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Abstract Introduction The hormonal changes that occur during the menstrual cycle and their
relationship with hearing problems have been studied. However, they have not been
well explained.
Objective The objective of our study is to investigate the variation in hearing thresh-
olds in women during the menstrual cycle.
Method We conducted a cohort and longitudinal study. It was composed of 30
volunteers, aged 18–39 years old, of which 20 were women during the phases of the
menstrual cycle and 10 were men (control group) who underwent audiometry and
impedance exams, to correlate the possible audiological changes in each phase of the
menstrual cycle.
Results There were significant changes in hearing thresholds observed during the
menstrual cycle phases in the group of women who used hormonal contraceptives and
the group who did not use such contraceptives. Improved hearing thresholds were
observed in the late follicular phase in the group who did not use hormonal contra-
ceptives and the hearing thresholds at high frequencies were better. Throughout the
menstrual cycle phases, the mean variation was 3.6 db HL between weeks in the group
who used hormonal contraceptives and 4.09 db HL in the group who did not use them.
Conclusions The present study found that there may be a relationship between
hearing changes and hormonal fluctuations during the menstrual cycle based on
changes in the hearing thresholds of women. In addition, this study suggests that
estrogen has an otoprotective effect on hearing, since the best hearing thresholds were
found when estrogen was at its maximum peak.
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Introduction

For many years, females were excluded from scientific re-
search because of a perceived physiological instability result-
ing from hormonal fluctuations during the menstrual
cycle.1,2

However, knowledge of female sex hormones, especially
estrogen and progesterone, and their effect in modulating
brain functions has created a new branch of knowledge of the
menstrual cycle and women and will likely provide answers
to uncertainties regarding female biology.1

The menstrual cycle has an average duration of 28 days,
but only 10 to 15% of women in the reproductive period have
cycles that last exactly 28 days. This periodmay vary between
25 and 32 days and can be divided into three phases:
follicular, which is also known as the early follicular or
menstrual phase; ovulatory phase; and luteal phase, which
is also known as the late or pre-menstrual phase.2 Certain
authors only include the follicular and luteal phases in the
menstrual cycle and place the ovulatory phase as a late stage
within the follicular phase.3

The levels of the ovarian steroid hormones estrogen and
progesterone fluctuate during the menstrual cycle. The for-
mer is higher in the follicular phase, whereas the latter is
higher in the luteal phase. Changes in these hormone levels,
which are normal during the menstrual cycle, are associated
with changes in many physiological processes and have
effects on immunity, well-being and sleep, and may also
cause migraines, stress, mood swings, anxiety,4 and hearing
changes.5

The hormonal changes that occur during the menstrual
cycle and their relationshipwith hearing problems have been
studied; however, they have not been well explained.5–7 To
date, hormonal fluctuations are known to result in compro-
mised homeostasis of the auditory system and indirect
modulation of auditory functions because of the presence
of receptors in the cochlea for estrogen and progesterone.
Thus, changes in the concentration of these hormones during
the different phases of the menstrual cycle affect the home-
ostasis of the inner ear and auditory sensory processing.7–9

The presence of receptors for estrogen and progesterone in
the cochlea was determined based on pre-clinical and clinical
studies.10,11 After hormone replacement therapy with estro-
gen, women reported improved hearing sensitivity. There-
fore, certain studies have stated that the presence of estrogen
during the cycle phases has an otoprotective effect on the
auditory system.8,10,11

This reduction of estrogen levels in menopausal women
mayexplain their increased occurrence of hearing loss, which
occurs later in men.8 Although these findings have not been
obtained in all related studies, certain studies have demon-
strated the protective role of estrogen on the nervous
system.12,13

Thus, certain studies have related the otoprotective action
of estrogen to improved hearing thresholds during the men-
strual cycle, whereas other studies have not observed a
correlation between changes in these thresholds and hormo-
nal fluctuations.5,14,15

Because of the cyclicality of the female reproductive
system and potential influence of ovarian hormones on the
auditory function in different phases of the menstrual cycle,
the present study aimed to investigate changes in hearing
thresholds in women during the menstrual cycle. Although
the menstrual cycle and its physiological and sensory effects
have awell-established role in reproduction and fertilization,
the literature on the menstrual cycle's effect on auditory
functioning is scarce; thus, this study will attempt to deepen
the scientific knowledge on this topic.

It is essential to foster studies on this subject to obtain
more specific knowledge on auditory functions, which will
assist in the development of new techniques to regulate
hormones and prevent/improve hearing changes that occur
in women to improve their quality of life.

Methods

The study was conducted in the Speech Pathology School
Clinic of one Federal University with a total of 30 adult
volunteers that included 10 women who did not use oral
contraceptives, 10 women who used oral contraceptives, and
10 men who constituted the control group.

Individuals under 18 years of age and over 39 years of age
were excluded from the study because of likely hormonal
fluctuations in those age groups. Therefore, women in me-
nopause, which is the physiological period in which the
menstrual and ovulatory cycles end, were excluded from
the study along with volunteers with irregular menstrual
cycles.

According to ethics issues, all participants of the present
study were asked to read the informed consent form and sign
it if they agreed with its contents. The consent form informed
the subjects of the absence of costs and discomfort for their
physical and moral integrity and their ability to remove their
information from the study at any time without any type of
penalty.

The Human Research Ethics Committee of the University
approved this study (n. 0657/13).

We conducted a cohort and longitudinal study, because it
evaluated the changes in hearing thresholds during the
menstrual cycle.

We performed the data collection in four sessions over one
month as follows: session 1, 1st-7th day; session 2, 8th-13th

day; session 3, 14th-22nd day; and session 4, 23rd-28th day of
the menstrual cycle.

The first session for the female groups occurredwhen they
were between the 1st and 7th day of their menstrual cycle,
which corresponds to the beginning of the follicular phase of
the cycle, with the remaining sessions scheduled for the same
day and time as the first session. The second session occurred
between the 8th and 13th day of the cycle, which corresponds
to the late follicular phase. This phase culminates with
ovulation and subsequent release of the egg into the pelvic
cavity. The third session occurred between the 14th and 22nd

day, which corresponds to the early luteal phase, and the
fourth session occurred from the 23rd to the 28th day, which
corresponds to the luteal phase. Menstruation occurs if
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fertilization has not occurred. Subsequently, a newmenstrual
cycle starts.16,17

The length of the luteal phase is usually �14 days, regard-
less of the length of the other phases. Ovulation usuallyoccurs
14 days before the onset of menstruation. So, to follow and
determine the menstrual cycle phase and day of the cycle on
which the exams were performed, we counted backward the
interval in which the different phases were examined from
the first day of the expected onset of the next menses.16 For
the other groups (men and women who use oral contra-
ceptive), the evaluation followed four sessions over one
month.

Prior to the audiological tests, we performed an interview
on the audiological history of the individual and menstrual
cycle of the female volunteers. Subsequently, an otoscopywas
performed, which corresponds to the external auditory canal
observations of the individual to identify any impediments to
the auditory tests. Subsequently, we performed audiological
tests, including pure-tone and impedance audiometry.

The interview took place in the first session, and the tests
took place in the remaining sessions.

We performed pure-tone audiometry of each volunteer in
a soundproof booth using a Vibrasom AVS 500 audiometer
(Acoustic Technology Vibrasom Ltda, São Paulo, Brazil). This
test can identify hearing loss as well as the type and degree.
We obtained the hearing thresholds (lowest intensity that can
be perceived by the subject) of the inter-octave frequencies
from 250 to 8000 Hz (air conduction), and assessed the
hearing thresholds of the frequencies from 500 to 4000 Hz
by bone conduction whenever the individual exhibited
thresholds greater than 25 db HL by air conduction in any
of the frequencies between 500 and 4000 Hz.18 The ascend-
ing-descending method wherein the sound starts at an
audible level and is decreased until it becomes inaudible
was used to determine the hearing threshold.

Subsequently, we performed impedance audiometry
through the tympanometry and stapedial reflex tests. Tympa-
nometrymeasures the compliance of the tympanicmembrane.
The presence of acoustic reflexes was determined both ipsilat-
erally (frequencies of 1000 and 2000 Hz) and contra laterally
(frequencies of 500, 1000, 2000, and 4000 Hz) using the Inter-
acoustics AT 235 impedance audiometer. These tests were
performed to identify possible changes in the middle ear that
could impact the responses of pure-tone hearing thresholds.

We entered the data obtained from the tests into a
spreadsheet in Microsoft Excel version 2008 to create a
database that met the demands of the present study. Subse-
quently, this spreadsheet was imported into the Statistical
Package for Social Sciences (SPSS) software, andwe performed
a descriptive and inferential statistical analysis. The results
were expressed through tables and plots.

We compared data on the hearing thresholds frequency-
by-frequency in each group and between groups (with and
without the use of contraceptives and control groups).

The descriptive statistical analysiswas used to describe the
variables using themean and standard deviation.We selected
parametric tests for the inferential statistical analysis because
the variables exhibited a normal distribution; a repeated

measures test was used to compare the frequencies during
the four phases of the menstrual cycle, and used Friedman's
analysis of variance (F-test) to determine whether changes
occurred in the hearing thresholds during the phases and the
difference (in decibels) between the phases. The differences
were considered significant at p < 0.05.

Results

Thirty individuals of both genders participated in the study.
They were divided in three groups: men; women who use
oral contraceptives andwomenwho do not use. Themean age
of the volunteers who used oral contraceptives (n ¼ 10) was
23 years. The mean duration of contraceptive use was 3.55
years, and only one of the volunteers had discontinued the
use of contraceptives for 2 years.

In the group who did not use oral contraceptives (n ¼ 10),
the mean age was 21.54 years and the menstrual cycle was
regular, with a mean length of 27.6 days and menstruation
that lasted 5.2 days. Themen had amean age of 24.1 years and
in the initial interview, they did not report hearing
complaints.

The women (n ¼ 20) did not report hearing loss or diffi-
culty understanding speech. Of these women, 95% reported
experience pre-menstrual syndrome (PMS), 95% reported
abdominal pain/cramps, 85% reported irritability, 50% re-
ported acne, 50% reported anxiety and muscle pain, 50%
reported headaches, and 5% reported diarrhea during the
menstrual period. A comparison of the two groups showed
that the womenwho did not use oral contraceptives reported
more symptoms. In total, 70% of the women in this group
exhibited more than five symptoms, whereas in the group
who used oral contraceptives, only 50% exhibited more than
five symptoms.

The data from the analyzed sample indicated that 100% of
the volunteers in both groups exhibited normal audiometry
results and the three-tone averages used to identify hearing
loss were below 25 dB HL.18

Women who use oral contraceptives exhibited a mean
hearing threshold of 6.95 dB, andwomenwho do not use oral
contraceptives exhibited a mean hearing threshold of
9.02 dB, which is close to that of the control group, who
exhibited a mean hearing threshold of 8.50 dB as shown
in ►Fig. 1.

Regarding audiological evaluation, therewas a statistically
significant difference (p ¼ 0.041) between hearing thresh-
olds of women. The volunteers who do not use contraceptives
showed highest hearing thresholds, that is, worse than the
group who use oral contraceptive.

However,we did not observe significant difference between
ears in all groups (p ¼ 0.988). When observing the hearing
threshold frequency-by-frequency in all groups,we observed a
significant difference between the thresholds at 250 and 6000,
250 and 8000, 500 and 3000, and 500 and 4000 Hz (►Table 1).
Thus, the hearing thresholds at high frequencies were better
than those at low frequencies (►Fig. 2).

And occurred lower thresholds at 4000 Hz in the group
who use the drug; however, in the group who do not use
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contraceptives, the optimal meanwas found at a frequency of
3000 Hz (►Fig. 3).

Thehearing thresholdswere analyzed during the phases of
the menstrual cycle, significant differences were observed in
the groupwho uses contraceptives (p ¼ 0.026) and in the one
who does not use contraceptives (p ¼ 0.002), indicating that
there were relevant changes in the hearing thresholds
throughout the phases.

The same result was not found for the control group
(p ¼ 0.519). Thus, it is suggested that the hearing thresholds
of the male group were not dependent on hormonal fluctua-
tions, which occur in women.

The hearing thresholds throughout the phases of the
menstrual cycle had a mean variation of 3.6 db HL between
weeks in the group that uses contraceptives and of 4.09 db HL
in the group who does not use contraceptives. Women who
did not use contraceptives presented a greater variation in
thresholds.

In the group who does not use contraceptives, improved
hearing thresholds were found in the second phase of the
menstrual cycle (which corresponds to the late follicular
phase) and worse thresholds were found in the first phase
(early follicular phase) and last phase (late luteal
phase). ►Fig. 4.

When calculating the mean hearing thresholds in males
throughout the sessions, the best hearing thresholdswere not
concentrated in a single session (►Fig. 5).

Males do not suffer from the hormonal fluctuations that
occur throughout the menstrual cycle, which suggests that
estrogen and progesterone concentrations, which are differ-
ent in each phase of the cycle, did not interfere in the hearing
sensitivity and pure-tone hearing thresholds of the control

Table 1 Frequency-by-frequency comparison of hearing thresholds throughout the menstrual cycle

Frequency (I) Frequency (J) Mean frequency difference between (I) and (J) p value

250 6000 4.90 db HL 0.011�

250 8000 5.21 db HL 0.005�

500 3000 4.71 db HL 0.017�

500 4000 4.88 db HL 0.012�

�p < 0.05.

Fig. 2 Mean hearing thresholds per frequency for the group that uses
oral contraceptives. Mean hearing thresholds per frequency
throughout the menstrual cycle, which indicated higher values at high
frequencies and lower values at low frequencies. The best threshold
was at a frequency of 4 kHZ.

Fig. 3 Mean hearing thresholds per frequency for the group that does
not use oral contraceptives. Mean hearing thresholds per frequency
throughout themenstrual cycle, with higher values at high frequencies
and lower values at low frequencies. The optimal threshold was at a
frequency of 3 kHZ.

Fig. 4 Variation in hearing thresholds throughout the menstrual cycle
phases for the group that does not use oral contraceptives. We
observed the optimal hearing thresholds in the late follicular phase,
which coincides with an increase in estrogen concentration, and
observed increased thresholds in the late luteal phase and in the early
follicular phase (higher progesterone concentration).

Fig. 1 Mean hearing thresholds for the groups. Abbreviations: WUC,
women who use contraceptives; WDNUC, women who do not use
contraceptives. The plots illustrate the mean hearing thresholds for
the different groups during the menstrual cycle.
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group (p ¼ 0.519), whose variation was not significant com-
pared with that of the female groups.

Regarding the group that uses oral contraceptives, im-
proved hearing thresholds were found in the third session
(corresponding to early luteal phase of who do not use oral
contraceptivès menstrual cycle) (►Fig. 6).

Discussion

According to the literature, variations in the hearing threshold
are caused by the presence of cochlear receptors both for
estrogenandprogesterone. Thus, changes in the concentrations
of thesehormones in thedifferent phasesof themenstrual cycle
affect inner ear homeostasis and auditory functions.7–9

The lower hearing thresholds that were observed in the
group who uses oral contraceptives are consistent with the
results in the literature. Researchers found no changes in
hearing thresholds occurred during the menstrual cycle of
women who use oral contraceptives.13,19

In contrast, prolonged use of certain drugs may cause
partial or total hearing loss, which is a phenomenon known
as ototoxicity, and contraceptives are among the drugs that
may cause this effect. However, researchers conducted a
study with 19 women who used oral contraceptives and 19
womenwho did not use oral contraceptives and showed that
these drugs do not cause changes in hearing ability, although
they promote the occurrence of tinnitus.15

Contraceptive pills contain synthetic sex steroid hormones
and are composed of progestin alone or in combination with
estrogen. Recent studies have suggested that the administra-
tion of oral contraceptives and consequent presence of these
hormones (especially estrogen, which is described in the
literature as having an otoprotective effect) in all phases of
the menstrual cycle contribute to the reduction in sensory
changes, including hearing changes.9,20

This finding is also confirmed by studies on hormone
replacement therapy using estrogen; after treatment, women
reported improved hearing sensitivity related to the presence
of receptors for this hormone in the cochlea, which was
identified in pre-clinical and clinical studies.10,11 Therefore,

studies have found that the presence of estrogen in various
menstrual cycle phases decreases hearing changes, thus
explaining the improved hearing thresholds in the group
that uses oral contraceptives.8,10,11

Symmetrical fluctuations changes in the hearing thresh-
olds occurred in women. The cochlear physiological mechan-
ism is similarly affected by the action of hormones in both
ears because they both have estrogen and progesterone
receptors, thus explaining the results observed.10,11

Therefore, differences occurred between low frequencies
(250 and 500 Hz) and high frequencies (3000, 4000, 6000,
8000 Hz). The presence of significant variations may be
explained by the mean of the hearing thresholds, which
presented increased intensities at lower frequencies and lower
intensities at higher frequencies for the group that uses oral
contraceptives as well as the group that does not use them.

In a study conductedwith 30women that included 15who
used contraceptives and 15 who did not use contraceptives,
increased hearing thresholds for frequencies from 250 to
3000 Hz were also found in both groups.21 Other researchers
described a different result, stating that the use of oral
contraceptivesmaycause increased hearing thresholds, espe-
cially at high frequencies.19

However, we observed that the use of contraceptives did
not cause decreased hearing thresholds in the pure-tone
audiometry test at high frequencies, which is consistent
with the findings of the present study.15

Furthermore, other studies reported lower thresholds at
4000 Hz during the menstrual cycle phases in women who
used and did not use contraceptives.22

Improved hearing thresholds at high frequencies have
previously been described in the literature. A decrease in
pure-tonehearing thresholds of up to 7 dB occurs in the luteal
phase at high frequencies and increased thresholds occur in
the second phase of the menstrual cycle, with these differ-
encesmore exacerbated inwomenwho have PMS.14 Thus, the
literature indicates that variations in hearing thresholds and
frequencies associated with the best and worst threshold
values correspond to menstrual cycle phases.

Other studies have also confirmed these results and re-
ported improved hearing thresholds in women with regular

Fig. 5 Mean hearing thresholds in the control group of men. Mean
hearing thresholds in the control group throughout the sessions. The
optimal thresholds for each ear are not concentrated in a single
session. In the left ear, the means of sessions 3 and 4 were equal, and
both represent the best thresholds, whereas in the right ear, the lowest
threshold intensity was observed in session 2. Abbreviations: S1,
session 1; S2, session 2; S3, session 3; S4, session 4.

Fig. 6 Variation in hearing thresholds throughout the menstrual cycle
phases for the group that uses oral contraceptives. Improved hearing
thresholds are observed in the early luteal phase, which suggests that
there was no decrease in the estrogen concentration in this phase
caused by the ingestion of the oral contraceptive. Abbreviations: S1,
session 1; S2, session 2; S3, session 3; S4, session 4.
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menstrual cycles during the first half of the cycle and worse
hearing thresholds during the luteal phase. According to
some authors, this cyclical change did not occur in men or
in the women using oral contraceptives.23,24

A decrease in estrogen levels is observed shortly after
ovulation, which corresponds to the early luteal phase. How-
ever, women who take oral contraceptives retain a high
concentration of this hormone in this phase of the menstrual
cycle because of the presence of estrogen in the drug.17,19

A study suggested that estrogen does not protect or
damage the auditory system and indicated that the addition
of progesterone appears to have a negative influence on the
peripheral and central auditory systems.25

In the present study, the sample was small because of
methodological and logistical difficulties; the volunteers had
to undergo an audiological follow-up and many were not
present in all sessions, which reduced the size of the sample.

Similar studies have also included a small number of
participants, which confirms the difficulties observed here.
However, the results of the present studywere significant and
indicated the relevance of the subject, as well as the need for
new studies that deepen the knowledge on the relationship
between the menstrual cycle and auditory functioning.

Conclusions

This study showed that there is a relationship between
hormonal fluctuations and hearing thresholds, which was
shown by the changes in hearing thresholds observed during
the phases of the menstrual cycle. This study also suggests
that estrogen may have an otoprotective effect on hearing
because the optimal hearing thresholds were found in the
volunteers that used oral contraceptives. In addition, in the
group that did not use contraceptives, the lowest threshold
was observed in the late follicular phase in which the max-
imum peak of this hormone occurs.

Note
We conducted this study at the Speech Pathology School
Clinic, UFPB, João Pessoa, PB, Brazil.
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