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Abstract

Background Hearing loss represents an escalating global health concern with profound implications for individuals
and society. While prior studies suggest that reproductive factors may influence women's auditory health, the specific
association between the number of pregnancies and auditory function remains inadequately understood. This
research aimed to investigate the association between the number of pregnancies and hearing loss in U.S. women.

Methods We conducted a cross-sectional analysis of 5,269 U.S. women aged 20 years and older from the National
Health and Nutrition Examination Survey (NHANES) 1999-2018. Reproductive health data, including the number of
pregnancies, were obtained via self-reported questionnaires. Hearing loss was defined as a pure-tone average > 25
dB HL at speech frequencies (0.5, 1, 2, and 4 kHz) in the better-hearing ear. All analyses incorporated NHANES sample
weights. Weighted multivariable logistic regression and restricted cubic spline regression were employed to evaluate
the relationship between the number of pregnancies and hearing loss. Subgroup and sensitivity analyses were used
to test the consistency and robustness of the association. And mediation analyses explored the roles of white blood
cells and high-density lipoprotein in this association.

Results A total of 5,269 adult women were included in the analysis, of whom 624 (9.81%) exhibited hearing loss.
After adjusting for confounders, the number of pregnancies was significantly associated with hearing loss (OR: 1.12;
95% Cl: 1.05-1.20; P<0.001). Conversely, the use of birth control pills was associated with lower odds of hearing loss
(OR: 0.67; 95% Cl: 0.47-0.94; P<0.05). Restricted cubic spline regression demonstrated a linear increase in the odds of
hearing loss with a greater number of pregnancies. This positive association was consistent across most subgroups.
Mediation analyses revealed that white blood cells and high-density lipoprotein partially mediated this association.
Sensitivity analyses, including alternative definitions of hearing loss and multiple imputation for missing covariates,
confirmed the robustness of the results.

Conclusion Our findings demonstrated that a higher number of pregnancies was significantly associated with
hearing loss, while birth control pill use appeared protective. These findings highlight the importance of recognizing
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potential auditory health implications associated with multiple pregnancies and may inform future public health
strategies aimed at supporting women’s hearing health across the reproductive lifespan.

Keywords Hearing loss, Reproductive, Number of pregnancies, Birth control pills, NHANES

Background

Hearing loss is a pervasive and increasingly pressing
public health concern [1, 2]. The World Health Orga-
nization’s (WHQO) World Report on Hearing 2021 states
that approximately 1.5 billion individuals worldwide are
currently living with hearing loss, a number projected
to reach 2.5 billion by 2050 [3]. Hearing loss not only
severely impairs interpersonal communication but also
significantly diminishes an individual’s quality of life and
psychological well-being. It is associated with profound
consequences, including cognitive decline, depression,
anxiety, social isolation, and other challenges, which col-
lectively impose substantial health and economic bur-
dens [4-7]. Notably, according to the Global Burden of
Disease studies, hearing loss ranks as the third leading
cause of years lived with disability [8]. These alarming
statistics underscore the urgency of identifying modifi-
able risk factors to mitigate its impact and guide timely
interventions aimed at reducing the associated health
and economic toll.

In recent years, the inclusion of sex as a biological vari-
able (SABV) in scientific research has been emphasized
by the U.S. National Institutes of Health (NIH) [9-11].
This shift, coupled with growing evidence of sexual
dimorphism in hearing loss [12, 13], has fueled interest in
exploring how sex-specific factors, particularly reproduc-
tive history, influence auditory health. Women exhibit
greater hearing sensitivity than men, with fluctuations
observed throughout the menstrual cycle [14]. However,
after menopause, hearing sensitivity declines sharply,
likely due to reduced endogenous estrogen levels, which
are thought to contribute to auditory deterioration [15].
Studies suggest that estrogen therapy may mitigate hear-
ing loss in aging postmenopausal women, although pro-
longed use of hormone therapy has been linked to an
elevated risk of hearing impairment [16-19]. Further-
more, pregnancy-related auditory changes have also
garnered attention. The highest prevalence of inner ear
deficits, including hearing loss, has been demonstrated
during the third trimester of pregnancy, compared to the
first and second trimesters [20]. Transient hearing loss
during pregnancy has been documented [21], along with
reports of sudden sensorineural hearing loss during this
period [22, 23]. Additionally, preeclampsia has been iden-
tified as a possible contributor to sensorineural hearing
loss [24]. These findings suggest that reproductive factors
may influence auditory health through hormonal altera-
tions, metabolic and vascular dysfunction, heightened
systemic inflammation, and lipid profile disturbances,

such as reduced high-density lipoprotein (HDL) levels
[20-22]. However, despite growing recognition of the
importance of reproductive factors in women’s hearing
health, this area remains relatively underexplored in the
fields of audiology and reproductive medicine.

The number of pregnancies, a pivotal indicator of
a woman’s reproductive history, reflects her repro-
ductive health status and fertility potential, providing
insight into her overall reproductive trajectory over the
life course [25]. The physical and psychological changes
associated with multiple pregnancies, such as hormonal
fluctuations, hematologic changes, and metabolic altera-
tions, not only affect maternal health during gestation
but also have long-term consequences for overall well-
being [26—28]. Accumulating evidence links the number
of pregnancies to various health outcomes, including
cardiovascular disease [29, 30], cognitive decline [27],
depression [31], urinary incontinence [28], and frailty
[32]. Despite these established associations, the poten-
tial relationship between the number of pregnancies and
hearing loss remains unexplored, leaving a significant gap
in our understanding of how reproductive factors might
influence women’s auditory health.

To address this gap, this study represents the first inves-
tigation into the association between the number of preg-
nancies and hearing loss, using data from the National
Health and Nutrition Examination Survey (NHANES).
It aims to provide novel insights into the potential asso-
ciation between the number of pregnancies and hearing
health and to offer recommendations for the manage-
ment of auditory health in women.

Methods

Study population

NHANES is a nationwide survey that collects nation-
ally representative health data from the U.S. population
[33]. It follows a rigorous four-stage sampling design
and gathers comprehensive data through detailed inter-
views, physical examinations, and laboratory tests. The
NHANES protocols were approved by the National Cen-
ter for Health Statistics Ethics Review Board, and all par-
ticipants provided written informed consent. Further
information on the study design, methodology, and data
collection procedures is available on the NHANES offi-
cial website.

In this study, we incorporated data from ten NHANES
cycles conducted between 1999 and 2018, encompass-
ing 101,316 participants. The following exclusion criteria
were applied: (1) females under 20 years of age and all
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male participants; (2) participants without valid pure-
tone average (PTA) data at speech frequencies (0.5, 1,
2, and 4 kHz) in both ears, including those with miss-
ing thresholds or unreliable 1 kHz retest results (>10
dB HL difference between repeated measurements); (3)
participants missing data on the number of pregnan-
cies; (4) participants who were currently pregnant; and

NHANES 1999-2018
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(5) participants with incomplete covariate data. After
applying these criteria, 5,269 eligible participants were
included in the study, with 624 classified as having hear-
ing loss. A detailed participant screening flowchart is
provided in Fig. 1.

(N=101316)
_ | Excluded:
| Females aged < 20 years old and males (N=72708)
Y
Included participants
(N=28608)
Excluded:
Missing or invalid pure-tone average data at 0.5, 1, 2,
» and 4 kHz in both ears, including unreliable 1 kHz
thresholds (>10 dB HL difference between repeated
Y measurements) (N=20424)
Included participants
(N=8184)
>l Excluded:
Missing data of pregnant times (N=628)
Y
Included participants
(N=7556)
_ | Excluded:
| Being pregnant now (N=406)
\ 4
Included participants
(N=7150)
Excluded:
Missing data of covariates (race, BMI, education level,
» family PIR, marital status, smoking status, alcohol
consumption, noise exposure, hypertension, diabetes,
 / and menopause (N=1881)
Finally
included participants
(N=5269)

Fig. 1 Flowchart of eligible participants selection. Abbreviations: BMI, body mass index; NHANES, National Health and Nutrition Examination Survey; PIR,

income-to-poverty ratio
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Number of pregnancies

Participants were invited to the Mobile Examination
Center to complete interviews and undergo health
assessments to examine their health and nutritional sta-
tus. Reproductive health data, including the number of
pregnancies, were obtained from a self-reported repro-
ductive health questionnaire. The number of pregnancies
was determined based on participants’ responses to the
question, “How many times have you been pregnant?”
Participants were instructed to include all pregnancies,
including current pregnancies, live births, miscarriages,
stillbirths, tubal pregnancies, or abortions.

Hearing assessment

Hearing assessments were conducted using pure-tone air
conduction audiometry, performed by trained examin-
ers in sound-attenuated booths. Hearing thresholds were
measured bilaterally across seven frequencies (0.5, 1, 2,
3, 4, 6, and 8 kHz) using calibrated Interacoustics Model
AD226 audiometers with TDH-39 standard headphones
or Etymotic EarTone 3 A insert earphones, depending
on the testing environment and ear canal status, within
an intensity range from —10 to 120 decibels (dB). To
ensure reliability, hearing threshold at 1 kHz was tested
twice in both ears, and results were not accepted when
the measurements differed by more than 10 dB HL. Fur-
ther details about the audiometric procedures are avail-
able in the NHANES Audiometry Procedures Manual.
In this study, PTAs at speech frequencies (0.5, 1, 2, and
4 kHz) were calculated separately for the left and right
ears. Hearing loss was defined as a PTA >25 dB HL in the
better-hearing ear [34].

Covariates

The analysis included the following potential confound-
ers: age, race, body mass index (BMI), education level,
family income-to-poverty ratio (PIR), marital status,
smoking status, alcohol consumption, noise exposure,
hypertension, diabetes mellitus, and menopause. Partici-
pants identifying as Mexican American, other Hispanic,
or other races were classified under a single category
labeled “Others,” which was analyzed alongside “Non-
Hispanic White” and “Non-Hispanic Black” [35]. BMI
was calculated by dividing weight (kg) by height squared
(m?). Education level was classified into two catego-
ries: college or above and high school graduate or lower.
Family PIR was grouped into three levels: low income
(<130% of the federal poverty level), medium income
(130-350%), and high income (>350%). Marital status
was divided into married/living with a partner, never
married, and divorced/separated/widowed. Smoking sta-
tus was classified based on two questions: (1) “Have you
smoked at least 100 cigarettes in your entire life?” and
(2) “Do you now smoke cigarettes?” Participants who
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answered “no” to the first question were defined as non-
smokers. Those who answered “yes” to the first question
and “no” to the second question were classified as former
smokers, and those who answered “yes” to both ques-
tions were considered current smokers. Alcohol con-
sumption was determined based on the answer: “In any
one year, have you had at least 12 drinks of any type of
alcoholic beverage?” Participants who answered “yes”
were classified as consumers; those who answered “no”
were classified as non-consumers. Noise exposure status
was determined based on responses to five survey ques-
tions regarding exposure to loud noises. Four types of
chronic noise exposure were considered: (1) work-related
noise (ever exposed to loud noise at work for at least 3
months), (2) military service/veteran status, (3) recre-
ational firearm use (firearm noise exposure at least once a
month for a year), and (4) non-occupational recreational
noise exposure (loud noise other than firearm use outside
of work at least once a month for a year). Participants
who answered “Yes” to any of these questions were cat-
egorized as exposed, while those who answered “No” to
all were categorized as not exposed. Additionally, partici-
pants reporting loud noise or music exposure within the
past 24 hours were excluded to avoid potential bias from
temporary noise-induced hearing threshold shifts [36].
Hypertension was defined as meeting any of the follow-
ing criteria: a previous diagnosis of hypertension, current
use of antihypertensive medications, or an average sys-
tolic blood pressure > 140 mmHg or diastolic blood pres-
sure > 90 mmHg. Diabetes was defined as fulfilling any of
the following criteria: a documented history of diabetes,
current use of oral hypoglycemic agents or insulin ther-
apy, a glycohemoglobin level of = 6.5%, or a fasting blood
glucose level of =7.0 mmol/L. Menopausal status was
determined via a self-reported reproductive health ques-
tionnaire. Women were defined as menopausal if they
answered ‘no’ to having had at least one menstrual period
in the past 12 months and then reported ‘hysterectomy/
menopause’ as the reason.

Statistical analysis

All analyses accounted for the complex, multistage, and
probability sampling design of NHANES by incorporat-
ing appropriate sample weights, strata, and primary sam-
pling units, as recommended by the National Center for
Health Statistics. Sample weights were applied to ensure
that the results are nationally representative of the U.S.
civilian non-institutionalized population. Specifically,
MEC examination sample weights were used following
NHANES analytic guidelines [37]. Baseline characteris-
tics were presented as sample sizes with weighted per-
centages and as weighted means with standard errors for
categorical and continuous variables, respectively. Dif-
ferences between groups were assessed using weighted
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chi-square tests for categorical variables and weighted
t-tests for continuous variables. Weighted multivariable
logistic regression models were applied to investigate
the association between the number of pregnancies and
hearing loss in adult women (aged>20 years). To spe-
cifically examine the association between the number
of pregnancies and age-related hearing loss (ARHL),
a separate analysis was conducted for older women
(aged=60 years). Three weighted multivariable logis-
tic regression models were implemented: Model 1 was
unadjusted; Model 2 adjusted for age, race, BMI, educa-
tion level, family PIR, marital status, smoking status, and
alcohol consumption; and Model 3 further adjusted for
noise exposure, hypertension, diabetes, and menopause.
Restricted cubic spline (RCS) models with three knots
were employed to visualize the association between the
number of pregnancies and hearing loss. Subgroup analy-
ses assessed the consistency of findings across different
populations, and interaction analyses explored potential
interactions between the number of pregnancies and
covariates. Results from subgroup analyses and interac-
tion analyses were presented using a forest plot. Media-
tion analyses were conducted to investigate the roles of
white blood cells (WBC) and high-density lipoprotein
(HDL) as mediators in the relationship between the num-
ber of pregnancies and hearing loss. In addition, two
sensitivity analyses were performed to further assess the
robustness of the results: (1) redefining hearing loss as a
PTA>20 dB HL to align with the classification recom-
mended by the Global Burden of Disease (GBD) Expert
Group on Hearing Loss [38—40]; and (2) conducting mul-
tiple imputation for missing covariate data to address
potential selection bias arising from the exclusion of
participants with incomplete information. R software
(version 4.3.1) was used for all statistical analyses, with
statistical significance set at a two-sided P value <0.05.

Results

Baseline characteristics

The baseline characteristics are presented in Table 1. A
total of 5,269 participants were included in this study, of
whom 624 (9.81%) had hearing loss. The average age of
the participants was 46.57 +0.37 years. Except for BMI,
which showed no significant differences, all other covari-
ates displayed significant differences between partici-
pants with and without hearing loss. Participants with
hearing loss were generally older, non-Hispanic White,
divorced, separated, or widowed, former smokers, non-
alcohol consumers, and had lower levels of education
and family income, as well as noise exposure, hyperten-
sion, diabetes, and menopause. Regarding reproductive
characteristics, participants with hearing loss exhibited
notable differences compared to those with normal hear-
ing. They were more likely to have had later menarche, a
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later last menstruation, and a longer reproductive period.
Furthermore, they tended to have their first delivery at an
earlier age and their last delivery at an older age. Impor-
tantly, those with hearing loss were more likely to have
a higher number of pregnancies while being less likely
to have used birth control pills. However, no significant
differences were observed in the number of pregnancy
losses.

Association between the number of pregnancies and
hearing loss

Weighted multivariable logistic regression analyses were
performed to investigate the association between the
number of pregnancies and hearing loss, with results
presented in Table 2. The analyses revealed that a
higher number of pregnancies was significantly associ-
ated with an increased risk of hearing loss. After adjust-
ing for covariates (Model 3, Table 2), for adult women,
the number of pregnancies was significantly associated
with hearing loss, with an odds ratio (OR) of 1.12 (95%
CL: 1.05-1.20; P<0.001). Similarly, in elderly women
(aged>60 years), as shown in Supplementary Table 1,
the OR for the number of pregnancies was 1.12 (95%
CI: 1.03-1.21; P<0.01). Conversely, the use of birth con-
trol pills was associated with a significantly lower risk of
hearing loss. In Model 3, the birth control pill use was
linked to a reduction in the risk of hearing loss in both
adult women (OR: 0.67; 95% CI: 0.47-0.94; P<0.05) and
elderly women (OR: 0.45; 95% CI: 0.31-0.66; P<0.001).
In addition, no statistically significant associations were
observed for age at menarche, age at last menstruation,
length of reproductive period, age at first delivery, age at
last delivery, or number of pregnancy losses.

Figure 2 illustrates the association between the number
of pregnancies and hearing loss in adult women, while
Supplementary Fig. 1 depicts the same relationship in
elderly women, as assessed through RCS regression anal-
yses. The RCS curves for both adult and elderly women
demonstrated a clear, linear increase in the odds of hear-
ing loss as the number of pregnancies increased.

Subgroup and mediation analysis

We conducted stratified analyses on all covariates to
explore the associations between the number of preg-
nancies and hearing loss across various population sub-
groups, with results shown in Fig. 3 and Supplementary
Table 2. A significant positive association was observed
in all subgroups, except for those based on race, family
income, marital status, and diabetes status. This sug-
gests the robustness of the association across different
population subgroups. Notably, the association was more
pronounced among non-Hispanic White, high-income,
married or cohabiting, and non-diabetic women, but
not significant in their respective counterparts. In the
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Table 1 Baseline characteristics of study population grouped by hearing from NHANES 1999-2018

Total (n=5269) Normal hearing (n=4645) Hearing loss (n=624) Pvalue

Age, year 46.57 (0.37) 44.15 (0.35) 68.90 (0.72) <0.001

Race, No. (%) <0.001
Non-Hispanic White 2309 (71.22) 1926 (70.07) 383(81.86)

Non-Hispanic Black 1143 (10.72) 1066 (11.29) 77 (5.46)
Other Race 1817 (18.06) 1653 (18.64) 164 (12.67)

BMI, kg/m2 28.75(0.15) 28.70(0.15) 29.19 (0.36) 0.193

Education level, No. (%) <0.001
High school graduate or lower 2202 (33.32) 1832 (31.36) 370 (51.30)

College or above 3067 (66.68) 2813 (68.64) 254 (48.70)

Family PIR, No. (%) <0.001
<13 1601 (21.17) 1405 (21.22) 196 (20.71)

1.3-35 1965 (35.18) 1690 (34.18) 275 (44.34)
>35 1703 (43.65) 1550 (44.60) 153 (34.95)

Marital status, No. (%) <0.001
Married or living with a partner 2914 (61.86) 2635 (63.27) 279 (48.90)
Divorced/separated/widowed 1353 (21.57) 1046 (18.89) 307 (46.20)

Never married 1002 (16.57) 964 (17.84) 38 (4.90)

Smoking status, No. (%) 0.003
Never smoker 3442 (61.32) 3020 (61.01) 422 (64.16)

Former smoker 911 (19.74) 772 (19.33) 139 (23.55)
Current smoker 916 (19.84) 853 (19.66) 63 (12.29)

Alcohol consumption, No. (%) <0.001
No 1871 (27.82) 1587 (26.17) 284 (46.08)

Yes 3182(72.18) 2945 (73.83) 237 (53.92)

Noise exposure, No. (%) <0.05
No 3506 (66.54) 3057 (67.51) 449 (61.00)

Yes 1763 (33.56) 1588 (32.49) 175 (39.00)

Hypertension, No. (%) <0.001
No 3237 (66.71) 3038 (69.88) 199 (37.48)

Yes 2032 (33.29) 1607 (30.12) 425 (62.52)

Diabetes, No. (%) <0.001
No 4479 (89.08) 4055 (90.71) 424 (74.17)

Yes 790 (10.92) 590 (9.29) 200 (25.83)

Menopause, No. (%) <0.001
No 2778 (55.23) 2733 (60.18) 45 (9.67)

Yes 2491 (44.77) 1912 (39.82) 579 (90.33)

Birth control pills, No. (%) <0.001
No 1668 (24.18) 1315 (21.61) 353(47.87)

Yes 3592 (75.82) 3323(78.39) 269 (52.13)

Menarche, year 12,67 (0.03) 12.65 (0.03) 12.89 (0.09) 0.008

Last menstruation, year 44.16 (0.26) 43.83 (0.30) 4562 (041) <0.001

Reproductive period, year 3145(0.27) 31.14 (0.31) 32.78 (0.40) <0.001

First delivery, year 23.03 (0.19) 23.12(0.20) 2241 (0.29) <0.05

Last delivery, year 28.71(0.17) 28.53(0.19) 30.06 (0.32) <0.001

Number of pregnancies 247 (0.04) 2.36 (0.05) 3.52(0.12) <0.001

Number of pregnancy loss 0.75(0.03) 0.76 (0.03) 0.69 (0.07) >0.05

Values were presented as the sample numbers (weighted percentages) or weighted mean (standard errors). The differences between groups were assessed using
the weighted chi-square test or the weighted t-test (P-value < 0.05 indicates statistical significance). Abbreviations: BMI, body mass index; NHANES, National Health
and Nutrition Examination Survey; PIR, income-to-poverty ratio
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Table 2 Association between reproductive characteristics and hearing loss in adult women

Model 1 Model 2 Model 3
Variable OR (95%Cl) P value OR (95%Cl) P value OR (95%Cl) Pvalue
Menarche, year 1.09 (1.03,1.16) <0.05 1.06 (0.96, 1.16) >0.05 1.06 (0.96, 1.16) >0.05
Last menstruation, year 0201.0 1.04) <0.001 0.99 (0.97,1.01) >0.05 0.99 (0.97,1.01) >0.05
Reproductive period, year 02 (1.01,1.03) <0.05 0.99 (0.97,1.01) >0.05 0.99 (0.97,1.01) >0.05
First delivery, year 097 (O 95,0.99) <0.05 0.96 (0.93, 1.00) <0.05 0.96 (0.93, 1.00) >0.05
Last delivery, year (1 02,1.07) <0.001 1.01 (0.98, 1.04) >0.05 01 (0.98,1.04) >0.05
Number of pregnancies 9(1.23,1.36) <0.001 1.12(1.05,1.19) <0.001 1.12(1.05, 1.20) <0.001
Number of pregnancy loss 0.95 (0.84, 1.07) >0.05 1.01(0.91,1.12) >0.05 01(0.91,1.13) >0.05
Birth control pills 0.30(0.24,0.37) <0.001 0.66 (0.47,0.93) <0.05 0.67 (0.47,0.94) <0.05
Model 1: Crude model
Model 2: Adjusted for age, race, BMI, education level, family PIR, marital status, smoking status, and alcohol consumption
Model 3: Combination of model 2 and noise exposure, hypertension, diabetes, and menopause
Abbreviations: BMI, body mass index; Cl, confidence interval; OR, odds ratios; PIR, income-to-poverty ratio
2.5
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Fig. 2 Restricted cubic spline plot of the association between the number of pregnancies and hearing loss in adult women. The solid lines and shaded
areas represent the central risk estimates and 95% Cls. Odds ratios (95% confidence intervals) were obtained from the weighted multivariable logistic
regression models, adjusted for age, race, BMI, education level, family PIR, marital status, smoking status, alcohol consumption, noise exposure, hyperten-
sion, diabetes, and menopause. Abbreviations: BMI, body mass index; Cl, confidence interval; OR, odds ratios; PIR, income-to-poverty ratio
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Subgroup L OR (95%Cl) P for interaction
Total — 1.12 (1.05, 1.20)
Age 0.263
< 60 years L — 1.19 (1.06, 1.34)
> 60 years | ii—t 1.17 (1.07,1.27)
Race oo 0.168
Non-Hispanic White ——t 1.16 (1.06, 1.28)
Non-Hispanic Black it 1.05 (0.92, 1.20)
Other —_— 1.01 (0.91, 1.12)
BMI Lo 0.213
<25 e —t 1.20 (1.04, 1.38)
225 bt 1.10 (1.03, 1.18)
Education level b 0.530
High school graduate or less it 1.11 (1.02, 1.21)
College or above Pt 1.14 (1.01, 1.27)
Family PIR P 0.279
<1.3 —t—n 1.03 (0.94, 1.14)
1.3-35 H—— 1.11(0.98, 1.26)
>35 —_— —— 1.24 (1.07, 1.44)
Marital status 0.804
Married/living with a partner s 1.18 (1.08, 1.30)
Divorced/separated/widowed et | 1.05 (0.94, 1.17)
Never married 1.09 (0.84, 1.42)
Smoking status o 0.368
Never smoker it | 1.08 (1.01, 1.16)
Former smoker | e — 1.16 (1.00, 1.34)
Current smoker r—— 1.28 (1.04, 1.57)
Alcohol consumption bl 0.742
No —_—— 1.11 (1.02, 1.21)
Yes et 1.13 (1.03, 1.24)
Noise exposure 0.769
No i 1.12 (1.05, 1.20)
Yes — —— 1.16 (1.01, 1.32)
Hypertension P 0.313
No et 1.18 (1.06, 1.31)
Yes o | 1.08 (1.00, 1.17)
Diabetes Voo 0.200
No it 1.16 (1.07, 1.26)
Yes — 1.03 (0.92, 1.16)
Menopause 0.670
No S — 1.20 (1.02, 1.40)
Yes —— 1.12 (1.04, 1.20)

05 1 16

Odds Ratio (95% CI)

Fig. 3 Forest plot of subgroup analysis of the association between the number of pregnancies and hearing loss in adult women. Odds ratios (95% con-
fidence intervals) were obtained after individually removing the examined variable from the weighted multivariable logistic regression models, adjusted
for age, race, BMI, education level, family PIR, marital status, smoking status, alcohol consumption, noise exposure, hypertension, diabetes, and meno-
pause. Abbreviations: BMI, body mass index; Cl, confidence interval; OR, odds ratios; PIR, income-to-poverty ratio

interaction analyses, none of the interactions reached sta-
tistical significance, indicating that no heterogeneity was
observed in the association across different subgroups.
Figure 4 presents the results of mediation analysis,
which investigated potential mediators in the association
between the number of pregnancies and hearing loss.
Significant indirect effects of WBC and HDL were identi-
fied. The Sobel test confirmed that WBC and HDL medi-
ated the association between the number of pregnancies

and hearing loss, accounting for 3.44% and 7.72% of the
effect, respectively (both P<0.001).

Sensitivity analysis

To evaluate the robustness of our findings, two sensi-
tivity analyses were conducted. First, hearing loss was
redefined as a PTA>20 dB HL in the better-hearing
ear, according to the classification recommended by the
GBD Expert Group (Supplementary Table 3). Under this
definition, a higher number of pregnancies remained
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Indirect effect
f=0.0002, P <0.001

WBC

Mediation effect = 3.44%
P <0.001

Pregnancy

Direct effect

HL

p=0.0048, P <0.001

Indirect effect
B =0.0004, P <0.001

HDL

Mediation effect =7.72%
P<0.001

Pregnancy

Direct effect

HL

p =0.0043, P <0.001

Fig. 4 Mediation models of WBC and HDL in the association between the number of pregnancies and hearing loss in adult women. Adjusted for age,
race, BMI, education level, family PIR, marital status, smoking status, alcohol consumption, noise exposure, hypertension, diabetes, and menopause.
Abbreviations: BMI, body mass index; (3, regression coefficient; HL, hearing loss; HDL, high-density lipoprotein; PIR, income-to-poverty ratio; WBC, white

blood cell

significantly associated with hearing loss. After adjusting
for covariates in Model 3, the OR for adult women was
1.09 (95% CI: 1.02-1.15; P<0.01). Conversely, birth con-
trol pill use continued to be associated with lower odds
of hearing loss, with an OR of 0.66 (95% CI: 0.49-0.89;
P<0.01). Second, to address potential selection bias
arising from the exclusion of participants with miss-
ing covariate data, we performed multiple imputation
followed by reanalysis (Supplementary Table 4). In the
imputed dataset, a higher number of pregnancies was
still significantly associated with hearing loss (OR: 1.11;
95% CI: 1.06-1.17; P<0.001), and birth control pill use
remained associated with reduced odds of hearing loss
(OR: 0.75; 95% CI: 0.59-0.94; P<0.05) after full adjust-
ment in Model 3. In both sensitivity analyses, no statis-
tically significant associations were observed for age at
menarche, age at last menstruation, length of reproduc-
tive period, age at first delivery, age at last delivery, or
number of pregnancy losses. Overall, the sensitivity anal-
yses yielded results consistent with the main findings,
supporting the robustness of our conclusions.

Discussion
In our study, we analyzed data from 5,269 adult women in
NHANES, a nationally representative survey of the U.S.
population. We observed that women with a higher num-
ber of pregnancies were more likely to have hearing loss
compared to those with fewer pregnancies. Based on this
finding, we provide the first evidence that, among U.S.
women, a higher number of pregnancies is independently
associated with hearing loss. Meanwhile, we identified
a protective effect of birth control pill use, as women
who used birth control pills were significantly less likely
to experience hearing impairment. Similar associations
were observed in elderly women, where a higher num-
ber of pregnancies was linked to ARHL. Subgroup and
sensitivity analyses further corroborated the consistency
and robustness of the association between the number
of pregnancies and hearing loss. Additionally, mediation
analyses revealed that WBC and HDL partially mediated
this association.

The WHO’s World Report on Hearing 2021 indicates
that 211 million women worldwide suffer from moder-
ate or more severe degrees of hearing loss [3]. Compared
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with men, women with hearing loss experience dispro-
portionately higher levels of social isolation and loneli-
ness, and are more susceptible to cognitive decline and
brain atrophy [3, 41, 42]. Furthermore, hearing loss is
more strongly associated with depression and anxiety in
women than in men [43]. Additionally, hormonal changes
associated with pregnancy, which may contribute to
hearing loss, are often accompanied by symptoms such
as tinnitus and vertigo, which can worsen mental health
issues in women [44, 45]. Consequently, women’s hearing
health has become an increasingly urgent focus within
public health, and the demand for research into female-
specific hearing health issues is growing. However, sig-
nificant sex bias remains in hearing loss research. Basic
and preclinical studies often rely on male animals, with
female subjects being notably underrepresented [46, 47].
Similarly, clinical trials often feature a higher number of
male participants [48]. This disparity hinders the devel-
opment of a comprehensive understanding of the unique
risk factors for hearing loss in women and the creation
of tailored treatment strategies that address the specific
needs and physiological differences of female patients.

Pregnancy, as one of the most significant physiologi-
cal differences between males and females, triggers a
range of physical and psychological changes, which are
associated with various health conditions, including
hearing loss [22, 49, 50]. These changes not only affect
maternal health during gestation but also have last-
ing consequences for overall well-being, with potential
implications for hearing as well [26—28]. Fluctuations in
estrogen levels during pregnancy can impact auditory
function by interacting with the spiral ganglion’s estrogen
receptor a and the stria vascularis’s estrogen receptor f,
both of which are critical for auditory transmission and
inner ear homeostasis [51, 52]. Additionally, estrogen
may modulate auditory function at multiple levels of the
central nervous system by influencing the glutamatergic
and GABAergic systems [53, 54]. Under normal physi-
ological conditions, such as during the menstrual cycle
and menopause, estrogen is generally considered to exert
protective effects on hearing [55]. However, recent stud-
ies have shown that high doses of estrogen or combined
estrogen-progesterone therapy may accelerate auditory
deterioration by disrupting cochlear ion homeostasis,
impairing outer hair cell function, diminishing audi-
tory neural excitability, and increasing oxidative stress
[56—58].

During pregnancy, the interaction and positive feed-
back between the placenta and the maternal hypotha-
lamic-pituitary-gonadal axis lead to a marked elevation
in circulating hormone levels [59]. By the third trimes-
ter, circulating progesterone levels increase by approxi-
mately 20-fold, and serum estradiol levels rise by 30- to
40-fold compared to those during a normal menstrual
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cycle [20]. However, this surge in estrogen and progester-
one has not been shown to confer protective effects on
hearing. Instead, the elevated estrogen and progesterone
during pregnancy modulate neurological function and
are associated with a high prevalence of inner ear disor-
ders, particularly during the third trimester [20]. More-
over, increased levels of estrogen and progesterone have
been linked to sudden sensorineural hearing loss dur-
ing pregnancy [60, 61]. Prolonged hyperprolactinemia
induced by pregnancy-related estrogen elevation has also
been implicated in damage to the saccule and hair cells,
and proposed as a potential mechanism contributing
to the development of otosclerosis in women with mul-
tiple pregnancies [62-64]. Additionally, estrogen activ-
ity during pregnancy may contribute to Eustachian tube
dysfunction, promoting tube obstruction and predispos-
ing individuals to glue ear or otitis media with effusion
[65]. Collectively, these findings suggest that high levels
of estrogen and progesterone during pregnancy may con-
tribute to the development of hearing loss rather than
confer protection. Although a single pregnancy is associ-
ated with statistically significant, yet subclinical, changes
in hearing thresholds [21], an increasing number of preg-
nancies leads to substantial cumulative exposure to ele-
vated hormone levels, which may, in turn, strengthen the
association with hearing impairment. However, direct
mechanistic evidence linking cumulative hormonal expo-
sure during multiple pregnancies to progressive audi-
tory degeneration remains limited, warranting further
investigation.

In our study, subgroup analyses revealed that the asso-
ciation between the number of pregnancies and hearing
loss was more pronounced among non-Hispanic White,
high-income, married or cohabiting, and non-diabetic
women. These findings suggest that the relationship
between the number of pregnancies and hearing loss
may be more evident in population subgroups charac-
terized by relatively stable endocrine environments and
more regular cumulative exposure to elevated estrogen
and progesterone levels. In particular, among women
who are more likely to experience planned pregnancies
and receive consistent prenatal care—such as those with
higher socioeconomic status and better overall health
[66, 67]—the cumulative hormonal fluctuations asso-
ciated with repeated pregnancies may more markedly
contribute to progressive microstructural alterations in
the auditory system. Moreover, in these populations, the
effects of hormonal changes may be more readily detect-
able, as they are less likely to be masked by competing
risk factors such as poor nutritional status, chronic dis-
ease burden, or limited access to healthcare. Importantly,
we observed no statistically significant interactions
across subgroups, indicating that these differences do not
modify the overall association and further reinforcing the



Lai et al. BMC Public Health (2025) 25:1891

robustness of the link between the number of pregnan-
cies and hearing loss.

Multiple pregnancies also contribute to long-term
metabolic dysregulation, promoting atherosclerosis [68,
69], where cumulative vascular stress may progressively
impair cochlear microcirculation and ultimately lead to
hearing loss [70]. Additionally, a higher number of preg-
nancies is associated with increased coagulation activity
and decreased fibrinolysis, resulting in a hypercoagulable
state [71]. This increased coagulability exerts pressure
on the inner ear’s microcirculation and raises the risk of
thrombosis in the cochlear artery, potentially disrupting
inner ear circulation and contributing to hearing loss [22,
72]. Moreover, other mechanisms may be implicated in
pregnancy-related hearing loss, such as lipid metabolism
and chronic inflammation. Women who have given birth
often exhibit lower levels of HDL compared to those
who have never been pregnant [73], and low HDL lev-
els have been linked to hearing loss [74, 75]. Inflamma-
tion has been established as one of the key mechanisms
underlying hearing loss [76], and inflammatory responses
during pregnancy have also been implicated in audi-
tory dysfunction [77]. Multiple pregnancies exacerbate
chronic systemic inflammation [71, 78], which may fur-
ther impair auditory function. Our study identifies HDL
and WBC as mediators in the relationship between the
number of pregnancies and hearing loss, consistent with
findings from previous research.

Birth control pills, which achieve contraception by reg-
ulating circulating estrogen and progesterone levels, are
among the primary methods used to control the num-
ber of pregnancies and have become a focus of research
due to their impact on various health conditions [79-
81]. While studies have reported relationships between
the use of birth control pills and various audiological
outcomes—such as otoacoustic emissions (OAE) [82],
auditory brainstem response (ABR) [83], and auditory
sensitivity [84]—some evidence suggests that birth con-
trol pills have no significant effect on hearing function or
otological diseases [85—87]. In our study, we found that
women with a higher number of pregnancies had higher
odds of hearing loss, whereas women who used birth
control pills exhibited a protective effect against hear-
ing impairment. This discrepancy may stem from varia-
tions in study populations and methodologies. Previous
research predominantly involved younger women who
had recently used birth control pills, focusing on short-
term, direct effects on hearing function. In contrast,
our study investigated the potential long-term, indirect
association of birth control pill use with hearing loss,
indicating that the observed association may be medi-
ated by a lower cumulative number of pregnancies over
a woman’s lifetime. This hypothesis is further supported
by our supplementary analysis restricted to women with
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zero pregnancies, where birth control pill use was not
significantly associated with hearing loss (Supplementary
Table 5). Additionally, the small sample sizes in previous
studies, along with variations in the type of birth control
pills used and the duration of use, may also contribute to
these differing findings. Further research is required to
elucidate the association between birth control pill use
and hearing health, particularly in differentiating short-
term direct effects from long-term indirect impacts.

Recent studies on women’s health across the life course
have increasingly shifted their focus from short-term
health and socioeconomic outcomes to the long-term
physical and psychological consequences of childbear-
ing, particularly high parity [26, 88, 89]. High parity has
been associated not only with chronic conditions such
as cardiovascular disease, diabetes, hypertension, and
chronic kidney disease, but also with mental diseases,
such as depression, bipolar disorder, and schizophrenia
[31, 90-94]. These conditions have far-reaching con-
sequences, including reduced quality of life, functional
impairment, and greater reliance on medical care. More-
over, they place a substantial burden on families, health-
care systems, and society as a whole, contributing to
reduced productivity, a greater demand for caregiving,
and increased healthcare costs. As a result, controlling
the number of pregnancies has been widely promoted
by organizations including the WHO, the U.S. Office of
Population Affairs, the Centers for Disease Control and
Prevention, and the Society of Family Planning [95-98].
These organizations emphasize the importance of fam-
ily planning and reproductive health education as inte-
gral components of public health strategies aimed at
improving women’s health outcomes. Our findings dem-
onstrated that a higher number of pregnancies is associ-
ated with hearing loss in women while also showing that
the use of birth control pills provides a protective effect
against hearing loss. Consistent with the perspectives
advocated by these organizations, our findings empha-
size the importance of recognizing the potential auditory
health implications of multiple pregnancies and highlight
the possible role of appropriate birth control methods
in addressing the observed associations related to high
parity.

To our knowledge, our study is the first to investigate
the association between the number of pregnancies and
hearing loss in women. By utilizing a large, nationally rep-
resentative sample and implementing extensive covari-
ate adjustments, our findings provide valuable insights
into the U.S. female population. However, several short-
comings should be admitted. First, the cross-sectional
design restricts the ability to infer causality between the
number of pregnancies and hearing loss. Longitudinal
research is necessary to examine the temporal patterns.
Second, hearing loss is a multifactorial condition driven
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by a combination of genetic and environmental factors.
Although we have accounted for a range of confounders,
residual confounding from unmeasured variables, such
as genetic predisposition or lifestyle factors not captured
in NHANES, may still influence our findings. Third, the
reliance on self-reported questionnaires for reproduc-
tive history introduces the possibility of recall bias, which
may impact the accuracy of the data collected. Addition-
ally, this study did not classify hearing loss according to
its etiology, limiting the understanding of how differ-
ent types of hearing loss may be linked to the number
of pregnancies. Given the heterogeneity of hearing loss
causes, future research should explore whether distinct
etiologies contribute to variations in this association.
Furthermore, due to the absence of complete otoscopic
and tympanometric data across all NHANES cycles, we
were unable to exclude participants with potential con-
ductive hearing loss. This may have led to a small degree
of outcome misclassification and should be considered
when interpreting the results. Addressing these limita-
tions will be essential for further elucidating the complex
relationship between the number of pregnancies and
hearing health in women.

Conclusion

In conclusion, our study found that a higher number of
pregnancies was significantly associated with hearing loss
among U.S. women, whereas the use of birth control pills
was inversely associated with hearing loss. These findings
highlight the importance of considering reproductive
history in the evaluation of women’s auditory health and
may provide valuable insights for future public health
strategies.

Abbreviations

ABR Auditory brainstem response

ARHL Age-related hearing loss

BMI Body mass index

B regression coefficient

cl Confidence interval

dB Decibel

HDL High-density lipoprotein

NCHS National Center for Health Statistics
NHANES  National Health and Nutrition Examination Survey
NIH National Institutes of Health

OAE Otoacoustic emissions

OR Odds ratios

PIR Income-to-poverty ratio

PTA Pure-tone average

RCS Restricted cubic spline

SABV Sex as a biological variable

WBC White blood cell

WHO World Health Organization

Supplementary Information
The online version contains supplementary material available at https://doi.or
9/10.1186/512889-025-23052-0.

Supplementary Material 1: Supplementary Table 1. Association between
reproductive characteristics and age-related hearing loss in elderly women

Page 12 of 15

Supplementary Material 2: Supplementary Fig. 1. Restricted cubic spline
plot of the association between the number of pregnancies and age-
related hearing loss in elderly women

Supplementary Material 3: Supplementary Table 2. Subgroup analysis of
the association between the number of pregnancies and hearing loss in
adult women

Supplementary Material 4: Supplementary Table 3. Sensitivity analysis of
the association between reproductive characteristics and hearing loss
defined as >20 dB HL in adult women

Supplementary Material 5: Supplementary Table 4. Sensitivity analysis of
the association between reproductive characteristics and hearing loss in
adult women based on imputed data

Supplementary Material 6: Supplementary Table 5. Association between
birth control pill use and hearing loss in adult women with zero pregnan-
cies (n=933)

Acknowledgements
All authors sincerely thank the NCHS for their efforts in creating the data for
the NHANES.

Author contributions

HY played key roles in the conceptualization and design of this study, as well
as in the critical revision of the manuscript, ensuring its clarity and scientific
rigor. HL and JW contributed to the data curation and statistical analysis
process, while also taking the lead in drafting the manuscript and integrating
feedback for refinement. ZC and MG provided essential support in the data
collection phase, ensuring the accuracy and completeness of the dataset.

Funding
This work was supported by Featured Clinical Technique of Guangzhou
(2023P-TS37, Haidi Yang).

Data availability

The datasets generated and/or analyzed during the current study are available
in the [National Health and Nutrition Examination Survey], [https://wwwn.cdc
.gov/nchs/nhanes/].

Declarations

Ethics approval and consent to participate

The study protocol was approved by the National Center for Health Statistics
Research Ethics Review Committee, and was performed in accordance with
the Declaration of Helsinki, with all NHANES participants providing signed
informed consent.

Consent for publication
Not applicable.

Competing interests
The authors declare no competing interests.

Author details

'Department of Otolaryngology, Sun Yat-sen Memorial Hospital, Sun Yat-
sen University, 107th Yanjiangxi Road, Guangzhou, Guangdong

510120, China

’Department of Otolaryngology, The Fifth Affiliated Hospital, Sun Yat-sen
University, 52th Meihuadong Road, Zhuhai, Guangdong 519000, China

Received: 22 January 2025 / Accepted: 6 May 2025
Published online: 22 May 2025

References
1. Wilson BS, Tucci DL. Addressing the global burden of hearing loss. Lancet
(London England). 2021;397(10278):945-7.


https://doi.org/10.1186/s12889-025-23052-0
https://doi.org/10.1186/s12889-025-23052-0

Lai et al. BMC Public Health

20.

21

22.

23.

24.

25,

(2025) 25:1891

Hearing loss. An important global health concern. Lancet (London England).
2016,387(10036):2351.

Chadha S, Kamenov K, Cieza A. The world report on hearing, 2021. Bull World
Health Organ. 2021,99(4):242-a242.

Lin FR, Yaffe K, Xia J, Xue QL, Harris TB, Purchase-Helzner E, et al. Hearing loss
and cognitive decline in older adults. JAMA Intern Med. 2013;173(4):293-9.
Rutherford BR, Brewster K, Golub JS, Kim AH, Roose SP. Sensation and
psychiatry: linking Age-Related hearing loss to Late-Life depression and
cognitive decline. Am J Psychiatry. 2018;175(3):215-24.

Shoham N, Lewis G, Favarato G, Cooper C. Prevalence of anxiety disorders
and symptoms in people with hearing impairment: a systematic review. Soc
Psychiatry Psychiatr Epidemiol. 2019;54(6):649-60.

Shukla A, Harper M, Pedersen E, Goman A, Suen JJ, Price C, et al. Hearing
loss, loneliness, and social isolation: A systematic review. Otolaryngology-
head Neck Surgery: Official J Am Acad Otolaryngology-Head Neck Surg.
2020;162(5):622-33.

Collaborators GBDHL. Hearing loss prevalence and years lived with disability,
1990-2019: findings from the global burden of disease study 2019. Lancet
(London England). 2021;397(10278):996-1009.

Clayton JA, Collins FS. Policy: NIH to balance sex in cell and animal studies.
Nature. 2014;509(7500):282-3.

Clayton JA. Studying both sexes: a guiding principle for biomedicine. FASEB
Journal: Official Publication Federation Am Soc Experimental Biology.
2016,30(2):519-24.

Clayton JA. Applying the new SABV (sex as a biological variable) policy to
research and clinical care. Physiol Behav. 2018;187:2-5.

Lien KH, Yang CH. Sex differences in the triad of acquired sensorineural hear-
ing loss. Int J Mol Sci 2021, 22(15).

Nolan LS. Age-related hearing loss: why we need to think about sex as a
biological variable. J Neurosci Res. 2020;98(9):1705-20.

Aloufi N, Heinrich A, Marshall K, Kluk K. Sex differences and the effect of
female sex hormones on auditory function: a systematic review. Front Hum
Neurosci 2023, 17:1077409.

Hederstierna C, Hultcrantz M, Collins A, Rosenhall U. The menopause triggers
hearing decline in healthy women. Hear Res. 2010,259(1-2):31-5.

Kilicdag EB, Yavuz H, Bagis T, Tarim E, Erkan AN, Kazanci F. Effects of Estrogen
therapy on hearing in postmenopausal women. Am J Obstet Gynecol.
2004;190(1):77-82.

Williamson TT, Ding B, Zhu X, Frisina RD. Hormone replacement therapy
attenuates hearing loss: mechanisms involving Estrogen and the IGF-1 path-
way. Aging Cell. 2019;18(3):12939.

Kang SH, Jung DJ, Cho KH, Park JW, Lee KY, Do JY. Association between sarco-
penia and hearing thresholds in postmenopausal women. Int J Med Sci 2017,
14(5):470-6.

Zhang J, Zhang T, Yu L, Ruan Q Yin L, Liu D, et al. Effects of ovarian reserve
and hormone therapy on hearing in premenopausal and postmenopausal
women: A cross-sectional study. Maturitas. 2018;111:77-81.

Wu PH, Cheng PW, Young YH. Inner ear disorders in 68 pregnant women: a
20-year experience. Clinical otolaryngology: official journal of ENT-UK; official
journal of Netherlands society for Oto-Rhino-Laryngology & Cervico-Facial
surgery 2017, 42(4):844-6.

Kwatra D, Kumar S, Singh GB, Biswas R, Upadhyay P. Can pregnancy

lead to changes in hearing threshold?? Ear, nose, & throat journal 2021,
100(3_suppl):s277-80.

QianY, Kang H, Hu G, Zhong S, Zuo W, Lei Y, et al. Sudden sensorineural hear-
ing loss during pregnancy: etiology, treatment, and outcome. J Int Med Res.
2021,49(2):300060521990983.

Kim HS, Lee KM, Han SW, Cho GJ, Hwang HS. Risk factors associated with
idiopathic sudden sensorineural hearing loss in pregnant South Korean
women: a nationwide population-based study. The journal of maternal-fetal
& neonatal medicine: the official journal of the European association of
perinatal medicine, the federation of Asia and Oceania perinatal societies, the
international society of perinatal obstet 2022, 35(25):7389-94.

Terzi H, Kale A, Hasdemir PS, Selcuk A, Yavuz A, Genc S. Hearing loss:

an unknown complication of pre-eclampsia? J Obstet Gynaecol Res.
2015;41(2):188-92.

Langton CR, Whitcomb BW, Purdue-Smithe AC, Sievert LL, Hankinson SE,
Manson JE, et al. Association of parity and breastfeeding with risk of early
natural menopause. JAMA Netw Open. 2020;3(1):e1919615.

26.

27.

28.

29.

30.

31.

32.

33.

34.

35.

36.

37.

38.

39.

40.

41.

42.

43.

45.

46.

47.

48.

Page 13 of 15

Grundy E, Tomassini C. Fertility history and health in later life: a record linkage
study in England and Wales. Soc Sci Med. 2005;61(1):217-28.

Lee JK, Frank RD, Christenson LR, Fields JA, Rocca WA, Mielke MM. Associa-
tions of reproductive factors and exogenous estrogens with global and
domain-specific cognition in later life. Alzheimers Dement. 2024;20(1):63-73.
Thom DH, van den Eeden SK, Brown JS. Evaluation of parturition and other
reproductive variables as risk factors for urinary incontinence in later life.
Obstet Gynecol. 1997;90(6):983-9.

Ness RB, Harris T, Cobb J, Flegal KM, Kelsey JL, Balanger A et al. Number of
pregnancies and the subsequent risk of cardiovascular disease. New Engl J
Med 1993, 328(21):1528-33.

Wong JA, Rexrode KM, Sandhu RK, Conen D, Albert CM. Number of preg-
nancies and atrial fibrillation risk: the women'’s health study. Circulation.
2017;135(6):622-4.

Wang Y, Wei R, Chen Z, Tang Y, Liu L, Qiao P, et al. The association between
the number of pregnancies and depressive symptoms: A population-based
study. J Affect Disord. 2024;350:411-9.

Kojima G, Ogawa K, lliffe S, Taniguchi Y, Walters K. Number of pregnancies and
trajectory of frailty index: english longitudinal study of ageing. J Am Med Dir
Assoc. 2020:21(9):1249-e12531241.

Lau DT, Ahluwalia N, Fryar CD, Kaufman M, Arispe IE, Paulose-Ram R. Data
related to social determinants of health captured in the National health and
nutrition examination survey. Am J Public Health. 2023;113(12):1290-5.

Assi S, Twardzik E, Kucharska-Newton AM, Windham BG, Reed NS, Palta P, et al.
Hearing loss, hearing aids, and functional status. JAMA otolaryngology- Head
Neck Surg. 2024;150(8):705-12.

Helzner EP, Cauley JA, Pratt SR, Wisniewski SR, Zmuda JM, Talbott EQ, et al.
Race and sex differences in age-related hearing loss: the health, aging and
body composition study. J Am Geriatr Soc. 2005;53(12):2119-27.

Spankovich C. CG Le Prell 2014 Associations between dietary quality, noise,
and hearing: data from the National health and nutrition examination survey,
1999-2002. Int J Audiol 53 11 796-809.

Johnson CL, Paulose-Ram R, Ogden CL, Carroll MD, Kruszon-Moran D,
Dohrmann SM et al. National health and nutrition examination survey:
analytic guidelines, 1999-2010. Vital and health statistics Series 2, Data Evalu-
ation Methods Res 2013(161):1-24.

Global, regional, and national incidence, prevalence, and years lived with
disability for 354 diseases and injuries for 195 countries and territories,
1990-2017: a systematic analysis for the Global Burden of Disease Study
2017. Lancet (London England). 2018;392(10159):1789-858.

Olusanya BO, Davis AC, Hoffman HJ. Hearing loss grades and the interna-
tional classification of functioning, disability and health. Bull World Health
Organ. 2019,97(10):725-8.

Humes LE. The world health organization’s hearing-impairment grading
system: an evaluation for unaided communication in age-related hearing
loss. Int J Audiol. 2019;58(1):12-20.

Fitzhugh MC. J Pa 2023 Women with hearing loss show increased dementia
risk and brain atrophy. Alzheimer's Dement (Amsterdam Netherlands) 15 4
€12499.

Wang J, Wang F, Han P, Liu Y, Ma W, Zhang H, et al. Gender-specific associa-
tions of speech-frequency hearing loss, high-frequency hearing loss, and
cognitive impairment among older community dwellers in China. Aging Clin
Exp Res. 2022;34(4):857-68.

Pardhan S, Lopez Sénchez GF, Bourne R, Davis A, Leveziel N, Koyanagi A

et al. Visual, hearing, and dual sensory impairment are associated with
higher depression and anxiety in women. Int J Geriatric Psychiatry 2021,
36(9):1378-85.

da Silva Schmidt PM, da Trindade Flores F, Rossi AG. Da silveira AFJBJoo: hear-
ing and vestibular complaints during pregnancy. 2010, 76(1):29-33.

Frosolini A, Marioni G, Gallo C, de Filippis C, Lovato A. Audio-vestibular
disorders and pregnancy: A systematic review. Am J Otolaryngol.
2021;42(5):103136.

Villavisanis DF, Schrode KM, Lauer AM. Sex bias in basic and preclinical age-
related hearing loss research. Biology Sex Differences. 2018;9(1):23.

Lauer AM, Schrode KM. Sex bias in basic and preclinical noise-induced hear-
ing loss research. Noise Health 2017, 19(90):207-12.

Pittman CA, Roura R, Price C, Lin FR, Marrone N, Nieman CL. Racial/Ethnic and
sex representation in US-Based clinical trials of hearing loss management



Lai et al. BMC Public Health

49.

50.

52.

53.

54.

55.

56.

57.

58.

59.

60.

62.

63.

64.

65.

66.

67.

68.

69.

70.

72.

(2025) 25:1891

in adults: A systematic review. JAMA otolaryngology— Head Neck Surg.
2021;147(7):656-62.

Schmidt PM, Flores Fda T, Rossi AG, Silveira AF. Hearing and vestibular com-
plaints during pregnancy. Braz J Otorhinolaryngol. 2010;76(1):29-33.
Sennaroglu G, Belgin E. Audiological findings in pregnancy. J Laryngol Otol.
2001;115(8):617-21.

Hultcrantz M, Simonoska R, Stenberg AE. Estrogen and hearing: a summary of
recent investigations. Acta Otolaryngol. 2006;126(1):10-4.

Stenberg AE, Wang H, Fish J 3rd, Schrott-Fischer A, Sahlin L, Hultcrantz M.
Estrogen receptors in the normal adult and developing human inner ear and
in Turner's syndrome. Hear Res. 2001;157(1-2):87-92.

Buniello A, Ingham NJ, Lewis MA, Huma AC, Martinez-Vega R, Varela-Nieto |,
et al. Wbp2 is required for normal glutamatergic synapses in the cochlea and
is crucial for hearing. EMBO Mol Med. 2016;8(3):191-207.

Woolley CS, Weiland NG, McEwen BS, Schwartzkroin PA. Estradiol increases
the sensitivity of hippocampal CA1 pyramidal cells to NMDA receptor-medi-
ated synaptic input: correlation with dendritic spine density. J Neuroscience:
Official J Soc Neurosci. 1997;17(5):1848-59.

Delhez A, Lefebvre P, Péqueux C, Malgrange B, Delacroix L. Auditory

function and dysfunction: Estrogen makes a difference. Cell Mol Life Sci.
2020;77(4):619-35.

Frisina RD, Bazard P, Bauer M, Pineros J, Zhu X, Ding B. Translational implica-
tions of the interactions between hormones and age-related hearing loss.
Hear Res. 2021;402:108093.

Williamson TT, Zhu X, Pineros J, Ding B, Frisina RD. Understanding hormone
and hormone therapies'impact on the auditory system. J Neurosci Res 2020,
98(9):1721-30.

Orendorz-Fraczkowska K. H Temporale 2020 Organ of hearing and balance in
peri- and postmenopausal women. Effects of hormone replacement therapy
on hearing and balance in peri- and post-menopausal women: the current
state of knowledge. Adv Clin Experimental Medicine: Official Organ Wroclaw
Med Univ 29 6 751-5.

Dukic J, Johann A, Henninger M, Ehlert U. Estradiol and progesterone from
pregnancy to postpartum: a longitudinal latent class analysis. Front global
women’s health 2024, 5:1428494.

Qian H, Yang H. Risk factors, complications, and treatment modalities for sud-
den sensorineural hearing loss in pregnant women: A systematic review and
Meta-analysis. Noise Health. 2024;26(121):205-13.

Cingi C, Ozel HE, Muluk NB. ENT diseases: diagnosis and treatment during
pregnancy and lactation. Springer; 2022.

Horner KC, Cazals Y, Guieu R, Lenoir M, Sauze N. Experimental estrogen-
induced hyperprolactinemia results in bone-related hearing loss in the
guinea pig. Am J Physiol Endocrinol Metabolism. 2007,293(5):E1224-1232.
Arnold W, Niedermeyer HP, Altermatt HJ, Neubert WJ. [Pathogenesis of
otosclerosis. State Art] Hno. 1996;44(3):121-9.

Horner KC. The effect of sex hormones on bone metabolism of the otic
capsule-an overview. Hear Res. 2009;252(1-2):56-60.

Swain SK, Pati BK, Mohanty JN. Otological manifestations in pregnant
women - A study at a tertiary care hospital of Eastern India. J Otology.
2020;15(3):103-6.

Goossens J,Van Den Branden Y, Van der Sluys L, Delbaere |, Van Hecke A,
Verhaeghe S, et al. The prevalence of unplanned pregnancy ending in birth,
associated factors, and health outcomes. Hum Reprod. 2016;31(12):2821-33.
Stern J, Salih Joelsson L, Tyden T, Berglund A, Ekstrand M, Hegaard H, et

al. Is pregnancy planning associated with background characteristics and
pregnancy-planning behavior? Acta Obstet Gynecol Scand. 2016;95(2):182-9.
Humphries KH, Westendorp IC, Bots ML, Spinelli JJ, Carere RG, Hofman A, et
al. Parity and carotid artery atherosclerosis in elderly women: the Rotterdam
study. Stroke. 2001;32(10):2259-64.

Sanghavi M, Kulinski J, Ayers CR, Nelson D, Stewart R, Parikh N et al. Associa-
tion between number of live births and markers of subclinical atherosclero-
sis: the Dallas heart study. Eur J Prev Cardiol 2016, 23(4):391-9.

Garcia Morales EE, Croll PH, Palta P, Goedegebure A, Reed NS, Betz JF et al.
Association of carotid atherosclerosis with hearing loss: A Cross-sectional
analysis of the atherosclerosis risk in communities study. JAMA otolaryngol-
ogy- head & neck surgery 2023, 149(3):223-30.

Ezeigwe A, Ogunmoroti O, Minhas AS, Rodriguez CP, Kazzi B, Fashanu OE, et
al. Association between parity and markers of inflammation: the multi-ethnic
study of atherosclerosis. Front Cardiovasc Med. 2022;9:922367.

Kanadys WM, Oleszczuk J. [Sudden sensorineural hearing loss during preg-
nancyl. Ginekologia Polska. 2005;76(3):225-7.

74.

75.

76.

77.

78.

79.

80.

81.

82.

83.

84.

85.

86.

87.

88.

89.

90.

9.

92.

93.

94.

95.

96.

Page 14 of 15

Lewis CE, Funkhouser E, Raczynski JM, Sidney S, Bild DE, Howard BV. Adverse
effect of pregnancy on high density lipoprotein (HDL) cholesterol in young
adult women. The CARDIA study. Coronary artery risk development in young
adults. Am J Epidemiol. 1996;144(3):247-54.

Bainbridge KE, Hoffman HJ, Cowie CC. Risk factors for hearing impairment
among U.S. Adults with diabetes: National health and nutrition examination
survey 1999-2004. Diabetes Care. 2011;34(7):1540-5.

Han X, Wang Z, Wang J, Li Y, Hu H, Hu Y, et al. Metabolic syndrome is associ-
ated with hearing loss among a middle-aged and older Chinese population:
a cross-sectional study. Ann Med. 2018;50(7):587-95.

Prasad KN, Bondy SC. Increased oxidative stress, inflammation, and gluta-
mate: potential preventive and therapeutic targets for hearing disorders.
Mech Ageing Dev. 2020;185:111191.

Wu XN, Wang HY, Zhang XL, Chen GH, Guan J, Gao Y, et al. Clinical characteris-
tics of sudden hearing loss during pregnancy. World J Otorhinolaryngol Head
Neck Surg. 2024;10(3):165-72.

Rebholz SL, Jones T, Burke KT, Jaeschke A, Tso P, D'Alessio DA, et al. Multiparity
leads to obesity and inflammation in mothers and obesity in male offspring.
Am J Physiol Endocrinol Metabolism. 2012;302(4):E449-457.

Khalili H, Granath F, Smedby KE, Ekbom A, Neovius M, Chan AT, et al.
Association between Long-term oral contraceptive use and risk of

Crohn’s disease complications in a nationwide study. Gastroenterology.
2016;150(7):1561-e15671561.

Shufelt CL, Bairey Merz CN. Contraceptive hormone use and cardiovascular
disease. J Am Coll Cardiol 2009, 53(3):221-31.

Ambrus JL, Mink IB, Courey NG, Niswander K, Moore RH, Ambrus CM, et al.
Progestational agents and blood coagulation. VIl. Thromboembolic and other
complications of oral contraceptive therapy in relationship to pretreatment
levels of blood coagulation factors: summary report of a ten-year study. Am J
Obstet Gynecol. 1976;125(8):1057-62.

Snihur AW, Hampson E. Oral contraceptive use in women is associated

with defeminization of otoacoustic emission patterns. Neuroscience.
2012;210:258-65.

Caruso S, Maiolino L, Rugolo S, Intelisano G, Farina M, Cocuzza S, et al. Audi-
tory brainstem response in premenopausal women taking oral contracep-
tives. Hum Reprod. 2003;18(1):85-9.

Grieze-Jurgelevicius DM, Chernos TN, Petersik JT. Auditory sensitivity and
tone-sequence reproduction in oral contraceptive users and nonusers.
Percept Mot Skills. 1990;70(1):271-8.

Mitre El, Figueira AS, Rocha AB, Alves SM. Audiometric and vestibular evalua-
tion in women using the hormonal contraceptive method. Braz J Otorhino-
laryngol. 2006;72(3):350-4.

Samani F, Bolzonello P, Fior R, Elia A. Effects on hearing during prolonged oral
contraceptive use. Contraception. 1987,35(1):41-7.

Vessey M, Painter R. Oral contraception and ear disease: findings in a large
cohort study. Contraception. 2001;63(2):61-3.

Grundy E, Holt G. Adult life experiences and health in early old age in great
Britain. Soc Sci Med. 2000;51(7):1061-74.

Spence NJ. The Long-Term consequences of childbearing: physical and psy-
chological Well-Being of mothers in later life. Res Aging. 2008;30(6):722-51.
Li W, Ruan' W, Lu Z, Wang D. Parity and risk of maternal cardiovascular
disease: A dose-response meta-analysis of cohort studies. Eur J Prev Cardiol.
2019;26(6):592-602.

Hanley AJ, McKeown-Eyssen G, Harris SB, Hegele RA, Wolever TM, Kwan J, et
al. Association of parity with risk of type 2 diabetes and related metabolic
disorders. Diabetes Care. 2002;25(4):690-5.

Lupton SJ, Chiu CL, Lujic S, Hennessy A, Lind JM. Association between parity
and breastfeeding with maternal high blood pressure. Am J Obstet Gynecol.
2013;208(6):e454451-457.

SunK, Lin D, Feng Q, Li F, Qi Y, Huang C, et al. Parity is associated with
albuminuria and chronic kidney disease: a population-based study. Aging.
2019;11(23):11030-9.

Robinson N, Ploner A, Leone M, Lichtenstein P, Kendler KS, Bergen SE. Impact
of Early-Life factors on risk for schizophrenia and bipolar disorder. Schizophr
Bull. 2023;49(3):768-77.

Ali M, Kiarie J, Shah I. Priorities for research on family planning impact: recom-
mendations of a WHO Think Tank meeting. Family medicine and community
health 2023, 11(4).

Makins A, Hearing F, Taghinejadi N, Kiarie J, Kabra R, Arulkumaran SS, et al.
The impact of cascade training-A FIGO and WHO department of sexual and
reproductive health and research collaboration to improve access to quality
family planning globally. Int J Gynaecol Obstet. 2024;164(1):75-85.



Lai et al. BMC Public Health (2025) 25:1891

97.

98.

Romer SE, Blum J, Borrero S, Crowley JM, Hart J, Magee MM et al. Providing
Quality Family Planning Services in the United States: Recommendations

of the U.S. Office of Population Affairs (Revised 2024). American journal of
preventive medicine 2024, 67(65):541-586.

Woodhams E, Samura T, White K, Patton E, Terplan M. Society of family plan-
ning clinical recommendations: contraception and abortion care for persons
who use substances. Contraception. 2022;112:2-10.

Page 15 of 15

Publisher’s note
Springer Nature remains neutral with regard to jurisdictional claims in
published maps and institutional affiliations.



	﻿Association between the number of pregnancies and hearing loss: NHANES 1999–2018
	﻿Abstract
	﻿Background
	﻿Methods
	﻿Study population
	﻿Number of pregnancies
	﻿Hearing assessment
	﻿Covariates
	﻿Statistical analysis

	﻿Results
	﻿Baseline characteristics
	﻿Association between the number of pregnancies and hearing loss
	﻿Subgroup and mediation analysis
	﻿Sensitivity analysis

	﻿Discussion
	﻿Conclusion
	﻿References


