1duosnuey Joyiny 1duosnuen Joyiny 1duosnuey Joyiny

1duosnuey Joyiny

Author manuscript
Laryngoscope. Author manuscript; available in PMC 2020 September 01.

-, HHS Public Access
«

Published in final edited form as:
Laryngoscope. 2019 September ; 129(9): 2178-2183. doi:10.1002/lary.27847.

Neuroprotective factors and incident hearing impairment in the
Epidemiology of Hearing Loss Study

Adam J. Paulsen, MS!, Karen J. Cruickshanks, PhD1:2, Alex Pinto, MS1, Carla R. Schubert,
MS1, Dayna S. Dalton, MS1, Mary E. Fischer, PhD1, Barbara E.K. Klein, MD1, Ronald Klein,
MD?, Michael Y. Tsai, PhD3, Ted S. Tweed, MA®

1.Department of Ophthalmology and Visual Sciences, School of Medicine and Public Health,
University of Wisconsin — Madison, WI, USA

2Department of Population Health Sciences, School of Medicine and Public Health, University of
Wisconsin — Madison, WI, USA

3-Department of Laboratory Medicine and Pathology, University of Minnesota Medical School —
Minneapolis, MN, USA

Abstract

Objective: Hearing impairment (HI) is common in aging adults. Aldosterone, insulin-like growth
factor (IGF1), and brain-derived neurotrophic factor (BDNF), have been identified as potentially
protective of hearing. The present study aims to investigate these relationships.

Methods: The Epidemiology of Hearing Loss Study (EHLS) is a longitudinal population-based
study of aging in Beaver Dam, Wisconsin which began in 1993. Baseline for the present
investigation is the 1998-2000 phase. Follow-up exams occurred approximately every 5 years with
the most recent occurring from 2012-2014. Hearing was measured by pure-tone audiometry. Hl
was defined as a pure tone average (PTA) >25 decibels hearing level in either ear. Change in PTA
was the difference between follow-up examinations and baseline. Baseline serum samples were
used to measure biomarkers in 2017. Hazard ratios (HRs) and 95% confidence intervals (Cls) were
estimated to assess the effect of biomarker levels in the lowest quintile (Q1) versus the highest
(Q5) on incident HI and PTA change.

Results: There were 1088 participants (69.3% women) at risk of HI included in analyses. The
mean baseline age was 63.8 years (standard deviation=7.0). The 16-year incidence of HI was
54.9%, and was higher in men (61.1%) than women (52.1%). In age- and sex-adjusted models,
aldosterone (HR=1.06, 95% Cl=0.82-1.37), IGF1 (HR=0.92, 95% Cl= 0.71-1.19), and BDNF
(HR=0.86, 95% CI= 0.66-1.12) levels were not associated with risk of HI. PTA change was
similarly not affected by biomarker levels.

Conclusion: Aldosterone, IGF1, and BDNF were not associated with decreased risk of age-
related hearing loss in this study.
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Introduction:

Hearing impairment (HI) is a common health condition in older adults and risk increases
with age.1=3 The risk of age-related hearing loss (presbycusis) and impairment has been
shown to be at least partially modifiable.1~3 Hearing relies on cochlear and hair cell function
to convert soundwaves into an electrical signal via release of neurotransmitters, and on
transfer of this signal to the central nervous system via spiral ganglion cells and the auditory
nerve.*~° Preservation of this sensorineural pathway could reduce risk of presbycusis.
Aldosterone, insulin-like growth factor (IGF1), and brain derived neurotrophic factor
(BDNF) have been identified in previous reports as being potentially protective of hearing
through mechanisms related to neuronal health. As many are affected by hearing problems
in aging, a modest reduction in risk could have a large impact on the burden of disease,
associated health-care and societal costs, and public health in general.

Aldosterone is a mineralocorticoid involved in regulation of ions and ion transport including
sodium and potassium.8 The ion transport process has been implicated in regulation of
cochlear fluid balance.” The hearing process, especially at the hair cell level, relies on proper
regulation of ion homeostasis.? In a small cross-sectional study of 47 volunteers, higher
serum aldosterone concentration was associated with lower hearing thresholds and better
performance on hearing in noise tests (HINTSs), implying a possible protective effect.® In
animal models, treatment with aldosterone showed improved or unchanged auditory
brainstem response thresholds and was as effective as more common glucocorticoid
treatments, such as prednisone.1? Also in animal models, aldosterone slowed progression of
age-related hearing loss with long term administration, improved survival of spiral ganglion
cells, and blocked apoptotic pathways.11-13

IGF1 is a protein involved in neurogenesis and cell survival. It is important in development
and function of cells throughout the body, including cells of the inner ear, and in maintaining
neuronal functioning.14-17 A cohort study of aging adults found higher levels of IGF1 were
associated with decreased risk of HI after 6 years of follow-up, among participants 50 to 60
years of age at baseline, though this relationship did not exist in the cohort as a whole, when
those greater than 60 years of age were included.18 In mouse models, deficiency of IGF1
was associated with worse hearing characterized by cochlear neuronal loss, delayed
transmission in the central auditory pathway, and premature degeneration of the stria
vascularis.19-20

BDNF is involved in neurogenesis, synaptic transmission, and cell survival (Mattson 2004).
21 BDNF is involved in inner ear development in utero and may be particularly important to
inner hair cell stability (Chacko 2017).22 It has improved cochlear function when applied as
treatment in animal studies of ototoxic and noise-induced deafness.23-24 BDNF has also
been shown to increase survival of spiral ganglion cells.2>-286 As BDNF’s role in inner hair
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cell and neural function has been demonstrated, its potential use as a treatment for HI has
been suggested.2”

Much of the previous evidence of the effect of these biomarkers on hearing comes from
small cross-sectional studies, from a subset of a larger cohort study, and from animal

models. Replication of these findings, specifically those from human studies, in a
population-based longitudinal cohort is necessary to better understand what impact these
biomarkers have on hearing. If the findings of Tadros et al and Lassale et al, that serum
aldosterone and IGF-1 are related to reduced risk of age-related hearing loss, can be
confirmed in another population, then the applications and impact of these findings would be
widespread. The current study aims to investigate the potential relationships between these
biomarkers and changes in hearing in a population-based cohort of older adults.

Materials and Methods:

Study Population

Recruitment and demographic details of the Epidemiology of Hearing Loss Study (EHLS)
have been previously reported.1=3: 28 Briefly, participants were residents of Beaver Dam, WI
aged 43-84 during a private census from 1987 to 1988. The first EHLS exams took place
from 1993 to 1995, with follow-up examinations occurring approximately every five years
with the most recent exams occurring from 2014 to 2016. The 1998-2000 study phase is
used as the baseline for this investigation as the laboratory samples used for biomarker assay
come from this examination. Participants with an examination and with at least 1 subsequent
follow-up visit are the focus of this investigation. The EHLS was approved by the Health
Sciences Institutional Review Board of the University of Wisconsin, all participants
provided written informed consent prior to examinations, and all study protocols were
performed in accordance with the tenets of the Declaration of Helsinki.2®

Hearing evaluation

Participants’ hearing was tested following a standardized protocol at each examination.13
Hearing tests were conducted using clinical audiometers and TDH-50 headphones
(Telephonics Dynamic Headphones 50; Telephonics) or in the case of ear canal collapse as
determined by otoscopic examination, ER-3A insert earphones (EARtone3A,;
EtymoticResearch Inc), in sound treated booths.30:31 Participants unable to be seen in the
clinic site were tested in their homes or in nursing or group homes with insert earphones. All
audiometers were calibrated every 6 months. Sound levels were taken monthly in the clinic
booths and at the time of exam for those tested off site to ensure ANSI standards were met.
32-33 pyre-tone air-conduction thresholds were measured at 0.5, 1, 2, 3, 4, 6, and 8 kHz. A
pure tone average (PTA) was calculated using the thresholds at 0.5, 1, 2, and 4 kHz, the
frequencies most important for speech recognition, and a high frequency PTA (HFPTA) was
calculated using the thresholds at 4, 6, and 8 kHz.

Laboratory measures

Aldosterone, IGF1, and BDNF were measured in serum samples obtained during the 1998-
2000 examination. Serum samples were stored at —80° Celsius until testing in 2017 by the
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Advanced Research and Diagnostic Laboratory at the University of Minnesota. Aldosterone
was measured by chemiluminescent immunoassay (DiaSorin, Stillwater, MN) using Liaison
(DiaSorin, Stillwater, MN), inter-assay coefficient of variation (CV)=5.2%. IGF1 and BDNF
were measured by quantitative sandwich enzyme immunoassay using a Beckmen Coulter
Biomek NXp (Beckman Coulter, Fullerton, CA), with the Human Insulin-like Growth Factor
1 and Human Brain-derived Neurotrophic Factor Quantikine ELISA kits (R&D Systems,
Minneapolis, MN), CV=6.8% and 6.6%, respectively.

Other covariates—Additional information was collected on factors previously found to
be associated with incident HI in this cohort.3 A detailed questionnaire was administered by
trained examiners, including educational attainment and current smoking status. Diabetes
mellitus was defined by a reported physician diagnosis or a measured glycosylated
hemoglobin greater than 8% (or hemoglobin A1C=6.5%), or a diagnosis of borderline
diabetes with current treatment. Waist measurement was conducted following a standard
protocol by trained technicians.

Statistical analysis

All analyses were conducted using SAS version 9.4 software (SAS Institute, Inc., Cary, NC).

Biomarkers—Quintiles were formed for each biomarker assay, in the overall population
and sex-specifically. Sex-specific quintiles were used in sex-stratified analyses. Analyses of
these biomarkers compared the lowest quintile (Q1) to the highest quintile (Q5) to
investigate the potential effect of low circulating levels of each biomarker on development of
HI and changes in hearing function. Additional analyses investigated the potential
relationships on a continuous scale for biomarkers (per standard deviation, SD), and
doubling of biomarker levels to investigate a possible dose-response relationship.

Hearing impairment—There were 1088 participants at risk of incident HI, with normal
hearing in both ears, defined as PTA less than or equal to 25 decibels hearing level (dbHL) at
baseline, measured biomarkers at baseline, and at least 1 subsequent follow-up examination.
Incidence of HI was defined as a measured PTA greater than 25 dbHL in either ear at any
follow-up examination. The relationship between biomarkers and risk of cumulative
incidence of HI was analyzed using a discrete-time hazard model with a complementary log-
log transformation (via Proc GENMOD specifying the cloglog link function) and a binomial
distribution. The complimentary log-log function uses the maximum likelihood estimation
method to estimate hazard ratios (HRs) and 95% confidence intervals (Cls). Since the
complimentary log-log link has a proportional hazards assumption it is conceptually
analogous to the continuous time hazard model used in Cox proportional-hazards models.
34-35 Models investigating the association between biomarkers and incident HI were age-
and sex-adjusted. Additional models were constructed stratified by age controlling for sex
and stratified by sex controlling for age to evaluate potentially differential effects of the
biomarkers. A sensitivity analysis was conducted, excluding participants tested with insert
earphones at any examination phase. Finally, analyses were run investigating the relationship
of the biomarkers to cumulative incidence of bilateral HI. In this analysis cases were those
who had a measured PTA greater than 25 dbHL in both ears at a follow-up examination.
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Change in PTA—Participants with measured PTA and biomarkers at baseline and at least
1 subsequent follow-up examination were included in analyses of change in PTA.
Participants with prevalent HI at baseline were included in this analysis. Data were available
for PTA change for 1908 participants, 1473 participants, and 962 participants at the 2003-
2005, 2009-2010, and 2013-2015 follow-up exams, respectively. PTA change was
calculated as the difference in PTA at each follow-up exam compared to baseline. A positive
value indicates an increase in PTA which would mean a decline in hearing function. Linear
regression modeling was used to compare the difference in PTA change between Q1 and Q5
of all three biomarkers. In this analysis positive estimates would mean those in Q1 had a
larger increase in PTA than those in Q5, which could also be stated as a larger decline in
hearing function.

Other analyses—Analyses were conducted to investigate that the biomarkers could be
related to follow-up status. First, we compared levels of the biomarkers between those
included in analysis, those with follow-up, and those without follow-up. Second, we
conducted an analysis of differences in biomarker levels by competing events (loss to
follow-up and death) to see if biomarker levels were predictive of such events.

Participants at risk of HI (N=1088) included in analyses, contributed an average of 11 years
of follow-up (SD=4.5; range 5 to 16), had a mean age of 63.8 years (SD=7.0) at baseline and
754 (69.3%) were women. Mean levels (SD) of aldosterone, IGF1 and BDNF were 9.1
ng/dL (6.1), 74.3 ng/mL (25.4), and 21.6 ng/mL (6.2), respectively. Aldosterone and BDNF
were significantly lower (p=0.02, p<0.0001, respectively) in men, while IGF1 was higher
(0<0.0001) (See Table 1). Aldosterone was higher (p<0.0001) and IGF1 lower (£=0.02) in
older age groups, while there was no difference (p=0.11) in BDNF by age (See Table 1).

The overall 16-year cumulative incidence of HI in this follow-up period was 54.9%, 61.1%
among men and 52.1% among women. The distribution of incident HI by biomarker
quintiles is shown in Table 2. In age- and sex-adjusted models, aldosterone (HR=1.06, 95%
Cl=0.82, 1.37), IGF1 (HR=0.92, 95% Cl=0.71, 1.19) and BDNF (HR=0.86, 95% CI= 0.686,
1.12) levels in Q1 were not associated with increased risk of incident HI in the follow-up
period compared to Q5 (see Table 2). Results were similar in sex-stratified and age-stratified
models (See Figure 1), though men with an IGF1 level in Q1 were less likely to develop HI
compared to Q5 (HR=0.58, 95% CI1=0.37, 0.92). This effect was not significant (HR=0.62,
95% CI1=0.39, 1.01) when factors shown to be associated with incident HI, education,
current smoking status, diabetes, and waist circumference, were included in the model.3
Excluding participants tested with insert earphones had no effect on the results. There was
no significant association found between any of the biomarkers and high-frequency PTA
(data not shown).

Analyses of incident bilateral HI also found no significant associations with Q1 of
aldosterone (HR=1.01, 95% CI=0.74, 1.37), IGF1 (HR=0.82, 95% CI=0.60, 1.13), or
BDNF (HR=0.95, 95% CI=0.70, 1.30) as compared to Q5. In analyses of biomarkers
modeled continuously and in dose-response models there were no significant associations
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between aldosterone, IGF1, or BDNF and cumulative incidence of HI in the 16-year follow-
up (See Table 3) when controlling for age and sex. This was also true in sex-specific models
controlling only for age (See Table 3).

There was no clear pattern or consistent direction of effects in the analysis of biomarkers
effects on change in PTA (See Table 4). No significant difference was found between change
in PTA for those in Q1 versus Q5 overall for any of the biomarkers for the entire 16-year
follow-up period, or in the 10-year follow-up period (See Table 4). In the shorter 5-year
follow-up period, men in Q1 of aldosterone had a significantly higher PTA change (1.49 dB
larger, £=0.04) compared to men in Q5. Men in Q1 of IGF1 had a significantly smaller PTA
change (1.88 dB less, p=0.01) compared to men in Q5 in this same period (See Table 4).
These differences were not observed in the longer follow-up period for men or among
women for any follow-up period.

Analysis to test whether biomarker levels were associated with follow-up status revealed
biomarkers did not differ between those included in analysis and those without follow-up
and biomarker levels were not predictive of competing events.

Discussion:

Similar to previous reports, cumulative incidence of HI was common in these analyses.3:28
In this longitudinal study of the aging senses there were no significant long term protective
effects of serum aldosterone, IGF1, or BDNF against incident HI or changes in PTA overall.
A protective effect of low IGF1 was found in age-adjusted stratified analyses among men
though this association was likely due to residual confounding as adding factors known to be
associated with incident HI attenuated the effect and it was no longer statistically significant.
Similarly, the short term effects of low aldosterone and IGF1 on PTA change in men,
detrimental and protective respectively, are more likely to be spurious than informative as
neither effect was observed in the longer follow-up periods of 10 or 16 years.

In previous studies, higher serum aldosterone was shown to have a cross-sectional
relationship to lower hearing thresholds and better performance on HINTSs and was
protective in animal models.®13 Higher levels of IGF1 were shown to decrease incident HI
among 50 to 60 years olds in a longitudinal cohort, and low levels proved detrimental to
hearing in animal models.18-20 BDNF has been suggested as a possible treatment for
deafness and was effective in treatment of ototoxic and noise-induced deafness in animal
models.23-24 27 The potentially neuroprotective effects of aldosterone, IGF1, and BDNF
demonstrated in previous studies were not replicated in this study.

The lack of association between the biomarkers of interest and hearing in the present study
may be due to a number of reasons. First, these biomarkers may not provide protection
against hearing loss in the general human population at naturally occurring circulating
levels. The findings of Tadros et al. were cross-sectional and in a limited number of
participants, therefore, though there was an association, the temporality of the exposure
compared to the outcome is not certain. Additionally, their subjects were a select group free
of hereditary hearing loss, significant noise exposure, ear infections, drug ototoxicity,
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hypertension, hypercholesterolemia, heart disease, neurological disorders, and did not take
certain medications.® While this may help to ensure the reported effects were due to
differences in aldosterone, it may also imply this group was not representative of the general
population. Achieving an age of 58-73 years, the age of their participants, without other
exposures known to increase risk of hearing loss, may indicate that these participants
represent a very different group from the EHLS and the U.S. population in general. The
findings of Lassale et al were for a specific age group in their population and these results
similarly may not be applicable to the general population. In the present study, in a similar
age group, 53-59 years, a relationship between IGF1 and hearing was not observed. This
difference in findings may also be due to differences in the outcome measurement as Lassale
et al used a hearing screening tool rather than the more traditional and clinically used pure
tone audiometry, and perhaps some misclassification could occur as a result. They also based
Hlon the better ear, which would be more similar to the bilateral HI results of the present
study, which still did not find an association. Finally, in regards to the animal models it is
possible these findings may not apply to the more complex and uncontrolled nature of
exposures and etiology of human hearing loss.

The current study has a number of strengths including a large well characterized population,
long term follow-up examinations, and standardized measures of hearing function. However,
the lack of association in the present study may also be due to study specific limitations. The
biomarkers of interest were only measured at one time point and it may be that consistently
low levels are detrimental, or changes over time may indicate risk better than a single
measurement. Lassale et al were able to use an average measurement across two time-points
which may have better characterized an individual’s biomarker exposure level over time. As
the biomarkers were only measured at one time point in the EHLS, changes in this exposure
over time could not be characterized. Additionally, we observed higher levels of aldosterone
in older age groups, which is not the expected effect of age on levels, though as levels were
measured at a single time point this observation may be by chance. We cannot definitively
explain this and the unexpected relationship may have had an impact on our findings. Our
analyses of high-frequency hearing loss did not show any associations, though study of this
type of hearing loss may require a younger population with lower prevalent impairment at
high frequencies. Additionally, the EHLS participants are ethnically homogenous, non-
hispanic white, and findings may not be generalizable to other groups.

Conclusion:

Incident hearing impairment and decline in hearing function were common in this
population-based study. Previous findings indicating protective effects of aldosterone, IGF1,
and BDNF on hearing were not replicated in this 16-year follow-up period of the EHLS
cohort. Based on these findings, circulating levels of aldosterone, IGF1, and BDNF in a
community living U.S. adult population do not have a protective effect on hearing during the
aging process.
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Figure 1:

Risk of 16-year incident hearing impairment for low Aldosterone, Insulin-like growth factor
(IGF1) and Brain-derived neurotrophic factor (BDNF) stratified by age (years) and sex
(Hazard Ratios and 95% Confidence Intervals)

Figure 1 caption:

THR indicates risk for Q1 of biomarker versus Q5 controlling for sex in age-specific models
and controlling for age in sex-specific models.
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Distribution of serum biomarkers in participants at risk of incident hearing impairment (N=1088)

Table 1:

Aldosterone (ng/dL) IGF1 (ng/mL) BDNF (ng/mL)
Mean | SD Range Mean sb Range Mean | SD Range
Overall 9.1 6.1 | 29-63.6 74.3 254 | 20.2-238.8 21.6 6.2 | 24-63.0
Sexf
Men 8.5 50 | 29-41.9 81.3 245 | 21.4-187.8 20.2 59 | 44-423
Women 9.4 6.5 | 29-63.6 71.2 251 | 20.2-238.8 222 6.3 24-63.0
Age (years)’t
53-59 8.1 54 | 29-60.5 75.1 250 | 21.4-187.8 21.6 6.2 | 47-63.0
60-69 9.2 59 | 29-63.6 72.7 243 | 23.0-219.3 21.8 6.4 | 6.8-60.6
70-79 10.8 76 | 29-58.6 77.2 28.6 | 32.7-238.8 20.9 6.0 | 24-343
80+ 9.9 59 | 3.8-258 67.2 18,5 | 20.2-103.9 21.9 56 | 13.0-34.7

fp—va/uesfor difference of biomarkers by sex (aldosterone: p=0.02, IGF1: p<0.0001, BDNF: p<0.0001)

’tp-valuesfor difference of biomarkers by age group (aldosterone: p<0.0001, IGF1: p=0.02, BDNF: p=0.11)
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Table 2:

Distribution and age- and sex-adjusted risk (Hazard Ratios and 95% Confidence Intervals) of 16-year incident
hearing impairment by biomarker quintile

Incident Hearing impair ment
NoN (%) | YesN (%) | R (esvci)f
Aldosterone (ng/dL)
01 (<5.03) | 107 (21.8) | 135 (22.6) | 1.06 (0.82, 1.37)
02 (5.03-6.96) | 106 (21.6) | 122 (20.5) | 0.91(0.70, 1.18)
03(6.97-9.27) | 95(19.4) | 109 (18.3) | 0.82(0.63,1.07)
04(9.28-12.3) | 99(20.2) | 113 (19.0) | 0.95(0.73, 1.23)
Q5(124+) | 83(16.9) 117 (19.6) Reference
IGF1 (ng/mL)

01 (<54.05) | 96 (19.5) | 125(20.9) | 0.92(0.71, 1.19)
Q2 (54.05-66.31) | 111 (22.6) | 98 (16.4) | 0.66 (0.50, 0.86)
03(66.32-77.76) | 107 (21.8) | 133 (22.3) | 0.87 (0.68, 1.11)
04(77.77-93.56) | 98(20.0) | 116 (19.4) | 0.80 (0.62, 1.04)

Q5(93.57+) | 79 (16.1) 125 (20.9) Reference

BDNF (ng/mL)

Q1(<1580) | 77(15.7) | 104 (17.4) | 0.86 (0.66, 1.12)
02(1581-19.27) | 91(185) | 126(21.1) | 1.06 (0.83, 1.36)
03(19.28-22.43) | 99(20.2) | 122(20.4) | 0.94 (0.73,1.21)
04 (22.44-25.99) | 117 (23.8) | 110 (18.4) | 0.72 (0.55, 0.93)

Q5 (26.00+) | 107 (21.8) | 135 (22.6) Reference

fAdjusted for age and sex
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Risk of 16-year incidence of hearing impairment per standard deviation of biomarker and doubling of

Table 3:

biomarker: Hazard Ratio (95% Confidence Interval)f

Overall (N=1088)

Men (N=334)

Women (N=754)

Aldosterone

Continuous (Per SD)

1.07 (0.99, 1.16)

1.03 (0.89, 1.20)

1.08 (0.98, 1.20)

Doubling

1.01 (0.90, 1.13)

0.99 (0.82, 1.19)

1.02 (0.89, 1.17)

IGF1

Continuous (Per SD)

1.08 (0.99, 1.18)

1.09 (0.95, 1.25)

1.06 (0.95, 1.19)

Doubling

1.11(0.93,1.32)

1.26 (0.91, 1.74)

1.03 (0.84, 1.27)

BDNF

Continuous (Per SD)

0.98 (0.90, 1.07)

0.91 (0.78, 1.06)

1.01 (0.91, 1.12)

Doubling

0.94 (0.78, 1.13)

0.82 (0.61, 1.11)

1.01 (0.80, 1.27)

fControIIing for age and sex in overall model and controlling for age in sex-specific models
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Table 4:

Page 14

Difference in PTA change (dbHL) between Q1 and Q5 of Aldosterone, Insulin-like growth factor (IGF1), and

Brain-derived neurotrophic factor (BDNF), overall and by sex

+

PTA change 5 year follow-up

PTA change 10 year follow-up

PTA change 16 year follow-up

Aldosterone

Beta p-value Beta p-value Beta p-value
Overall 0.11 0.80 0.11 0.87 -1.00 0.32
Men 1.49 0.04 -0.81 0.41 -1.49 0.31
Women -0.58 0.29 0.65 0.47 -1.58 0.25
IGF1
Overall -0.66 0.14 -0.22 0.75 -0.72 0.49
Men -1.88 0.01 -0.79 0.43 -0.20 0.90
Women 0.09 0.87 -0.04 0.97 -1.26 0.37
BDNF
Overall -0.11 0.79 1.26 0.06 0.04 0.97
Men -0.15 0.85 1.82 0.07 1.93 0.20
Women 0.13 0.81 0.91 0.32 -1.38 0.33

vaeraII models control for age and sex, sex specific models control for age. A positive beta indicates a larger change in PTA (decline in hearing)
for those in Q1 versus Q5.

Laryngoscope. Author manuscript; available in PMC 2020 September 01.



	Abstract
	Introduction:
	Materials and Methods:
	Study Population
	Hearing evaluation
	Laboratory measures
	Other covariates

	Statistical analysis
	Biomarkers
	Hearing impairment
	Change in PTA
	Other analyses


	Results:
	Discussion:
	Conclusion:
	References
	Figure 1:
	Table 1:
	Table 2:
	Table 3:
	Table 4:

