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Abstract

system across the four phases of menstruation.

Background Cyclic fluctuation levels of hormones in females during different phases of menstruation can lead

to many favorable and unfavorable changes. Different researchers had investigated these changes and suggested
that such hormonal fluctuations may lead to alterations in auditory functions indirectly. The evidence from different
studies suggested variations in thresholds of female participants between pre-menstruation and post menstruation
stages. However, to our best knowledge, no attempts have been made to assess the differential sensitivity in females
across the four phases of the menstrual cycle. The present study aims to investigate these variations in the auditory

Methods and materials The participants were 27 volunteers with the age range of 18-30 years, consisting of 12
females (experimental group) and 15 males (control group). Three psychoacoustics measures, i.e,, differential limen
of intensity (DLI), differential limen of frequency (DLF), and differential limen of time (DLT), to assess the differential
sensitivity were performed to analyze any audiological changes that may occur during each menstrual cycle phase.

Results The results of the study showed that the scores were significantly poorer (p <0.05) in the menstrual phase
compared to other phases for all the tests in females. The scores were significantly better (p>0.05) at the premen-

strual phase for all the tests in females. There was no significant difference (p>0.05) in scores across the phases for

all the tests in males. The results of the study agree with previous studies which also report the effect of hormonal

changes during the menstrual cycle in various audiological tests.

Conclusion The results of the current study support to the theory that changes in sex hormone levels at different
phases of menstrual cycle can affect differential sensitivity.

Keywords Menstrual cycle, Differential sensitivity, Frequency limen, Duration limen, Intensity limen

Background

Hormones play an essential role in biological and
physiological expressions in the human body. Its sys-
tematical circulation throughout the various organs
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regulates the normal functioning of various systems
and subsystems in both males and females. However,
these hormones are present in both males and females;
their levels may vary which is an important factor
responsible for sex-based differences. This also con-
tributes to the physiological differences between both
genders and when this hormone fluctuates; it alters
the normal functioning of various systems in the body.
However, the length of menstrual cycles varies, but the
average time frame is of 27-28 days, which has been
divided into four phases: the menstrual phase (days
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1-3), follicular phase (days 11-14), ovulation phase
(days 17-22), and luteal phase (days 25-27). These
fluctuations also include the auditory system which is
a system responsible for hearing.

Evidence from the literature shows that the hormonal
fluctuations during different phases of the menstrual
cycle alter auditory functions which result in varia-
tion of auditory threshold throughout these phases [8].
Fluctuations of specific hormones during these phases
have their effects on the physiological, behavioral, and
emotional response of the body [13, 23].

During the menstrual phase, the levels of estrogen
and progesterone are low, whereas a follicular phase
is characterized by the rise in secretion of estrogen
hormone. During ovulation phase, with the release of
ovule, estrogen approaches its peak level just before
ovulation. However, in the luteal phase, progesterone
reaches its peak, while estrogen continues to drop.
Most of the changes in females occur in the luteal
phase. These changes include retention of fluids, weight
gain, increased energy demands, changes in uptake
of glucose, reduced gastrointestinal transit time, and
sodium retention and the resulting endolymph hyper-
tension [1, 3, 13, 18, 30].

There is ample of evidence in the literature that sup-
ports the notion of the auditory system being affected
by these changes during the different phases of men-
struation. Previous electrophysiological study had
suggested that the normal cyclic variation of these sex
hormones has its effects on the auditory pathways [31].

Another study suggests that higher estrogen levels
fine-tune the auditory system’s ability to process speech
and psychoacoustic phenomenon like temporal pro-
cessing [27]. However, few studies have also revealed
that the different phases of the menstrual cycle do not
have any effect on hearing acuity [3, 9, 12].

Psychoacoustical measures are widely used in the
field of audiology to assess the hearing acuity level as
well as to understand and evaluate the functioning
of different auditory processes taking place from the
peripheral to the central auditory system. However, to
our best knowledge, no attempts have been made to
assess the differential sensitivity in females across the
four phases of the menstrual cycle. The present study
aims to investigate the variations in the auditory system
across four phases of menstruation with help of tests
that assess the differential sensitivity perception. The
specific objectives were to compare the scores of dif-
ference limen for frequency (DLI), difference limen for
intensity (DLI), and difference limen for time (DLT) in
both females (across four phases) and in males (similar
time as that of the phases).

Page 2 of 7

Method

Participants

This is a longitudinal study, examining how the men-
strual cycle affects the hearing thresholds. The partici-
pants included were 27 volunteers with the age range
of 18-30 vyears, consisting of 12 females (experimental
group) and 15 males (control group).

Inclusion and exclusion criteria

Three questions were asked for the selection of partici-
pants: total days of the menstruation period as well as the
time between cycles and average duration of the men-
strual cycle. The study comprised women with a history
of regular menstrual cycles (27-31 days) [7] and with the
presence of no abnormal premenstrual tension symp-
toms such as dizziness, headaches, blurred vision, or
extreme nausea. Females taking hormonal therapy, above
the age of 30, were removed from the study due to the
possibility of hormonal irregularities in that age range.
Those with the history of hearing loss, ear discharge, and
endocrine abnormalities were also excluded.

The participants were chosen using a random sampling
procedure. Before the audiological examinations, the
female volunteers were interviewed about their audiologi-
cal background and menstrual cycle. The individuals were
required to have no history of ear disease, use of steroids in
the past, or diagnosed with premenstrual syndrome. Pure-
tone audiometry was done to ensure that all of the patients
had normal hearing, with hearing thresholds of less than
15 dBHL at octave frequencies between 250 and 8000 Hz.
Immittance audiometry was administered to rule out any
middle ear abnormality. All the participants exhibited “A”-
type tympanogram, along with the presence of acoustic
reflexes which indicated normal middle ear function. The
population’s involvement in the study was entirely volun-
tary; they were not compensated for their time. Each par-
ticipant signed an informed written consent form.

Compliance with Ethical Standards

All of the experiments in this study were performed on
humans using noninvasive procedures, as directed by
the institute’s Ethics Approval Committee. Before start-
ing the study, permission was obtained from the Ethical
Review Board of All India Institute of Speech and Hear-
ing, and the ethical committee had approved the conduc-
tion of the study. The ethical number was also allotted by
the committee, i.e., SH/IRB/2021-22/32. Before partici-
pating in the study, all of the procedures were explained
to the participants, and they were requested to give their
informed consent.
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Instrumentation

A maximum likelihood procedure (MLP) toolbox
designed in MATLAB (Version R2010a) software
installed on a laptop was used to administer all the
experiments. It uses the adaptive maximum-likelihood
technique to estimate auditory thresholds quickly and
accurately [15]. Stimuli were presented binaurally at an
intensity of 60 dBHL using HDA-200 headphones. A
sampling rate of 44,100 Hz was used to create MLP stim-
uli, and the threshold was tracked using three alterna-
tive forced choice (AFC) paradigms depending upon the
experiment. A psychometric function with a 79.4% cor-
rect response criterion was used to obtain the thresholds.
For each test, five to six practice items were given before
starting the testing phase. All of the fundamental experi-
ments were conducted in a room that is acoustically
treated and had acceptable noise levels (ANSI $3.1.1991)
(R2013).

Test procedure

Three psychoacoustics measures, i.e., DLI, DLF, and DLT,
were used to assess the differential sensitivity. The data
was collected over the course of 1 month, with the first
session during the menstrual phase (days 1-3), second
during the follicular phase (days 11-14), third during
the ovulation phase (days 17-22), and fourth during the
luteal phase (days 25-27) of the menstrual cycle.

Frequency discrimination

This test assesses the minimum frequency difference
necessary to discriminate between two closely spaced
frequencies. DLF was measured for a complex tone of
250 ms. Onset and offset of tones are gated on and off
with two 10-ms raised cosine ramps. The frequency of
the variable tone was varied adaptively, whereas the fre-
quency of standard tones was kept constant [15]. The
minimum and maximum frequency deviations used were
330.01 Hz and 390.01 Hz. On each trial of three blocks,
two blocks with standard frequency of a complex tone
and one with variable frequency, which is always higher
than the standard frequency, were used. The variable
block was identified by the participant for 30 trials to
complete the test.

Intensity discrimination

The minimum intensity difference necessary to discrimi-
nate between two otherwise same sounds was assessed.
DLI was measured for a 250-ms complex tone having
onset and offset of 10 ms of rise and fall time [15]. The
level of the variable tone was varied continuously, and the
level of standard tone was kept constant. The minimum
and maximum intensity deviations used were at —29.99
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and — 20 dB. On every trial of three blocks, two had com-
plex tone of standard intensity and one with variable
intensity assigned randomly, which is constantly higher
than the standard intensity. The subject has to recognize
the variable block for all 30 trials.

Duration discrimination

The procedure involves finding the minimum time differ-
ence necessary to discriminate between two otherwise same
sounds. DLT was measured for a complex tone with the
onset and offset gates of 10 ms [15]. The duration of variable
tone was varied and kept constant for the standard tone.
The minimum and maximum intensity deviations used
were at 250.1 ms and 450.1 ms. Three blocks of every trial
were presented with two blocks of complex tone of standard
duration and one with variable duration, which is consist-
ently longer than the standard duration. Across the 30 trials,
the participant’s goal was to recognize the variable block.

Statistical analysis

Statistical Package for Social Sciences (SPSS) version 21,
manufactured by International Business Machines Cor-
poration (IBM), was used to analyze the data. To evaluate
if the data were normally distributed, the Shapiro—Wilk
test was used. The repeated measure ANOVA was used
to compare the test scores among different phases of
menstrual cycle in female and within identical timeline in
male subjects. To establish the level of significance across
all the four phases of menstrual cycle, the comparison
was performed using Sidak post hoc test.

Results

Shapiro—Wilk test of normality revealed that the data
was normally distributed (p>0.05). Mean and standard
deviation were determined for all the tests in both males
and females for all phases which are shown in Table 1.
It shows that the scores were poorer during menstrual
cycle and better in ovulation phase for females, whereas
in males the scores were similar across phases for all the
three tests.

Repeated measures ANOVA showed that the scores
were significantly different across four phases in females
for all three tests. Sidak post hoc test showed that the
scores were significantly poorer (p<0.05) in the men-
strual phase compared to other phases for all the tests in
females. The scores were significantly better (p <0.05) at
the ovulation phase for all the tests in females.

Repeated measures ANOVA test revealed that there
was no significant difference (p>0.05) in scores across the
phases for all the tests in males. The results of repeated
measures of ANOVA for all the three tests in both groups
are shown in Table 2.
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Table 1 Mean and standard deviation (in parenthesis) of scores
obtained for all the three tests in males and females at different
phases of testing

Gender Phase/time of testing DLIindB DLFinHz DLTinms
Females Menstrual phase (days 36(033) 43.1(41) 48(5.3)
1-3)
Follicular phase (days 3.08 (0.45) 364(49) 433(5.7)
11-14)
Ovulation phase (days 26(046) 322(5.1) 32339
17-22)
Luteal phase (days 25-27) 3.2(033) 36.6(5.7) 446(43
Males Days 1-3 230(0.32) 39.1(5.1) 433(3.8)
Days 11-14 2.33(0.21) 383(43) 445(5.6)
Days 17-22 241(04) 39445 439(45)
Days 25-17 231(03) 387(33) 462(5.1)

Table 2 Results of repeated measures ANOVA for DLI, DLF, and

DLT

Females Males
DLI F(3,42)=3.21,p<0.05 F(3,42)=0.65,p>0.05
DLF F(3,42)=2.93,p<0.05 F(3,42)=0.71,p>0.05
DLT F (3,42)=3.40, p<0.05 F(3,42)=0.8, p>0.05

The mean and standard deviation of scores obtained
for DLI, DLF, and DLT in males and females are shown in
Figs. 1, 2, and 3, respectively. The findings of the present
investigation are consistent with those of earlier studies,
which also report the effect of hormonal changes during
the menstrual cycle in various behavioral and electro-
physiological tests.

Discussion

Previous literature investigating the effects of the menstrual
cycle on auditory system has reported that the hearing
thresholds become poorer during menstruation due to the
withdrawal of sex hormones [4, 10]. Previous studies sug-
gest changes in latencies of different auditory-based poten-
tials across different phases of the menstrual cycle [20, 22].
There is still a lack of clarity on the association between the
hormonal changes during the menstrual cycle and hear-
ing issues. The findings of our study reveal that changes in
hormonal secretion during the menstrual cycle has similar
yet significant effects on the processes responsible for dif-
ferential limen of intensity, frequency, and time, as evident
by the similar results observed in all three tests for females.
This test is measures of auditory functions involving tem-
poral processes and is highly sensitive to any alteration in
the auditory system [17, 19, 21, 29]. Due to the existence
of estrogen and progesterone receptors in the cochlea,
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hormone variation during different phases of menstrual
cycle causes the auditory system’s homeostasis to be dis-
turbed and indirectly modulate auditory processes. The
synaptic transmission at the level of the brainstem was
impacted by these ovarian steroids, estrogen, and proges-
terone [2] which can affect these psychoacoustic measures.
Similar results have been obtained for speech perception
in noise, where increased levels of progesterone interfere
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with the identification of the speech, especially at the
menstrual and luteal phases. The scores were highest in
the ovulation phase, where there is a maximum secretion
of estrogen [26]. Estrogen is known to excite the auditory
nerve faster and results in better axon conduction leading
to better auditory processing. It also increases the release
of excitatory neurotransmitters, which leads to better audi-
tory processing in ovulation phases compared to luteal and
menstrual phases [26]. The absence of difference in scores
for males strongly supports the effect of sex hormones on
auditory processing abilities.

The physiological actions of estrogens are mediated
through estrogen receptors (ERs), which are of two sub-
types: alpha receptors (ERa) and beta receptors (ERp)
[5]. These receptors have been identified in the inner
ear at the cochlear level including spiral ganglion type 1
cells, the stria vascularis, and cochlear blood vessels. The
receptors indirectly influence auditory transmission, by
affecting the cochlear blood flow and cochlear fluid elec-
trolyte balance in the stria vascularis [2].

Recent advances and research in this area determined
the presence of estrogen, and progesterone receptors
in the human inner ear confirm the oto-protective role
of estrogen [6, 30]. Studies have confirmed that those
women who undergone hormonal therapy particularly
for estrogen did not develop hearing loss in comparison
with those who did not undergo hormonal therapy, and
this is the reason why women develop hearing loss at an
early age than men [16].

The results from present study confirm that the ovu-
lation phase has the least effect on hearing sensitivity,
while the other three phases have a negative effect result-
ing in poorer scores. The scores were significantly poorer
for the menstruation phase; this can be due to the drop
in secretion level of the estrogen [28]. During the folli-
cular phase, the level of estrogen begins to rise which is
characterized by the improvement in scores of the par-
ticipants [24]. However, difference in the scores between
first two phases is not statistically significant; there is a
slight improvement in the scores during the follicular
phase which again highlights the importance of this hor-
mone in regulating the mechanism of hearing. The scores
were significantly better in the ovulation phase as the
estrogen level reaches its peak during this phase with the
release of ovule [24]. Hence, the maximum improvement
in scores during this phase confirms the oto-protective
as well as the excitatory nature of this hormone. It main-
tains the homeostasis of hearing apparatus and facilitates
the conduction of nerve impulses to higher centers.

The higher level of estrogen modulates the glutamate
transmission which is an excitatory neurotransmit-
ter, altering the speed of neurotransmission. The find-
ing from the literature suggests that the higher level of
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estrogen also results in shorter ABR latencies [11]. An
increase in the level of estrogen raises the level of neu-
rosteroids which is responsible for the inhibition of
gamma-aminobutyric acid (GABA), inhibitory in nature,
and an antagonist to the glutamate. The luteal phase is
characterized by the drop in the level of estrogen, while
the progesterone level reaches its peak during this phase
[32].

Progesterone has an inhibitory role in the central nerv-
ous system which helps to balance the excitatory effects
of estrogen. The drop in the performance during this
phase in the subjects of this study may be due to the com-
bined effect of higher level of progesterone and lower
level of estrogen during this phase. Elevated progesterone
levels during the luteal phase may alter electrolyte fluid
levels, which may result in ear fullness, imbalance, ring-
ing sensation in ears, or symptoms similar to Meniere’s
disease [14]. In contrast to estrogen, progesterone may
modulate the GABA positively, increasing the GABA-
binding neurosteroids and hence inhibiting the neuronal
excitability [25].

Limitations of the study

Despite the fact that most aspects of the study were well
controlled, the sample size was small due to methodo-
logical and logistical difficulties; the participants were
required to complete repeated follow-ups at each phase,
and many individuals did not attend all the sessions,
thus reducing the sample size. Because the age group
evaluated was constricted, a larger number of individuals
could not be included. However, the current study’s find-
ing was significant and justifies the need, including addi-
tional tests to determine differential sensitivity would
have further reinforced the findings. The behavioral com-
ponent of the tests, including the response pattern and
method, was complex than the conventional ones, reduc-
ing the likelihood of receiving a correct response.

Conclusions

The results of the current study support to the theory
that changes in sex hormone levels at different phases of
menstrual cycle can affect differential sensitivity. Hence,
the menstrual phase should be considered as an essential
variable that should be controlled while carrying out the
tests for differential sensitivity in females for clinical and
research purposes.
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