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ABSTRACT
Purpose: During menstrual cycle the fluctuating level of endogenous sex hormones have
an impact on cardiac autonomic function and may also affect blood volume along with
electrocardiographic pattern. The main purpose of the study was to compare and
evaluate variation in electrocardiogram, heart rate variability and hypertension during
different phases of menstrual cycle to determine the effect of ovarian hormones on
cardiovascular function.
Methods: This was a cross sectional prospective study conducted in 145 healthy female
student who had regular menstrual cycle of 30 ± 3 days and aged between 18 to 24 years
after taking informed consent and institutional ethical clearance. In different phases of
menstrual cycle [Menstrual Phase (day 1-5), Follicular Phase (day 5–14) and Luteal
phase(day 15-28)] blood pressure, lead II electrocardiogram recordings were captured
and by using PHYSIOPAC after connecting the limb leads of ECG in supine resting
position with eyes closed HRV was assessed for 15min.
Results: On electro gram parameters a significant QT interval and RR interval were
observed. Longer QT interval during follicular Phase and shorter QT interval during
Luteal phase were recoded where as shorter RR interval observed during Menstrual
Phase which were longer during luteal phase. During the three phases no significant
variation in both systolic and diastolic blood pressure were noticed. An increase resting
heart rate were noted during menstrual phase which was lower during luteal phase. A
non-significant increase in LF nudomain and LF/HF ratio were noted during the luteal
phase as compared to other phases. Compared to luteal phase, during the follicular
Phase, in LF nudomain and LF/HF ratio a non-significant increase were observed.
Conclusion: In healthy young women with regular menstrual cycle sympathovagal
balance were greatly influenced by endogenous sex hormones. Cardiacautonomic
dysfunction and be resulted due to any type of hormonal imbalance which effect
sympathovagal balance. The study also concluded even within range of fluctuations,
ventricular action potentials were were greatly influenced by estrogen as QT and Q Tc
intervals shows changed in healthy young adults.
Keywords: Electrocardiogram, blood Pressure, heart rate variability, menstrual phase,
sympathovagal Balance.
INTRODUCTION
During the reproductive life of a female repetitive occurring phenomenon is menstrual cycle
which includes patterned sequenceal changes in hormonal, functional and structural
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changes[1]. It is not just a reproductury process but also involves in good health well being of
an women. During menstrual cycle changes occur in the level of progesterone, oestrogen, LH
and FSH is also having an effect insignificant clinical changes in cardiovascular system a part
of vaginal and endometrial environment along with oocyte maturation[2].
Among reproductive women, throughout them ensuration cycle there is a cyclic variation of
sex hormones occurs which causes physiological alteration in various system including effect
in cardiovascular activity and also having reflection on electrocardiogram [3]. As women are
more likely to developed cardiovascular disease as compare to men[4], during ovulation and
menstruation this could be even higher[5]. Thus in women there were more chance for the
occurrence of ventricular arrhythmias and with them enstrual cycle its incidence exhibits
cyclical variation[6].
During menstrual cycle several research articles demonstrated its effects on heart and
respiration and few studies also light into the effects on variation of symphatho-vagal
activities[7-9]. Thus in healthy Indian females, to improve the quality of life, a better
understanding of the cardio-vagal activity in very much needed. The main purpose of the
study was to compare and evaluate variation in electrocardiogram, heart rate variability and
hypertension during different phases of menstrual cycle to determine the effect of ovarian
hormones on cardiovascular function.
METHODS
This was a cross sectional prospective study conducted in 145 healthy female student who
had regular menstrual cycle of 30±3days and aged between 18 to 24years. The Experiment
work was initiated after obtaining approval of the study protocol from the Institutional Ethics
Committee and written informed from the subjects were taken at the begin this study.
Subjects who were having pre existing cardiovascular disease, respiratory disease, any
previous or current habits of alcoholism or smoking, any history of dysmenorrhoea or
irregular menstrual cycle were excluded from the study as per preapproved study protocol.
In different phases of menstrual cycle [Menstrual Phase (day 1-5), Follicular Phase (day5–14)
and Luteal phase (day 15-28)] blood pressure, lead II electrocardiogram recordings were
captured and by using PHYSIOPAC after connecting the limb leads of ECG in supineresting
position with eyes closed HRV was assessed for 15 min. At 1mV standardization with a
paper speed of 25mm/sec with the help of Lead-II machine (BPL CARDIART 108T-DIGI)
ECG was recorded.
By using SPSS Version 23, the collected data were analyzed and were represented asmean ±
standard deviation. One way ANOVA were used to to test the difference among study
parameters. For statistical significance post-hoc tests were performed. Statistical significance
was set at p<0.05.
RESULTS
A total of 145 patients were initially enrolled for the study with mean age of 19.86±1.12years
and mean weight of 54.71±7.54Kg. The BMI, WHR(WC/HC), SBP, DBP and PR
Were 20.51±1.87Kg/m2, 0.81±0.02, 112.49±3.73 mmHg, 4.96±4.16mmHg and
75.14±3.21per min. The average mean Duration of menstrual cycle were 28.69±1.45days.
Demographic parameters of the study population were listed in table1.
Table1: Demographic parameters of the study population
Parameter
N=145
Age(years)
19.86±1.12
Weight(kg)
54.71±7.54
20.51±1.87
2
BMI(Kg/m )
WHR(WC/HC)
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Resting SBP(mmHg)
112.49±3.73
Resting DBP(mmHg)
74.96±4.16
Resting Pulse Rate(min.)
75.14±3.21
Duration of menstrual cycle
28.69±1.45
On electro gram parameters a significant QT interval and RR interval were observed. Longer
QT interval during follicular Phase and shorter QT interval during Luteal phase were recoded
(p=0.001) where as shorter RR interval observed during Menstrual Phase which were longer
during luteal phase (p=0.001). On electrocardiogram, during different phases of menstrual
cycle, QRS complex amplitude, QRS complex duration, P-wave amplitude, T-wave
amplitude, ST interval and PR interval, did not show any statistically significant change.
Table2: Comparison of ECG Parameters in Three different Phases (in females)
Menstrual
Follicular
Luteal phase
P-value
Variables
Phase (I)
Phase (II) (III) (day15-28) I vs II I vs III II vs III
(day1-5)
(day5–14)
P0.21±.03
0.22±.04
0.22±.04
0.895
0.397
0.721
waveamplitu
de(mv)
QRS0.87±0.21
0.92±0.23
0.99±.25
0.841
0.317
0.596
complexampl
itude(mv)
QRS0.08±0.01
0.9±.02
0.10±.01
0.323
0.296
0.892
complexdura
tion(sec.)
T0.23±.06
0.21±.05
0.20±.04
0.118
0.021
0.818
waveamplitu
de(mv)
PR0.13±0.02
0.15±0.04
0.14±0.04
0.058
0.824
0.011
Interval(sec.)
ST0.27±0.03
0.27±0.01
0.27±0.03
0.893
0.947
0.903
Interval(sec.)
QT0.34±0.05
0.45±0.2
0.34±0.05
0.001
0.893
0.001
Interval(sec.)
RR0.72±0.07
0.77±0.08
0.80±0.12
0.084
0.001
0.044
Interval(sec.)
HR(beats/min.)
86±9.21
82±9.67
77±9.94
0.152
0.000
0.011
Blood Pressure Comparison in Three different Phases in Female were listed in table
3.Systolic blood pressure (SBP) recorded in menstrual, follicular and luteal phase were
documented as 108±8.42mmHg, 108±8.41mmHg and110±6.32mmHg respectively. Diastolic
blood pressure (DBP) recorded in menstrual, follicular and luteal phase were documented as
69±8.87 mmHg, 69±9.41 mmHg and 72±7.66 mmHg. During the three phases no statistical
significant variation in both systolic and diastolic blood pressure were noticed.
Table3: Blood Pressure Comparison in Three different Phases in Female.
Menstrual Follicular Phase Luteal phase
P-value
Variable
Phase (I)
(II)
(III)
(day1-5)
(day5– 14)
(day15-28)
I vs II
I vs III
II vs III
SBP
108±8.42
108±8.41
110±6.32
0.997
0.287
0.324
(mmHg)
DBP
69±8.87
69±9.41
72±7.66
0.981
0.274
0.365
(mmHg)
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SBP=Systolic blood pressure, DBP=Diastolic blood pressure
Frequency domain HRV parameters LF nu domain, HF nu domain, and LF/HF ratio of the
study population in different phases of menstrual cycle were listed in table 4. A nonsignificant increase in LF nudomain and LF/HF ratio were noted during the luteal phase as
compared to other phases. Compared to luteal phase, during the follicular Phase, in LF
nudomain and LF/HF ratio a non-significant increase were observed.
Table 4: Frequency domain HRV parameters LF nu domain, HF nu domain, and
LF/HF ratio of the study population in different phases of menstrual cycle
Menstrual Follicular
Luteal
P-value
Domain
Phase
Phase(II)
phase
(I)(day1-5) (day5–14) (III)(day15-28) I vs II I vs III II vs III
LFnu
85.19±1.64 85.22±1.71
85.74±1.68
0.987
0.271
0.254
HF nu
14.68±1.94 14.71±1.91
14.18±1.98
0.992
0.326
0.282
LF/HF
5.61±0.78 5.89±0.92
6.31±0.28
0.897
0.452
0.311
HRV: Heart rate variability, HF: High frequency, LF: Low frequency, nu: normalized units
DISCUSSION
In menstrual phase physiological variations were observed in endogenous hormones, thus in
women's health an important role were played by these hormones. In some cases this
hormonal variation is also took place due to use of exogenous hormones like hormone
replacement therapy and oral contraceptives [10]. Different phases of the menstrual cycle also
influenced by different factors such as muscle strength, anaerobic power, sports performance,
flexibility, risk of injury and cardiovascular mechanisms [11]. In the present study author had
examine variation in electrocardiogram, heart rate variability and hypertension during
different phases of menstrual cycle to determine the effect of ovarian hormones on
cardiovascular function.
Complex interactions essentially involving the uterus and the hypothalamo-hypophyseal
ovarian axis were resulted in physiological changes occurs in during the course various stages
of menstrual cycle[12]. This physiological changes all most in all are dependent and related
to sensitive regulatory mechanisms and directly related to fluctuation in the hormone levels.
In our present study longer QT interval during follicular Phase and shorter QT interval during
Luteal phase were recoded where as shorter RR interval observed during Menstrual Phase
which were longer during luteal phase. In line of the current findings, few older studies also
reported shorter mean duration of QT interval compared to the other two phases [13,14]. In
current study effect of estrogen on ventricular action potentials were demonstrated as the
author noted prolonged QT interval in the phase-II (follicular phase). The same results also
documented in few previous study where healthy young adults where within the range of
fluctuations effects seen physiologically [15]. Even few researcher documented that may be
due to increase in sodium levels in the serum effects on electrolytes balance which resulted as
prolongation of QT interval and mainly because of reverse effects of estrogen[16].
Duringthethreephasesnosignificantvariationinbothsystolicanddiastolicbloodpressurewerenotic
ed.Similarfindingswerealsonotedinapreviousstudywheresympathetic activity in secretory
phase were influenced by the fluctuation of sex hormone[17].
In current study, a non-significant increase in LF nu domain and LF/ HF ratio were noted
during the luteal phase as compared to other phases. Compared to luteal phase, during the
follicular Phase, in LF nu domain and LF/ HF ratio a non-significant increase were observed.
Cardio-vagal activity of estrogen directly inhibit effect of progesterone for which in the luteal
phase increased sympathetic activity [18-20]. An increased sympathetic and parasympathetic
activity was also demonstrated in few older study likewise the current documentation[21-23].
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LIMITATIONS
There were few limitation of the study. Sample size and menstrual cycle hormone estimation
was the major one.
CONCLUSION
In healthy young women with regular menstrual cycle sympathovagal balance were greatly
influenced by endogenous sex hormones. Cardiac autonomic dysfunction and be resulted due
to any type of hormonal imbalance which effect sympathovagal balance. The study also
concluded even within range of fluctuations, ventricular action potentials were were greatly
influenced by estrogen as QT and QTc intervals shows changed in healthy young adults.
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