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Abstract

Background: The purpose of the studywas to explore the relationship between sudden sensorineural hearing loss (SSNHL) and serum sex
hormone levels in perimenopausal women, as well as to further investigate the influence of these indicators for SSNHL in perimenopausal
women. Methods: A total of 156 patients with SSNHL and 149 healthy individuals during perimenopause who received treatment or
underwent physical examination in the Fourth Hospital of Shijiazhuang from August 2023 to December 2023 were selected to participate
in this retrospective cohort study. The variances in fundamental patient data were analyzed using the Mann-Whitney U test and Chi-
square test. We employedmultivariate logistic regression to examine the association between serum levels of follicle stimulating hormone
(FSH), luteinizing hormone (LH), estradiol (E2), progesterone (P), testosterone (T), prolactin (PRL) levels and the occurrence of SSNHL
in perimenopausal women. Spearman analysis was used to analyze the correlation between perimenopausal women serum sex hormone
levels and SSNH. Results: Compared to the non SSNHL group, the SSNHL group women had lower serum levels of E2 and P ((35.08
± 12.49) pmoL/L and (0.63 ± 0.24) nmoL/L) vs. ((43.46 ± 10.17) pmoL/L and (0.84 ± 0.13) nmoL/L) (p < 0.05). Multiple logistic
regression analysis demonstrated that E2 and P were both at higher risk with the development of SSNHL. Spearman correlation analysis
found that E2 and P are negatively correlated with pure tone hearing threshold in perimenopausal women. Conclusions: SSNHL in
perimenopausal women may be related to their serum levels of sex hormones.
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1. Introduction
Sudden sensorineural hearing loss (SSNHL) is a com-

mon clinical disease, defined as sudden and unexplained
sensorineural hearing loss that occurs within 72 hours and
affects at least two adjacent frequencies with a hearing loss
of≥20 dBHL (hearing level) [1]. Themechanism bywhich
it occurs is controversial, although the dysfunction of lo-
cal microcirculation leading to structural changes and dys-
function in the cochlea is a well-recognized theory [2,3]. In
perimenopausal women, ovarian function begins to decline
and hormone levels decrease, causing a series of changes in
the activity of the hypothalamic-pituitary-ovarian axis [4–
6]. It has been reported that sex hormone levels are not
only significantly correlated with menopausal syndromes,
but also closely related to various clinical symptoms during
menopause [7,8].

The relationship between hormonal changes and hear-
ing loss has been reported in previous studies [9,10]. For
example, when a woman is pregnant, the secretion of estro-
gen and progesterone in the bodywill significantly increase.
These changes in female hormones will cause excessive re-
tention of salt and water, which will lead to a significant
increase in extracellular fluid volume, thus increasing the
probability of hearing loss [11]. When hormonal fluctua-
tions occur in the cochlea, the chemical components of en-

dolymphatic and periauricular fluid can also be disturbed.
Although many studies have suggested that sex hormones
may interfere with cochlear microcirculation and contribute
to sudden hearing loss, the correlation analysis between
sex hormone levels and hearing loss is still uncertain [12].
This study explored the relationship between SSNHL and
serum sex hormone (follicle stimulating hormone (FSH),
luteinizing hormone (LH), estradiol (E2), progesterone (P),
testosterone (T), prolactin (PRL)) levels in perimenopausal
women, which can be used to guide the diagnosis and treat-
ment of female SSNHL patients.

2. Materials and Method
2.1 Study Participants

A total of 156 patients with SSNHL and 149 healthy
individuals during perimenopause who received treatment
or underwent physical examination in the Fourth Hospital
of Shijiazhuang from August 2023 to December 2023 were
selected to participate in this retrospective cohort study.
The average age of patients in the SSNHL study group
was 51.62 ± 5.49 years, while the average age of the con-
trol group was 52.77 ± 6.83 years. There was no statis-
tical difference in age between the two groups. The re-
search received approval from the Ethics Committee at The
Fourth Hospital of Shijiazhuang and all the researchers col-
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Table 1. Basic characteristics of SSNHL patients and the control group.
Variables Control (n = 149) SSNHL (n = 156) p-value

BMI (kg/m2)
<24 kg/m2 51 (34.2) 57 (36.5) 0.673b

≥24 kg/m2 98 (65.8) 99 (63.5)
Years of education (n%)

<16 years 85 (57.0) 87 (55.8) 0.822b

≥16 years 64 (43.0) 69 (44.2)
Family yearly income (n%)

<100,000 CNY (About US$14,300) 71 (47.7) 79 (50.6) 0.602b

≥100,000 CNY (About US$14,300) 78 (52.3) 77 (49.3)
Drinking

Yes 23 (15.4) 36 (23.1) 0.091b

No 126 (84.6) 120 (76.9)
Migraine

Yes 8 (5.4) 22 (14.1) 0.010b

No 141 (94.6) 134 (85.9)
Family history of diabetes

Yes 12 (8.1) 16 (10.3) 0.505b

No 137 (91.9) 140 (89.7)
Smoking

Yes 5 (3.4) 11 (7.1) 0.148b

No 144 (96.6) 145 (92.9)
Calcium (mmol/L) 2.15 (2.10–2.21) 2.12 (2.08–2.16) 0.037a

Iron (μmol/L) 11.52 (7.45–16.18) 11.39 (7.15–15.84) 0.514a

Zinc (μmol/L) 6.13 (5.04–7.82) 6.29 (5.37–7.46) 0.153a

Copper (μmol/L) 29.04 (25.36–34.17) 27.98 (23.14–35.71) 0.278a

CRP (mg/L) 54.38 (24.73–77.19) 59.76 (28.19–80.49) 0.026a

BMI, body mass index; CNY, Chinese Yuan; CRP, C-reactive protein; SSNHL, sudden sensorineural
hearing loss.
The differences between the SSNHL and Control groups were obtained using the Mann-Whitney U
test (a) and the Chi-square test (b), p < 0.05 was considered to be significant.

lected data in strict accordance with the ethical require-
ments throughout the study. Exclusion criteria included
participants with vertigo, hypertension, myocardial infarc-
tion, history of acute cerebrovascular attack, liver and kid-
ney diseases, diabetes, and recent use of steroids or hor-
mone drugs. The basic characteristics of SSNHL patients
and the control group are shown in the Table 1.

2.2 Diagnosis of SSNHL
The definition of SSNHL utilized in this study is a sen-

sorineural hearing loss of ≥30 dB at three consecutive fre-
quencies as stated by “Clinical Practice Guideline: Sudden
Hearing Loss (Update) Executive Summary” [13].

The selection criteria for the perimenopausal period
were adult women aged 40 to 60 years old, and the men-
strual changes complied with the following conditions: ≥2
menstrual cycles have changed and the time is>7 days, and
the menopause time is <12 months.

2.3 Data Collection
5 mL of venous blood was collected from all patients

fasting in the early morning, and the serum was collected

after centrifugation. Electrochemiluminescence method
(Chemiluminescence instrument, Hormone detection kits,
Roche Diagnostics GmbH, Mannheim, Germany) was used
to detect FSH, LH, E2, P, T, and PRL levels. The range and
intra and inter-assay coefficients of variability for the test
indicators used in the study are shown in the Table 2.

2.4 Statistical Analysis
We utilized SPSS 22.0 (IBM-SPSS Statistics,

Chicago, IL, USA) for conducting statistical analysis on
the data. The median (range) and frequencies (percentage)
were used to describe continuous and categorical variables,
respectively. The Mann-Whitney U test was employed
to assess the significant variance among non-normally
distributed continuous variables, while Chi-square test was
utilized for comparing categorical variables. Multivariate
logistic regression analysis was conducted to examine
the association between SSNHL and FSH, LH, E2, P, T,
and PRL respectively. The Pearson analysis method was
used for correlation analysis. All statistical analyses with
significant differences were considered to be p < 0.05.
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Table 2. Range and intra and inter-assay coefficients of variability.
FSH (IU/L) LH (IU/L) E2 (pmol/L) P (nmol/L) T (nmol/L) PRL (nmol/L)

Range 0.3–200 0.1–200 0.2–200 0.02–20 0.01–20 0.002–21.4
Intra-assay 1.3–1.9 0.6–1.2 1.4–2.3 1.2–1.9 0.8–1.7 1.3–3.0
Inter-assay 3.2–4.1 1.6–2.2 2.1–4.6 2.3–5.1 1.5–3.3 1.9–5.2
FSH, follicle stimulating hormone; LH, luteinizing hormone; E2, estradiol; P, progesterone; T, testos-
terone; PRL, prolactin.

3. Results
According to the inclusion and exclusion criteria, 305

participants were analyzed finally. Flow chart of partici-
pants participation in the study was showed in Fig. 1.

Fig. 1. Flow chart of participants participation in the study.
SSNHL, sudden sensorineural hearing loss; FSH, follicle stimu-
lating hormone; LH, luteinizing hormone; E2, estradiol; P, pro-
gesterone; T, testosterone; PRL, prolactin.

3.1 Comparison of Sex Hormone Levels in SSNHL and
Normal Controls

We compared the sex hormone levels between SSNHL
and normal controls in Table 3. We found that the E2 and
P levels in the SSNHL group were significantly lower than
those in the control group (p < 0.05). However, there was
no significant difference in FSH, LH, T, and PRL between
the two groups (p > 0.05).

3.2 Correlation Analysis between Sex Hormones and Pure
Tone Hearing Threshold

The average pure tone hearing threshold of 156 pa-
tients in the perimenopausal group was 56.74 ± 8.39 dB.
We applied Spearman correlation analysis between sex hor-
mones and pure tone hearing threshold in perimenopausal
women. Perimenopausal women P and E2 levels were neg-
atively associated with pure tone hearing threshold val-
ues, while there was no significant correlation between
FSH, LH, T, PRL and pure tone hearing threshold values

Table 3. Sex hormone levels between SSNHL and normal
group.

Variables Control (n = 149) SSNHL (n = 156) p-value

FSH (IU/L) 57.63 (42.37–70.56) 57.12 (40.68–72.45) 0.468
LH (IU/L) 36.55 (28.17–45.72) 36.71 (26.51–45.98) 0.377
E2 (pmol/L) 43.46 (38.49–60.71) 35.08 (32.26–59.14) 0.002
P (nmol/L) 0.84 (0.54–1.18) 0.63 (0.31–0.97) <0.001
T (nmol/L) 0.62 (0.26–1.11) 0.59 (0.24–0.93) 0.073
PRL (nmol/L) 0.45 (0.27–0.73) 0.44 (0.15–0.76) 0.249
FSH, follicle stimulating hormone; LH, luteinizing hormone; E2,
estradiol; P, progesterone; T, testosterone; PRL, prolactin.

(p > 0.05). In this regard, multivariate logistic regres-
sion analysis was used to further confirm whether serum
E2 and P were significantly and independently correlated
with SSNHL. The spearman correlation analysis between
sex hormones and pure tone hearing threshold are shown in
the Table 4.

Table 4. Spearman correlation analysis between sex
hormones and pure tone hearing threshold.

Variables r p-value

FSH (U/L) –0.016 0.563
LH (U/L) 0.029 0.495
E2 (pmol/L) –0.277 <0.001
P (nmol/L) –0.312 <0.001
T (nmol/L) –0.046 0.423
PRL (nmol/L) –0.021 0.529
FSH, follicle stimulating hormone;
LH, luteinizing hormone; E2, estra-
diol; P, progesterone; T, testosterone;
PRL, prolactin; r, correlation coeffi-
cient.

3.3 Associations between Sex Hormone Levels and SSNHL

We further performed a logistic regression analysis
of the associations between E2, P and the risk of SSNHL.
Based on the mean concentration of all 305 subjects, E2 and
P were categorized into high-value and low-value groups,
respectively, and these groups were subsequently incorpo-
rated into the regression analysis as categorical variables.
The results revealed that E2 and P were associated with
the risk of SSNHL in either Model 1 (univariate regres-
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Table 5. Associations between E2, P and SSNHL.

Variables
Model 1 Model 2

OR (95% CI) p-value OR (95% CI) p-value

E2 <39.51 pmol/L 1.058 (1.026–1.091) <0.001 1.043 (1.012–1.059) <0.001
P <0.71 nmol/L 1.035 (1.021–1.059) <0.001 1.030 (1.010–1.048) <0.001
E2, Estradiol; P, progesterone; OR, odds ratio; CI, confidence interval.

sion analysis) and Model 2 (adjusted for maternal gesta-
tional age, body mass index (BMI), reproductive history,
FSH, LH) (p < 0.05). The associations between E2, P and
SSNHL are shown in the Table 5. Based on these results,
our study indicated that perimenopausal women serum E2
and P were independent risk factors for SSNHL.

4. Discussion
SSNHL affects a wide range of people and is com-

mon in middle-aged and elderly individuals. Internal
ear circulation disorders, microvascular dysfunction and
metabolic disorders are widely recognized as pathologi-
cal mechanisms [14,15]. Moreover, SSNHL is associated
with platelet aggregation, activation, and abnormal lipid
metabolism, and abnormal hormonal regulation may be the
underlying cause of suchmetabolic abnormalities [16]. Per-
imenopause is a special stage for women, as their ovarian
endocrine function begins to decline and sex hormone indi-
cators begins to change, leading to a series of pathologies in
various tissues and systems of the body [17,18]. Therefore,
it is imperative to study the correlation between hormone
levels and sudden deafness in perimenopausal women.

In this study, we found that E2 and P levels were
significantly decreased in perimenopausal women with
SSNHL. It has been reported that estrogen receptors are
widely expressed in the human inner ear in cochlear hair
cells, spiral ganglia, vascular cords, spiral arteries, outer
hair cells and inner hair cells [19]. This implies that
women’s auditory function is related to fluctuations in es-
trogen. It is through these receptors that estrogen regulates
the blood supply to the inner ear. When estrogen levels sud-
denly decrease, these receptors increase the blood viscosity
in the inner ear, which not only affects the microcircula-
tion of the inner ear, but also increases the risk of throm-
bosis [20,21]. Yadav et al. [22] studied the relationship
between menstrual cycle and female hearing, and found
that female hearing was affected by the changes of estrogen
and progesterone levels during the menstrual cycle. Kim et
al. [23] conducted a study on perimenopausal women and
found that these patients faced greater risk of hearing loss
as the levels of E2 decreased in the body. The aforemen-
tioned reports bear similarities to the present study. Some
researchers suggest that estrogen exerts a protective effect
on nerve cells. As estrogen levels decline, this protective
effect diminishes, and the vasomotor function becomes less
stable, as a result, it may adversely affect hearing [24].

The study applied Spearman correlation analysis be-
tween sex hormones and pure tone hearing threshold in
perimenopausal women. We found that perimenopausal
women P and E2 levels were negatively associated with
pure tone hearing threshold values. Logistic regression
analysis showed that E2 (odds ratio (OR) = 1.043, p <

0.001) and P (OR = 1.030, p< 0.001) were associated with
the risk of SSNHL. Although the OR value is small, this
association is not very obvious, we believe that these indi-
cators are still worthy of attention. No significant changes
were found in the levels of FSH, LH, P, and PRL in the
SSNHL group and control group, which may be related to
the small number of cases in this study. Further research
is needed on a larger sample of this population. Based on
these findings, steroid replacement therapy may be used
as an adjunctive therapy for the prevention, diagnosis, and
treatment of sudden deafness during perimenopause. A re-
cent study has found the effectiveness of steroid therapy
in patients with SSNHL, Jakov group conducted a single-
center retrospective longitudinal cohort study on 55 patients
in a tertiary referral otology center. It found that 30 patients
(55%) that showed significant improvement in their pure
tone audiogram (PTA) hearing threshold average (≥15 dB)
after steroid treatment [25]. However, the number of par-
ticipants in this study is small, so it can not fully explain the
problem.

By monitoring sex hormone indicators, it is help-
ful for clinicians to analyze the pathogenesis, therapeutic
measures, and prognosis of perimenopausal patients with
SSNHL. However, the effects of estrogen changes on the
body are multifaceted, and the etiology and pathogenesis
of perimenopausal SSNHL still need to be further investi-
gated.

5. Conclusions
In conclusion, we demonstrate that E2 and P levels in

the SSNHL patients were significantly lower than those in
the normal perimenopausal women. No significant differ-
ence in FSH, LH, T, and PRL between the two groups. P
and E2 levels in perimenopausal women were negatively
associated with pure tone hearing threshold values. Peri-
menopausal women serum E2 and P were independent risk
factors for SSNHL. Of course, our research also has certain
shortcomings, such as the absence of data pertaining to the
treatment process of SSNHL and the influence of hormone
therapy on SSNHL. However, our research to some extent
demonstrates the relationship between SSNHL and serum
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sex hormone levels in permanent women, which plays a
significant role in guiding the diagnosis and treatment of
female patients with SSNHL.
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