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Abstract

Introduction: Estrogen plays a vital role in various physiological processes. While its impact on peripheral hearing sensitivity has been explored, 
limited attention has been given to its effect on central auditory processes, particularly during menopause. The present study examines the 
effects of both natural and surgical menopause on temporal processing of sound, speech perception in noise (SPIN), and working memory.

Material and methods: Three groups of women aged 49–60 years were recruited: 20 women with natural menopause, 20 with surgical 
menopause, and 20 premenopausal women. Temporal processing was assessed using the modulation detection threshold (MDT) and gap 
detection threshold (GDT) tests, SPIN abilities were evaluated using the Speech Perception in Noise Test in Kannada (SPIN-K), and working 
memory was assessed through digit span and sequencing tasks.

Results: The group of women with surgical menopause had significantly poorer temporal processing abilities, as reflected in higher MDT 
and GDT thresholds than the other two groups. No significant differences in SPIN or working memory were observed among the groups.

Conclusions: The findings highlight the adverse effects of surgical menopause on auditory temporal processing, likely due to an abrupt decline 
in estrogen levels. These results underscore the importance of estrogen in auditory health and call for targeted interventions and further 
research to confirm and expand these findings.
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WPŁYW MENOPAUZY NATURALNEJ I CHIRURGICZNEJ NA PRZETWARZANIE 
SŁUCHOWE I POZNAWCZE

Streszczenie

Wprowadzenie: Estrogen odgrywa istotną rolę w różnych procesach fizjologicznych. Chociaż zbadano jego wpływ na czułość słuchu 
obwodowego, niewiele uwagi poświęcono jego oddziaływaniu na centralne procesy słuchowe, szczególnie w okresie menopauzy. Niniejsze 
badanie analizuje wpływ zarówno menopauzy naturalnej, jak i chirurgicznej na przetwarzanie czasowe dźwięku, percepcję mowy w hałasie 
(SPIN) oraz pamięć roboczą.

Materiały i metody: Do badania włączono trzy grupy kobiet w wieku 49–60 lat: 20 kobiet z menopauzą naturalną, 20 z menopauzą chirurgiczną 
i 20 kobiet przed menopauzą. Przetwarzanie czasowe oceniano za pomocą testów wykrywania progu modulacji (MDT) i wykrywania przerw 
w szumie (GDT), zdolności SPIN oceniano za pomocą testu percepcji mowy w hałasie w języku kannada (SPIN-K), a pamięć roboczą – za 
pomocą zadań sprawdzających zapamiętywanie zakresu cyfr i sekwencjonowanie.

Wyniki: Grupa kobiet z chirurgiczną menopauzą wykazywała znacznie mniejszą zdolność przetwarzania czasowego, co znalazło odzwierciedlenie 
w wyższych progach MDT i GDT w porównaniu do pozostałych dwóch grup. Nie zaobserwowano istotnych różnic w zakresie SPIN ani 
pamięci roboczej między grupami.

Wnioski: Wyniki badań wskazują na niekorzystny wpływ menopauzy chirurgicznej na słuchowe przetwarzanie czasowe, prawdopodobnie 
spowodowane gwałtownym spadkiem poziomu estrogenu. Wyniki te podkreślają znaczenie wpływu poziomu estrogenu na stan słuchu i wskazują 
na potrzebę podjęcia ukierunkowanych działań oraz dalszych badań w celu potwierdzenia i rozszerzenia tych wyników.

Słowa kluczowe: menopauza • funkcje poznawcze • słuch
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Introduction

Menopause is characterized by the permanent discontin-
uation of menstruation resulting from a decline in ovar-
ian follicular activity. The average age of menopause is 
around 51 years and is officially diagnosed when a wom-
an has experienced 12 consecutive months of amenor-
rhea (absence of menstrual cycles) due to the permanent 
cessation of ovarian function. Perimenopause, character-
ized by fluctuating ovarian function, typically precedes a 
woman’s last menstrual cycle by several years, marking the 
transition into full menopause [1]. Common symptoms 
include hot flashes, night sweats, mood swings, sleep dis-
turbances, and vaginal dryness, affecting both physical and 
emotional well-being.

Many women experience symptoms during the first few 
months after menopause, and for most, these symptoms 
last 1–2 years. However, in some cases, they may contin-
ue for 3–5 years and are referred to as early menopausal 
complications. Underlying mechanisms of early meno-
pausal complications include estrogen deficiency and its 
impact on neurotransmitters such as serotonin and 
endorphins [2].

In addition to natural aging, menopause can be induced 
by surgical procedures such as hysterectomy with bilateral 
oophorectomy (removal of the uterus and both ovaries). It 
can also be triggered by medical treatments for conditions 
like endometriosis and breast cancer, where antioestrogen 
medications or chemotherapy may be used [3]. The treat-
ment and management of menopause focuses on alleviat-
ing bothersome symptoms and preventing long-term com-
plications. Treatment for menopause involves a range of 
hormonal and non-hormonal options tailored to address 
specific symptoms and health considerations. Hormone 
therapy can be effective in relieving menopause symptoms, 
but it requires careful consideration of its potential risks. 
Non-prescription remedies should be used with caution 
due to limited scientific evidence supporting their safety 
and effectiveness [4].

Studies have shown that estrogen is important in nu-
merous physiological functions. Estrogen regulates the 

Key to abbreviations

GDT gap detection thresholds

MDT modulation detection threshold

MLP maximum likelihood procedure

NM natural menopause

OAE otoacoustic emission

PM premenopausal women

SD standard deviation

SM surgical menopause

SNR signal-to-noise ratio

SPIN speech perception in noise

SPIN-K Speech Perception in Noise Test in Kannada

auditory processing of acoustic signals in the brain [5,6]. 
It is therefore involved in interpreting auditory informa-
tion and how it is represented in the auditory cortex be-
fore it is transmitted to sensory-motor parts of the brain 
[7,8]. Estrogen also affects neurotransmission and bio-
chemistry in the brain [9]. Studies have shown that tem-
poral resolution and speech perception in noise are bet-
ter during the ovulation phase of the menstrual cycle [10] 
and that estrogen plays a role in maintaining verbal and 
visual memory [11]. Estrogen may also influence periph-
eral hearing sensitivity, suggesting that menopause should 
be recognized as a significant risk factor for the onset of 
hearing loss in women, possibly due to endocrinological 
effects on auditory function [12].

Since estrogen plays an important role in auditory process-
ing, there are effects on temporal processing and speech 
perception in noise [13]. Temporal processing involves re-
solving fine details in a speech signal’s spectrum or tem-
poral envelope [14–16]. Several studies have established a 
link between temporal processing and speech perception 
in adverse listening conditions [17–20]. While hormonal 
effects on central auditory processing have been investi-
gated in women during the menstrual cycle and under 
hormone therapy, research exploring the specific effects 
of natural and surgical menopause on auditory processing 
remains limited.

Cognitive complaints are also common near menopause 
[21]. There is a reduction in memory in women during 
the transition to menopause. There are symptoms such as 
difficulties learning, recalling new information, and hav-
ing impaired episodic memory, which are early signs of 
Alzheimer’s disease [22]. Thus, in women experiencing 
natural menopause, the levels of estrogen, progesterone, 
and androgens gradually decline for 5–10 years as the 
ovarian stroma continues to produce these hormones [23].

The impact of menopause on cognition is complex, and 
more research is needed to understand these relation-
ships. Evidence from a clinical trial emphasizes the limit-
ed effectiveness of hormone initiation in improving cog-
nitive function in older post-menopausal women (mean 
age > 60 years) [24]. This study is designed to study the ef-
fect of ovarian hormones as a result of natural menopause 
and surgical menopause on temporal processing, speech 
perception in noise, and working memory.

Material and methods

Research design

A between-group cross-sectional study design was used to 
compare auditory temporal processing, speech perception 
in noise, and auditory working memory across three dis-
tinct groups of women based on menopausal status. The 
participants were three groups (n = 20 per group) of right-
handed women, aged 49–60 years, who were recruited for 
the study based on their menopausal status. Participants 
were recruited from gynaecology clinics as well as through 
community health programs and local women’s groups.

Group 1: Natural menopause group. These were women 
who had experienced cessation of menstruation within 

Original articles • 31–40

32 Journal of Hearing Science  ·  2025 Vol. 15  ·  No. 2 



the last 3 years, without any other major medical condi-
tions (mean age: 54.7 ± 1.3 years).

Group 2: Surgical menopause group. These were wom-
en who had undergone bilateral oophorectomy (surgi-
cal removal of ovaries) within the past 3 years before the 
study and had not reached natural menopause (mean age 
54.1 ± 1.1 years).

Group 3: Premenopausal group. This group consisted of 
age-matched women (mean age 53.9 ± 1.2 years) who re-
ported having regular menstrual cycles (typically 25–35 
days) for at least 3 consecutive months before enrollment. 
To verify the regularity of their cycles, participants kept 
a menstrual diary for 2–3 months before they participat-
ed in the study. The first day of menstruation was consid-
ered day 1 of the cycle. To minimize hormonal variabili-
ty all tests were scheduled during the mid-follicular phase 
(days 7–10 of their menstrual cycle), a time when estrogen 
levels are rising but have not yet peaked.

All participants had normal hearing thresholds, with 
pure-tone averages within 15 dB HL at octave frequen-
cies ranging from 0.25 to 8 kHz. They were native speakers 
of Kannada and had completed at least a primary school 
level of education. None of the participants were using 
hormonal therapy, including oral contraceptives or hor-
mone replacement therapy. Individuals with a history of 
otological conditions, neurological or psychiatric disor-
ders, cardiovascular or endocrine diseases, or other met-
abolic disorders were excluded from the study based on 
their self-reports during the initial screening interview. 
Additionally, participants who were employed in indus-
trially noisy environments or who had a history of ster-
oid use were not included. Prior to participation, written 
informed consent was obtained from all individuals. 
The study protocol was reviewed and approved by the 
institutional ethics committee.

All tests were conducted in a quiet room using a calibrat-
ed laptop and Sennheiser HD 559 headphones. The output 
was calibrated using a sound level meter to ensure stimuli 
were presented at 60 dB SPL. Tasks were counterbalanced 
across participants to control for order effects and fatigue. 
Temporal processing and speech perception in noise were 
assessed monaurally (both ears separately), and working 
memory tasks were assessed binaurally.

Temporal processing evaluation

Temporal processing was assessed using gap detection 
thresholds (GDT) and modulation detection thresholds 
(MDT). These tests were done using the maximum like-
lihood toolbox (MLP), implemented in Matlab (2014 ver-
sion). MLP offers a user-friendly graphical interface and 
includes pre-built psychoacoustic experiments. MLP uti-
lizes numerous candidate psychometric functions, assess-
ing the probability of the listener’s response to all presented 
stimuli after each trial. The function with the highest prob-
ability guides stimulus selection for the subsequent trial, 
typically converging toward the most probable psychomet-
ric function and thereby facilitating more accurate thresh-
old estimation. A three-interval alternative forced-choice 
method was used to estimate the thresholds of both ears.

Gap detection threshold: Temporal resolution ability was 
assessed using GDT where the goal was to determine the 
shortest detectable gap. Subjects performed a gap detection 
task with 750 ms Gaussian noise, where the gap duration 
varied adaptively based on performance. Both standard 
(continuous noise) and variable (noise with a gap) stimuli 
lasted 750 ms, with 0.5 ms cosine ramps. A three-interval, 
alternative forced-choice paradigm was used: on each tri-
al of three blocks, two blocks consisted of a 750 ms broad-
band noise with no gap, and the other block had a variable 
stimulus with a gap inside it. The participant’s task was to 
identify the variable block. The minimum and maximum 
duration of the gap used was 0.1 and 64 ms. The gap de-
tection corresponding to the 79.4% point of the psycho-
metric function was calculated using MLP.

Modulation detection threshold: A 1000 ms Gaussian noise 
was sinusoidally amplitude modulated at 8, 20, 60, and 
200 Hz. In each trial, three stimulus intervals were pre-
sented: two contained standard (unmodulated) stimuli, 
while the third, selected at random, contained a modu-
lated stimulus. Participants were asked to identify which 
interval contained the modulation. The modulated and 
unmodulated stimuli had equal root-mean-square (rms) 
power. The depth of modulation was adjusted based on 
the participant’s responses until the 79.4% criterion level 
was reached.

Speech perception in noise assessment

The Speech Perception in Noise Test in Kannada (SPIN-K), 
a test developed by Yathiraj and Vijayalakshmi [25], was 
used to assess participants’ ability to perceive speech in 
the presence of noise. The test stimuli comprised phone-
mically balanced words presented with ipsilateral speech 
noise at 0 dB signal-to-noise ratio (SNR). The task of the 
participants was to repeat the words presented to them. 
During the assessment, two lists of 25 words each were 
presented to each ear. The percent correct scores were 
calculated for both ears.

Auditory working memory assessment

Auditory working memory was assessed using digit span 
(forward and backward digit span) and digit sequencing 
(ascending and descending digit sequencing) using Smriti 
Shravan software [26]. The digits were presented with 
increasing test difficulty, using a 250 ms inter-stimulus in-
terval and a 5000 ms response window for each stimulus 
during which participants were required to provide their 
response. The testing was done using Kannada digits from 
1 to 9, and participants were asked to repeat the digit ac-
cording to the digit span and digit sequence task. The scor-
ing was based on the number of correct digits the partic-
ipants reported concerning the task. The midpoint of the 
digit span and digit sequencing task was noted. The tests 
were done at 60 dB SPL binaurally [27].

Data analysis

All analyses were performed using IBM SPSS version 20.0, 
and descriptive statistics were computed. Shapiro–Wilk 
tests were used to assess data normality. For non-paramet-
ric data, a Kruskal–Wallis test was used to compare group 
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Auditory test Mean Median SD
Range

minimum maximum

MDT
8 Hz R [dB]

NM –30.91 –32.60 3.41 –34.25 –24.25

SM –27.39 –28.22 4.17 –34.25 –20.45

PM –33.13 –33.47 1.34 –34.86 –30.25

MDT
8 Hz L [dB]

NM –31.41 –32.45 3.86 –37.85 –24.25

SM –27.54 –28.22 4.18 –36.45 –21.65

PM –33.22 –33.00 1.79 –37.85 –30.55

MDT
20 Hz R [dB]

NM –33.03 –35.22 6.26 –39.25 –21.40

SM –26.42 –26.60 3.69 –34.20 –19.65

PM –31.96 –32.25 2.92 –37.70 –22.80

MDT
20 Hz L [dB]

NM –34.95 –36.67 5.15 –39.25 –24.35

SM –25.03 –24.37 4.05 –32.30 –17.55

PM –31.27 –31.00 2.37 –36.48 –24.55

MDT
60 Hz R [dB]

NM –34.31 –34.82 2.19 –36.80 –29.45

SM –22.49 –22.63 4.99 –34.25 –14.35

PM –29.46 –30.27 2.97 –32.75 –20.15

MDT
60 Hz L [dB]

NM –33.28 –33.00 2.22 –36.80 –29.45

SM –22.14 –22.45 4.73 –32.25 –13.35

PM –28.63 –29.62 3.67 –34.42 –22.45

MDT
200 Hz R [dB]

NM –25.72 –27.15 4.94 –34.25 –13.65

SM –12.59 –13.20 3.54 –19.25 –6.15

PM –23.54 –24.00 3.18 –30.25 –18.45

MDT
200 Hz L [dB]

NM –23.37 –25.65 3.17 –34.25 –20.40

SM –12.62 –13.65 3.57 –19.35 –5.85

PM –24.68 –24.82 4.04 –33.30 –15.85

GDT R
[ms]

NM 3.77 3.52 1.84 1.26 7.43

SM 6.01 5.96 1.87 2.27 10.79

PM 4.95 4.57 1.61 2.80 8.96

GDT L
[ms]

NM 3.99 3.52 1.99 1.95 7.93

SM 5.61 5.70 2.20 2.16 10.14

PM 4.49 4.72 1.20 2.16 7.23

SPIN R
[%]

NM 57.90 56.00 9.39 44.00 72.00

SM 56.00 56.00 8.99 36.00 68.00

PM 61.60 62.00 8.64 44.00 80.00

Table 1. Results of tests on auditory and cognitive processing in women with natural menopause (NM), surgical menopause (SM), 
and premenopause (PM). There were multiple tests involving temporal perception (MDT and GDT), speech perception in noise (SPIN), 
and working memory (FR, BK, AS, and DS). A key to the tests is given below the table
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differences across outcome measures. For pairwise com-
parisons, Mann–Whitney U-test were applied.

Results

Prior to conducting inferential statistics, a Shapiro–Wilk 
test was applied to assess the normality of data distribu-
tion for all outcome variables. The results indicated that 
the data for all central auditory processing and working 
memory measures violated the assumptions of normality 
(p < 0.05). Consequently, nonparametric statistical tests 
were used for subsequent analyses. Descriptive statistics, 
including the mean, median, standard deviation (SD), and 
range for all measures across the three groups, are provid-
ed in Table 1. Overall, women in the surgical menopause 
group exhibited lower performance on temporal process-
ing tasks and SPIN compared to the other two groups.

Temporal processing using MDT and GDT

Figure 1 presents the MDT scores across all modula-
tion frequencies (8, 20, 60, and 200 Hz) and all groups. 

The surgical menopause group (SM) showed consistently 
elevated thresholds across both ears, suggesting reduced 
temporal resolution. A Kruskal–Wallis test confirmed that 
there were statistically significant group differences for 
all MDT frequencies In the right ear, significant effects 
were observed at 8 Hz (χ²(2) = 18.59, p < 0.001), 20 Hz 
(χ²(2) = 18.87, p < 0.001), 60 Hz (χ²(2) = 41.84, p < 0.001), 
and 200 Hz (χ²(2) = 38.74, p < 0.001). In the left ear, cor-
responding frequencies also showed significant differenc-
es: 8 Hz (χ²(2) = 19.88, p < 0.001), 20 Hz (χ²(2) = 29.85, 
p < 0.001), 60 Hz (χ²(2) = 38.38, p < 0.001), and 200 Hz 
(χ²(2) = 39.82, p < 0.001). Follow-up analyses using 
a Mann–Whitney U-test revealed that women with surgi-
cal menopause performed significantly poorer than both 
women with natural menopause and premenopausal wom-
en at all tested frequencies in both ears (p < 0.001 for most 
comparisons). Additional comparisons showed that pre-
menopausal women performed significantly worse than 
women with natural menopause at 60 Hz and 200 Hz in 
both ears, suggesting a more nuanced pattern of group 
differences (asterisks in Figure 1).

Table 1 continued. Results of tests on auditory and cognitive processing in women with natural menopause (NM), surgical menopause 
(SM), and premenopause (PM). There were multiple tests involving temporal perception (MDT and GDT), speech perception in noise 
(SPIN), and working memory (FR, BK, AS, and DS). A key to the tests is given below the table

Auditory test Mean Median SD
Range

minimum maximum

SPIN L
[%]

NM 54.80 56.00 8.31 44.00 68.00

SM 57.00 58.00 10.69 36.00 72.00

PM 60.80 62.00 8.39 44.00 76.00

FR
(No. of digits 
repeated)

NM 3.11 3.00 0.62 2.10 4.25

SM 2.98 3.00 0.59 2.10 4.25

PM 3.62 3.10 1.03 2.00 5.73

BK
(No. of digits 
repeated)

NM 2.70 2.72 0.55 1.80 3.60

SM 3.60 2.75 4.13 2.00 5.00

PM 2.97 2.90 0.92 2.00 4.75

AS
(No. of digits 
repeated)

NM 3.03 3.00 0.91 1.50 4.37

SM 3.30 3.05 1.14 1.50 5.75

PM 3.67 3.45 1.22 1.50 5.73

DS
(No. of digits 
repeated)

NM 2.71 2.10 0.98 1.60 5.50

SM 3.10 3.05 1.01 1.60 5.50

PM 3.31 2.10 0.82 2.00 4.75

NM – Natural menopause women, SM – Surgical menopause women, PM – Premenopause women, MDT 8Hz R – Modulation detec-
tion threshold of 8 Hz in the right ear, MDT 8Hz L – Modulation detection threshold of 8 Hz in the left ear, MDT 20Hz R – Modulation 
detection threshold of 20 Hz in the right ear, MDT 20Hz L – Modulation detection threshold of 20 Hz in the left ear, MDT 60Hz R – 
Modulation detection threshold of 60 Hz in the right ear, MDT 60Hz L – Modulation detection threshold of 60 Hz in the left ear, MDT 
200Hz R – Modulation detection threshold of 200 Hz in the right ear, MDT 200Hz L – Modulation detection threshold of 200 Hz in the 
left ear, GDT R – Gap detection threshold of the right ear, GDT L – Gap detection threshold of the left ear, SPIN R – Speech perception in 
noise in the right ear, SPIN L – Speech perception in noise in the left ear, FR – Forward digit span score, BK – Backward digit span score, 
AS – Ascending digit span score, DS – Descending digit span score
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Figure 1. Comparison of MDT [dB] between groups of women with natural menopause (NM), surgical menopause (SM), and premeno-
pausal women (PM). Boxes represent the interquartile range (25th to 75th percentiles), and the horizontal line indicates the median. 
The whiskers extend to the most extreme data points not considered outliers, and individual data points are shown as dots. Asterisks 
show significant differences (p < 0.05)
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Figure 2 displays GDT scores for each group. Women in 
the surgical menopause group again demonstrated ele-
vated thresholds, indicating reduced sensitivity to tem-
poral gaps in noise. Kruskal–Wallis test results showed 
significant differences between groups for both the right 
ear (χ²(2) = 14.17, p = 0.001) and the left ear (χ²(2) = 8.39, 
p = 0.015). Post hoc comparisons revealed that the surgi-
cal menopause group performed significantly poorer than 
both the natural menopause and premenopausal groups in 
both ears (p < 0.05). Furthermore, premenopausal wom-
en also performed significantly poorer than those in the 
natural menopause group for the right ear (U = 113.00, 
p = 0.018), but not the left.

Comparison of SPIN across the three groups

Speech perception in noise performance was assessed using 
the SPIN test, and the results are illustrated in Figure 3. 
While the premenopausal group showed a trend toward 
better performance, Kruskal–Wallis test results indicated 
that the differences among groups were not statistically 
significant for either the right ear (χ²(2) = 4.30, p = 0.117) 
or the left ear (χ²(2) = 2.96, p = 0.227). Given the absence 
of significant group effects, pairwise comparisons were 
not conducted.

Comparison of working memory abilities

Working memory was assessed using digit span (forward 
and backward) and digit sequencing (ascending and de-
scending) tasks. Figure 4 illustrates the performance across 
the three groups. Results of a Kruskal–Wallis test indicated 
no statistically significant differences for any of the working 
memory tasks. Specifically, the forward digit span yielded 
a χ²(2) value of 5.34 (p = 0.069), the backward digit span 
yielded χ²(2) = 0.238 (p = 0.888), ascending digit sequenc-
ing yielded χ²(2) = 3.549 (p = 0.170), and descending dig-
it sequencing yielded χ²(2) = 5.604 (p = 0.061). Although 
a few comparisons approached statistical significance, none 
met the threshold for further post hoc testing.

In summary, women who underwent surgical menopause 
demonstrated significantly poorer temporal processing 
abilities compared to both premenopausal women and 
women who had undergone natural menopause. While 
SPIN and working memory scores did not differ signifi-
cantly across groups, the clear group differences in tem-
poral processing suggest that abrupt cessation of ovarian 
function may have a negative impact on certain auditory 
processing mechanisms.

Figure 2. Boxplots of gap detection thresholds (GDT) among groups of women with natural menopause (NM), surgical menopause (SM), 
and premenopausal (PM). Key as per Figure 1
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Figure 3. Boxplots of speech perception in noise (SPIN) among groups of women with natural menopause (NM), surgical menopause 
(SM), and premenopausal (PM). Key as per Figure 1
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Discussion

The study aimed to evaluate the effect of natural and sur-
gical menopause on temporal processing, speech percep-
tion in noise, and working memory.

Temporal processing abilities

Temporal processing refers to the auditory system’s abil-
ity to process and interpret temporal aspects of sound. 
This includes detecting changes in sound over time, such 
as the duration, rhythm, and timing of auditory stimuli. 
Temporal perception is essential for understanding and 
processing speech, especially in noisy environments, as 
it helps distinguish between different phonemes and un-
derstand spoken language’s timing and rhythm [28]. In 
this study, two tests were used to evaluate temporal pro-
cessing abilities: MDT to detect amplitude modulation in 
a sound signal at different frequencies and GDT to detect 
silent gaps between sounds, providing insights into the 
temporal resolution of the auditory system.

This study found that women with surgical menopause ex-
hibited poorer temporal processing abilities compared to 
those with natural menopause and premenopausal wom-
en. To the author’s knowledge, this is the first study to re-
port the impact of surgical menopause on temporal per-
ception. Estrogen has been shown to enhance auditory 
sensitivity and temporal perception [29] and may influ-
ence hearing by altering blood flow within the cochlea [30]. 

The findings indicate that women who underwent surgi-
cal menopause may have experienced declines in various 
cognitive functions related to auditory processing. This 
decline was closely associated with a significant reduc-
tion in estradiol levels post-surgery, highlighting the crit-
ical role of estrogen in supporting cognitive and auditory 
health [31]. In this study, women with surgical menopause 
demonstrated the lowest scores, followed by women with 
natural menopause. These findings align with the study by 
Özgedik et al. [32], which reported that hearing thresholds 
and OAE amplitudes were significantly lower in women 
with surgical menopause compared to those with natural 
menopause. Menopause often coincides with auditory de-
cline due to decreased estrogen levels, which play a pro-
tective role in maintaining auditory system health [33]. 
These results underscore the impact of surgical meno-
pause on auditory temporal perception, emphasizing the 
importance of tailored auditory rehabilitation programs 
for this population.

Premenopausal women demonstrated poorer MDT com-
pared to women with natural menopause. These findings 
are in agreement with earlier studies, which suggested 
that hormonal changes during menopause could impair 
auditory processing [34].

SPIN results

SPIN assesses auditory closure abilities, which involve fill-
ing in missing or distorted parts of speech using context and 

Figure 4. Boxplots of working memory abilities using digit span (forward and backward digit span) and digit sequencing (ascending 
and descending digit sequencing) among women with natural menopause (NM), surgical menopause SM), and premenopausal (PM). 
Key as per Figure 1
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linguistic knowledge. This skill is crucial for effective com-
munication in everyday environments where background 
sounds are prevalent, such as in social gatherings, public 
places, or work settings [35]. SPIN tests help identify specific 
difficulties in auditory perception, guiding the development 
of targeted interventions and rehabilitation programs [36].

This study administered SPIN tests to assess the auditory 
closure abilities of three groups. The results indicate a bet-
ter speech perception in noise among premenopausal wom-
en, although the differences were not statistically signifi-
cant. The results are contrary to the literature, which states 
that hormonal changes affect auditory processing pathways, 
significantly impacting auditory perception [37]. These dis-
crepancies may be attributable to differences in sample size, 
participant characteristics, stimulus parameters, or testing 
methods used in the present study. The reduction in speech 
perception is linked to the loss of estrogen, which helps 
protect auditory and cognitive functions [38]. The abrupt 
loss of estrogen has been associated with increased risks of 
cognitive decline and reduced neural efficiency, which are 
critical for tasks such as speech perception in noise [39]. 
The small sample size may have contributed to the lack of 
a significant difference observed in the present study.

Working memory abilities

Working memory is a cognitive construct that temporar-
ily stores and manipulates information essential for com-
plex tasks such as language comprehension, learning, and 
reasoning [40]. It enables individuals to store and process 
information simultaneously, vital for activities like mental 
arithmetic, following multi-step instructions, and reading 
comprehension. Deficits in working memory can negative-
ly impact academic performance, daily functioning, and 
overall cognitive health [40]. Estrogen plays a crucial role 
in cognitive functions, including working memory [41], 
and its decline following surgical or natural menopause 
may disrupt the neural circuits involved in working mem-
ory, leading to reduced performance in tasks such as digit 
span and sequencing [42].

The analysis of working memory using forward and back-
ward digit span, as well as ascending and descending se-
quencing tasks, revealed no statistically significant differ-
ences across the groups. While some mean differences were 
observed, particularly higher variability in surgical men-
opause and a slight trend toward better performance in 
premenopausal women, these did not reach significance. 
These results suggest that while abrupt hormonal chang-
es may influence basic auditory processing, their impact 
on verbal working memory may be limited or require 
a longer duration post-menopause to manifest significant-
ly. Alternatively, the digit span tasks used in this study may 
not be sensitive enough to detect subtle differences in ex-
ecutive function or working memory capacity related to 
hormonal status.

Conclusions

The study highlights the effects of menopause on tem-
poral processing abilities, emphasizing the specific chal-
lenges encountered by women with surgical menopause, 
likely due to the abrupt reduction in estrogen levels crit-
ical for auditory processing. These findings reinforce the 
role of estrogen in temporal processing and underscore 
the necessity for further research with larger sample sizes. 
Additionally, tailored rehabilitation programs and inter-
ventions are crucial to addressing the unique challenges 
faced by this population.

Acknowledgements

The authors acknowledge the Director of All India Institute 
of Speech and Hearing for allowing us to carry out this 
study. We thank the participants for their cooperation. 
The study is part of a dissertation submitted to the University 
of Mysore.

Funding

This research and article did not receive any specific grant 
from funding agencies in the public, commercial, or not-
for-profit sectors.

References

	 1.	 Greendale GA, Lee NP, Arriola ER. The menopause. Lancet, 
1999; 353(9152): 571–80.

		  https://doi.org/10.1016/S0140-6736(98)05352-5
	 2.	 Martin MB, Saceda M, Lindsey RK. Regulation of estrogen 

receptor expression in breast cancer. Adv Exp Med Biol, 1993; 
330: 143–53. https://doi.org/10.1007/978-1-4615-2926-2_11

	 3.	 Calow A, Morrell-Scott N, Smith EJ. An overview of menopause, 
and why this should feature within pre-registration education. 
Br J Nurs, 2023; 32(7): 334–40.

		  https://doi.org/10.12968/bjon.2023.32.7.334
	 4.	 Polo‐Kantola P, Rantala MJ. Menopause, a curse or an 

opportunity? An evolutionary biological view. Acta Obstet 
Gynecol Scand, 2019; 98(6): 687–8.

		  https://doi.org/10.1111/aogs.13628
	 5.	 Remage‐Healey L. Brain estrogen signaling effects acute 

modulation of acoustic communication behaviors: a working 
hypothesis. Bioessays, 2012; 34(12): 1009–16.

		  https://doi.org/10.1002/bies.201200081

	 6.	 Tabuchi K, Nishimura B, Nakamagoe M, Hayashi K, Nakayama 
M, Hara A. Ototoxicity: mechanisms of cochlear impairment 
and its prevention. Curr Med Chem, 2011; 18(31): 4866–71. 
https://doi.org/10.2174/092986711797535254

	 7.	 Kayser AS, Buchsbaum BR, Erickson DT, D’Esposito M. The 
functional anatomy of a perceptual decision in the human 
brain. J Neurophysiol, 2010; 103(3): 1179–94.

		  https://doi.org/10.1152/jn.00364.2009
	 8.	 Parker CG, Dailey MJ, Phillips H, Davis EA. Central sensory-

motor crosstalk in the neural gut-brain axis. Auton Neurosci, 
2020; 225: 102656.

		  https://doi.org/10.1016/j.autneu.2020.102656
	 9.	 Coyle JT. Biochemical Aspects of Neurotransmission in the 

Developing Brain. Int Rev Neurobiol, 1977; 20: 65–103.
		  https://doi.org/10.1016/s0074-7742(08)60651-0
	 10.	 Sao T, Jain C. Effects of hormonal changes in temporal 

perception, speech perception in noise and auditory working 
memory in females. Hear Balance Commun, 2016; 14(2): 
94–100. https://doi.org/10.3109/21695717.2016.1155837

Amrutha et al. – Menopause and auditory…

39Journal of Hearing Science  ·  2025 Vol. 15  ·  No. 2



	 11.	 Sherwin BB. Estrogen and cognitive aging in women. 
Neuroscience, 2006; 138(3): 1021–6.

		  https://doi.org/10.1016/j.neuroscience.2005.07.051
	 12.	 Hederstierna C, Hultcrantz M, Collins A, Rosenhall U. The 

menopause triggers hearing decline in healthy women. Hear 
Res, 2010; 259(1–2): 31–5.

		  https://doi.org/10.1016/j.heares.2009.09.009
	 13.	 Vanhulle G, Demol R. A double-blind study into the influence of 

estriol on a number of psychological tests in post-menopausal 
women. In: Consensus on Menopause Research. Dordrecht: 
Springer Netherlands; 1976, p. 94–9.

	 14.	 Moore BCJ. Basic auditory processes involved in the analysis 
of speech sounds. Philos Trans R Soc Lond B Biol Sci, 2008; 
363(1493): 947–63. https://doi.org/10.1098/rstb.2007.2152

	 15.	 Moore BCJ. Temporal integration and context effects in 
hearing. J Phon, 2003; 31(3–4): 563–74.

		  https://doi.org/10.1016/S0095-4470(03)00011-1
	 16.	 Summerfield Q. Speech perception in normal and impaired 

hearing. Br Med Bull, 1987; 43(4): 909–25.
		  https://doi.org/10.1093/oxfordjournals.bmb.a072225
	 17.	 Humes LE, Dubno JR. Factors affecting speech understanding 

in older adults. In: The Aging Auditory System. Gordon-
Salant S, Frisina RD, Popper AN, Fay RR, Editors. New York, 
Dordrecht, Heidelberg, London: Springer; 2010, p. 211–57. 
https://doi.org/10.1007/978-1-4419-0993-0

	 18.	 Oxenham AJ, Bacon SP. Cochlear compression: perceptual 
measures and implications for normal and impaired hearing. 
Ear Hear, 2003; 24(5): 352–66.

		  https://doi.org/10.1097/01.AUD.0000090470.73934.78
	 19.	 Peters RW, Moore BCJ, Baer T. Speech reception thresholds in 

noise with and without spectral and temporal dips for hearing-
impaired and normally hearing people. J Acoust Soc Am, 1998; 
103(1): 577–87. https://doi.org/10.1121/1.421128

	 20.	 Phillips DP. Auditory gap detection, perceptual channels, and 
temporal resolution in speech perception. J Am Acad Audiol, 
1999; 10(06): 343–54.

	 21.	 Conde DM, Verdade RC, Valadares ALR, Mella LFB, Pedro 
AO, Costa-Paiva L. Menopause and cognitive impairment: 
a narrative review of current knowledge. World J Psychiatry, 
2021; 11(8): 412–28. https://doi.org/10.5498/wjp.v11.i8.412

	 22.	 Henderson VW. Cognitive changes after menopause: influence 
of estrogen. Clin Obstet Gynecol, 2008; 51(3): 618–26.

		  https://doi.org/10.1097/GRF.0b013e318180ba10
	 23.	 Kavak F, Aktürk Ü, Özdemir A, Gültekin A. The relationship 

between domestic violence against women and suicide risk. 
Arch Psychiatr Nurs, 2018; 32(4): 574–9.

		  https://doi.org/10.1016/j.apnu.2018.03.016
	 24.	 Yathiraj A, Vijayalakshmi CS. Phonemically balanced wordlist 

in Kannada. Mysore: University of Mysore; 2005.
	 25.	 Kumar AU, Sandeep M. Auditory cognitive training module. 

ARF Funded Departmental Project Submitted to All India 
Institute of Speech and Hearing, Mysore. 2013.

	 26.	 Sundararaj RTH, Ramesh PL, Jain C. Hearing and auditory 
working memory in women with polycystic ovarian syndrome 
(PCOS). J Phon Audiol, 2017; 3(2).

		  https://doi.org/10.4172/2471-9455.1000133

	 27.	 Bellis TJ. When the Brain Can’t Hear. Unraveling the Mystery 
of Auditory Processing Disorder. New York, London, Toronto, 
Sydney: Atria Books; 2002, p. 368.

	 28.	 McFadden D. Sex differences in the auditory system. Dev 
Neuropsychol, 1998; 14(2–3): 261–98.

		  https://doi.org/10.1080/87565649809540712
	 29. Caruso S, Cianci A, Grasso D, Agnello C, Galvani F, Maiolino 

L, et al. Auditory brainstem response in postmenopausal 
women treated with hormone replacement therapy: a pilot 
study. Menopause, 2000; 7(3): 178–83.

		  https://doi.org/10.1097/00042192-200007030-00008
	 30.	 Farrag AF, Khedr EM, Abdel-Aleem H, Rageh TA. Effect of 

surgical menopause on cognitive functions. Dement Geriatr 
Cogn Disord, 2002; 13(3): 193–8.

		  https://doi.org/10.1159/000048652
	 31.	 Özgedik D, Kirbaç A, Belgin E. Is there any difference in 

hearing function between surgical and natural menopause? 
Women Health, 2022; 62(2): 135–43.

		  https://doi.org/10.1080/03630242.2022.2029801
	 32.	 Agrawal Y. Prevalence of hearing loss and differences by 

demographic characteristics among US adults: data from 
the National Health and Nutrition Examination Survey, 
1999–2004. Arch Intern Med, 2008; 168(14): 1522.

		  https://doi.org/10.1001/archinte.168.14.1522
	 33.	 Hogervorst E, Craig J, O’Donnell E. Cognition and mental 

health in menopause: a review. Best Pract Res Clin Obstet 
Gynaecol, 2022; 81: 69–84.

		  https://doi.org/10.1016/j.bpobgyn.2021.10.009
	 34.	 Gatehouse S, Noble W. The Speech, Spatial and Qualities of 

Hearing Scale (SSQ). Int J Audiol, 2004; 43(2): 85–99.
		  https://doi.org/10.1080/14992020400050014
	 35.	 Song JH, Skoe E, Banai K, Kraus N. Perception of speech in 

noise: neural correlates. J Cogn Neurosci, 2011; 23(9): 2268–79.
		  https://doi.org/10.1162/jocn.2010.21556
	 36.	 Wittmann M, Szelag E. Sex differences in perception of 

temporal order. Percept Mot Skills, 2003; 96(1): 105–12.
		  https://doi.org/10.2466/pms.2003.96.1.105
	 37.	 Stuursma A, Lanjouw L, Idema DL, de Bock GH, Mourits 

MJE. Surgical menopause and bilateral oophorectomy: effect of 
estrogen-progesterone and testosterone replacement therapy on 
psychological well-being and sexual functioning: a systematic 
literature review. J Sex Med. 2022 Dec 1;19(12): 1778–89.

		  https://doi.org/10.1016/j.jsxm.2022.08.191
	 38.	 Stanten M. Surgical menopause: what you need to know before 

and after, 2023, https://gennev.com/learn/surgical-menopause-
what-you-need-to-know-before-and-after/

	 39.	 Baddeley A. Working memory. Science, 1992; 255(5044): 
556–9. https://doi.org/10.1126/science.1736359

	 40.	 Baddeley AD, Hitch GJ. Developments in the concept of 
working memory. Neuropsychology, 1994; 8(4): 485–93.

		  https://doi.org/10.1037/0894-4105.8.4.485
	 41.	 McEwen B. Estrogen actions throughout the brain. Recent 

Prog Horm Res, 2002; 57(1): 357–84.
		  https://doi.org/10.1210/rp.57.1.357
	 42.	 Gasbarri A, Pompili A, Clotilde Tavares M, Tomaz C. Estrogen 

and cognitive functions. Expert Rev Endocrinol Metab, 2009; 
4(5): 507–20. https://doi.org/10.1586/eem.09.30

Amrutha P., email: amrutha162000@gmail.com •  0009-0001-1458-8496
Sanvi Jain, email: jainjsanvi26@gmail.com •  0009-0004-9634-7347
Chandni Jain, email: chandni.aud@gmail.com •  0000-0002-6704-7319

Original articles • 31–40

40 Journal of Hearing Science  ·  2025 Vol. 15  ·  No. 2 


