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AIMS: TO study the heart rate variability during different phases of the menstrual cycle in 

young women of reproductive age and to correlate these changes if any to the sympathovagal 

activity during the phases. METHODS:   The study included 30 eumenorrheic, normal, 

normotensive, healthy young females aged 18-30 yrs having regular, normal menstrual cycles. 

The subjects were selected based on certain predetermined exclusion-inclusion criteria by 

taking a detailed clinical history. A set of autonomic function tests which determine heart rate 

variability were done in all the three phases of the menstrual cycle to assess sympathetic and 

parasympathetic functions. No controls of any kind (males or menopausal females) were 

included as the aim of the study was to compare heart rate variability among the three phases 

of a single menstrual cycle. RESULTS: Across the menstrual cycle there was heart rate 

variability, with higher values towards the luteal phase, when compared to the follicular phase. 

A statistically significant difference in the heart rate parameters; resting heart rate, 30:15 ratio, 

standing to lying ratio and expiratory and inspiratory ratio were found between the phases, 

with higher values towards the luteal phase. The results were obtained using ANOVA and 

student-t-test,to study the significance of study parameters on continous scale within each 

phases. CONCLUSION: There was a statistically significant heart rate variability during the 

three phases of the menstrual cycle, as observed by the increased sympathetic outflow in the 

luteal phase compared to the increased parasympathetic outflow in the follicular phase. This 

altered regulation of the autonomic tone during the normal, regular menstrual cycle can be 

attributed to the normal, regular, cyclic changes in the ovarian hormones in healthy young 

females.
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1. Introduction
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The cardiac chronotropism or the rate at which heart beats is 

not an uniform function, at a same speed and pace all the time, it 

varies each moment depending on the overall homeostatic function 

of the body, mainly the neuroendocrine system.i,e there exists a 

heart rate variability in the same individual, which is a unique 

property of the cardiac pacemaker cells.

In healthy young individuals breathing at a normal rate, the 

heart rate varies with the phases of respiration. It accelerates 

during inspiration and decelerates during expiration, especially if 
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the depth of breathing is increased. This sinus arrythmia is a 

normal phenomenon and is due primarily to the fluctuations in 

parasympathetic output to the heart. During inspiration,impulses 

in the vagi from the stretch receptors in the lungs inhibit the 

cardioinhibitory area in the medulla-oblongata.A moderate 

amount of tonic discharge takes place in the cardiac sympathetic 

nerves at rest, but there is a great deal of tonic vagal discharge-

vagal tone in humans and animals.So, the heart rat is a function of 

the balance between sympathetic and parasympathetic nerves to 

the heart and the baroreceptor mediated reflex changes.A positive 

correlation between the resting heart rate and the incidence of 

death due to cardiac disease has been reported, suggesting that 

increased vagal tone is benefecial[1].
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· Women aged between 18 to 30 years.

· Eumennorheic i.e. having  regular normal menstrual cycles of 

26-34 days.

Normotensive  (<140/90 mm of Hg

Exclusion criteria:

· Pregnancy.

· H/o irregular cycles

· H/o menorrhagia.

· H/o hypertension.

· H/o endocrine disorders.

· H/o postural symptoms.

· H/o syncopal attacks.

H/O  any medication during the study (including oral 

contraceptive pills).

Since the study was to compare the pressor response during 

the different phases of the same menstrual cycle,subject controls 

of any kind (males or menopausal women) was not taken. The 

stage of the cycle on entry was calculated from the date of onset of 

the last menstrual period.

The three phases of the study are [6];

1.Menstrual phase:  Day 1 to day 5.

2.Proliferative /  Follicular phase:  Day6 to day14  (including 

ovulatory phase).

3.Secretory /  Luteal phase:  Day15 to day28  (including pre-

menstrual phase).

Each subject was studied across six weeks, during which time 

at least one full normal menstrual cycle will be completed. The 

recordings of the heart rate variability response based on the set of 

autonomic functions chosen, were made on specified days of a 

single menstrual cycle, preferably during morning in all three 

phases, during which the subjects were told to abstain from coffee, 

tea and smoking, 12 hrs before the measurement.

·

It is a single channel 12 lead electrocardiograph designed to 

produce accurate electrocardiograms.

Electrocardiograph is an instrument for making permanent 

record of small potential variation, which occurs in different parts 

of the body due to electrical activity of the heart.

Electrocardiograph incorporates an electronic 12 lead selector 

with push switches, which advances and reverses lead in quick 

succession. It consists of DC motor, galvanometer, transformer and 

printed circuit boards.

Inclusion criteria:

2. Materials and Methods
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Instruments used
1.Electrocardiograph(cardiart 108t/mkv1):

The menstrual cycle which is secondary to the ovarian cycle is 

already proved to be purely a neuro-hormonal cycle controlled by 

the hypothalamo pituitary anterior ovarian axis. The Hypothalamo 

pituitary ovarian axis, its cyclical hormonal changes and its negative 

feedback effect i.e. the role of HPO axis has already been established 

by researches in the past. 

Changes in the neuroendocrine system depending on the 

ovarian hormones have an important bearing in the control of 

reproductive and non reproductive functions, having an effect on 

changes in cognition, behaviour and cardiovascular functions. The 

objective assessment of all these changes are difficult as majority of 

these changes are subjective qualities, but the literature reveals 

proven established correlation of these changes in case of 

premenstrual distress syndrome[2]. In this regard an objective 

assessment of the autonomic function tests appears to give some 

valuable information on sympatho-vagal discharge and the heart 

tate variability.

Although the autonomic function tests are criticized on the 

ground that they do not give a direct measure of the autonomic 

activity, there are some results which correlate well with overall 

dysfucnction of autonomic nervous system, secondary to 

endocrinal abnormalities like diabetic neuropathy[3].

The presence of oestrogen receptors in the heart, vascular 

smooth muscle and autonomic brain centres-nucleus tractus 

solitarius and ventrolateral-medulla, suggest a possible combined 

involvement of autonomic nervous system and ovarian hormones 

in the regulation of cardiovascular system[4].

Also there is a higher incidence of ischaemic heart disease in 

women after menopause, which suggests a close association 

between ovarian hormone levels and the cardiovascular status.

Therefore an attempt has been made to study the heart rate 

variability during different phases of the normal menstrual cycle 

using a set of autonomic function tests, the results of which is of a 

great value in the field of diagnostics and therapeutics of modern 

gynaecology and neurology.

The study was conducted in the Department of Physiology, 

DR.B.R.Ambedkar Medical College, Bangalore. The ethical clearance 

was obtained from the Institutions ethical committe. The subjects 

were informed about the study and written consent was obtained 

from all subjects. The study included 30 normal, normotensive, 

non-pregnant, healthy young women of reproductive age 18-30 

years, having normal regular menstrual cycles. The subject 

selection was based on the predetermined exclusion-inclusion 

criteria.



Table No.5: Results of treatment in the study groups:

ELECTRODES

3. Expiration-inspiration (e-i) Differences Of Heart Rate.

Results

HR/min =                                                  1500
                                       Distance between two consecutive 
                                                        R-R waves in mm

Sharp and clear traces are obtained by external stylus 

temperature and damping controls on thermosensitive paper. 

Automatic return of stylus to the base line during lead selection 

assists in uninterrupted fast recording and easy separation of the 

different leads recorded.

These are rectangular flat discs of dimensions 7.5 cms x 5 

cms,made up of non -corrosive metal. These can be applied and 

fixed on suitable bodysurface by means of rubber straps. They 

conduct electrical current.

CARDIAC JELLY: It is a conducting material- a paste,which 

contains very fine particles of sand or glass. When rubbed on the 

skin it produces erythema locally there by the electrical activities 

can be picked up nicely.

The autonomic functions were tested in the menstrual, 

follicular and luteal phases. The parameters tested were[7]:

1.RESTING HEART RATE: 

The subject was asked to rest in supine position for 15 mins. 

After fixing the leads, the subject was asked to lie down quietly for 3 

mins and at the end of 3 mins HR was recorded.

ECG was recorded in lead 2,which was run for 1 full minute for 

each test. The R-R peaks indicated the HR and the calculation was 

done noting the speed of the ECG paper in unit time. Since 25 

mm/sec was the speed normally used, the HR was counted with the 

following calculation:-

The subject was instructed to breathe deeply for 1 min, at the 

rate of 6 breaths/min. (5 seconds inspiration-5 seconds expiration) 

in semi-recumbent posture.

From the ECG recording maximum and minimum R-R intervals 

were measured. These maximum and minimum R-R intervals 

during each breathing were converted to beats/min. The difference 

between maximum heart rate during inspiration and minimum 

heart rate during expiration were determined and expressed as 

Maximum: Minimum or E-I difference.

4 .30:15 RATIO:

ECG was recorded continuously in the lying down position 

(about 30 beats), while standing and after standing for about 60 

beats. From this HR variation, 30:15 ratio was calculated which is 

the ratio of the longest R-R interval around 30th beat divided by the 

shortest R-R interval at around 15th beat after standing.

It is calculated by taking longest R-R interval during 5 beats 

before lying down (while standing) or shortest R-R interval during 

10 beats after lying down.

Statistical Methods; A comparative evaluation study of the 

heart rate variability response during the three phases- menstrual 

phase, follicular phase and the luteal phase was undertaken, 

wherein repeated measures analysis of variance (ANOVA) has been 

used to find the significance of study parameters between three 

phases. Student t test (two tailed dependent) has been used to find 

the significance of study parameters on continuous scale within 

each group. [8, 9].

Significant figures 

+ Suggestive significance (P value: 0.05<P<0.10)

* Moderately significant (P value: 0.01<P  0.05)

** Strongly significant   (P value: P0.01)

Statistical software: The Statistical software namely SPSS 

15.0, Stata 8.0, MedCalc 9.0.1 and Systat 11.0 were used for the 

analysis of the data and Microsoft word and Excel have been used to 

generate graphs,  tables etc

Table-1 gives:Normal And Abnormal  Values Of AFT [10].

Table-2:Comparison of Resting HR, 30:15 ratio and S/L ratio between Menstrual Phase (MP), Follicular Phase (FP) and Luteal 

Phase(LP).

RESTING HR.

(bpm)

E-I RATIO.

30:15 RATIO.

S/L RATIO.

Resting HR

30:15 ratio

S/L ratio

E/I ratio

77.13±4.65

1.21±0.05

1.29±0.10

1.42±0.09

79.63±5.52

1.16±0.06

1.29±0.10

1.41±0.10

81.20±5.60

1.16±0.06

1.33±0.12

1.44±0.08

<0.001**

<0.001**

0.013*

0.026*

<0.001**

0.001**

0.976

0.615

<0.001**

0.002**

0.040*

0.019*

0.004**

1.000

0.008**

0.041*

60-100.

>15

>1.04

1.4

<60.

>90.

11-14

1.01-1.03

1.1-1.4

<50.

>90.

<10

<1.0.

<1.0.

AFT

Autonomic 
Function
 tests

NORMAL

MP FP LP P value MP
 vs
 FP

MP
 vs 
LP

FP 
vs 
LP

BORDER LINE DEFINITE 
ABNORMAL
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Figure-1: Comparison of RHR between the phases- MP,FP and LP Figure 3:Comparison of S/L ratio between the phases-MP,FP 
and LP.

Table-3:Comparison of  mean difference and 95%Confidence interval  of Resting HR, 30:15 ratio and S/L ratio between Menstlrual 

Phase (MP), Follicular Phase (FP) and Luteal Phase(LP).

Resting HR

30:15 ratio

S/L ratio

E/I ratio

-2.5±1.85

0.05±0.07

0±0.06

0.01±0.06

-3.19 to -1.81

0.02 to 0.07

-0.02 to 0.02

-0.02 to 0.03

-4.07±2.69

0.05±0.08

-0.04±0.1

-0.03±0.06

-5.07 to -3.06

0.02 to 0.08

-0.07 to 0

-0.05 to 0

-1.57±2.7

0±0.06

-0.04±0.07

-0.03±0.08

-2.57 to -0.56

-0.02 to 0.02

-0.07 to -0.01

-0.06 to 0

Autonomic  Function
 tests

MP  vs  VP

Mean ± SD Mean ± SD Mean ± SD95%CI 95%CI 95%CI

MP  vs  LP FP  vs  LP

Figure-2:Comparison of 30:15 ratio between the phases-MP,FP 
and LP.
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Figure-4: Comparison of mean difference and 95% 
confidence interval (CI) of E/I ratio between MP versus FP,MP 
versus LP and FP versus LP.
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1.Resting Heart Rate: There was a statistically significant 

difference in mean heart rate P <0.001, between all the three phases 

of the menstrual cycle - menstrual and follicular, follicular and luteal 

and luteal and menstrual phases. The results were consistent with 

each of the previous studies. The influence of daily life activation on 

the pulse rate and systolic blood pressure was significantly greater 

in the luteal phase compared with the follicular phase [11]. A higher 

resting heart rate was observed in the premenstrual group i,e.luteal 

phase than in the non premenstrual group [12].  Prounounced 

changes in the heart rate during menstrual cycle was found, with a 

minimum in the early follicular phase and a maximum in the late 

luteal phase which depends on vagal tone[13]. The Lf/Hf ratio of 

heart rate was significantly higher in the luteal phase compared to 

the follicular phase,suggesting increased sympathetic activity in the 

luteal phase. The regulation of autonomic tone is modified during 

the regular menstrual cycle. The alteration in the balance of ovarian 

hormones might be responsible for these changes in the cardiac 

autonomic innervation[14]. No significant difference of heart rate 

variability(HRV) was found between the menstrual phases, but a 

significant correlation between peak oestrogen levels and absolute 

measures of HRV at ovulation was found-providing further support 

for the reported cardioprotective effects of oestrogen in healthy 

females [15]. The baroreflex control of heart rate is altered during 

the regular menstrual cycle and oestradiol appears to exert 

cardiovagal modulation in healthy women [16]. The high oestrogen 

levels in the menstrual cycle are accompanied by decreased 

sympathetic nervous system activity[17]. The Lf/Hf ratio was 

significantly greater in the luteal phase, suggesting that 

sympathetic nervous system activities are predominant in the 

luteal phase compared with the follicular phase[18]. In healthy 

young women, a correlation exists between female sex hormone 

concentrations and some HRV parameters,with higher HRV during 

the luteal phase[19]. Resting heart rate was significantly higher in 

both the ovulatory and luteal phases than in the menstrual and 

follicular phases. There exists a pattern of menstrual cycle related 

variation in cardiovascular functioning,which can be related to the 

established actions of the ovarian steroids[20]. Venous oestradiol 

and progesterone concentrations were higher in the luteal than in 

the follicular phase. In the supine position, norepinephrine 

transporter inhibition increased blood pressure and stroke volume 

to a greater extent during the follicular than during the luteal phase. 

Conversely, the increase in heart rate and cardiac output with 

norepinephrine transporter inhibition was augmented in the luteal 

compared with the follicular phase.This suggested that the sex 

hormones alter the haemodynamic response to norepinephrine 

transporter inhibition in women. The phenomenon may be 

explained by an effect  of female sex hormones on nor epinephrine 

(NE) transporter function, on cardiovascular responses ,or 

both[21]. The hormonal fluctuations that occur during the normal 

menstrual cycle may alter sympathetic outflow[22]. The menstrual 

cycle hormone changes has effects on both the neuro-humoral and 

the autonomic nervous system regulating the cardiovascular 

system[23].

Therefore it is possible to conclude that the higher sympathetic 

activity and the higher resting levels of circulating plasma 

Norepinephrine in the late luteal phase is responsible for increased 

heart rate towards the luteal phase.

2.Expiratory –Inspiratory Ratio: In the present study there 

was a statistically significant difference between menstrual-luteal 

phases and follicular-menstrual phases, but has not shown 

statistically significant difference between luteal and follicular 

phases.

The results were consistent with the study which states that the 

complex time course of changes in respiratory sinus arrhythmia 

(RSA) during the menstrual cycle found by recording daily beat to 

beat variations of heart rate were minimum in the early follicular 

phase and a maximum in the late luteal phase. This difference of RSA 

or RSA fluctuations  depend on the level of average heart rate,which 

in turn depends on the autonomic activity[13].

Since respiratory sinus arrhythmia is predominatly mediated 

by vagus nerve.Hypothesis is that the degree of respiratory sinus 

arrhythmia may be used as a non- invasive quantitative measure of 

the degree of parasympathetically mediated heart rate control[24]. 

3.30:15 ratio: In the present study there was statistically 

significant difference between menstrual-follicular and menstrual-

luteal phases, but there was no significant difference between 

follicular and luteal phases. These results were not consistent with 

any of the previous studies. 30:15 ratio is a biphasic response 

mediated by the afferent inputs from muscle,vagus nerve and the 

baroreceptor reflex arc. Heart rate response to standing in normal 

subject is characterized by immediate shortening of R-R interval 

which is maximal around 15th beat after standing followed by 

relative lengthening of R-R interval around 30th beat after 

standing[7]. This immediate difference in heart rate on standing 

could be due to withdrawal of vagal tone. Therefore it can be shown 

that there is a parasympathetic dominance along the menstrual and 

follicular phase.

4.S/L RATIO: In the present study there was no significant 

difference of S/L ratio between the three phases of the menstrual 

cycle, which is consistent with the previous studies. S/L Ratio 

reflects the ratio of sympathetic and parasympathetic activity. In 

standing position sympathetic activity is dominant due to vagal 

withdrawal, which causes increase in heart rate. In supine position 

tonic vagal discharge is more causing decrease in heart rate [25].

In supine or sitting position, high frequency components of 

heart rate variability that reflects only parasympathetic activity 

were high in follicular phase as compared with those in the 

menstrual phase, suggesting that parasympathetic nerve activity 

increases in this phase. Following the change of position to sitting 

from supine, the high frequency component decreased significantly 

in the menstrual, ovulatory and luteal phases, but not in the 

follicular or premenstrual phases. After changing the position to 

sitting, the low to high frequency component ratio, which reflects

6. Discussion
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 the balance of autonomic nerve activities was significantly 

increased in the menstrual phase indicating the sympathetic nerve 

activities in these phases became predominant by the sitting 

position. These results suggested that parasympathetic activity is 

predominant in the follicular phase, resulting in an impairment of 

baroreflexes caused by posture changes. It also reflected baroreflex 

control of sympathetic component increases in the pre menstrual 

phase and less in ovulatory phase compared with the menstrual or 

luteal phase [26].

From the above study, we can conclude that, there is heart rate 

variability across the normal, regular menstrual cycle in young 

women of reproductive age, as observed by the highest sympathetic 

outflow in the luteal phase, compared to the follicular phase and 

increased parasympathetic outflow in the follicular phase, 

compared to the luteal phase. This altered regulation of the 

autonomic tone during the normal, regular menstrual cycle can be 

attributed to the normal, regular, cyclic changes in the ovarian 

hormones in healthy young females.

There was certain limitations in carrying out this present 

study,since our  lab setup was not having the required advanced 

equipments to determine the HF/LF i, e high frequency and low 

frequency components of  heart rate variability( HRV ).

7. Conclusions

8. Limitations
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