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Hormonal fluctuation in various phases of menstrual cycle may be an
important regulatory factor of heart rate. Based on this proposition, an
observational study was conducted in 81 women with normal

Published: March 2024 reproductive health to find out the changes of heart rate in the pre-

ovulatory (10-13" day of menstrual cycle) and post-ovulatory phases of
Menstrual Cycle, Heart Rate, Estrogen, menstrual cycle. Data were analyzed using Pearson correlation and
Progesterone,  Pre-Ovulatory  Phase, paired t-test. The test for correlation coefficient using t-statistics
Luteal Phase showed that the changes of heart rate between pre-ovulatory and post-
ovulatory phases was statistically significant (r= 0.79, R°=0.63 and
p<0.01). On the other hand, the paired t-test (2 tails) revealed that the
heart rate was significantly decreased (t= 3.86, df=80, My=3.04 and
p<0.01) in the pre-ovulatory phase when compared to the post-
ovulatory phase. It is well documented that both estrogen and
progesterone level are found to have moderate in luteal phase in
relation to the pre-ovulatory phase during LH surge or peak estrogen
level and it is approximately 10 times just 10-12 hours before
ovulation. From the endocrinological view point, it can be concluded
that the estrogen may have the heart rate lowering effects in pre-
ovulatory phase in the study subjects.

Key words:-

Copy Right, 1JAR, 2024,. All rights reserved.

Introduction:-

Menopause and pregnancy-induced hypertension is very common in some cases, but the variations in blood pressure
(BP), heart rate (HR) and other cardiovascular parameters during menstruation are not properly documented, and the
available reports regarding this issue are very much contradicting till date.

Blood pressure (BP) & heart rate (HR) are two major parameters of cardiovascular functions of the body which can
be modulated by variations of reproductive hormones primarily estrogen throughout the menstrual cycle
(Cunningham et al. 2010), because treatment with estrogen promotes vasodilation not only in humans, but also in
experimental animals by means of stimulation of biosynthesis of prostacyclin and NO by endothelial NO synthase
(Cambliss & Shaul, 2002 and Hernandez et al., 2000).
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Throughout the menstrual cycle, endogenous sex hormones levels fluctuate regularly. While progesterone and
oestrogen are both increased during the mid-luteal phase, oestrogen increases gradually during the follicular phase
(YYazar and Yazici, 2016, Baird and Fraser, 1974 and Carr and Wilson, 1987).

The heart rate and blood pressure are the most common and easily measurable indices of cardiovascular parameters.
While some studies (Hassan et al., 1990, Kaplan et al., 1990, and Manhem & Jern, 1994) have found an increase
in basal heart rate during the post-ovulatory phase, other studies have not found any effects of the menstrual cycle
on heart rate while at rest (Girdler et al., 1993 and Sato et al., 1998).

These variations in findings are attributed to the difficulties in the methodology originating from reliance upon small
number of study subjects. To overcome this problem we have rigorously studied the changes of heart rate
throughout the course of menstrual cycle of 81 women participants.

Materials and Methods:-

An observational study was conducted among 81 apparently healthy and willing women aged between 18-35 years
with regular menstrual cycle of 28 days duration at Kalyani Municipality area of the district Nadia, West Bengal,
India. The subjects were regularly monitored and interviewed on different days of interest across menstrual cycle
using predesigned questionnaire to collect data regarding heart rate and others.

From the endocrinological view point, each phase of menstrual cycle shows a specific characteristic features due to
hormonal, structural and functional changes of various part of female reproductive system during menstrual cycle
(Baird Fraser, 1974, Hoff et al., 1983, Filicori et al., 1984, and Carr and Wilson, 1987). So, heart rate was
recorded once in the morning (between 10:00am to 1:00pm) in different phases of menstrual cycle.

The exclusion criteria for the participants were pregnancy, irregular menstrual cycle, menorrhagia, had any
endocrine disorder or were on any regular medication or oral contraceptive pills.

For the sake of convenience of the study, the menstrual cycle is divided into two phases i.e., pre-ovulatory phase just
2-3 days before ovulation (i.e., after 10 days of menstruation or 11-13 days of menstrual cycle) when estrogen level
was found to have maximum and post-ovulaory or luteal phase (15-27" day of menstrual cycle) when both estrogen
and progesterone level is maintained to moderate level.

In this study, the menstrual cycle is divided into pre-ovulatory phase during follicular development just 1-3 days
before ovulation and the luteal or secretory phase after ovulation. The LH surge is started by a dramatic rise of
estradiol secreted by pre-ovulatory graffian follicles and resulting subsequent ovulation. The LH surge is responsible
for the leutinization of the granulose cells and stimulates the biosynthesis of progesterone resulting FSH surge
(Reed and Carr, 2018).

Data were expressed as average = SEM and analyzed by Pearson correlation and paired-t test at both 5% and 1%
level of significance using both SPSS 20.0 and Stats Tester 4.0.1 software, BPM group Saitama, Japan.

Results:-

The present study tested the changes of heart rate in pre-ovulatory and post-ovulatory phases of the reproductive
cycle of the young female subjects with normal reproductive health those who have regular 28 days of menstrual
cycle.

The age and heart rate of the participants in pre-ovulatory and post-ovulatory phases of menstrual cycle were
depicted in the table-1 as average + SEM. The descriptive statististics (Table-1 & Fig.-1 A & B) showed that the
mean age of the study subjects was 27.35 years. On the other hand, average heart rates in pre-ovulatory and luteal
phases were 85.19 and 88.28 beats per minutes (bpm) respectively. Therefore, the mean HR in luteal phase
increased 3.05 beats per minute (bpm) in relation to the pre-ovulatory phase.

This increase of heart beats in post-ovulatory phase was tested using Pearson correlation coefficient (linear

regression) and paired t-test. The subjects-specific correlation and linear regression (Fig.-2A) analysis revealed that
there was a correlation (r=0.7943, R? = 0.6309) between HR of pre-ovulatory and post-ovulatory phases and this
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correlation is significant (t=11.62, df=79, r=0.7943 and p<0.01) in this study. On the other hand, two tails paired t-
test (Fig-2B) showed that this changes of HR is significantly (t=3.86, df=80, M= 3.049, SEM of difference =
0.7889 and p<0.01) decreased in pre-ovulatory phase compared to the luteal phase.

Fig 1:- Descriptive statistics about heart rate in pre-ovulatory and post-ovulatory phases of menstruation.
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Correlation & linear regression

Linear Regression
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B. Paired t-test
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Fig. 2:- HR changes in the pre-ovulatory and luteal phases A: Subjects-specific correlation and linear regression line
B: Paired t-test showing individual line for each pair of subjects.
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Fig. 3:- Hormonal, endometrial, ovarian and basal body temperature changes across normal menstrual cycle (Carr
and Wilson, 1987).
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Fig. 4:- LH surge starts 36 hrs before ovulation and usually peak just 10-12 hrs before ovulation (Hoff et al., 1983).
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Fig. 5:- Episodic secretion of LH (top) and progesterone (bottom) during the luteal phase of menstrual cycle
(Filicori et al., 1984).

Table 2:- Level of sex steroids in women at different phases of menstrual cycle (Baird and Fraser, 1974).

Sex steroids Early follicular | Pre-ovulatory | Mid-luteal Phase
phase phase
Progesterone (mg) 1.0 4.0 25.0
170-hydroxyprogesterone (mg) 0.5 4.0 4.0
DHEA (mg) 7.0 7.0 7.0
Androstenodione (mg) 2.6 47 34
Testosterone (pg) 144 171 126
Estrone (ug) 50 350 250
Estradiole (ug) 36 380 250

Table 1:- Mean age and the HR in pre-ovulatory & luteal phases of menstrual cycle of the participants

Age of participants HR in Pre-ovulatory phase HR in Post-ovulatory phase
(YYears) (bpm) (bpm)

Mean+SEM Mean+SEM Mean+zSEM

(n=81) (n=81) (n=81)

27.35+0.79 85.19+1.15 88.24+ 1.27

Discussion:-

The results demonstrated that HR is significantly higher in the luteal phase and it may be due to moderate level of
estrogen. This kind of study was also observed by some workers where basal heart rate is significantly peaked in the
luteal phase when compared to other phases of reproductive cycle (Hassan et al., 1990 and Kaplan et al., 1990),

although the ovulatory phase was not distinguished in those studies.

The level of sex steroids and gonadotropic hormones in different phases of menstrual cycle were well studied in
previous works where it was found that the level of estrogen is started to increase 36hrs before ovulation and it is
peak just 10-12hrs before during LH surge and then it is maintained to moderate level at luteal phase (Baird and
Fraser, 1974, Hoff, et al., 1983, Filieori et al., 1984, Carr and Wilson, 1987). Many studies shows that the
estrogen acts as a cardioprotective hormone in women (Du Xiang et al., 2021). As heart rate is one of the key
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indicator of cardiac functions, the high estrogenlevel in the pre-ovulatory phase may be an important regulator of
heart beat in the study subjects.

According to Giraud et al. (1990), the increases can be ascribed to one of two mechanisms: either oestrogen
increases blood volume (peaking during ovulation and lasting for 10-13 days later were shown in the study of Baird
and Fraser, 1974 and Carr and Wilson, 1987), or it enhances sympathetic cardioacceleration (via the same
mechanism that increases vasoconstriction (Leathard & Eccles, 1991). However, it is also possible to understand
the luteal phase-induced basal heart rate as a reflex reaction to a drop in systolic blood pressure. It will take more
investigation to distinguish between these possibilities.

Some other previous reports also support our study where HR increases (McKinley, 2009 and Girija & Veeraiah,
2011) and SDNN during heart rate variability (HRV) test decreases when examining 2 data points in the follicular
phase (McKinley et al., 2009). However, other studies have failed to find out any changes in HR across the
menstrual cycle (Sato et al., 1995; Tousignant-Laflamme & Marchand, 2009, Yildirir et al., 2002) while some
shows that SDNN is elevated in later menstrual phases (Vallejo et al., 2005).

The previous works were done taking few participants because it is very much difficult to day-to-day monitoring of
different phases of menstrual cycle. That is why, the present study was rigorously completed on 81 young women
with normal reproductive health which offers more comprehensive study on HR changes in pre-ovulatory and post-
ovulatory phases.

Conclusion:-

This study inferred that the HR is significantly decreased in the pre-ovulatory phase especially during LH surge or
peak level of estrogen in comparison to the luteal phase. From the endocrinological aspect, it can also be concluded
that the decreased heart rate in the pre-ovulatory phase just 1-3 days before ovulation may be due to peak level of
estrogen in the pre-ovulatory phase in comparison to the luteal phase.
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