 

baroreceptors which now inhibits the cardiac vagal 

center and activates the vasomotor center which in turn 

causes transient tachycardia and vasoconstriction as 

well as venoconstriction.1 Initial rise in heart rate which 

is observed upon standing is due to parasympathetic 

withdrawal which reflects as transient tachycardia over 

the next 15 seconds which is then followed by rebound 

bradycardia which sets in at 30 seconds which occurs as 

a result of parasympathetic reactivation, this 

phenomenon of imposing orthostatic stress and the 

postural index checks for the intricacy and integrity of 

the vagal control on the cardiac autonomic structures.8 

An elevated 30:15 ratio during the orthostatic stress 

test in the luteal phase signifies reduced 

parasympathetic activity during the same. The results of 

a study confirmed that estrogen when injected into the 

nucleus tractus solitarius which is a relay station for all 

cardiac autonomic afferents as well as efferentsshowed 

an increase in vagal tone and simultaneous reduction in 

sympathetic activity, hence estrogen secreted during the 

follicular phase has a role in up regulation of 

parasympathetic activity.15 Our study reports are 

coherent with the results of another study wherein they 

conducted the assessment of the sympathetic neural 

activity and observed a statistically higher sympathetic 

activity towards the luteal phase of menstrual cycle.16 

Sinus arrhythmia: Both the cardiac as well as the 

respiratory system functions oscillate in unison both 

almost forming a single unit wherein there is increase in 

the heart rate during inspiration and heart rate 

decelerates during expiration, this phenomenon is 

known as sinus arrhythmia which occurs as a result of 

fluctuations in the vagal tone. This phenomenon occurs 

because the parasympathetic outflow to the heart 

fluctuates according to the phase of respiration.1,17 The 

stretch receptors in the lung are innervated by vagusand 

during inspiration the impulses from the same inhibit 

the cardio-inhibitory area in the medulla as a result of 

which there is acceleration of the heart rate during 

inspiration while the during expiration the stretch 

receptors are inhibited which results in activation of 

cardiac vagal center, apart from this respiratory 

impulses tend to centrally irradiate to the cardiovascular 

center located in the brain and brainstem and is also 

facilitated by respiratory reflexes which arise in the 

periphery.1,17 The phenomenon is most pronounced 

when the breathing is patterned at the rate of 6 breaths 

/min.18,19 

The results of the current study show that the sinus 

arrhythmia represented by the E:I ratio was more 

pronounced during the follicular phase which confirms 

vagal dominance during it. 

Valsalva Index: Valsalvamanoeuvre is a voluntary 

forced expiration of a subject against closed 

glottiswhich was described in 1794 by Antonio 

M.Valsalva, an Italian Anatomist for expelling pus 

from the middle ear by expiration against a closed 

glottis.20 An increase in intrathoracic pressure with 

increase in strain leads to transient increase in blood 

pressure (phase I), with no change in heart rate. In this 

phase of straining due to limited venous return, blood 

pressure decreases which is associated with parallel 

increase in heart rate which initially is due to vagal 

withdrawal followed by sympathetic activation.(phase 

II). With the release of strain (phase III), atransient fall 

in blood pressure due to mechanical displacement of 

blood into the pulmonary circulation which was 

initially under stress while heart rate does not change 

much.. In phase IV, due to further release in stress there 

occurs, an increase inblood pressure with concomitant 

bradycardia. Valsalva ratio is derived from the longest 

R-R interval in phase IV divided by the shortest R-R 

interval in phase II. 

Increased estrogen during the follicular phase is 

supposed to cause vagal activation along with a 

concomitant decline in the sympathetic activity.15,21 A 

study conducted proved an increased sympathetic 

activity in luteal phase with no changes in 

parasympathetic activity.22 There is evidence which 

proves that the Valsalva test elicits certain 

hemodynamic changes which lead to activation of both 

the sympathetic as well as parasympathetic nervous 

systems both at central and peripheral levels.(17)Our 

results show concurrence with the results of studies 

wherein the resultant data proved that the sympathetic 

activity increased during the luteal phase.22,23 

 

Conclusion 

 
The results of our study prove a definitealteration 

in the functioning of the autonomic nervous system 

with an increase in the sympathetic tone towards the 

luteal phase and reduced vagal activity. 
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Implications 

Parasympathetic attenuation or sympathetic 

hyperactivity in the form of autonomic dysfunction 

underlies the onset of most of the chronic 

cardiovascular diseases. The rising levels of estrogen 

which dominates the follicular phase causes vagal 

activation while progesterone which tends to dominate 

the luteal phase tends to antagonize the cardio-

protective effects conferred upon by estrogen thus 

subjecting a female to  higher  propensity to develop 

cardiac abnormalities in the form of arrhythmias, 

myocardial ischemia, angina etc.Hence females stand a 

risk of development of cardiac abnormalities more so 

during the latter half of the menstrual cycle i.e.- luteal 

phase with increase in the percentage of morbidity and 

mortality. Thecomplexity of this interaction is 

exemplified from the results of the present study which 

will help in establishing a link in establishing treatment 

modalities or exercise regimens which can be cycle 

specific. 

 

Limitations & Future Scope 

The actual hormone estimation was not conducted 

due to financial as well as technical constraints. The 

study can be extended to male counterparts as it will 

give an insight into the effect of testosterone on 

autonomic nervous system. 
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