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Effect of Laboratory Mental Stressors
on Cardiovascular Reactivity in Young Women
During Different Phases of Menstrual Cycle:
An Observational Study
Aparna Menon,1,i Manisha Kar,2,* Suravi Patra,3 and Sushil Chandra Mahapatra2

Abstract
Introduction: Excessive cardiovascular reactivity to mental stress may be a risk factor for cardiovascular disease.
However, there is inconsistent report in the literature regarding change in cardiac autonomic tone with the
phase of the menstrual cycle and how it is affected by mental stress. Therefore, the present study was aimed
at determining the cardiovascular reactivity to different laboratory mental stressors during follicular and luteal
phase of menstrual cycle using heart rate variability (HRV).
Methods: Thirty-three regularly cycling young females (19–35 years of age) were exposed to four cognitive tasks
(Stroop test, Mental Rotation test, n-back test, and Mental Arithmetic Stress Test [MAST]) employed as laboratory
mental stressors. HRV of the study participants were recorded before, during, and after each cognitive task and
the recording was done in both phases of menstrual cycle for each individual.
Results: A significant difference was observed in time domain parameters and nonlinear parameters of HRV in
pretest versus during-test condition and during-test versus post-test conditions, but not in frequency domain
parameters. No phase difference was found in time domain or frequency domain analysis of HRV in baseline
or during performance of task. MAST performance (score out of 50) was significantly higher in luteal than follic-
ular phase, while other tests showed no such difference.
Conclusion: All four mental stress tasks used in the present study were able to elicit significant decrease in para-
sympathetic tone during performance of task as compared with baseline values of HRV. The present study did
not elicit any phase difference in cardiovascular reactivity.
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Introduction
Work stress is a predictor of coronary heart disease
(CHD) among men and women.1–3 The progression of
CHD is reportedly around 10 years delayed in women
compared with men because of unique female hormone
milieu.4 However, as more and more women are join-

ing workforce these days, work stress in women is also
evident, which translates into increased incidence of
CHD among women.5

The parasympathetic limb of autonomic nervous
system plays a more dominant role in modulation of
the functioning of heart in a very precise and sensitive
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way. The reactivity of heart to different environmental
stimuli depends on bidirectional feedback system be-
tween cortical centers regulating vagal activity and
vagal feedback system to cortex. This allows improved
social and behavioral responses, which could be pre-
dicted by cardiac vagal tone as explained by Polyvagal
Theory.6 Cardiac vagal tank theory suggests that the
cardiac vagal activity at stress could be an indicator
of how efficiently the responses to stress are mobilized
and utilised.7 It is evident that the forebrain areas in-
volved in emotion and stress response have neural con-
nections with the autonomic neurons, which innervate
the heart.8–10

It is emphasized by the neurovisceral integration
theory, which postulates that heart rate variability
(HRV) may serve as peripheral index of brain areas, in-
volved in execution of cognitive functions such as at-
tention, working memory because of structural and
network similarities.11 These forebrain areas also
show sexually dimorphic activity in terms of expression
of sex steroid receptors, proving significant modulatory
role played by estrogen and testosterone in cardiac
autonomic response to stress.12 In young women, a
higher reactivity of parasympathetic system was
reported as compared with males on exposure to
acute stress.13 Autonomic response to stress in different
phases of the menstrual cycle has been a field of re-
search for a long while. Even then, the evidence from
various studies does not suggest any conclusive idea
on the change in autonomic reactivity as measured by
heart rate or blood pressure response to acute stress.14

HRV is a measure of cardiac autonomic tone. The
change in resting HRV in response to stressor and its
recovery values after stress depend on the individual’s
self-regulatory mechanism, the environment, or the
type of stressor.7 The calculation of HRV can be done
from electrocardiogram (ECG) recording based on
time domain, frequency domain, and nonlinear pa-
rameters. It was demonstrated that standard devia-
tion of normal R-R intervals (SDNN), a time-domain
parameter of HRV can predict mortality after acute
myocardial infarction.15 Since then, time-domain pa-
rameters have been actively used in research and
shown to be a predictor of cardiovascular injury.
RMSSD and PNN50 are two other time-domain pa-
rameters that indicate cardiac vagal tone.16

A high-frequency (HF) component of spectral anal-
ysis and SD1 (standard deviation of Poincare plot per-
pendicular to the line of identity) of nonlinear analysis
also indicate parasympathetic control of heart through

vagal efferent activity. It was documented that HF
component and SD1 are slightly higher in follicular
phase than in menstrual phase17,18 and luteal phase is
associated with an increase in low-frequency (LF) com-
ponent (a marker of sympathetic modulation, when
expressed in normalized unit; or marker of the activity
of both sympathetic and vagal limbs) in LF/HF ratio
(marker of sympathovagal balance).19–21 It suggests in-
creased sympathetic activity during the luteal phase.
But other studies have documented higher sympathetic
activity in the follicular phase,22 and few others have
found no phase difference.23,24 Furthermore, it was re-
ported that the sympathetic dominance (as evidenced
from spectral analysis of HRV) persists in the luteal
phase in the presence of mental stressors, although fre-
quency domain and nonlinear parameters of HRV
were not examined.25

It is understandable that there is inconsistency in the
previous reports, which has shown a lacuna in the under-
standing of changes in cardiovascular reactivity in re-
sponse to mental stressors in phases of menstrual
cycle. So, the present study was aimed at determining
the cardiac autonomic tone and cardiovascular reactivity
to different laboratory mental stressors during follicular
and luteal phase of menstrual cycle using power spectral
density, LF/HF ratio, and nonlinear and time-domain
analysis of HRV. In the present study, four cognitive
tests (Stroop task, mental rotation task, n-back test,
and Mental Arithmetic Stress Test [MAST]), which as-
sess various aspects of executive functions, such as inhib-
itory control, working memory, selective attention,
cognitive flexibility, and fluid intelligence, were admin-
istered as laboratory mental stressors.

Materials and Methods
It was a cross-sectional, observational study. The Med-
ical students of 2nd and 3rd year and a few junior and
senior residents (19–35 years of age), having stable
menstrual cycle (28–32 days) for last 2 months, without
any existing systemic disorders were recruited in the
present study. The ethical clearance for this study
was obtained from the Institutional Ethics Committee
(IEC). The study commenced in September 2018 and
recruitment of subjects and data collection were com-
pleted by January 2020. The recruited subjects were
asked to visit Clinical Physiology Laboratory in be-
tween days 10–12 of the follicular phase and days
22–25 of the luteal phase, respectively. The respective
phases were calculated from expected days of ovula-
tion based on their onset of menstrual cycle and the
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expected cycle duration. No hormonal or other physi-
ological parameters such as basal body temperature
was recorded for the calculation of the different phases
of menstrual cycle. Hence, the criteria for the volunteer
participants included a narrow range for duration of
menstrual cycle (28–32 days) to ensure that the actual
phases matched with the calculated days. The sample
size was calculated on the basis of an earlier study (com-
paring LF/HF ratio value in follicular and luteal phase)
considering a global statistical power (1-b) of 0.90,
level of significance 0.05%, and 10% dropout.21 A total
of 40 subjects were recruited in this process. Of the 40
recruited participants, two subjects were found to have
irregular menstrual cycles following recruitment, and
5 participants were unavailable for a second recording.
Therefore, the data from 33 subjects were analyzed.

Procedures
The study participants were requested to refrain from
tea or coffee at least 2 hours before laboratory sessions.
Once recruited, the participants were informed of the
study protocol in detail, and written consent was ob-
tained from them in the prescribed format as approved
by the IEC. Both sessions were conducted, preferably
from 5 pm onward, as the serum cortisol level reaches
a lower level during that period.26 Each session lasted
for 45 minutes to 1 hour. The study protocol followed
in the study is displayed in Fig. 1.

On arrival at the laboratory, the anthropometric
measurements of the subjects were taken. The subjects
were asked to fill up Premenstrual Symptom Screening
Tool (PSST)27 to exclude premenstrual syndrome.

Four cognitive tests were administered to the study
participants using computer-based tests developed by
Prof. Stoet28 namely Stroop task, Mental Rotation test,
n back test, and MAST. For Stroop task, the difference

in response time for congruent and incongruent answers
was taken as the score. Mental rotation test was
employed to assess the subject’s visuospatial abilities by
matching a spatially rotated object with the initial one.
N back test was used to assess the working memory of
the subject. In the present study, three back test was
used, in which alphabets were presented using a custom-
made timed presentation. The stimulus was presented for
2 seconds with an interstimulus interval of 2 seconds.
A total of 40 such stimuli were presented, and the score
was given for correct responses (n) as ‘‘n’’ out of 40.
MAST assesses the attention and mathematical aptitude
of the subject. A series of autotimed two-digit subtraction
were presented on the screen for one second, and the sub-
ject received 4 seconds to answer to it verbally. The whole
test was presented for a 5-minute duration. The scores
were awarded out of 50 for the number of correct re-
sponses.

Following cognitive tasks, post-task blood pres-
sure (BP) was measured. Then, National Aeronautics
and Space Administration Task Load Index (NASA-
TLX) questionnaire was provided to the participants.29

NASA-TLX ratings were used as a subjective measure-
ment of mental workload on the tasks.

The subject was asked to visit the laboratory for the
next recording on the specified date calculated from the
menstrual cycle.

Recording of HRV parameters
HRV was recorded with PowerLab 4/35 system (AD
system, Sydney, Australia) after 5 minutes of rest.
The disposable Ag-AgCl surface electrodes were placed
on the torso to minimize movement artefact. The base-
line BP and HRV of the subjects was recorded follow-
ing which, four cognitive tasks were applied. For each
cognitive task, HRV was recorded before, during, and

FIG. 1. Study flow showing the research protocol followed in the present study.
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after each task. The ECG data were digitized at a sam-
pling frequency of 1 KHz. Data were passed through a
bandwidth filter in which a low-pass filter was set at
50 Hz, and high-pass filter was set at 0.3 Hz with
50 Hz notch ‘‘ON.’’ The standard time domain, frequ-
ency domain, and nonlinear analysis were performed
from the recorded HRV.16,19

Statistical analysis
The normality of the data was assessed using Shapiro–
Wilk Test. The quantitative data were found to be non-
normally distributed and hence comparison between
different phases and among pretest, during-test, and
post-test values were done using Wilcoxon signed-
rank test. The pre, during, and post-test values for phys-
iological parameters (BP, Heart Rate, HRV) were also
analyzed using repeated-measures analysis of variance
(ANOVA) with two phases being the dependent factor.
Sphericity was assessed using Mauchly’s test, and
Greenhouse–Geisser correction was applied as per
the requirement to analyze phase and time-dependent
changes in physiological parameters. Bonferroni’s post
hoc test was done to identify which parameters were
significantly different in different phases as well as be-
tween pre-, during, and post-test. Spearman correlation
was applied to examine the association of mood swing,
PSST scores, and NASA-TLX scores with the physio-
logical parameters and the test scores for cognitive
tests. Statistical analysis was performed using Statistical
Package for Social Sciences SPSS 21 version (SPSS, Inc.,
Chicago, IL). A two-tailed p-value <0.05 was taken as
the cut-off level of significance.

Results
Anthropometric measurements of the participants were
taken on arrival at the laboratory, and the results are
shown in Table 1 below. Among study participants,
10 had body mass index (BMI) more than 23, and 1 per-
son had waist/hip ratio more than 0.81 (cutoff for Asian
females).30 Two subjects had BMI less than 18 (17.5).

Tables 2–5 display the median values and interquar-
tile range (in parenthesis) of each parameter of HRV
before, during, and after the cognitive tests as mentioned

in the materials and methods section. There was a sig-
nificant difference in time domain parameters—heart
rate (HR), coefficient of variance between 2 RR inter-
vals (CoVRR), difference in standard deviation of RR
intervals (SDSD), standard deviation of adjacent RR
intervals (SDRR), percentage of adjacent RR intervals
with more than 50 ms difference (PNN50%), root
mean square of adjacent RR intervals (RMSSD), and
nonlinear parameters—SD1, SD2, SD1/SD2 ratio in
pretest versus during test condition and during test
versus post-test conditions. However, frequency do-
main parameters did not show significant change
with task performance. Comparison of follicular and
luteal phase values did not show significant changes
in any of the parameters related to the tests perfor-
med. There was no significant change in recorded sys-
tolic blood pressure (SBP) and diastolic blood pressure
(DBP) and its derivatives such as mean arterial pres-
sure (MAP) and pulse pressure (PP) before and after
the task irrespective of the menstrual cycle.

There was no significant change in performance of
Stroop task, mental rotation task, or N back test during
two phases of the menstrual cycle. However, significant
improvement in Mast score was observed during lu-
teal phase as compared with follicular phase (Fig. 2).

PSST questionnaire analysis revealed that 30 partic-
ipants scored mild and 3 had moderate rating in fol-
licular phase. In the luteal phase, 28 scored mild and
5 had scored moderate rating of premenstrual discom-
fort. NASA-Tlx questionnaire analysis showed no
significant phase-dependent difference of subjective
measurement of mental workload on the tasks.

Spearman correlation analysis found no significant
correlation between presence of mood swing and HRV
parameters, as well as the performance of cognitive tasks.

Discussion
In the present study, no significant difference was ob-
served between baseline HRV parameters recorded
during follicular and luteal phase of the menstrual
cycle. The effect size (r = 0.02) was found to be too
small to extend the inference for larger population.
Interestingly, the findings of few previous studies.23,31

Table 1. Basal Characteristics of the Study Participants

Age (years) Height (cm) Weight (kg) BMI (kg/sq-m) WHR

n = 33 22.2 – 0.064 157.22 – 6.093 56.10 – 9.43 22.71 – 3.561 0.746 – 0.064

BMI, body mass index; WHR, waist/hip ratio.
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such as frequency domain parameters, which did not
show significant change between phases of menstrual
cycle, are in corroboration with the observations made
in the present study. In the previous studies, it was
noted that sympathetic activity increases as cycle
progresses.20,21

A significant increase in heart rate of the participant
was observed while performing each cognitive task
irrespective of the phase of the menstrual cycle. This
implies occurrence of definite parasympathetic inacti-
vation associated with sympathetic activation while
performing a mental stress test. This finding is in tan-
dem with the neurovisceral integration model as well as
the vagal tank theory suggesting a link between the
vagal modulation of higher mental functions with that
of the vagal modulation of HRV.

Moreover, analysis of time-domain parameters
(COVRR, SDSD, SDRR, and pNN50) of HRV revealed
a decrease in the value of few time-domain parameters
(COVRR, SDSD, SDRR, and pNN50) of HRV during
performance of mental stress tasks, which implies in-
activation of parasympathetic system and activation
of sympathetic system, which corroborate the results
of other studies.32,33 These changes were phase inde-
pendent. Frequency analysis of the data exhibited no
significant change in LF/HF ratio during Stroop task,
mental rotation task, and MAST. However, during N
back test, a significant decrease in LF/HF ratio was ob-
served than pre- and post-task values in both phases.
This denotes a vagal dominance during task perfor-
mance, which is contrary to the results otherwise
obtained. It is to be reminded that the study partici-

pants were in sitting upright posture while recording
heart rate, which itself is a contextual variable. In this
posture, the primary contributors are PNS activity and
baroreflex activity but not sympathetic nervous system
(SNS) activity.34 Furthermore, nonlinear analysis of
HRV also showed no significant phase-dependent
changes in SD1, SD2, or SD1/SD2 ratio even though
SD1 and SD2 showed significant change during task
performance indicative of parasympathetic inactiva-
tion and sympathetic activation. It has been reported
that the peaks of different ovarian hormones are asso-
ciated with certain changes in cognitive function as well
as cardiac autonomic balance as these hormones selec-
tively modulate brain areas related to autonomic func-
tion.35 However, the results of the present study
showed no phase difference in the cardiac reactivity
as measured by HRV between luteal and follicular
phase. Few previous studies have also shown similar re-
sults.23 It was also documented that frequency domain
parameters (LF and HF spectral power) were unaltered
across menstrual cycle.31 Moreover, it can be stated
that the computer-based cognitive tests used in the
present study (www.psytoolkit.org) have been able to
nudge sympathovagal balance of each individual dur-
ing cognitive tasks and hence are useful tools to be
utilized as laboratory mental stressors.

The performance of the study participants for
Stroop task, mental rotation task, and n-back test was
not significantly different between two phases of the
menstrual cycle. In the present study, MAST score
achieved by the participants during luteal phase was
significantly better than that during the follicular phase.

FIG. 2. Score of MAST (out of 50) in luteal and follicular phase. *p < 0.01. MAST, Mental Arithmetic Stress
Test.
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It is a known fact that estrogen and progesterone mod-
ulate the expression of other neurotransmitter recep-
tors in the hippocampus and parahippocampal region
and thereby fine tune the stress response.36 The posto-
vulatory increase in progesterone levels can alter the
stress response and cognitive performance in females
because of its action on prefrontal cortex.37 From the
foregoing discussion, it is evident that MAST was
more an appropriate mental stressor in terms of sig-
nificant phase-specific change in performance than
any other stressors administered in the present study.
MAST was applied for a little longer duration than
other three cognitive tests. Therefore, probably, MAST
was able to elicit a change in the domains of fluid intel-
ligence tested by it with the change in hormonal milieu,
while the other stressors were not able to elicit any such
change. Therefore, it warrants the redesigning of the
other cognitive tests employed in the present study, al-
though all the four cognitive tests were able to nudge
sympathovagal balance in a given subject. Further
light could be shed on the issue by doing a comparative
analysis of the cognitive tasks across menstrual cycle in
a larger sample of the population.

The present study was a within-subject comparison
study. All the recordings for the study were obtained
after 5 pm so that the serum cortisol levels would be
lower and might not interfere with the results of phys-
iological parameters. For each task, HRV was recorded
before, during, and after the task. This method was rec-
ommended in psychophysiological studies involving
HRV to assess the changes produced during perfor-
mance of task.7

The present study has several limitations. In the
present study, no hormonal assay was performed to
ascertain the menstrual cycle phase of the study par-
ticipants. The study population was academically
high performers. Hence, the results of their perfor-
mance could not be generalized. Social stress tests
like Trier Social Stress Test might provide a better
simulation of real-world stressors and their effect
on cardiovascular reactivity. Contradictory results
regarding basal cardiovascular reactivity in different
phases of the menstrual cycle were reported.
A larger sample size might be able to throw some
light in this context.

Conclusion
All four mental stress tasks used in the present study
were able to elicit significant decrease in parasympa-
thetic tone during performance of task as compared

with baseline values as evidenced from change in
heart rate and other parameters of HRV. The present
study did not elicit any phase difference in cardiac
autonomic tone and cardiovascular reactivity in the
recruited study participants. Performance of MAST
had been found to be significantly better during luteal
than follicular phase, but no such difference was ob-
served in the performance of other cognitive tasks.
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