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Age adjustment is intended to represent the typical longitudinal hearing changes associated with
age. In the US, age adjustments are not recommended by the National Institute for Occupational
Safety and Health (NIOSH) or permitted by the Department of Defense. They are optional for
workers within the scope of the US Occupational Health and Safety Administration (OSHA) (i.e.,
general industry) and other regulatory bodies. Uses of age adjustment include informing
interpretations of threshold changes during audiometric monitoring (e.g., US 29 CFR 1910.95),
group-level review of hearing conservation program effectiveness, and compensation for work-
related hearing damage (e.g., WorkSafeBC, 2024; WorkplaceNL, 2019; WCB Nova Scotia, 2017).
In a perfect scenario, age-adjusted data from an exposed group show the longitudinal changesin
hearing thresholds that would be expected in that group if they were unexposed.

Age adjustments approximate group tendencies obtained in the past but are applied to individuals
in the present. The “best” adjustments reproduce group tendencies (i.e., median trends) despite
considerable errors for individuals (i.e., who fall anywhere in the 1st to 100th percentile). The
accuracy of agiven set of adjustments can decline as time progresses (Hoffman, Dobie, Losonczy,
Themann, & Flamme, 2017, 2018). For these and other reasons, the commonly used term
“correction” isinappropriate because the adjusted distributions of thresholds can never be truly
correct, particularly as the group size declines toward a person.

Age adjustments are derived using cross-sectional trends, while they are intended to represent a
hypothetical longitudinal change, and these are not the same. It is indisputable that a snapshot from
20-year-olds will have better average hearing sensitivity than a snapshot from a cohort of 70-year-
olds. This cross-sectional trend is not derived from longitudinal measurements. The person who, at
ayoung age, had better hearing sensitivity than 90 % of their peers at age 20 is not guaranteed to
retain that relative advantage at age 70. Accidents, diseases, general health conditions, and other
hazards can alter one’s standing relative to their peer group.

Conversely, absent such hazards, the person with worse hearing sensitivity than 90 % of their peers
at age 20 might retain hearing sensitivity better than their peers and improve their relative standing
by age 70. It is reasonable to ask, “Why, then, are cross-sectional data used for age adjustments?’.
Theresponseisequaly sensible. A study with a sufficiently large and generalizable group of
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people with no significant health conditions or exposures, followed from childhood to old age,
would be excessively complicated and costly. Suitable longitudina datasets ssimply do not exist.

Cross-sectional trends overestimate typical longitudinal changes, which can be demonstrated via
numeric simulation. Briefly: Assume that the hearing sensitivity of alarge cohort of otologically-
normal peopleis followed from ayoung age (e.g., age 5). In each 5-year interval, assume thereisa
small (e.g., 5%) chance of athreshold shift associated with the whole array of hazards to hearing.
Over afollow-up period of decades, these hazards will worsen thresholds from affected
individuals. Still, the thresholds from unaffected individuals will only change within the limits of
audiometric uncertainty (see 1SO 8253). Collectively, the distributions of thresholds for this cohort
will flatten and grow more skewed. Changes to the distributions of thresholds will impact the
percentilesin cross-sectiona data while influencing longitudinal changes minimally dueto the
small (individual-level) chance of threshold shift. For simplicity, this ssmulation includes no
“natural” reduction in hearing sensitivity with age. Accordingly, the simulation (Figure 1) shows
no sustained longitudinal change in hearing sensitivity. On the other hand, cross-sectional trends
reflect the changes to the distributions of thresholds for this cohort. Trends from lower percentiles
of cross-sectional distributions better represent longitudinal changes, and this finding is consistent
with the recommendations from US NIOSH to the US Federal Railroad Administration more than
adecade earlier (Federa Railroad Administration, 2006).

40 T T T T T
o
ZE 30} I
Ko 75&‘0
S
(b]
—1
5 20+
O
=
N
)
c 10+ - ,
I; Cross—Sectional median
5 ] Longitudinal median
= 0 — e e e
a) e ———
L Cross-Sectional 25th

_10 1 1 1 |

0 10 20 30 40 50 60

Age (years)

Figure 1. Simulation study results demonstrating the difference between cross-sectional trends and

longitudinal change. Longitudinal median slopes are a better match to cross-sectional 25" percentile
slopes. Cross-sectional median trends do not describe typical longitudinal trends.

Recent popul ation-based estimates of cross-sectional trends in hearing sensitivity have been
developed using data from the US (Flamme et al., 2020). This study utilized data from 9937
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participants (ages 12 to 85+) in the 2005-2012 US National Health and Nutrition Examination
Survey (NHANEY) cycles. Unpublished analyses, including more recent NHANES cycles,
revealed no significant differences from published values. Quantile regression curves

approximating the 25" percentile revealed (expected) differences in cross-sectional trends between
men and women. Differences between people who identify as Non-Hispanic Black race/ethnicity
and all other self-reported race/ethnicities also led to separate age adjustment val ues.

Cross-sectional trends were curvilinear, indicating little or no differences at younger ages (e.g.,
through age 40 or 50), with increasing differences in later decades. These trends differed from the
age " correction” values used in the US (OSHA Standard 1910.95 Appendix F), wherein the
regulatory values assumed too much age-related change at younger ages and too little at older ages
—including no additional age adjustments cal culated after age 60.

Using alarge longitudinal occupational hearing conservation database, the age adjustments
reported by Flamme et al. (2020) matched median longitudinal changes for 9340 male New Y ork
City firefighters and emergency medical service (EMS) workers within 5 dB from 1 to 35 years of
service (over 75,000 tests). A suitably sized dataset of women was not available. Firefighters and
EMS workers are exposed to auditory hazards, including noise, asphyxiants, and chemical agents,
thus the age adjustments reported by Flamme et a. may overestimate the contributions of age
alone. The Flamme et al. (2020) age adjustments are identified and recommended in the US OSHA
Technical Manual (https://www.osha.gov/otm/section-3-heal th-hazards/chapter-5, updated July 6,
2022) in cases where age adjustments are applied.

Some Canadian provinces have regulations that involve age adjustment. Many of these regulations
involve subtraction of expected age effects for purposes including worker compensation.
Adjustments are made based on average thresholds (0.5, 1, 2, 4 kHz in Quebec; 0.5, 1, 2, 3kHzin
many other provinces). The typical adjustment to the averageis 0.5 dB per year, starting at 50 or
60 years of age, but the starting age can be as high as 75. The slope of 0.5 dB/year can be
compared with the results of Flamme et al. (2020)(Figure 2 and Figure 3). The 0.5 dB/year slope
provides a reasonabl e approximation of average trends for women aged 53 to 73 years but a shorter
range of years for those who do not self-identify as women. For large groups, age adjustments
beginning at 50 years better approximate the results reported by Flamme et al. (2020), but the
curvilinear relationships show an accelerating rate of change at older ages.
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Figure 2. Comparison of age adjustment slopes for people who self-identify as women. Horizontal axis
represents age; vertical axis represents average threshold (0.5, 1, 2, 3kHz or 0.5, 1, 2, 4 kHz). Lines
represent age adjustment curves (0.5 dB per year) starting at the ages indicated. Shaded region
represents corresponding averages based on Flamme et al. 2020.
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Figure 3. Comparison of age adjustment slopes for people who do not self-identify as women. Details
similar to Figure 2.
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Age adjustments are often used to hypothesize the longitudinal changes that would have occurred
in alarge group of peopleif they had no hazardous exposures. In a hearing conservation program,
allocating between changes due to exposure versus those that were unavoidable consequences of
aging is areasonable goal. Whether used for interpreting audiometric monitoring data or for
worker compensation purposes, inaccurate estimates of age effects are problematic. In audiometric
monitoring, over-adjustment for age can reduce the effectiveness of the hearing conservation
program by obscuring occupationally-induced hearing changes. Under-adjustment can lead to
incorrect attributions of hearing changes to occupational exposures without effect. It isincumbent
on the hearing conservation program to err on the side of protecting workers (Canadian Centre for
Occupational Health and Safety,
https.//www.ccohs.ca/oshanswers/phys_agents/noise/hearing_conservation.html, last accessed
April 9, 2024), so under-adjustment for age is the better error to make, particularly as group sizes
approach the individual level. In the context of compensation for occupational hearing impairment,
the same concerns apply but are amplified because they are used for individuals, and except for
improved hearing with increasing age, it isimpossible to ascertain what a person’s hearing
sensitivity would have been if not for their occupational exposures. So, despite the closer match of
the Flamme et al., 2020 results to adjustments starting at age 50 (Figure 2 and Figure 3), it might
be wiser to use age adjustments beginning at age 60 or greater to ensure that workers are not
systematically disadvantaged. We must emphasi ze that the Flamme et a., 2020 results were valid
for workers exposed to risk factors for hearing loss and, therefore, may still include some effects of
those exposures. Until alarge longitudinal population-based dataset is identified, the size of the
exposure component cannot be known. However, it is clear from the results of Flamme et al.
(2020) that age adjustments based on mean or median cross-sectional datasets overestimate age
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effects significantly, which disadvantages hearing conservation programs and workers alike.

Turning to clinical practice, it is reasonable to expect that clinical populations (e.g., individuals
seeking audiometric care for hearing difficulty) would often have worse hearing sensitivity or
show greater rates of longitudinal change than found in Flamme et a. (2020). Comprehensive
history and diagnostic testing (including physician evaluations) should be used to rule out
previously undetected exposures or systemic disease/conditions before assuming the atypical
results are due to aging. Accurate estimates of unavoidable age effects can improve hearing
outcomes and better hearing healthcare.
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