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ABSTRACT

Background: Menstrual cycle is due to cyclic variations in the levels of various sex hormones. The effects of these 
hormones are not limited to the reproductive system alone but affect other systems including the nervous system. 
Aims and Objective: To study the reaction times (visual reaction times [VRT]/auditory reaction times [ART]) during the 
three phases of the menstrual cycle, i.e., menstrual (M), proliferative (P), and secretory (S). Materials and Methods: This 
cross-sectional study was conducted on 50 healthy young unmarried females in the age group of 20-25 years, having 
regular menstrual cycles. VRT/ART was measured during the menstrual, proliferative, and secretory phases. The results of 
the reaction times were subjected to statistical analysis using Student’s paired t-test for comparison of means. P < 0.05 was 
considered as significant. Results: The average reaction times (in milliseconds) during the different phases of the menstrual 
cycle were as follows: ART = M - 187.23 ± 19.20, P - 182.58 ± 14.63, S - 178.23 ± 13.14 and VRT = M - 190.37 ± 8.83, 
P - 185.79 ± 10.70, S - 181.53 ± 15.11. Conclusion: Both the ART and VRT’s were longer during the menstrual phase, 
whereas they were shorter during the secretory phase of the menstrual cycle. The prolonged reaction times during the 
menstrual phase is attributable to the slowing of conduction times, due to fluid and electrolyte increase. The quicker reaction 
times during the secretory phase is probably due to progesterone negating the ability of estrogen to cause conduction delay.
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INTRODUCTION

The normal reproductive years of a female are characterized 
by regular rhythmical changes in the rates of secretion of the 
female hormones, and the resultant changes in the ovaries 
and other sexual organs. This rhythmical pattern is called 
the female monthly sexual cycle or menstrual cycle.[1] 
This is governed by a well-coordinated and appropriately 
regulated changes in the levels of ovarian steroid hormones 
(estrogen and progesterone), which are responsible for 
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producing the discrete responses in multiple tissues and 
organs.[2]

The human brain has been suggested as the site at which these 
hormones produce their effects. These effects may involve 
both direct as well as indirect influences on the neurons, glia, 
and the blood vessels.[3] The general state of arousal of the 
nervous system might also vary with the different phases of 
the menstrual cycle.[4] The balance between the stimulatory/
inhibitory modalities of the existing neural networks may 
be altered due to variations in the synthesis and catabolism 
of various CNS neurotransmitters, due to the effects of sex 
steroids on the corresponding enzymes.[3]

Sex hormones are known to affect a whole gamut of CNS 
modalities such as neurite outgrowth, synaptogenesis, 
dendritic branching, myelination which ultimately affects the 
neural plasticity.[5]
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Response time has been defined as the time interval between 
the application of the stimulus and the response by the 
subject.[6] Reaction time comprises premotor and motor time. 
The premotor time (i.e., time from stimulus presentation to 
motor act initiation) contributes the maximal (84%), which 
assesses the central processing capability of the brain.[7]

On one hand, a significant reduction in the response 
time indicates an improved sensorimotor performance 
and/or enhanced processing ability of the CNS,[8] whereas 
a prolonged response time indicates a deterioration of 
processing capability of the CNS or poor sensorimotor 
performance or a combination of both.[9]

Hence, it can be postulated that the sensory motor 
performances could be modulated/altered during the different 
phases of menstrual cycle. Therefore, we envisaged this 
study to find out how and to what extent the sensory motor 
performances are being affected during different phases of 
menstrual cycle, by measuring the reaction time to visual 
(VRT)/auditory (ART) stimuli as a surrogate.

MATERIALS AND METHODS

The subjects for this study were selected from normal healthy 
unmarried females in the age group of 20-25 years, having 
regular menstrual cycles. The study was duly approved by 
the institutional ethical clearance committee. 50 subjects who 
satisfied the inclusion and exclusion criteria were selected, 
and informed consent was obtained from them.

The subjects, who were included in the study, were healthy 
unmarried females in the specified age group of 20-25 years, 
having regular menstrual cycles of 27-30 days for at least 
the last 6 months, and whose body mass index was within 
the normal range (18.5-24.9 kg/m2). The exclusion criteria 
applied were as follows: Those taking any medication 
or hormonal preparations (that could alter the menstrual 
hormonal milieu), those having any physical illness or 
endocrinological disorders, smokers, alcoholics, athletes/
those involved in excessive physical activity.

The subjects were instructed to visit the department during 
each phase of the menstrual cycle. 1-5th day, 9-12th day, and 
19-22nd day were selected to represent menstrual, proliferative, 
and secretory phases, respectively. Daily basal body 
temperature recordings formed the basis for this judgment. 
A thorough history with special attention to menstrual history 
was taken. Height and weight were recorded using standard 
methodologies. Response times measurements (VRT and 
ART) were carried out during these three-phase of menstrual 
cycle after the subjects were thoroughly acquainted with 
working of “response analyzer” (YSRT – 0101 – Pune). 
It was ensured that no subject consumed any caffeinated 
products 6 h before the testing.

Subjects were instructed to press a response micro switch 
(thumb switch) as quickly as possible, after the presentation 
of appropriate stimuli (light/sound), but not prematurely, 
with thumb of the dominant hand. The intensity of stimuli 
was kept constant for all the subjects. The time displayed in 
milliseconds was noted and taken down as the response time 
for that stimulus. 10 readings were taken for each one of the 
stimuli. The lowest readings were taken as individual values 
for a particular stimulus. The procedure room was a quiet and 
secluded room, whose ambient temperature was about 27°C. 
All tests were done between 10.00 am and 1.00 pm.

The results of ART and VRT during the different phases of 
menstrual cycle were expressed as mean±standard deviation 
and analyzed using student’s paired t-test for comparison of 
means. P < 0.05 was considered as significant.

RESULTS

The average values (in milliseconds) of the ART and VRT 
in different phases of the menstrual cycle are provided in 
Table 1. Whereas the results of the statistical analysis using 
paired samples t-test for ART and VRT between various 
phases of the menstrual cycle are represented in Table 2. 
Overall, ART and VRT were shorter during the secretory 
phase and longer during the menstrual phase of the cycle.

DISCUSSION

The menstrual cycle involves tumultuous and rapid 
variations in various sex hormones and it is but natural to 
presume that the effects of theses hormones are not limited to 

Table 1: ART and VRT during different phases of 
menstrual cycle (in milliseconds)

Phase  (Mean±SD)
ART VRT

Menstrual 187.23±19.20 190.37±8.83
Proliferative 182.58±14.63 185.79±10.70
Secretory 178.23±13.14 181.53±15.11

ART: Auditory reaction time, VRT: Visual reaction time, 
SD: Standard deviation

Table 2: Paired samples t test for ART and VRT
Phase pairs ART VRT

t P T P
I and II 4.6622 <0.001* 4.7816 <0.001*
II and III 4.6660 <0.001* 4.5675 <0.001*
I and III 5.1612 <0.001* 5.0911 <0.001*

Phase‑I: Menstrual phase, Phase‑II: Proliferative phase, 
Phase‑III: Secretory phase, *Very highly significant, ART: Auditory 
reaction time, VRT: Visual reaction time
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the reproductive system, but in fact could have far-reaching 
effects on other bodily systems.

The sex hormones, especially estrogen and progesterone 
secreted from the ovaries, vary in their level during different 
phases of menstrual cycle. The menstrual phase is characterized 
by low levels of both these hormones and as we progress 
through the follicular phase, estrogen level rises rapidly to 
reach the peak just before ovulation, with progesterone levels 
continuing to remain low. Whereas during the luteal phase, 
the levels of both estrogen and progesterone rises, thus in the 
mid luteal phase, both the hormones are high. Hence during 
the normal menstrual cycle, there are two peaks of estrogen 
secretion, an “ovulation peak,” which occurs near the end of 
the follicular phase and a “luteal peak.” Progesterone reaches 
a peak about 4-7 days before menstruation.[4]

A study by Smith et al. showed for the first time that the 
activities of a specific neural network composed of excitatory 
afferents and inhibitory interneurons, that ultimately 
determines the excitability of corticospinal neurons, is not 
constant through the various phases of a normal menstrual 
cycle.[10]

While some studies have observed lower threshold for 
auditory stimuli during the beginning of the menstrual 
period,[11] in our study, the ART and VRT were longer in the 
menstrual phase and shorter in secretory phase as compared 
to the proliferative phase. The paramenstrual period is said to 
be characterized by a state of cognitive debilitation.[12]

There is also a significant increase in the incidence of 
accidents during the pre-menstrual (i.e., 4 days before 
menstruation) and menstrual periods, which is attributed 
to the increased lethargy leading to impaired judgment and 
slow reaction time. Further, it has been seen that in some air 
accidents involving women pilots, in which the cause of the 
accident could not be found, the pilots were found to be in the 
menstrual phase of the cycle.[13]

In a study conducted by Nene and Pazare, ART was 
significantly increased in premenstrual phase and on the 
expected day of ovulation.[14] Similarly in a study conducted 
by Das et al., there was a significant increase in weight as well 
as prolongation in auditory and visual Response times during 
the premenstrual phase. These changes have been attributed 
to fluid and salt retention occurring in this phase, which in 
turn leads to a decrease in the processing capability of central 
nervous system.[15] Bhatia et al. observed a higher threshold 
for evoking the V wave of BAEP and a higher absolute peak 
latencies of waves with a decrease in amplitude of wave V 
during premenstrual phase and have attributed this to the 
delayed conduction time of auditory impulses from auditory 
nerve to midbrain.[16]

Bruce and Russel, have suggested that retention of water and 
sodium due to variations in the levels of sex steroids during the 
menstrual cycle, might influence either the process of axonal 
conduction time or the availability of neurotransmitters at 
synapses in the auditory pathways.[17]

A study by Afshan et al. has found that the shortest VRT 
occur during the luteal phase.[18] The most likely cause for 
this is that estrogen causes delay in conduction by influencing 
gamma amino butyric acid release at the various polysensory 
association areas of brain, which is blunted by the presence 
of progesterone.[19]

The strength of this study lies in the usage of reaction times 
as a surrogate for measuring sensorimotor performance, as 
they are objective measurements and easily reproducible. 
The limitations of the present study are that the subjects in 
this study belonged to a restricted age group (20-25 years) 
and the classification of different phases of the menstrual 
cycle (i.e., menstrual, proliferative, and secretory) were 
based on basal body temperature measurements and not on 
the measurement of relevant sex hormones.

CONCLUSION

While studying the ART and VRT to appropriate sensory 
stimuli in healthy women, with normal menstrual cycles, 
we observed significantly shorter reaction times during the 
secretory phase, which is probably attributable to the higher 
levels of progesterone seen in this phase. The menstrual 
phase is characterized by longer reaction times, which could 
be due to a generalized slowing of neural conduction times, 
because of fluid and salt retention.
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