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ABSTRACT A

Background: Cardiac autonomic function in females depends on the fluctuations in the level of endogenous sex hormones
during menstrual cycle. Heart rate variability (HRV) is a non-invasive test that helps to assess the function autonomic nervous
system mainly the sympathovagal balance. Aims and Objective: The aim of the study was to evaluate the HRV in different
phases of menstrual cycle in healthy females of a teaching institution, South India. Materials and Methods: A cross-
sectional study was conducted among 19 regularly menstruating females in the age group of 18-24 years of age after
taking informed consent and institutional ethical clearance. Sympathovagal balance was assessed using HRV analysis
in the proliferative and secretory phases of menstrual cycle. Results: This study observed an increase in low frequency
(LF) in normalized units domain as well as/high frequency (HF) ratio in the secretory phase and an increase in the HF
normalized units domain in the proliferative phase, though statistically non-significant. A significant increase in the resting
heart rate was noted among the secretory phase compared to the proliferative phase of menstrual cycle (P < 0.001).
Conclusion: An increased sympathetic activity during secretory phase and an increased vagal activity in the proliferative
phase were observed, which could be explained due to the fluctuating levels of sex hormones. The knowledge about the
sympathetic modulation in the secretory phase can explain the symptoms of premenstrual syndrome, which can in turn
improve the quality of life among females.
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INTRODUCTION be responsible for changes in the physiological parameters

as well as performance.’! Animal studies have shown that

Menstrual cycle is divided into three phases based on
the hormones estrogen and progesterone released from
the ovary as well as by the follicle-stimulating hormone
and luteinizing hormone from the anterior pituitary. The
phases include menstrual phase, proliferative, and secretory
phase.l"! Fluctuations in these hormone levels are found to
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estrogen acts centrally to cause a reduction in sympathetic
activity and increases in vagal activity which is said to have
a cardioprotective effect, whereas progesterone tend to have
an opposing effect.?# Therefore, variations in these hormone
levels can attribute to the autonomic modulation happening
during the different phases of menstrual cycle.

Heart rate variability (HRV) reflects the variation in the
time interval between heart beats, which is a physiological
phenomenon. Electrocardiogram (ECG) is considered as a
superior method to detect heart beat among several methods as
it can provide a clear waveform to analyze RR interval and also
to exclude heart beats not originating in the sinoatrial node.™
HRV analysis is a non-invasive technique that helps to assess the
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function autonomic nervous system that is to assess the balance
between sympathetic and parasympathetic (vagal) activity.[
Sympathetic impulses increase heart rate while parasympathetic
system decreases heart rate by its actions on the SA node.”

Although several studies have done to assess HRV in different
population, the results were confounding. Vishrutha ez al.[®
noticed a higher sympathetic control during the proliferative
phase of menstrual cycle, where as a greater parasympathetic
influence during luteal phase. Brar et al.? concluded a
higher parasympathetic control during proliferative phase
of menstrual cycle. There should be a better understanding
of the cardio-vagal activity in healthy Indian females, which
will help to improve the quality of life. This study aimed to
evaluate the HRV in different phases of menstrual cycle in
healthy females of a teaching institution, South India.

MATERIALS AND METHODS

A cross-sectional study was conducted among regularly
menstruating healthy females of 18-30 years of age. A total of
19 students were enrolled in the study after getting informed
consent. Institutional ethical clearance was obtained for
the same. Those with history of irregular menstrual cycles,
hypertension, diabetes mellitus, cardiorespiratory disorders,
practicing yoga, or any respiratory exercises were excluded
from the study. Anthropometric measurements, resting heart
rate, and blood pressure were taken and HRV was assessed
for 15 min in supine resting position with eyes closed after
connecting the limb leads of ECG using PHYSIOPAC. Two
recordings were taken on 2 specific days of menstrual cycle
that is first recording in any one of the day in proliferative
phase (day 5—day 14) and another one in one of the day of the
secretory phase (day 15—day 28).

HRYV thus obtained was analyzed based on time and frequency
domain parameters. The frequency domain parameters
studied were low frequency in normalized units (LF nu), high
frequency in normalized units (HF nu), and the ratio of LF
to HF (LF/HF ratio). LF and high frequency spectral powers
were determined by integrating the power spectrum between
0.04 and 0.15 Hz and between 0.15 and 0.4 Hz, respectively.

Statistical Analysis

The collected data were analyzed using SPSS Version 23.
The data were represented as mean = standard deviation. The
data obtained during both phases of menstrual cycle were
compared. The data obtained during the two phases were

mean height (meters), body weight (kg), and BMI (kg/m2)
of the study group were 1.60 £ 0.70, 55.64 + 8.12, and 21.49
+ 2.40, respectively. The mean duration of their menstrual
cycle was 28.58 = 1.17 days. The anthropometric parameters
are given in Table 1.

The resting heart rate (per minute) of the study group in
the proliferative and secretory phases was 70.74 + 6.77 and
76.37 + 6.51, respectively, and a significant increase in the
resting heart rate was noted in the secretory phase compared
to the proliferative phase of the menstrual cycle. The study
noted a systolic blood pressure (in mm Hg) of 104.95 + 6.84
and 108.00 £ 7.88 in the proliferative and secretory phases,
respectively. The mean value of diastolic blood pressure
(in mm Hg) was 71.89 + 7.84 and 72.32 + 6.64 in the early
and late phase of menstrual cycle. There was no significant
difference in systolic and diastolic blood pressure between
the two phases of menstrual cycle. The details are given in
Table 2.

LF nu domain, HF nu domain, and LF/HF ratio of
proliferative phase were 85.21 £ 1.72, 14.67 + 1.91, and 5.93
+ 0.99, respectively, and in the secretory phase was 85.62 +
1.63, 14.14 + 2.06, and 6.20 + 0.15, respectively. This study
observed a non-significant increase in LF nu domain and LF/
HF ratio during the secretory phase compared to proliferative
phase and a non-significant increase in HF nu domain during
the proliferative phase compared to secretory phase. LF nu
domain, HF nu domain, and LF/HF ratio of proliferative
phase as well as secretory phases is given in Table 3.

DISCUSSION

The present study helped to evaluate HRV in different
phases of menstrual cycle in healthy females of South Indian
population. This study showed that though non-significant,
an increase in LF nu as well as LF/HF ratio was noted in the
secretory phase, whereas an increase of HF nu was noticed
in the proliferative phase. This further explains an increase
in sympathetic activity and a decrease in parasympathetic
activity during the secretory phase than compared to the early
phase of menstrual cycle. This can explain a significantly
increased resting heart rate in the secretory phase compared
to proliferative phase (P value 0.001). Increased sympathetic
activity in the secretory phase could be explained due to the

Table 1: Anthropometric parameters of the study population
Mean+Std. Deviation

Parameter

compared by paired Student’s “#’-test. Age (years) 21.16+1.21

Weight (kg) 55.64+8.12
RESULTS Height (m) 1.60+0.07

BMI (Kg/m?) 21.4942.40
Actotal of 19 female students were enrolled in the study and the Duration of menstrual cycle 28.58+1.17
mean age of the study population was 21.16 + 1.21 years. The BMI: Body mass index
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Table 2: Resting heart rate and blood pressure of the study

population in different phases of menstrual cycle

Parameter Proliferative Secretory (Paired z-test)
P value

SBP (mm Hg) 104.95:6.84  108.00+7.88 0.132

DBP (mm Hg) 71.89+7.84 72.324+6.64 0.743

HR (No/min) 70.74+6.77 76.37+6.51 0.001

SBP: Systolic blood pressure, DBP: Diastolic blood pressure, HR: Heart rate

Table 3: Frequency domain HRV parameters LF nu

domain, HF nu domain, and LF/HF ratio of the study
population in different phases of menstrual cycle

Domain Proliferative Secretory (Paired z-test) P value
LF nu 85.21+1.72 85.62+1.63 0.249
HF nu 14.67£1.91 14.14£2.06 0.262
LF/HF 5.93+0.99 6.20+0.15 0.326

HRV: Heart rate variability, HF: High frequency, LF: Low frequency,
nu: normalized units

effect of progesterone, as it can cause an inhibitory effect
on cardio-vagal activity of estrogen.'>'”l An increased
parasympathetic activity in proliferative phase could be
explained due to the action of estrogen which can enhance
the vagotonic activity.!?!

The results of this study are in accordance with the previous
studies done by Matsumoto and Ushiroyama,!'*! Brar et al.,”!
and Bai et al.,™ which showed an increased sympathetic
and parasympathetic activity in secretory and proliferative
phase, respectively. Studies done by Kavitha et al.,l'! Rani
et al." noted an increase in LF/HF ratio in the secretory
phase compared to menstrual as well as proliferative phases
of menstrual cycle. Other studies done by Yildirir et al.,l'™
Guasti et al™ noted a significant increase of sympathetic
activity in luteal phase, whereas an increased parasympathetic
modulation was seen in the luteal phase as per the study done
by Princi et al.'! A significant correlation between the peak
level of estrogen and cardiacvagal activity was observed
by Leicht et al.,”® which can explain the increased HF nu
value in proliferative phase compared to secretory phase of
menstrual cycle.

Although non-significant, an increase in systolic blood
pressure was noted in the secretory phase compared to
proliferative phase. This is in accordance with the study
done by Tsai et al.,’] which could be explained due to the
variations in sex hormones that can influence the sympathetic
activity in secretory phase.

This study noted an increased vagal activity in the
proliferative phase and an increased sympathetic activity
in the secretory phase, which could be explained by the
effect of estrogen as well as progesterone, respectively,
which ultimately determines the sympathovagal balance.

Increased sympathetic modulation in the secretory phase
can explain the symptoms of premenstrual syndrome and
the knowledge of the same can improve the quality of life
among females.*?! Further studies in a larger population may
be needed to establish the results.

Strength of the study: A slight increase in LF nu as well as
LF/HF ratio was noted in the secretory phase, whereas HF
nu was slightly increased in the proliferative phase. Hence,
a significant increase in resting heart rate was found in the
secretory phase compared to proliferative phase. This study
helped us to assess the sympathovagal balance in different
phases of menstrual cycle in healthy females of normal BMI.

Limitations of the study

Estimation of hormones in both the phases of the menstrual
cycle as well as more sample size would have better helped
to establish the relationship between HRV and fluctuations of
the sex hormones.

CONCLUSION

This study concluded that endogenous sex hormones influence
the sympathovagal balance in normally menstruating females.
Any hormonal imbalance may lead on to the disruption of this
balance, resulting in cardiac autonomic dysfunction. Further
studies should be done in a larger sample size to establish the
results and to improve the clinical interpretation which may
further improve the quality of life
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