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Abstract

Background Little is known about the natural history of hearing loss in adults, despite it
being animportant public health problem. The purpose of this study is to describe the rate of
hearing change per year over the adult lifespan.

Methods The 1436 participants are from the MUSC Longitudinal Cohort Study of Age-
related Hearing Loss (1988-present). Outcomes are audiometric thresholds at 250, 500,
1000, 2000, 3000, 4000, 6000, and 8000 Hz, averaged across right and left ears, and pure-
tone average (PTA). Demographic factors are sex (female/male), race, which is categorized
as white or racial Minority, and baseline age group (18-39, 40-59, 60-69, 70+ years). Linear
mixed regression models are used to estimate the effect of age (per year) on the rate of
threshold and PTA change.

Results Participants’ mean age is 63.1 (SD 14.9) years, 57.7% are female, and 17.8% are
racial Minority (17.1% were Black or African American). In sex-race-adjusted models, rates
of threshold change are 0.42 to 1.44 dB across thresholds. Rates of change differ by sex at
most individual thresholds, but not PTA. Females (versus males) showed higher rates of
threshold change in higher frequencies but less decline per year in lower frequencies. Black/
African American (versus white) participants have lower rates of threshold and PTA change
per year. Hearing thresholds decline across the adult lifespan, with older (versus younger)
baseline age groups showing higher rates of decline per year.

Conclusions Declines to hearing occur across the adult lifespan, and the rate of decline
varies by sex, race, and baseline age.

Plain language summary

Hearing loss is a common health condition,
yet little is known about how hearing changes
over time. In this study of 1436 individuals
from across the adult lifespan, declines in
hearing occurred throughout adulthood. The
rate of decline per year varied by sex, in that
females experienced more decline in higher
pitches but less decline in lower pitches. The
rate of decline per year varied by race, in that
Black/African American (versus white)
participants showed lower rates of hearing
decline per year. The rate of decline per year
also varied by age, in that older (versus
younger) baseline age groups had higher
rates of hearing decline per year. This study
contributes to understanding of the natural
history of hearing loss and could be used to
better understand how to focus efforts to
prevent and/or manage hearing loss across
populations.

Hearing loss is a common chronic condition among middle-aged to older
adults and poses an important public health problem given its wide-ranging
impacts on individuals and society' ™. However, there is little information on
how hearing changes over time in samples of the general population, which
is likely attributable to the paucity of high-quality longitudinal studies
focused on hearing’. Such data are fundamental to public health research
and are needed to understand the natural history of disease, which can
inform resource allocation for clinical services and public health initiatives,
including those focused on hearing loss prevention. Similarly, these data
could provide a benchmark for the rate of hearing change that occurs in the
general population, to which individual or population-level changes in
hearing could be compared. For example, these data could be used to
evaluate the success of hearing loss prevention efforts, such as those to
reduce exposure to occupational noise, and the public health efforts to

improve cardiovascular and metabolic health and nutrition, all of which are
risk factors for hearing loss"*"’.

Some epidemiological studies have reported the prevalence and inci-
dence of hearing loss in middle-aged to older adults, but fewer have detailed
how hearing changes over time™ . Often, hearing loss prevalence or
incidence is defined by a pure-tone average (PTA) of hearing thresholds at
frequencies most important for speech comprehension. While PTA is useful
as a single measure of hearing acuity, definitions of PTA vary, and PTA lacks
the granularity needed to comprehensively understand how hearing
changes across the frequency range. Some studies have evaluated how
individual hearing thresholds change over time; however, most are limited
in their generalizability. For example, studies have been conducted in
restricted samples, including only men'’, participants without risk factors
associated with hearing loss'"'>'°, specific age groups, such as younger or
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older adults only
homogenous samples consisting primarily of white individuals
Evaluating changes to hearing in a representative sample of the general
population could improve generalizability of findings and facilitate the
understanding of demographic differences in changes to hearing. Under-
standing the natural history of hearing loss is important because hearing loss
can be at least partially prevented>'**', thus reducing its negative impacts
on many middle-aged to older adults.

Evidence from cross-sectional and longitudinal epidemiological stu-
dies shows marked age and sex differences in hearing loss prevalence and
incidence, and some studies show age and sex differences in longitudinal
changes to hearing">'*"*"*. Although there is epidemiological evidence for
racial differences in hearing loss prevalence, namely that Black/African
American, versus white, individuals have a lower prevalence of hearing loss
and a better PTA**™*, to our knowledge, no studies have evaluated whether
there are racial differences in changes to hearing over time.

Therefore, the purpose of this study, conducted in a diverse,
community-based cohort of adults across the adult lifespan, is to describe
the rate of pure-tone threshold and PTA change per year, and to evaluate
differences in the rate of change among demographic subgroups, including
sex, race, and baseline age group. Results from this study show that hearing
declines across the entire adult lifespan, and that rates of decline vary by
demographic subgroups, which can contribute to our understanding of the
natural history of hearing loss.

,and importantly, most studies are conducted in racially
10-13,15,16

Methods
Study population
The MUSC Longitudinal Cohort Study of Age-related Hearing Loss
(ARHL) is an ongoing (1988-current) community-based cohort study of
ARHL based in Charleston, SC. Scientific findings from studies conducted
in this cohort are presented in past publications'**™. Participants are
continuously enrolled into the cohort and are recruited from the commu-
nity through in-person community events, online and print advertisements,
and participant referral. Participants must be aged 18 years or older, and in
good general health with no evidence of conductive hearing loss or active
otologic or neurologic disease. All protocols for the MUSC Longitudinal
Cohort Study of ARHL were approved by the Institutional Review Board at
MUSC (approval ID: E-607R). This approval covers analysis of stored data,
and therefore additional IRB approval was not required for the specific study
presented in this article. All participants provided informed written consent
to participate in the longitudinal cohort study. All participation was
voluntary, and participants could withdraw from participation at any time.

The baseline examination consists of three to six visits that include
comprehensive measures of hearing, and health and hearing-related history.
The battery of tests includes pure-tone audiometry, speech recognition
measures in quiet and noise, middle ear measurements, otoacoustic emissions,
auditory brainstem responses, and surveys focused on demographics and
general and hearing-related health. Participants attend an annual follow-up
visit, during which audiometric threshold data are collected. Every 2 to 3 years
after baseline, participants attend a comprehensive follow-up visit where most
of the measures described above, and audiometry, are repeated.

At the time of analysis, there were 1776 participants with baseline data.
To be included in this longitudinal study, participants must have had
audiometric data from at least two time points.

Audiometric testing

Pure-tone thresholds at frequencies 250, 500, 1000, 2000, 3000, 4000, 6000,
and 8000 Hz were measured with a clinical audiometer equipped with
TDH-39 headphones (Telephonics Corporation, Farmingdale, NY) in a
sound-treated booth. All audiological equipment is calibrated annually to
appropriate ANSI standards by manufacturers’ representatives™. Thresh-
olds were measured in 5 dB steps following American Speech-Language-
Hearing Association (ASHA) standards”. All audiometric testing was
conducted by ASHA-certified audiologists or fourth year Au.D. externs
under the supervision of the certified audiologists.

For this study, threshold values from the right and left ears were
averaged, following descriptive analyses that showed similar mean threshold
values in both ears. A PTA was calculated from averaged right and left ear
threshold values at frequencies 500, 1000, 2000 and 4000 Hz. Outcome
measures for this study were individual audiometric thresholds (250, 500,
1000, 2000, 3000, 4000, 6000, and 8000 Hz) and PTA.

Demographic factors

Participants reported age in years, sex (response options: female or male),
and race according to US Census Bureau classifications (response options
[can select all that apply]: American Indian or Alaska Native, Asian, Black or
African American, Native Hawaiian or other Pacific Islander, white, and
other)”. Baseline age was categorized as 18-39, 40-59, 60-69, or 70+ years.
Race was categorized as white, Black/African American, or other race.
Analyses specifically focused on race were limited to a comparison of white
and Black/African American participants only, given the small sample size
of participants who were categorized as other race (described below). Par-
ticipants in the other race category self-reported as Asian, American Indian
or Alaska Native, and/or other.

Statistics and reproducibility

All statistical analyses were conducted in SAS version 9.4 software (Cary,
NC). Four participants had missing race data, and hot-deck imputation was
used to account for these missing data to ensure equal sample sizes across
analyses’".

Descriptive statistics were conducted to describe the study population,
including their demographics and baseline thresholds. We used chi-square
for categorical variables and one-way analysis of variance for continuous
variables to determine differences by baseline age, sex, race, and baseline
PTA for participants that were included and excluded from this study.

Linear mixed regression models were used to estimate the effect of age
(per +1 year) on the rate of change of thresholds at each frequency, sepa-
rately, and PTA. Age (at each examination) was used as the repeated time
measure; therefore, ‘rate’ is interpreted as rate of change per one year in age.
Linear mixed models are appropriate for repeated measures data with
varying lengths of follow-up time, such as these, and manage fixed (popu-
lation-level) and random (subject-specific) effects. Fixed effect parameters
are shared by the study population, whereas random effect parameters can
vary across individuals, reflecting the natural heterogeneity of the sample
and accounting for within-individual clustering of data points™.

First, we built unadjusted regression models, which are presented in the
Supplementary Materials, as discussed later. Next, we built regression
models adjusted for sex and race. Results from regression models are pre-
sented as Beta coefficients with corresponding 95% confidence intervals
(95% CI). We also evaluated differences between demographic factors by i)
stratifying models by sex, race (white versus Black/African American), and
baseline age groups, and ii) including interaction terms of the demographic
factor and age (longitudinal time variable) in final models. Statistical sig-
nificance was defined by an alpha level of p < 0.05.

Reporting summary
Further information on research design is available in the Nature Portfolio
Reporting Summary linked to this article.

Results

Of the 1776 participants with baseline data, 1436 met the eligibility criteria
described above and were included in this study. Participants included in
this study (versus not included) were more likely to be older (p < 0.0001),
white (p =0.0021) and have a higher (worse) PTA (p = 0.0178) but did not
differ by sex (p = 0.0598).

Table 1 shows baseline characteristics of the 1436 participants. Parti-
cipants’ mean baseline age was 63.1 (SD 14.9; range 18-89 + ), 57.7% were
female, and 17.8% were Minority (17.1% of the sample was Black/African
American). The mean number of audiograms was 8.3; details on the year of
baseline examinations are also in Table 1. Additional non-demographic
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Table 1 | Baseline study sample characteristics (n = 1436)

Characteristic Mean (SD) n (%)
Age (years) 63.1(14.9)
18-39 154 (10.7%)
40-59 231 (16.1%)
60-69 547 (38.1%)
70+ 504 (35.1%)
Female sex 828 (57.7%)
Race
White 1180 (82.2%)
Black/African American 246 (17.1%)
Other 10 (0.7%)
Number of audiograms 8.3 (6.8)
2-5 703 (49.0%)
6-10 339 (23.6%)
11-15 179 (12.5%)
16-20 116 (8.1%)
21+ 99 (6.9%)
Year of baseline examination
1988-2000 510 (35.5%)
2001-2010 433 (30.2%)
2011-present 437 (30.4%)
Frequency (Hz)
250 15.0 (10.8)
500 15.4 (12.0)
1000 17.5 (14.3)
2000 24.9 (19.0
3000 32.1(22.5)
4000 39.3 (24.6)
6000 46.1 (25.4)
8000 48.2 (26.7)
PTA 24.3 (15.3)

PTA pure-tone average, calculated from frequencies 500, 1000, 2000 and 4000 Hz averaged across
right and left ears; Audiometric thresholds and PTA are measured in dB HL: decibel hearing level, SD
standard deviation. Other race category included one or more of the following: Asian, American
Indian or Alaska Native, and/or other. Numbers for specific races are not reported given small
sample sizes (< 10 participants).

baseline study sample characteristics and their corresponding definitions
are in Supplementary Table 1.

Baseline thresholds and PTA for the entire study sample are in Table 1.
Baseline thresholds stratified by sex and race, and baseline age group, are in
Tables 2 and 3, respectively. The baseline thresholds for sex and race by age
group are in Supplementary Table 2.

Changes to pure-tone thresholds and PTA

Table 4 displays sex- and race-adjusted average rates of threshold and PTA
change per year. In these adjusted models, rates of threshold change per year
ranged from 0.42 to 1.44 dB across frequencies. In general, the rate of
threshold change per year was less for lower frequencies and was more for
higher frequencies. The rate of PTA change per year was 0.83 (95% CI 0.79,
0.86) dB.

Rate of threshold and PTA change per year by sex

Figure 1 shows race-adjusted average rates of threshold and PTA change per
year for females and males, separately. The corresponding numerical esti-
mates are in Supplementary Table 3. Females had lower baseline thresholds
for all reported frequencies except 250 and 500 Hz, and a lower PTA

(Table 2). Across all frequencies, the rate of threshold change per year
ranged from 0.41 to 1.53 dB for females, and 0.42 to 1.31 dB for males.
Compared to females, males generally show a higher rate of change per year
at frequencies below 3000 Hz and a lower rate of change at frequencies
3000 Hz and above. Females show a significantly higher rate of change per
year at frequencies 4000, 6000, and 8000 Hz, and a significantly lower rate of
change at 2000 Hz. The rate of PTA change per year was not significantly
different for females and males (Supplementary Table 3).

Rate of threshold and PTA change per year by race

Average rates of threshold and PTA change per year, stratified by race and
adjusted for sex, are displayed in Fig. 2, with the corresponding numerical
estimates in Supplementary Table 4. Black/African American, versus white,
participants had lower baseline thresholds for all reported frequencies,
although the threshold at 250 Hz was similar (within 0.5 dB), and thus a
lower PTA (Table 2). Rates of change per year across all frequencies ranged
from 0.44 to 1.46 dB for white participants, and 0.30 to 1.27 dB for Black/
African American participants. Black/African American participants had
lower rates of change per year at all frequencies and PTA, as compared to
white participants. Rates of change were significantly smaller for Black/
African American (versus white) participants at 250, 1000, 2000, 3000, and
6000 Hz, and for PTA (Supplementary Table 4).

Rate of threshold and PTA change per year by baseline age group
Figure 3 shows average sex- and race-adjusted rates of threshold and PTA
change per year, stratified by baseline age group. The corresponding
numerical estimates are in Supplementary Table 5. At each frequency,
baseline thresholds increased by baseline age group (Table 3). In general,
younger age groups showed smaller rates of threshold and PTA change per
year. Consistent with the results described above, average rates of change per
year were generally smaller for lower frequencies and more for higher fre-
quencies (Supplementary Table 5).

Supplementary Table 6 shows average rates of threshold and PTA
change per year, stratified by baseline age group, then sex and race, sepa-
rately. Estimates stratified by baseline age group, then sex, are plotted in
Supplementary Fig. 1. In terms of sex, average rates of threshold change are
generally similar for females and males among 18-39- and 40-59-year age
groups. In the 60-69-year group, males show higher average rates of
threshold change at 1000 and 2000 Hz, whereas females show higher rates of
change at 4000 Hz and above. In the 704 year group, males show higher
rates of threshold change at 250 Hz, whereas females show higher rates of
change at 3000 and 4000 Hz. In terms of race, Black/African American
participants generally have lower rates of threshold change across all age
groups than white participants.

Supplementary unadjusted models

Unadjusted estimates, overall and stratified by sex, race, and baseline age
group, are in Supplementary Tables 7 through 10. In general, adjustment for
demographic factors did not substantially change effect estimates, and
unadjusted and adjusted models showed the same trends, as presented above.

Discussion
This study described the average rate of threshold and PTA change per year in
a diverse community-based sample of adults across the adult lifespan, overall
and stratified by sex, race, and baseline age group. In this sample, the rate of
threshold change ranged from 0.42 to 1.44 dB per year, and findings suggest
that hearing declines across the entire adult lifespan. Key findings from stra-
tified analyses include: i) average rates of hearing declines differed by sex; these
differences were observed across most individual thresholds, but not PTA, ii)
Black/African American participants had a lower rate of threshold and PTA
change per year as compared to white participants, and iii) in general, hearing
declined across the adult lifespan, although older (versus younger) age groups
had higher rates of threshold and PTA declines per year.

To compare our results to those from other studies, it is first necessary
to highlight important differences in study methodologies and sample
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Table 2 | Baseline thresholds and PTA (dB HL), stratified by sex and race

Sex Race®
Female (n = 828) Male (n = 608) White (n =1180) Black/AA (n = 246)

Mean SD Mean SD Mean SD Mean SD

Frequency (Hz)
250 15.5 11.0 14.2 10.5 15.0 10.9 14.9 10.2
500 15.9 12.1 14.6 11.8 15.6 12.2 14.4 11.0
1000 16.9 13.9 18.4 14.8 17.8 14.7 16.2 12.5
2000 215 16.7 29.4 21.0 26.0 19.6 20.2 15.2
3000 24.7 18.4 422 23.6 34.3 229 22.3 171
4000 30.4 19.8 51.5 25.2 421 24.8 26.8 18.7
6000 38.7 221 56.3 26.2 49.3 25.3 32.2 20.1
8000 42.7 25.2 57.4 26.4 52.0 26.3 35.5 239
PTA 21.2 141 28.5 15.8 25.4 15.5 19.4 12.8

PTA pure-tone average, calculated from frequencies 500, 1000, 2000 and 4000 Hz averaged across right and left ears, dB HL decibel hearing level, SD standard deviation, AA African American.
“Participants who were not white or Black/African American race (categorized as other race) were excluded from these analyses given small the sample size (n = 10; see Table 1).

Table 3 | Baseline thresholds and PTA (dB HL), stratified by baseline age group

18-39 years (n = 154)

40-59 years (n = 231)

60-69 years (n = 547) 70+ years (n = 504)

Mean SD Mean SD Mean SD Mean SD

Frequency (Hz)
250 7.7 74 1.2 10.1 141 9.2 19.9 11.6
500 6.2 7.0 1.3 10.5 14.3 10.2 211 12.8
1000 5.6 8.2 12.9 11.8 16.5 12.4 24.4 15.2
2000 6.0 9.5 17.7 15.6 242 17.3 34.6 18.5
3000 7.5 14.0 22.7 19.7 32.8 20.7 42.8 201
4000 10.9 17.9 29.0 21.0 40.5 22.0 51.4 21.2
6000 16.1 18.1 33.0 21.3 47.7 22.8 59.1 21.3
8000 13.1 16.6 33.6 22.3 50.3 22.7 65.3 19.9
PTA 7.2 9.0 17.7 121 23.9 12.8 32.9 14.5

PTA pure-tone average, calculated from frequencies 500, 1000, 2000 and 4000 Hz averaged across right and left ears; dB HL decibel hearing level, SD standard deviation.

compositions, in terms of age, sex, and race, which can influence the
comparability of results. The rates of threshold change per year reported in
this study (0.42 to 1.44 dB) are similar to results from an earlier study
conducted in 188 participants from the same cohort, which reported the
rates of change to be 0.7 to 1.2 dB per year across frequencies'”. The slight
discrepancies in estimates can likely be explained by the present study
having a larger sample size with more follow-up time, a wider age range, and
more Minority (namely, Black/African American) participants. Studies
conducted in other cohorts have also reported rates of threshold change that
are generally consistent with findings from this study. For example, a study
conducted in males aged 20 to 95 years and with 11 years of follow up
reported rates of threshold change as 0.7 to 1.7 dB per year'>. Next, a study in
younger adults (31 to 50 years) reported the 5-year rates of threshold change
as 0 to 2.5 dB across frequencies'”, which are similar to the estimates pre-
sented for 18- to 40-year-olds in this study if estimated over 5 years. Two
studies conducted in 60 to 80+ and <30 to 80+ year old adults reported the
rates of threshold change to be 1 to 15 dB in 6 years and 0 to 18 dB in 10
years, respectively'®"”. As compared to the present study, those studies
reported greater rates of change in the high frequencies. Differences in the
rates of high-frequency threshold change may be explained by differences in
sample composition, namely that other samples did not include a sub-
stantial proportion of Minority participants. In addition to demographic
differences in sample composition, there may be cohort differences in
exposures to risk factors for hearing loss, such as excessive noise or

cardiovascular or metabolic ill-health, which would contribute to differ-
ences in estimated rates of change™ . There may also be birth cohort
(generational) differences across cohorts, which would likely influence rates
of hearing decline"’. To facilitate comparison of results from this study with
those from the previous studies described above, we assessed differences in
rate of hearing change by demographic factors, but did not assess other risk
factors for hearing loss. This point will be discussed later.

Previous studies have consistently shown hearing loss prevalence and
incidence is higher in males"**’, and that hearing loss onset in men occurs
earlier than it does in females’. In this study, there were clear sex differences
in rates of threshold change per year, in that females had higher rates of
change in the higher frequencies, but men had higher rates of change in
some lower frequencies. This is likely because hearing in males has already
declined and the thresholds in males are closer to the limits of hearing,
particularly for the high frequencies, where hearing loss often presents first”.
This is supported by the results showing males have higher baseline
thresholds at higher frequencies than females (Table 2) and that this trend
exists across all age groups (Supplementary Table 2). In general, this notion
is also supported by the results shown in Supplementary Fig. 1. That is,
males aged 18 to 39 years at baseline showed significantly (6000 Hz) or non-
significantly higher rates of threshold change than females. The pattern
where females had higher rates of change in the higher frequencies emerges
in the 60- to 69-year baseline age group. Among 60- to 69-year-olds at
baseline, females show significantly higher threshold change at 4000 to
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Fig. 3 | Average rates of audiometric threshold and PTA change (dB) per year,
4000 0.98 0.93 1.03 stratified by baseline age group (years). Results are presented as Beta coefficients
6000 1.14 1.08 1.20 with corresponding 95% confidence intervals (error bars) for participants aged
8000 1.44 1.38 1.50 18-39 (blue circles; n = 154), 40-59 (orange squares; n = 231), 60-69 (green triangles;
n = 547) and 70+ (grey Xs; n = 504) years at the baseline examination. Estimates are
PTA 0.83 0.79 0.86

B Beta coefficient; C/ Confidence Interval, LL Lower limit, UL Upper limit, PTA pure-tone average,
calculated from frequencies 500, 1000, 2000 and 4000 Hz averaged across right and left ears,
dB decibels.

2.0

1.8

1.6

1.4 *
1.2 * *

1.0

0.8 /

0.6 2

0.4
0.2 | Males
0.0

HOH

—o—Females

Threshold change per +1 yrin age (dB)

250 500 1000 2000 3000 4000 6000 8000 PTA

Frequency (Hz)

Fig. 1 | Average rates of audiometric threshold and PTA change (dB) per year,
stratified by sex. Results are presented as Beta coefficients with corresponding 95%
confidence intervals (error bars) for female (blue circles; n = 828) and male (green
squares; n = 608) participants. Estimates are adjusted for race. *p < 0.05; significance
determined by including age*sex interaction term in models. PTA pure-tone
average, calculated from frequencies 500, 1000, 2000 and 4000 Hz averaged across
right and left ears.
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Fig. 2 | Average rates of audiometric threshold and PTA change (dB) per year,
stratified by race. Results are presented as Beta coefficients with corresponding 95%
confidence intervals (error bars) for white (blue circles; n = 1180) and Black/African
American (green squares; n = 246) participants. Estimates are adjusted for sex.

*p < 0.05; significance determined by including age*race interaction term in models.
Participants who were not white or Black/African American race (categorized as
other race) were excluded from these analyses given the small sample size (n = 10; see
Table 1). PTA: pure-tone average, calculated from frequencies 500, 1000, 2000 and
4000 Hz averaged across right and left ears. AA: African American.

adjusted for sex and race. *p < 0.05; significance determined by including age*ba-
seline age interaction term in models. PTA: pure-tone average, calculated from
frequencies 500, 1000, 2000 and 4000 Hz averaged across right and left ears.

8000 Hz, and among 70+ year olds at baseline, females show significantly
higher threshold change at 3000 and 4000 Hz, suggesting that changes to
hearing among females progress to the lower frequencies as baseline age
increases. Studies conducted in other cohorts similarly reported rates of
decline are higher for females than males, particularly in the higher
frequencies'*"*'*. In this study, sex differences were not observed for rate of
PTA change. This suggests that using an average, such as PTA, may mask
the sex differences in rate of change observed at individual frequencies.

In this study, white participants showed higher rates of threshold change
than Black/African American participants across all frequencies and PTA and
had higher average baseline thresholds overall and at most frequencies across
each group. Results are consistent with research showing Black/African
American individuals have better pure-tone thresholds and alower prevalence
of hearing loss™***. To our knowledge, this is the first study to report racial
differences in rates of hearing change in a sample of the general population.
Our analyses focused on racial differences were limited to white and Black/
African American participants given low sample sizes of participants of other
races. Previous research indicates there are differences in the prevalence of
hearing loss among other racial and ethnic groups, including non-white
Hispanic and Asian individuals™>*****. There is a need for future epide-
miological hearing research, including how hearing changes over time, to be
conducted in diverse samples of the general population.

In general, rates of threshold and PTA change per year were higher in
older age groups, which was rather consistent across all thresholds. How-
ever, in participants aged 70 years or older, the rates of change in the higher
frequencies were lower and were similar to rates of change for participants
aged 40 to 59 years. One explanation for this is that, as mentioned above,
hearing at the higher frequencies among older people may have already
declined and thresholds may be approaching the limits of hearing. This is
reflected by the higher baseline thresholds for participants aged 70 or older,
particularly at high frequencies (Table 3). Findings from analyses stratified
by baseline age group indicate hearing declines across the adult lifespan.
Furthermore, findings indicate older individuals experience high rates of
threshold decline across the frequency range. These findings are consistent
with other cohort studies that have shown older adults experience high rates
of hearing declines'*"*.

In this study, we present rates of hearing change adjusted for and stra-
tified by demographic factors to understand rates of hearing change in the
general population, regardless of the sample’s non-demographic risk factors.
Considering only demographic factors is common in studies that describe
changes to hearing over time* ", and allows authors to comprehensively
describe changes to hearing across demographic subgroups. Importantly, as
described above, this study overcomes several critical limitations of previous
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studies that, for example, were conducted only in men'', in younger or older
adults"™", in individuals without risk factors for hearing loss, such as noise
exposure' "', and in samples of primarily white individuals'™"*"*".
Although there are some limitations to this cohort (discussed below), this is
one of the only studies to comprehensively describe changes to hearing in a
diverse sample of the general population from across the lifespan.

The goal of this study was to describe the rate of hearing decline across
the adult lifespan, rather than to determine the reasons for decline. However,
itis important to note that the observed demographic differences in the rate of
hearing decline may, in part, capture differences in exposure to risk factors for
hearing loss. That is, demographic factors may be surrogate measures for
other risk factors for hearing loss. For example, white males are more likely to
experience noise exposure than Black/African American males or females of
any race” ™. Furthermore, there are sex, race, and age differences in other risk
factors for hearing loss, including nutrition and metabolic and cardiovascular
health®™. Several other longitudinal studies have determined risk factors
associated with hearing loss incidence or progression, such as noise exposure,
nutrition, and factors related to metabolic and cardiovascular health, and
have concluded that ARHL is at least partially preventable™"***. Future
research should evaluate associations of modifiable risk factors with the rate of
hearing decline. Such research is crucial to informing public health initiatives
related to hearing loss prevention.

Data on the rate of hearing change in the general population, such as
these, could provide a benchmark for the rate of hearing change that occurs
in the general population. These data also have implications towards
screening for ARHL in the general population. A recent report from the US
Preventive Services Task Force concluded there was insufficient evidence to
support screening for ARHL in asymptomatic adults aged 50 years and
older”. However, some guidance related to screening for ARHL suggests
that screening could begin at age 50 or age 65 years’ . In the current study,
the mean baseline PTAs of participants aged 40-59 and 60-69 years were
18 dB HL and 24 dB HL, respectively. Among participants aged 50-59 years
(results not shown), the mean baseline PTA was 18 dB HL. Therefore,
results from this study are consistent with guidance that screening for ARHL
could begin at 50 years of age to detect early cases of hearing loss, and that
screening at 65 years of age could detect more severe cases of hearing loss.
Importantly, definitions of hearing loss vary across sources’*”, and there is
ongoing discussion on how hearingloss should be defined™. Future research
is needed to determine the appropriate age to begin screening using the
definitions of hearing loss designated by the agencies recommending
screening.

Strengths of this community-based cohort study spanning 35 years
include its large and diverse sample and comprehensive measures of hearing,
and its longitudinal design. This cohort study is similar to other epidemio-
logical studies of ARHL in terms of age and audiometric hearing loss, which
may enhance generalizability of study findings**>*'. However, some limita-
tions exist. Most participants in this study were white or Black/African
American, so differences in the rate of hearing changes by other races could
not be evaluated. Research suggests there are differences in the prevalence of
hearing loss by race and ethnicity, which this study could not evaluate™****.
While this community-based sample is conducted in individuals from the
general population, results may not be generalizable to the entire population,
as participants reside in one geographic region and have relatively high
socioeconomic position. It was not possible to evaluate sex- and race-specific
rates of change by age group given sample size limitations.

This descriptive study conducted in a diverse, community-based
sample of the general population from across the adult age range suggests
that declines to hearing occur across the adult lifespan, and that the rate of
decline varies by sex, race, and baseline age group. To the authors’ knowl-
edge, this is the first study to document the rate of hearing change per year is
lower in Black/African American individuals. Findings from this study
highlight the need to prioritize the prevention and/or management of
hearing loss in individuals across the adult lifespan and can provide a
benchmark for comparing individual or population-level declines to
hearing.

Data availability

Data are not publicly available to protect privacy of study participants.
Deidentified participant data are available upon reasonable request to the
corresponding author under a data use agreement.
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