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Abstract  

Menstruation coupled periodic bleeding from the blood vessels, at the time of shedding of the uterine mucosa 

has directed interest, more especially in the ECG changes & Blood Pressure changes during different phases of 

menstrual cycle. The aim of the present study was to compare and evaluate the changes in the ECG & BP 

measured during different phases of menstrual cycle. Variation in BP during different phases of menstrual 

cycle can also be attributed to the effect of ovarian hormones on cardiovascular function. Since the hormonal 

changes follow a non-linear trend throughout the menstrual cycle, it may have unpredicted effect on BP 

regulation. The present study was carried out on 50 healthy female students aged 17-22 years who had regular 

menstrual cycle of 30 ± 3 days. The electrocardiogram (ECG) recordings were taken on lead II for convenience 

during the different phases of the menstrual cycle (Phase I –days 1-5, Phase-II-days 9-12, Phase-III-days 19-

21) in female subjects & Blood Pressure was analyzed by means of Indirect method during three phases in 

females. Statistical analysis was done by ONEWAY-ANOVA test. The P wave amplitude, T-wave amplitude, 

QRS complex amplitude, QRS complex duration, PR interval, ST interval did not show any significant change 

during different phases of menstrual cycle, although some mild changes were observed which were statistically 

not significant. QT interval, RR interval has shown significant changes as longer QT interval observed in 

Phase-II(follicular Phase )& shorter during Phase-III (Luteal phase).The longer RR interval observed during 

Phase-III (luteal phase) & shorter during  Phase-I (Menstrual Phase). HR was found higher in Phase-I 

(menstrual phase) & lower in Phase-III (luteal phase)in females. They did not show any significant changes in 

BP measurement taken during three phases.  This study was a moderate attempt to determine regular variation 

in ECG & BP during the different phases of menstrual cycle in normal healthy females. 

Keywords: Menstrual Cycle, ECG, Blood Pressure. 

 

Introduction 

Menstruation is a phenomenon which has 

appeared very late in evolution and is confined to 

us and our closest cousins, the primates like 

monkey and apes. In contrast females of 

subhuman species show oestrous cycle in which 

sexual activities occur cyclically at a particular 

time of a year
1
.The cyclical changes that occur in 

female reproductive system are commonly termed 

as menstrual cycle. Menstruation is only one 

manifestation of the ovarian cycle which is itself 

associated with more than 200 physical, 

psychological and behavioral changes. The 

menstrual cycle is an integral part of a major 
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portion of a woman’s life. The reproductive 

system of a female, unlike that of a male, shows 

regular cyclic changes that teleologically may be 

regarded as periodic preparation for fertilization 

and pregnancy
1
. 

Ovarian hormones alterations along the menstrual 

cycle are associated with corresponding 

significant changes in multiple neurohumoral 

homeostatic mechanisms regulating the 

cardiovascular system
1
. Gonadal hormones 

influence the cardiovascular system both directly 

and indirectly. Ventricular arrhythmias are more 

common in women and seem to exhibit variation 

in accordance with the menstrual cycle. There are 

contradictory hypotheses regarding the influence 

of the menstrual cycle on different waves, &  

intervals of electrocardiogram (ECG). A number 

of research articles have thrown light into the 

effects on heart and respiration during menstrual 

cycle. Some literature shows that the HRV is 

affected by the menstrual cycle 
[17,18,]

. Several 

studies have found variation of symphatho-vagal 

activities during the menstrual cycle. Previous 

studies have indicated parasympathetic activity is 

lower during the luteal phase compared with other 

phases of the menstrual cycle in healthy women 
30

. Power spectral analysis of heart rate variability 

has been used as a sensitive index of autonomic 

nervous activities
[30,31,7]

. Sympathetic activity is 

significantly higher in the luteal phase than in the 

follicular phase. However, others have reported 

the menstrual cycle were not significantly 

associated with changes in autonomic nervous 

activity
32

. Repeated cyclical haemorrhages and 

variations in the oestrogen and progesterone level 

in the blood during menstrual cycle could affect 

the blood volume, cardiac activity and may also 

affect electrocardiographic pattern
2
. The 

relationship between Menstrual Cycle & different 

kinds of arrhythmias have been studied before. 

This study is an attempt to evaluate the effect of 

different phases of the menstrual cycle on ECG & 

blood pressure in healthy young adult females. 

Materials & Methods 

A total of 50 healthy young MBBS female aged 

17-22 years(with normal Menstrual Cycle of 30+/-

3 days, regular for at least 6 months prior to this 

study)studying in Teerthanker Mahaveer Medical 

College & Research Centre, TMU, Moradabad 

were selected for this study. The females were 

instructed to come to clinical lab of physiology 

department during each of three different phases. 

Day 1-5 during Menstrual phase (PHASE-I), day 

9 - 12 during follicular phase (PHASE- II)  &  day 

19-21 during luteal phase (PHASE-III).The 

Experiment work was initiated after obtaining 

approval of the study protocol from the Ethics 

Committee of Teerthanker Mahaveer Medical 

College & Research Centre. The study was carried 

out in the Department of Physiology, TMMC & 

RC, TMU after written informed from the subjects 

to begin this study. 

They were screened for selection on the basis of 

the following criteria:  

 The subject should not have history of any 

medical illness like Respiratory or 

Cardiovascular disease. 

 The subjects should not have habits of 

smoking , alcoholism. 

 The female subjects should not have 

Irregular menstrual cycle or 

Dysmenorrhoea.  

 Subjects should not have any history of 

Hypertension or hypotension and 

Bradycardia or Tachycardia. 

 

Method  

Basal Parameters were taken to initiate the study. 

Age, BMI, WHR, Resting Pulse Rate, Resting 

Blood Pressure were recorded to select the healthy 

subject for study. Blood Pressure of female 

subjects were recorded on any one of the day of 

three consecutive Phases i.e. Phase-I(Day 1-

5),Phase-II(Day9-12),Phase-III(Day 19-21) in 

supine position by indirect method.ECG were 

recorded during  all  three  phases in Females  i.e.  

Phase-I (days 1-5), Phase-II (days 9-12),   Phase-

III (days 19-21) .The  ECG was recorded with the 

help of Lead-II for sake of convenience at a paper 
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speed of 25mm/sec and at 1mV standardization. 

The subjects were asked to lie comfortably in 

supine position over a couch. Subjects were 

instructed to close their eyes and to avoid talking, 

moving of hands, legs and body, coughing and 

sleeping  during  the test. The 4 limb leads Right 

Arm, Left Arm, Right Foot, Left Foot  (RA, LA, 

RF, LF) were attached to the respective limb of 

the subject. The ECG was recorded generally in 

Lead II  for the sake of simplicity.  

 

Statistical Analysis 

Statistical analysis was performed using PASW 

16.0 (SPSS Inc., Chicago, USA). The data 

collected (Basal parameters, SBP, DBP, ECG in 

females) were entered in MS Excel 2010 and 

analyzed using SPSS. ONEWAY ANOVA 

(Analysis of variance) was applied to test the 

difference in mean SBP, mean DBP, Mean values 

of ECG parameters across three phases. Post-Hoc 

tests were performed for statistical significance. 

Statistical significance was set atp< 0.05. 

 

Results 

In the present study 50 Female medical students of 

same age group were selected from Teerthanker 

medical college, TMU, Moradabad. The Basal 

Parameters are shown in Table =1, Figure=I.

Table-I  Base-line values (mean±SD) of different parameters in female subjects. 

Parameter FEMALE(N=50) 

Age(years) 18.4±.90 

BMI(Kg/m²) 20.83±1.33 

WHR(WC/HC) .83±.01 

Resting SBP(mmHg) 114.68±4.18 

Resting DBP(mmHg) 75.16±3.83 

Resting Pulse Rate (min.) 74.80±3.12 

 

Figure-I Graphical Representation of Mean Values of Basal Parameters in Female . 

 
 

The comparison of Blood Pressure in females 

during  three phases i.e. Phase-I, Phase-II, Phase-

III was done which is shown in Table-2, Oneway 

Anova descriptive, Figure-2.The Mean SBP was 

recorded as 108mmHg, 108mmHg, 110mmHg in 

phases-I,II,III respectively. The Mean DBP was 

recorded as 69mmHg, 69mmHg, 72mmHg in 

phases-I, II, III respectively.According to our 

study,differences in the BP parameters during 

different phases were statistically not significant.
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TABLE-II Blood Pressure Comparison in Three different Phases in Female. 

Variable Phase-I                             

(Days 1-5) 

Phase-II                           

(Days 9-12) 

Phase-III                          

(Days 19-21) 

P-value 

 Mean             

± 

S.D. 

Max. Min. Mean       

± 

S.D. 

Max Min Mean         

± 

S.D. 

Max Min IvsII IvsIII II vs III 

SBP  

(mmHg) 

108±8.42 126 90 108±8.41 130 100 110±6.32 126 98 .997 .287 .324 

DBP 

(mmHg) 

69±8.87 90 50 69±9.41 100 60 72±7.66 88 50 .981 .274 .365 

significant at p<0.05. (ONEWAY-ANOVA TEST) 

PHASE-I:Menstrual phase 

PHASE-II:Follicular phase 

PHASE-III:Luteal phase 

 

FIGURE-II Graphical Representation of  Mean SBP & Mean DBP (in mmHg) during Three phases in 

Females 

 
 

The comparison of ECG Parameters in female 

subjects was done during three phases i.e. Phase-I, 

Phase-II, Phase-III, which is shown in Table-III, 

Oneway Anova descriptive, Figure- III, IV,V. The 

influence of different phases of menstrual cycle on 

P-wave amplitude, QRS- complex amplitude, T-

wave amplitude, QRS-complex Duration, PR-

Interval, QT-Interval, ST-Interval, RR-Interval &  

Heart Rate was studied. The mean values of P-

wave observed during three phases were .22mv, 

.23mv, .23mv respectively. The results did not 

show any statistical significant change in three 

phases i.e. the amplitude of P-wave almost 

remained same in all three phases. The Mean 

values of QRS complex amplitude were recorded 

as .89mv; .93mv; .97mv in phases- I, II, III 

respectively. In this study the readings were high 

in phase-III & low in phase-I .But data did not 

show any statistical significant difference. The 

Mean values of T-wave amplitude were recorded 

as .22mv; .20mv; .19mv in phase- I, II, III 

respectively. The readings did not show any 

statistical significant differences between three 

phases. In the present study the Mean values of 

QRS complex duration were recorded as .09 sec., 

.1sec., .1sec in phase I, II, III respectively. The 

readings did not show any statistical significant 

difference between three phases. The mean values 

of PR-interval were recorded as .13 sec., .15sec., 

.13sec in phase I, II, III respectively. The readings 

did not show any statistical significance. The 

mean values of ST- interval were recorded as .27 
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sec., .27sec., .27sec in phase-I,II,III respectively. 

The readings did not show any statistical 

significant difference between three phases. The 

mean values of QT- interval were recorded as .35 

sec., .46sec., .34sec in phase-I, II, III respectively, 

which was statistically significant. As QT interval 

was found longer in phase-II  & shorter in phase-

III. The mean values of RR-interval were recorded 

as .72sec., .76sec., .80sec in Phase-I, II, III 

respectively i.e. our study showed greater RR- 

Interval  in  Phase-III (luteal phase)  &lower in 

Phase-I (menstrual phase). The P-values were 

significant at < 0.05 level. The Mean values of HR 

were calculated as 85beats/min., 81beats/min., 

76beats/min. in phase-I, II,III respectively i.e. our 

studies showed higher HR in Phase-I (Menstrual 

phase) and lower in Phase-III (luteal phase ). The 

P-values were significant at < 0.05 level. (Fig-V). 

 

TABLE-III Comparision of  ECG Parameters  in Three different Phases(in females) 

*- significant  at  p<0.05 (ONEWAY-ANOVA TEST). 

 

 

 

 

 

Variables Phase-I                             

(Days 1-5 ) 

Phase-II                           

(Days 9-12) 

Phase-III                          

(Days 19-21) 

P-value 

 Mean             

± 

S.D. 

Max

. 

Min. Mean       

± 

S.D. 

Max. Min. Mean         

± 

S.D. 

Max. Min. I vs II I vs  III II vs III 

P-wave amplitude 

(mv) 

0.22±.04 0.30 0.20 .23±.04 

  

0.30 0.20 .23±.04 .30 .20 .903 .404 .667 

QRS-complex 

amplitude(mv) 

0.89±.24       1.80 0.40 .93±.27 2.00 .40 .98±.27 1.90 .60 .793 .282 .655 

QRS-complex 

duration (sec.) 

.09±.02 .16 .08 .10±.02 .20 .08 .10±.02 .20 .08 .275 .359 .984 

T-wave amplitude  

(mv) 

.22±.05 .40 .10 .20±.04 .30 .08 .20±.05 .40 .10 .124 .023
* 

.767 

PR-Interval (sec.) .13±.02 .20 .08 .15±.04 .40 .12 .13±.03 .36 .08 .067 .751 .010
* 

ST-Interval (sec.) .27±.02 .32 .24 .27±.02 .36 .24 .27±.03 .36 .20 .919 .989 .855 

QT-Interval (sec.) .35±.04 .44 .28 .46±.24 1.1 .32 .34±.03 .40 .24 .001
* 

.939 .000
* 

RR-Interval (sec.) .72±.07 .92 .60 .76±.08 1 .60 .80±.12 1 .36 .098 .000
* 

.045 

HR(beats/min.) 85±9.18 100 65 81±9.82 100 60 76±10.23 100 60 .179 

 

.000
* 

.012
* 
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FIGURE-III Graphical Representation of Mean Values of Amplitude of  P-wave, T-wave, QRS complex 

During different phases  in Females (sample size-50). 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

FIGURE-IV Graphical Representation of Mean Values of QRS-complex Duration, PR-Interval, QT-

Interval, ST-Interval, RR-Interval During different phases in Females. 

 
 

FIGURE-V Graphical Representation of Mean Values of Heart Rate During three phases  in Females 
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Discussion 

The fluctuation in hormonal concentrations during 

the menstrual cycle is very well known. The 

female sex hormones have profound influence on 

autonomic and metabolic activities. In the present 

study we examined the “Blood Pressure changes 

& ECG changes in three phases of menstrual cycle 

in healthy young adult females”. The influence of 

the different phases of the menstrual cycle has 

been studied on factors such as the risk of injury, 

flexibility, anaerobic power, muscle strength, 

sports performance, and cardiovascular 

mechanisms
21

. The general presence of functional 

sex steroid hormone receptors in the 

cardiovascular system is well established, their 

expression in both heart and blood vessels have 

been recognized for decades. As blood pressure 

(BP) did not show any significant change during 

different phases in female subjects, It is suggested 

that the increase in plasma renin activity, 

aldosterone, plasma nor-epinephrine  and  plasma  

volume  in the high hormonal  environment  

during  the  luteal phase  is  counter-balanced  by  

a  decrease  in  β1  adrenoreceptor  sensitivity  and   

an increase in cardiovagal baroreflex activity 

.These opposite influences of the gonadal 

hormones result in BP  to remain unchanged 

throughout the menstrual cycle (Hirshoren et al, 

2002)
27

. A difference of the balance of ovarian 

hormones may be responsible for these changes of 

autonomic functions during the menstrual cycle. 

The observation of this study was that QT  

interval was found prolonged during the follicular 

phase. (.46sec.±.24) which is in accordance with 

earlier studies(Hulot et al 2003, Nakagawa et al 

2006, Lokeshwaraiah,2014) in which Mean 

duration of QT interval was the lowest in the 

Phase III (luteal phase) when compared to the 

other two phases, whereas it was most prolonged 

during  the Phase-II (follicular phase)
13,14

.The 

results of this study, showing prolonged QT 

interval in the phase-II(follicular phase) of the 

menstrual cycle show that estrogen has an effect 

on ventricular action potentials, even within the 

range of fluctuations seen physiologically in 

healthy young adults
8
. Others have reported 

prolongation of QT interval during the luteal 

phase, may be due to change in serum electrolytes 

particularly raised levels of sodium. Fluctuations 

of QT intervals during the menstrual cycle suggest 

that progesterone may reverse effects of estrogen-

induced QT prolongation
22

. The presence of 

estrogen receptors in the heart, vascular smooth 

muscle and autonomic brain centres, suggest a 

possible involvement in the regulation of 

cardiovascular system
20

. In the follicular phase, 

estrogen causes an up- regulation in the 

cardiovascular or myometrial adrenoreceptor
3
 . 
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